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KING.

SIR,

Do here moſt humbly lay

this Small Prefent at Tour

Majefties Royal feet. And

though it comes
accompa

ny'dwith twodiſadvantages,the meanness

of the Author, andof the Subject; yet

in both I am incouraged by the greatneſs

your Mercy and your Knowledge
.

Bythe one I amtaught, that you can

of

A

forgive
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forgive the moſtpreſumptuous Offendors :

Andby the other, that you will not e

fteem the leaftwork of Nature, or Art,

unworthy yourObfervation.Amidft the

many felicities that have accompani'd

your Majesties happy Restauration and

Government, it is none of the leaſt confi

derable, that Philofophy and Experimental

Learninghaveprofper'dunderyour Royal

Patronage. Andas the calm profperity

of yourReign has given us the leisure

to follow theſe Studies of quiet and re

tirement, fo it is juft, that the Fruits of

them ſhould , by way of acknowledge

ment be return'd to your Majesty.

There are, Sir, feveral other ofyour

Subjects, of your Royal Society, now

bufie about Nobler matters : The Im

provement of Manufactures and Agricul

ture, the Increaſe of Commerce , the Ad

vantage of Navigation : In all which

they are assistedby your Majefties Incou

ragement andExample. Amidst all thofe

greater

2
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DEDICATORY.

greater Deſig
ns

, I here preſu
me

to bring

in that which is more proport
ionable

to

the fmalne
ss of my Abilit

ies
, and to

offer fome of the least of all visible

things,to that Might
y
King, that has efta

blifhtan Empire over the beſt of allIn

vifible things of this Worl
d

, the Minds

of Men.

Your Majeſt
ies moſthumbl

e

and most obedien
t

Subjec
t
andServan

t
,

ROB
ERT HOO

KE.
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TO THE

ROYA
L SOCI

ETY.

Fter my Addreß to our Great Founder and Pa

tron, I could not but think my ſelf oblig'd ,

in confideration of thoſe many Ingagements

you have laid upon me , to offer theſe my

poor Labours to this MOST ILLU

STRIOUS ASSEMBLY. YOU have been

pleas'd formerly to accept oftheſe rude Draughts. I have fince

added to them ſome Defcriptions, and fome Conjectures of my

own. Andtherefore, together with YOUR Acceptance, I muſt

alſo begYOURpardon.The Rules YOU have prefcrib d YOUR

felves in YOUR Philofophical Progreſs do ſeemthe beſt that

have ever yet been practis'd. And particularly that ofavoiding

Dogmatizing , and the espousal of any Hypotheſis not ſufficiently

grounded and confirm'd by Experiments. This wayfeems the

moſt excellent , and may preſerve both Philofophy and Natural

Hiftoryfrom its former Corruptions.In ſaying which, I may ſeem

to condemn my own Courſe in this Treatife ; in which there

may perhaps be ſome Expreſſions, which mayſeem morepoſitive

then YOUR Preſcriptions will permit : And though I deſire

to have them underſtood only as Conjectures and Quaries (which

YOUR Method does not altogether difallow)yet ifeven in thoſe

I have exceeded, 'tis fit that I ſhould declare, that it was not

done by YOUR Directions. For it is moſt unreaſonable, that

You ſhould undergo the imputation of the faults of my Con

jectures, ſeeing YOU can receive ſo ſmalladvantage of reputa

tionbythe flight Obfervations of

A

TOUR moft bumble and

most faithful Servant

ROBERT HOOKE,

1
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THE

PREFACE.

T is the great prerogative of Mankind above other

Creatures, that we are notonly able to behold the

works of Nature, or barely to ſuſtein our lives by

them, but we have also thepower of confidering,

comparing, altering, affiſting, and improving

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

Nature in general,fo is it capable ofbeing fo far advancedby the helps

of Art, and Experience, as to makefome Men excel others in their

Obfervations, and Deductions,almoſt as much as they doBeafts. By the

addition offuch artificial Inftruments andmethods,there may be,in

Some manner, a reparation madefor the miſchiefs, and imperfection,

mankind hasdrawn upon it felf, by negligence,and intemperance, anda

wilful and fuperftitious deferting the Prefcripts and Rules of Nature,

whereby everyman, both from a deriv'd corruption, innate andborn

with him, andfrom his breeding and converſe with men,is very ſubject

to flip into allforts oferrors.

The only way which now remains for us to recover fome degree of

thoſe former perfections, feems to be,by rectifying the operations of the

Senfe,the Memory,andReaſon,fince upon the evidence,the ſtrength,

the integrity, andthe right correfpondence of allthefe, allthe light,

by whichour actions are to be guided, is to berenewed, andallour com

mandover things is to be eftablifht.

It is therefore moft worthy of our confideration, to recollect theirfe

feveraldefects, that fo we may the better underftandhow tofupplythem,

andbywhat affiftances wemay inlarge their power,andfecurethemin

performing theirparticular duties.

Asfor the actions ofour Senfes, we cannot but obferve them to bein

a

many
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many particulars much outdoneby thofe of other Creatures, andwhen

at beft,tobe farshort ofthe perfection they seem capable of: And theſe

infirmities ofthe 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 elſefrom error in the Perception,

that many things, which come within their reach, are not received in a

right manner.

The likefrailties are to befoundin the Memory ; we often let many

things flip away from us, which deferve to be retain'd ; and of those

which wetreaſure up, a greatpart is either frivolous or falſe ; and if

good, and fubftantial, either in tract of time obliterated, or at befſt fo

overwhelmed andburied under more frothy notions, that when there is

need ofthem, they are in vainfoughtfor.

The two main foundations being fo deceivable, it is no wonder, that

all the fucceedingworks which we buildupon them, ofarguing, conclu

ding,defining,judging, and allthe other degrees ofReaſon, are lyable to

the fameimperfection, being, at beft, either vain, or uncertain: So that

the errors ofthe underſtanding are anſwerable to the two other, being

defective both in the quantity andgoodness ofits knowledge ; for the li

mits, to which our thoughts are confi nd, are finall in reſpect of the vaſt

extent ofNature it felf; fomeparts of it are too large tobe comprehen

ded, andfome too little to beperceived. Andfrom thence it muſtfol

low,that not having afull ſenſation ofthe Object, we muſt be very lame

and imperfect in our conceptions about it , and in all thepropofitions

which we build upon it ; hence we often take the fhadow ofthings for

the ſubſtance, ſmall appearances forgood fimilitudes, fimilitudes

fordefinitions; andeven many ofthoſe, which we think to be the moſt

folid definitions, are rather expreſſions ofour own misguided apprehen

fions then ofthe true nature ofthe things themſelves.

The effects ofthese imperfections are manifefted in different ways,ac

cording to the temper anddiſpoſition ofthe ſeveral minds ofmen, fome

they incline to grofs ignorance and ftupidity, andothers to a pre

ſumptuous impofing on other mens Opinions, anda confident dog

matizing onmatters, whereof there is no affurance to begiven.

Thus

1
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Thus all the uncertainty, and miſtakes of humane actions, proceed

eitherfrom the narrowneſs and wandring ofour Senſes, from theflippe

rine or delufion ofour Memory, from the confinement or rashneß of

our Underſtanding, ſo that ' tis no wonder, that our power over natu

ral cauſes and effe&is is fo flowly improv d, ſeeing we are not only to

contend withthe obſcurity and difficulty ofthe things whereon we work

andthink but even the forces of our own minds confpire tobetray us.

Thefe beingthe dangers in the process ofhumane Reason, the remedies

of them all can onlyproceedfromthe real, the mechanical, the ex

perimental Philoſophy,which has this advantage over the Philofophy of

difcourfe anddifputation,that whereas that chiefly aims at thefubtilty

of its Deductions and Conclufions , without much regard to the first

ground-work, which ought to be well laid on the Senfe and Memory ;

fo this intends the right ordering ofthem all,and the making themfer

viceable to each other.

Thefirst thing to be undertaken in this weighty work, is a watch

fulneſs over the failings and an inlargement ofthe dominion, of

the Senfes.

To which end it is requifite, firft, That there fhouldbe a fcrupu

lous choice,and a ſtrict examination, ofthe reality, conftancy, and

certainty of the Particulars that we admit:This is the first rife where

on truth is to begin, andhere the moſtſevere, andmoſt impartial dili

gence, must be imployed ; the floring up of all, without any regard to

evidence or vfe, will only tend to darkneſs and confufion. We must

not therefore eſteem the riches ofourPhilofophical treaſure by the num

ber only,but chiefly by the weight ;the most vulgar Inſtances are not to

be neglected,but above all, the most instructive are to be entertain'd ;

thefootsteps ofNature are to be trac'd,not only in her ordinary courſe,

but whenſheſeems tobeput to her ſhifts,to make many doublings and

turnings, and to uſe ſomekind of art in indeavouring to avoid our

difcovery.

The next care to be taken, in refpect ofthe Senfes, is aſupplying of

their infirmities with Inftruments, and, as it were, the adding ofarti

ficial Organs to the natural ; this in one ofthem has been oflate years

accom
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ry ;

accompliſht withprodigious benefit to allforts ofuſeful knowledge , by

the invention ofOptical Glaffes. Bythe means ofTeleſcopes, there is

nothingfo far diftant but may be reprefentedto our view ; and by the

help ofMicroſcopes, there is nothing fo ſmall, as to escape our inqui

hence there is a new viſible World discovered to the underſtanding.

By this means the Heavens are open'd, and a vastnumber ofnewStars,

and newMotions, and newProductions appear in them, to which all the

antient Aftronomerswere utterly Strangers. By this theEarth it felf,

which lyesfo neer us, under ourfeet, fhews quite a new thing to us, and

in every little particle of its matter, we nowbehold almoſt asgreat a

variety of Creatures, as we were able before to reckon up in thewhole

Univerſe it ſelf.

Itſeems not improbable , but that by theſe helps the fubtilty of the

compofition of Bodies, the ftructure of theirparts, the various texture

of their matter, the inftruments and manner oftheir inwardmotions,

and all the other poffible appearances ofthings, may come to be more

fully difcovered ; all which the antient Peripateticks were content to

comprehend intwo general and ( unleẞ further explain'd ) ufeleß

words ofMatter andForm.From whence there may ariſe many admi

rable advantages,towards the increafe oftheOperative, andthe Me

chanick Knowledge, to whichthis Age feems ſo much inclined, becauſe

we mayperhaps be inabled todifcern all the fecret workings ofNature,

almoſt intheſame manner as we dothofe that are the productions of

Art, andare manag'dbyWheels, andEngines, andSprings, that were

deviſedbyhumaneWit.

may

Inthis kind Ibere prefent to theWorld my imperfect Indeavours ;

which though theyshallprove no other way confiderable,yet, I hope, they

be infome meaſure useful to the main Deſign of a reformation

in Philoſophy, if it be onlybyfhewing, that there is not ſo muchrequir'd

towardsit,anyftrength ofImagination,or exactness ofMethod,or depth

ofContemplation(though the addition ofthefe,where they can be bad,

muftneedsproduce a much moreperfect compofure)as afincere Hand,

anda faithful Eye, to examine, and to record, the things themselves

as they appear.

And
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And I beg my Reader, to let me take the boldneß to affure him,

that in thisprefent condition of knowledge , a man ſo qualified, as I

have indeavoured to be, only with refolution, and integrity, andplain

intentions ofimploying his Senſes aright,may venture to compare the re

ality and the usefulness ofhisfervices, towards the true Philofophy, with

those ofother men, that are ofmuch stronger,andmore acute ſpecula

tions,that ſhallnot make use ofthefame method by the Senfes.

The truth is, the Science ofNature has been already too long made

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

fhould return to the plainneß and foundneß ofObſervations on ma

terial and obvious things. It isfaid of great Empires, That the beſt

way to preſerve them from decay, is to bring them back to the

firſt Principles, and Arts, on which they did begin. The fame

is undoubtedly true in Philofophy,that by wandringfar away into invi

fible Notions,bas almoft quite deftroy'd it felf,and it can never be re

covered, or continued, butby returning into thefame fenfible paths,

in which it did at first proceed.

Iftherefore the Reader expects from me any infallible Deductions,

or certainty ofAxioms, Iam to say for my ſelf, that thofe ftronger

Works ofWit and Imagination are above my weak Abilities ; or if

they had not been fo, I would not have made use ofthem in thispre

fent Subject before me : Whereever be finds that I have ventur'd at

any SmallConjectures, at the causes ofthe things that I have obferved,

Ibefeechhim to look upon them only as doubtful Problems,and uncer

tain gheſſes, andnot as unquestionable Conclufions, or matters of un

confutable Science ; Ihave produced nothing here, with intent to bind

his underſtanding to an implicit confent ; I amſofarfrom that, that

Idefirehim, not abfolutely to rely upon thefe Obfervations ofmy eyes,

ifhe findsthem contradicted by the future Ocular Experiments offa

ber andimpartial Difcoverers.

Asfor mypart, Ihave obtainedmy end, iftheſe my fmallLabours

fballbe thoughtfit to take up fomeplace inthe large flock of natural

Obfervations, which ſo many hands are bufie inproviding. If Ihave

contributed the meaneft foundations whereon others may raife nobler

Super
b
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Superſtructures, Iam abundantly fatisfied ; and all my ambition is,

that Imayferve to the great Philofophers ofthis Age , as the makers

and thegrinders ofmy Glaffes didtome ; that I mayprepare andfur

nishthem with fome Materials , which they may afterwards order and

manage with better skill, and to far greater advantage.

The next remedies in this univerſal cure of the Mindare to be ap

plyedto the Memory, andthey are to confift offuch Directions as may

inform us, what things are beſt to be ſtor❜d upfor our purpoſe, and

which is the beſt way offo difpofing them, that they may not only be

kept in fafety, but ready and convenient,to be at any time produc'dfor

ufe, as occafion fhall require. But I will not hereprevent myfelfin

what Imayſay in another Diſcourſe , wherein I ſhall make an at

tempt to propofe fome Confiderations ofthe manner ofcompiling a Na

tural and Artificial Hiftory, and offo ranging and regiftring its

Particulars into Philofophical Tables, as may makethem most useful

for the raifing of Axioms and Theories.

The laft indeed isthe moft hazardous Enterprize, andyetthe moft

neceffary ; andthat is, to takefuch care that the Judgment and the

Reaſon ofMan ( which is the third Faculty to be repair'dand im

prov'd) ſhould receive fuch affifiance, as to avoid the dangers to

which it is by nature moſtſubject. The Imperfections, which Ihave al

ready mention'd, to which it is lyable, do either belongto the extent,

or the goodneſs ofits knowledge ; andhere the difficulty is thegrea

ter, leaft that which may be thought a remedy for the one should

prove deſtructive to the other, leaft by ſeeking to inlarge our Know

ledge, we shouldrender it weak and uncertain ; and leaft by being

too fcrupulous and exact about every Circumftance of it, we should

confine andftreighten it too much.

In boththefe the middle wayes are to be taken, nothing is to be

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

Intelligence from Men of all Profeffions, and quarters oftheWorld,

to be flighted,andyet all to be fo feverely examin'd,that there remain

no room for doubt or inftability ; much rigour in admitting, much

ftri&nefs in comparing,and above all, muchflowneſs in debating, and

fhyneſs

1

I

1
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ſhyness in determining, is to be practifed. The Underſtanding is to

order all the inferiour fervices ofthe lower Faculties ; but yet it is to

do this only as a lawful Maſter, andnot as a Tyrant. Itmust not in

croach upon their Offices, nor take upon it ſelfthe employments which

belong to either ofthen. It must watch the irregularities of the Sen

ſes, but it must not go before them, or prevent their information. It

muſtexamine, range, and diſpoſe of the bank which is laidup inthe

Memory but it muſt be ſure to make diſtinction between the fober and

well collected heap , and the extravagant Idea's, and miſtaken

Images , which there it may fometimes light upon. So many are the

links,upon which the true Philofophydepends, ofwhich,ifany one be looſe,

or weak , 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 ftop there, but to come about

to the Hands andEyes again, and fo, by a continual paffage round

fromone Faculty to another , it is to be maintained in life andfirength,

as much as the body ofman is by the circulation of the bloodthrough the

feveralparts of the body, the Arms, the Fat, the Lungs, the Heart, andthe

Head.

Ifonce this methodwerefollowed with diligence and attention, there is

nothing that lyes within the power ofhuman Wit (or which is far more

effectual ) ofhuman Induſtry , which we might not compaß ; we might

not only hope for Inventions to equalize thofe of Copernicus, Galileo,

Gilbert Harvy, and ofothers, whofe Names are almoft loft, that were the

Inventors ofGun-powder, the Seamans Compaſs, Printing, Etching,

Graving, Microſcopes , &c. but multitudes that mayfar exceedthem :

for even thofe difcoveries feem to have been the products offorne fuch me

thod, thoughbut imperfe&i ; Whatmaynot be therefore expected from it if

thoroughlyprofecuted? Talking andcontention of Arguments would

foon be turn'dinto labours ; all the fine dreams of Opinions, anduni

verfal metaphyfical natures, which the luxury of fubtilBrains has de

vis'd, wouldquickly vanish, andgiveplace to folid Hiftories, Experi

ments andWorks . And as at first, mankindfell by taſting of the

forbidden Tree ofKnowledge,ſo we, their Pofterity, may be inpart reſtor'd

by
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by thefame way, not only by beholding and contemplating, but byta

fting too thofe fruits ofNatural knowledge, that were never yetforbidden.

From hencethe World may be affifted with variety ofInventions, new

matterfor Sciences may be collected, the old improv'd, and their ruſt

rubb'daway ; and as it is bythe benefit ofSenfes that we receive all our

Skillin the works of Nature,fo they also may be wonderfully benefited by

it, and maybe guided to an eaſier and more exact performance of their

Offices ; ' tis not unlikely, but that we mayfindout wherein our Senfes are

deficient, andas easilyfind wayes ofrepairing them.

The Indeavours of Skilful men have been moft converfant about the

affiftance ofthe Eye, andmany noble Productions havefollowedupon it ;

andfrom hence we may conclude, that there is a way open dfor advancing

the operations, not only ofall the other Senfes,but even ofthe Eye itfelf;that

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

us toproceedfurther, andto attempt greater things in thefame anddiffe

rent wayes.

'Tis not unlikely, but that there may be yet invented ſeveral other

helpsfor the eye,as much exceeding thofe already found,as thofe do the bare

eye,fuch asby which we may perhaps be able to difcover living Creatures in

the Moon, or other Planets, the figures of the compounding Particles of

matter, andtheparticular Schematiſms andTextures ofBodies.

Andas Glaffes have highly promoted our ſeeing, fo 'tis notimproba

ble,but that there may be found manyMechanical Inventions to improve

our other Senfes, of hearing, ſmelling, tafting, touching. 'Tis not

impoffible to hear awhiſper a furlongs distance, it havingbeen already

done ; and perhaps the nature of the thing would not make it moreim

poffible, though that furlongshouldbe ten times multiply'd. Andthough

Some famous Authors have affirm'd it impoffible to hear through the thin

neſt plate of Muſcovy-glaſs ; yet Iknow a way,by which tis eaſie enough

to hear one ſpeak through a wall a yard thick. It has not been yet

thoroughly examin'd,how far Otocouſticons may be improv'd, nor what

other wayes there may be of quickning our hearing, or conveyingfound

through other bodies thenthe Air: for that that is not the only medium,

Ican affuretheReader,that I have,bythe help ofa diftended wire,propa

gated
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gated the foundto a very confiderable distance in an inſtant, or with as

feemingly quick a motion as that of light, at least, incomparablyſwifter

thenthat, which at the fame time was propagated through the Air ; and

this not only in a ſtraight line , or dire& , but in one bended in many

angles.

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

many mechanical contrivances, mayalso highly improve them. For

fince the fenfe of Imelling ſeems to be made by the fwift paffage ofthe

Air ( impregnated with the fleams and effluvia offeveral odorous

Bodies ) through the grisly meanders of the Nofe whofe furfaces are

cover'd with a very ſenſible nerve , and moiſtned by a tranſuda

tion from the proceffus mamillares of the Brain , and fome ad

joyning glandules, and bythe moiſt ſteam ofthe Lungs, with a Liquor

convenient for the reception of thofe effluvia and by the adheſion and

mixing of thofe fteams with that liquor,and thereby affecting the nerve, or

perhaps by infinuating themſelves into the juices of the brain, after the

fame manner, as Ihave in thefollowing Obſervations intimated, the parts

of Salt topaß through the skins ofEffs, andFrogs. Since, Ifay, finelling

feems to be madebyfonefuch way, ' tis not improbable, butthatfome con

trivance, for making agreat quantity of Airpaß quick through the Noſe,

might as muchpromote thefenfe offinelling, as the any wayeshindringthat

paffage does dull and deftroy it. Several tryals I have made , both of

hindringandpromotingthis fenfe,and havefucceeded infome according to

expectation ; and indeed to me it feens capable ofbeingimprov'd , for the

judging of the conftitutions ofmany Bodies. Perhaps we may thereby

allo judge (as other Creaturesſeem to do) what is wholforne,whatpoyfon ;

andin a word, what are the ſpecifick properties ofBodies.

There may be alſo fome other mechanical wayes found out , offenfibly

perceivingthe effluvia ofBodies ; ſeveral Inftances ofwhich, were it here

proper, Icouldgive ofMineral fteams and exhalations ; and itfeems not

impoJible, but that byfomefuckwayes improved, maybe difcovered, what

Minerals lyeburiedunder the Earth, without the trouble to digfor them ;

fomethings to confirm this Conjecture may be foundin Agricola, andother

Writers ofMinerals, fpeaking ofthe Vegetables that are apt to thrive, or

pine, inthofe fteams.

C Whether
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Whether also thofe fteams, whichfeem to iffue out ofthe Earth , and

mix with the Air (andfo toprecipitatefome aqueous Exhalations,where

with 'tis impregnated ) may not be byfome waydetected before they produce

the effect, feems hard to determine ; yetfomething ofthiskindIam able to

diſcover,by an Inftrument I contriv'd to fhew all the minute variations in

thepreffure ofthe Air ; by which Iconftantly find,that before , and during

the time ofrainy weather, thepreſſure ofthe Air is leß, andin dry wea

ther , but especially when an Eaſtern Wind ( which having paſt over

vaft tracts ofLand is heavy with Earthy Particles ) blows, it is much

more, though theſe changes are varied according to very odd Laws.

The Inftrument is this. I prepare a pretty capaceous Polt-head AB, with

a ſmall ſtem about two foot and a half longDC ; upon the end of this D

Iput on a ſmall bended Glafs,or brazen Syphon DEF ( open at D, E and F,

but to be cloſed with cement at F and E, as occafion ferves) whofe ftemF

fhould be about fix or eight inches long,butthe bore ofit not above halfan

inch diameter,and very even ; theſe I fix very ſtrongly together by thehelp

ofveryhard Cement , and then fit the whole Glafs ABCDEF into a long

Board,orFrame,in fuch manner,that almoſt halfthe head AB may lye buri

ed in a concave Hemiſphere cut into the Board RS ; then I place it ſo on

the Board RS, as is expreft inthe firſtFigure of the firſt Scheme ; and fix

it
very firm andſteady in that pofture, foas that the weight ofthe Mercury

that is afterwards to be put into it,may not inthe leaſt ſhake or ſtir it ; then

drawing a line XY on the FrameRT, ſo that it may divide the ball into

two equal parts, or that it may pafs, as 'twere, throughthe center ofthe

ball. 1 begin from that, and divide all the reſt 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 XY) I fubdivide

into Decimals ; then ſtopping the end F with foft Cement,or foft Wax, Iin

vert the Frame, placing the head downwards, and the Orifice E upwards ;

andby it, with a ſmall Funnel, I fill the whole Glafs with Quickfilver ; then

byſtoppingthe 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,I fill it

top full with clear and well ſtrain'd Quickfilver, and having made ready a

fmall ball ofpretty hard Cement, by heat made very ſoft, I prefs it intothe

hole E, andthereby ftop it veryfaft; and to fecure this Cement from flying

outafterward,I bind over it a piece of Leather, that is ſpread over inthe in

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

thus faſtned it, I gently erect again the Glafs after this manner : I firſt let the

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

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

there chance to be any Air hidden in the fmall Pipe E, it may afcend into the

Pipe F, and not into the Pipe DC : Having thus erected it, and hung it by

the hole Q, or fixt it perpendicularly by any other means, I openthe endF,

and
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and by asmall syphon I draw out the Mercury fo long,till I find the furface of

it AB in the head to touch exactly 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 Mercury at F, I raiſe it again to

its defired height , by this contrivance I make all the fenfible rifing and fal

ling of the Mercury tobe visible in the furface ofthe Mercury in the Pipe F,

and ſcarce any in the head A B. But becauſe there really is fome fmall

change of the upperfurface alfo, I find by ſeveral Obfervations how much

it rifes in the Ball, and falls in the Pipe F, to makethe diſtance between the

two furfaces an inch greater then it was before ; and the meaſure that it

falls inthe Pipe is the length of the inch by which I am to markthe parts of

the Tube F, orthe Board on which it lyes , into inches and Decimals : Ha

ving thus juftned and divided it, I have a large Wheel MNOP, whoſe

outmoſtlimb is divided into two hundred equal parts ; this by certainfmall

Pillars is fixt on the Frame RT, in the manner expreft in the Figure. In

the middle ofthis, on the back fide, in a convenient frame, is placed a fmall

Cylinder, whofe circumference is equal to twice the length of one ofthofe

divifions, which I find anſwerto 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 nopart is heavier then another : Then about this Cylinder is wound a

fmall Clew of Silk, with two ſmall ſteel Bullets at each end of it GH; one

of thefe, which is fomewhat the heavier, ought to be fo big, as freely to

moveto and fro in the PipeF ; by means of which contrivance , every the

leaſt variation ofthe height of the Mercury will be made exceeding viſible

by the motion to and fro of the ſmall Index KL.

But this is but one way of difcovering the effluvia of the Earthmixt

with the Air ; there may be perhaps many others,witneß the Hygroſcope,

an Inſtrument whereby the watery fteams volatile in the Air are difcerned,

whichthe Nofe it felfis not able to find. This I have defcrib`d in the

following Tract inthe Defcription ofthe Beardofa wildOat. Othersthere

are,nay be difcovered both bythe Nofe , and by other wayes also. Thus

the ſmoak ofburning Wood is ſmelt, ſeen, and fufficiently felt by the

eyes : The fumes of burning Brimſtone are ſmelt anddiſcovered alſo

by the deftroying the Colours of Bodies , asby the whitening of a red

Role : Andwho knows, but that the Induſtry ofman, following this me

thod,mayfindout wayes ofimproving this ſenſe to as great a degree ofper

fection as it is in any Animal, andperhaps yet higher.

'Tis not improbable alfo,but that our taſte may be very much improv'd,

either bypreparing our taft for the Body, as, after eating bitter things,

Wine,or other Vinous liquors , are more ſenſibly taſted ; or elſe by pre

paring
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paring Bodies for our taft ; as the diffolving ofMetals with acidLiquors,

make them taftable, which were before altogether infipid ; thus Lead be

comes fweeter then Sugar, and Silver more bitter then Gall, Copper

andIron ofmost loathſome tafts. And indeedthe business of this fenfe

being to discover the prefence of diffolved Bodies in Liquors put on the

Tongue or ingeneralto difcover that afluidbodyhas fomefolidbodydiffolv'd

in it, and what they are ; whatever contrivance makes this diſcovery

improves this fenfe. In this kind the mixtures ofChymical Liquors af

ford many Inftances ; as the fweet Vinegar that is impregnated with

Lead maybe difcovered to be fo bythe affufion of a little of an Alcalizate

folution : The bitter liquor ofAqua fortis and Silver may be diſcover'd

to be charg'd with that Metal, by laying in it forme plates of Copper :

'Tis not improbable alſo,but there maybe multitudes of other wayes ofdiſco

vering theparts diffolv'd, or diffoluble in liquors ; and what is this difco

but a kindof fecundary taſting .very

'Tis not improbable alſo,but that the ſenſe offeeling may be highly im

prov'd, for that being a fenfe thatjudges of the more grofs and robuſt

motions ofthe Particles of Bodies, feems capable ofbeing improv'd and

affifted verymany wayes. Thusfor the diftinguishing ofHeat and Cold,the

Weather-glafs and Thermometer, which Ihave defcrib`d in this follow

ing Treatife, do exceedingly perfect it ; by each ofwhichthe leaft varia

tions ofbeat or cold, which the moft Acute fenfe is not able to diftinguish ,are

manifefted This is oftentimes furtherpromoted also by the help of Burn

ing-glaſſes,and the like, which collect and unite the radiating beat. Thus

the roughneſs andſmoothneſs ofa Body is made much more fenfible by

the help of a Microſcope, then by the most tender and delicate Hand.

Perhaps, a Phyfitian might, by ſeveralother tangible proprieties, diſcover

the confiitution ofa Body as well as by the Pulfe . Ido but inftance in

theſe,tofhew whatpoſſibility there may be ofmany others, and what proba

bility and hopesthere were offinding them, if this method werefollowed ;

for the Offices of the five Senfes being to detect either the fubtil andcuri

ousMotionspropagated through all pellucid or perfectly homogeneous

Bodies ; Orthe moregrofs and vibrative Pulfe communicated through

the Air and allother convenient mediums,whether fluidorfolid: Or the

effluvia



The
PREFACE.

effluvia ofBodies diffolv'd in the Air ; Or the particles ofbodies dif

foly'd or diffoluble in Liquors, or the more quick and violent ſha

king motion ofheat in all or any oftheſe: whatſoever does any wayespro

mote any ofthese kinds of criteria, does afford a way of improving fome

onefenfe. And what a multitude of theſe would a diligent Man meet

with in his inquiries ? Andthis for the helping andpromoting the fenfi

tive faculty only.

Next,as for the Memory, or retentive faculty, we maybefufficiently

inftructedfrom the written Hiftories of civil actions, whatgreat affi

ftance maybe afforded the Memory, in the committing to writing things ob

fervable innatural operations. Ifa Phyfitian be therefore accounted the

more able in his Faculty, because he has had long experience andpractice,

the remembrance ofwhich, though perhaps very imperfect, does regulate all

bis after aliions : What ought to be thought ofthat man, that has not only

a perfect regiſter ofhis own experience,but isgrown old with the experience

ofmany hundreds ofyears, and many thouſands ofmen.

Andthough of late , men, beginning to befenfible ofthis convenience,

havehere and thereregistred andprintedfomefew Centuries, yetfor the

moftpart they arefet down very lamely and imperfe&ily, and, Ifear, many

times notfo truly, theyfeeming, feveral ofthem, tobe defign'dmore for

Oftentation then publique ufe : For,not to inftance,that they do,for the

most part,omnit thofe Experiences they havemade , wherein their Patients

bave mifcarried,it is very eafie tobeperceiv'd,that theydo allalonghyper

bolically extol their own Preſcriptions, and vilifie thofe ofothers. Not

withſtanding all which, thefe kinds of Hiftories are generally efteem'd ufe

ful, even tothe ableft Phyfitian.

What may not be expected from the rational or deductive Faculty

that isfurnifht withfuchMaterials, and thofe fo readily adapted, and

rang'dfor uſe,that in a moment, as 'twere, thouſands of Inftances, ferving

for the illuftration,determination, or invention, ofalmost any inquiry,

maybe repreſented even to the fight ? How neer the nature of Axioms

muft allthofe Propofitions be which are examin'd beforefo many Wit

neffes? And how difficult willit befor any, thoughneverfofubtilan er

ror in Philofophy, to ſcape from being diſcover'd, after it has indur'd the

touch, andſomany other tryals ?
d What
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What kind ofmechanicalway, andphyfical invention alfo is there re

quir'd, that might notthisway befoundout ? The Invention ofaway to

findthe Longitude ofplaces is eafilyperform'd, andthat to asgreatper

fection as isdefir'd, or to as great an accurateneſs as the Latitude of

places can be found at Sea ; and perhaps yet also to a greater certainty

then that has been hitherto found, as I fhall very freedily freely manifeft to

theworld The way offlying in the Air feems principally unpra&ticable,

by reason of the want of ſtrength in humane muſcles ; if therefore

that couldbe fuppli d,it were,Ithink, eaſie to make twenty contrivances to

perform the office ofWings : What Attempts alſo I have made for the

fupplying that Defect, andmyfucceffes therein, which, Ithink, are wholly

new,and not inconſiderable, Ifball in anotherplace relate.

'Tis not unlikely alfo, but that Chymiſts, iftheyfollowed this method,

might find out their ſo much fought for Alkaheft. Whatan univerſal

Menftruum , which diffolves all forts of Sulphureous Bodies, Ihave

diſcoverd ( which has not been before taken notice of as fuch ) Ihave

fhewninthefixteenth Obfervation.

What a prodigious variety of Inventions in Anatomy has this latter

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

andthe Brain,which is thefeat ofour knowledge ofother things ? witneß

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

others
;
and at home, ofDoctor Harvy,Doctor Ent,Doctor Willis,Doctor

Gliffon. InCeleſtial Obfervations we havefar exceeded all the An

tients,even the Chaldeans and Egyptians themſelves, whofe vaft Plains,

high Towers,and clear Air, didnot give them fo great advantages over

us, as we have over themby our Glaffes. By the help ofwhich, they have

been very much outdone by the famous Galileo, Hevelius, Zulichem ;

andour ownCountrymen, Mr. Rook, Doctor Wren, and thegreat Orna

ment ofour Church andNation,the Lord Bishop of Exeter. And tofay

nomore in Aerial Diſcoveries, there has been a wonderfulprogre made

bythe Noble Engine ofthe moſt Illuſtrious Mr. Boyle,whom it becomes

ine to mention withall honour, not only as myparticular Patron,but as the

Patron of Philofophy it felf; whichhe every day increaſes by his La

bours, andadorns byhis Example.

The
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The goodfucceßs ofall theſe great Men,andmany others, andthe now

feemingly great obviouſnels ofmoft of their and divers other Inventions,

whichfrom the beginning of the worldhave been, as ' twere, trodon, and

yet not minded till theſe laſt inquifitive Ages ( an Argument that there

may be yetbehindmultitudes ofthe like ) puts me in mind to recommend

fuchStudies,andtheproſecution ofthem byfuch methods, to the Gentlemen

ofour Nation,whofe leiſure makes themfit to undertake, andthe plenty

of theirfortunes toaccompliſh, extraordinary things in this way. And I

do not onlypropofe this kind of Experimenta
l Philofophy as amatter of

high rapture anddelight ofthe mind, but even as a material and fenfi

ble Pleaſure. So vaft is the variety of Objects which will come under

their Inſpections, ſo many different wayes there are ofhandling them, ſo

great is the fatisfaction offinding out newthings, that Idare conpare

the contentment which they will injoy,not only to that ofcontemplati
on,

but even to that which most menprefer ofthe very Senfes themſelves.

And if they will pleaſe to take any incouragement from fo mean

and ſo imperfe&t endeavours as mine, upon my own experience, I can

aſſure them,without arrogance, That there has not been any inquiry or Pro

blem in Mechanicks, that I have hithertopropounded to myfelf, but by a

certain method ( which I may onfome other opportunity explain ) I have

been ablepreſently to examine thepoſſibility ofit ; and ifſo, as eaſily to ex

cogitate divers wayes ofperforming it : And indeed it ispofible to do as

muchby this method in Mechanicks, as by Algebra can beperform'd in

Geometry. Nor can I at alldoubt, but that thefame method is as ap

plicable to Phyfical Enquiries , and as likely tofind andreap thence as

plentiful acrop of Inventions ; and indeed thereſeems to be no ſubjectſo

barren.but may with thisgood husbandry be highly improv'd.

Toward theprofecution of this method in Phyfical Inquiries, I have

here andthere gleaned up an handful of Obfervations, in the collection of

moſt ofwhich Imade ufe of Microſcopes, andfome other Glaffes and In

ftruments that improve the fenfe ; which way I have herein taken , not

that there are not multitudes of ufeful andpleaſant Obfervables, yet uncol

lected,obvious enough without the helps of Art , but only to promote the uſe

ofMechanicalhelpsfor the Senfes,both in the furveying the already visible

World,
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World, andfor thediſcovery ofmany others hitherto unknown, and to make

us,with the great Conqueror,to be affectedthat we have notyet overcome one

World when there are fo many others to be discovered, every confiderable

improvement ofTeleſcopes or Microſcopes producing new Worlds and

Terra-Incognita's to our view.

The Glaffes Iusedwere ofour English make,but though very goodofthe

kind, yetfarſhort ofwhat might be expected, could we oncefind a way of

making Glaffes Elliptical, or offome more true ſhape ; for though both

Microſcopes, andTeleſcopes, as they now are, will magnifie an Object

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

yet the Apertures of the Object-glaffes are fo veryfinall,that veryfew Rays

are admitted, andeven ofthoſe fewthere areso manyfalfe, that the Object

appears dark and indiftin&t : Andindeed theſe inconveniences are fuch,as

feem infeparablefrom Spherical Glaffes, even when most exactly made;but

thewaywe have hitherto made uſe offor thatpurpoſe is ſo imperfect,that there

may beperhaps ten wrought before one be made tolerablygood, andmoſt of

thofe tenperhaps every one differing in goodneß onefrom another, which is

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

thefe Glaffes have a double defect;the one,that veryfew ofthem are exa&ily

true wrought ; the other, that even ofthoſe that are best among them, none

will admit afufficient number of Rayes to magnifie the Object beyond a

determinate bigneß. Against which Inconveniences the only Remedies I

have hitherto met with are thefe.

First, for Microfcepes ( where the Objectwe view is near and within our

power)the beſt wayofmaking it appear bright in the Glaſs,is to caſt a great

quantity oflight onit by means ofconvex glaffes,for thereby,though the aper

turebe veryfmall,yet there will throng in through it fuch multitudes,that an

Object will by this means indure to be magnifi'd as much again as it would

be without it. The wayfor doing which is this. Imake choice offome

Room that has only one window open to the South , and at aboutthreeor

four foot diſtance from this Window,on a Table, I place my Microfcope, and

thenſo place either a round Globe of Water, or a very deep clear plano con

vex Glafs (whofe convex fide is turn'd towards the Window ) thatthere

is a great quantity of Rayes collected and thrown upon the Object : Orif

the Sun fhine, I place a fmall piece ofoyly Paper very near the Object, be

tweenthat and the light ; then with a good large Burning-Glafs I fo collect

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

oflight paſs through it to the Object ; yet I fo proportion that light, that it

may
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may not finge or burn the Paper. Inftead of which Paper there maybe

madeuſe ofa ſmall piece of Looking-glafs plate , one ofwhofe fides is made

rough by being rubb'd on a flat Tool withvery fine fand, this will, ifthe

heat be leiſurely caft on it, indure a much greater degree of heat, and con

fequently very much augment a convenient light. By all which meansthe

light of the Sun, or of aWindow, maybe ſo caft on an Object, as to make it

twice as light as it would otherwiſe be without it, and that without anyin

convenience of glaring, whichthe immediate light of the Sun is very aptto

create in moſt Objects ; for by this means the light isfo equally diffuſed,

that all parts arealike inlightned ; but when the immediate light of theSun

falls on it, the reflexions from fome fewparts are fo vivid, that they drown

the appearance of all the other, and are themſelves alfo, by reafon ofthe in

-equality of light, indiftinct, and appear only radiant spots .

But becaule the light of the Sun, and alſo that of a Window, is in a conti

nual variation, and fo many Objects cannot be view'd long enoughby them

to bethroughly examin'd ; befides that , oftentimes the Weather is fo dark

and cloudy, that for many dayes together nothing can be view'd : And be

cauſe alſothere aremany Objects to be met with in the night, which cannot

fo conveniently be kept perhaps till the day, therefore to procure and cafta

fufficient quantity of light onan Object in the night, I thought of, and often

uſed this, Expedient.

I procur'd me a fmall Pedeſtal , fuch as is deſcrib'd in the fifth Figure of

the first Scheme on the fmall Pillar A B, of which were two movable

Armes CD, whichby means of the Screws EF, I could fix in any part of

the Pillar ; on the undermoſt of thefe I plac'd a pretty large Globe ofGlaſs

G, fill'd with exceeding clear Brine, ftopt, inverted, and fixt in the manner

viſible inthe Figure ; out of the fide of which Arm proceeded another

Arm H, with many joynts ; to the end of which was faſtned a deep plain

Convex glafs I, which by means of this Arm could be moved to and fro, and

fixt in any poſture. Onthe upper Arm was placed a fmall LampK, which

could be fo mov'd upon the end of the Arm , as to be fet in a fit poſture to

givelight through the Ball : By means of this Inftrument duly plac'd , as is

expreft inthe Figure, withthe fmall flame of a Lamp may be caft as great

and convenient a light on the Object as it will well indure;and being always

conſtant, and to be had at any time, I found moft proper for drawingthe

repreſentations of thoſefmall Objects I had occafion to obſerve.

Noneof all which ways (though much beyond any other hitherto made

ufe of by any I know ) do afford a fufficient help, but after a certain

degree of magnifying,they leave us again in the lurch. Henceit were very

defirable, that fome way werethought of for making the Object-glaſs of

fuch a Figure as would conveniently bear a large Aperture,

Asfor Teleſcopes, the only improvement they feem capable of, is the

increaſing of their length ; for the Object beingremote, there is no thought

ofgiving it agreater light then it has ; and therefore to augment the

Aperture, the Glaß must beground of a very large sphere ; for, by that

€ means,
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means,the longer the Gloß be, the bigger aperture will it bear ifthe Glaffes

be of an equal goodneß in their kind. Therefore a fix will indure a

much larger Aperture then a threefoot Glaß ; and afixtyfoot Glaß will

proportionably bear a greater Aperture then a thirty,and will as much ex

cel it alſo as a fix foot does a threefoot, as I have experimentally obſerv'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 Object proportionably big and diftin&t ; whereas there are very

few thirty foot Glaffes that will indure an Aperture ofmore then twoin

ches over. So that for Teleſcopes , fuppofing we had a very ready way

ofmaking their Object Glaffes ofexactly fherical Surfaces, we might, by

increafing thelength of the Glaß, magnifie the Object to any affignable big

neß. Andforperforming both thefe, Icannot imagine any way more ea

fie,andmore exact, then by this following Engine,by means of which, any

Glaffes,of what length foever,may be ſpeedily made.Itſeems the most eafie,

becauſe with one and the fame Tool may be with care ground an Object

Glaß, of any length or breadth requifite , and that with very little or no

trouble in fitting the Engine , and without much skill in the Grinder.

It ſeems to be the most exa&i , for to the very laft ftroke the Glaß does

regulate andrectifie the Tool to its exact Figure ; andthe longer or more

the Tool and Glaẞ are wrought together, the more exact will both ofthem

be ofthe defir'd Figure. Further, the motions of the Glaß andTool do

fo croß each other , that there is not one point of eithers Surface,but has

thouſands of croß motions thwarting it , ſo that there can be no kindof

Rings or Gutters made either in the Tool or Glaß.

per

The contrivance of theEngine is, only to make the ends of two large

Mandrilsfo tomove , that the Centers of them may be at any convenient

diſtance afunder , and that the Axis of the Mandrils lying bothin the fame

plain produc'd, may meet each other in any affignable Angle ; both which

requifites maybe very well perform'd by the Engine defcrib'd in the third

Figure of the first scheme : where A B fignifies the Beam of a Lath fixt

pendicularly or Horizontally, CD the two Poppet heads, fixt at about two

foot diſtance, EF an Iron Mandril,whofe tapering neckF runs in an adapt

ed tapering brass Collar ; the other end E runs onthe point of a ScrewG;

ina convenient place ofthis is faftnedH a pullyWheel, and into the end of

it,that comes throughthe Poppet head C, is fcrewed a Ring of a hollow

CylinderK, orfome other conveniently fhap'd Tool, ofwhat widenefs fhall

be
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be thought moft pr oper for the cize of Glaffes , about which it is to beim

ploy'd : As, for Objectglaffes, between twelve foot and an hundred foot

long , the Ring may be about fix inches over , or indeed ſomewhat

more for thofe longer Glaffes. It would be convenient alſo , and not

very chargeable , to have four or five feveral Tools ; as one for all Glaffes

between aninchand a foot , one for all Glaffes between a foot and tenfoot

long, another for all between ten and an hundred,a fourth for all between a

hundred and a thouſand foot long ; and if Curiofity fhall ever proceedfo

far,one for all lengths between a thouſand and ten thouſand foot long ; for

indeed the principle is fuch,that fuppofing the Mandrils well made,and of a

good length , and fuppofing great care be uſed in working and poliſhing

them,I fee no reaſon,but that a Glafs of a thouſand,nay of ten thouſand foot

-long, maybe as well made as one of ten; forthe reaſon is the fame,fuppofing

the Mandrils and Tools be made fufficiently ſtrong, fo that they cannot

bend ; andfuppofing the Glafs, out of whichthey are wrought, be capable

offogreat a regularity in its parts as to refraction : this hollow Cylinder K

is to containthe Sand, and by being drove round very quick to and fro by

means of a ſmall Wheel,which may bemov'dwith ones foot, ferves to grind

the Glaſs : The other Mandril is fhap'd like this, but it has an 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 inthe Figure, it can be ſtill adjuftned to the wearingor

wafting neck : into the end of this Mandril is fcrewed a Chock N, on which

with Cement or Glewis faftned the piece of Glafs Q that is tobe form'd ;

themiddle ofwhichGlafs is to be plac'd juft onthe edge of the Ring, and

the Lath OP is to be fet and fixt ( bymeans of certain pieces and fcrews,

the manner whereof will be fufficiently evidenc'd by the Figure ) in fuch

an Angle as is 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 before, I fhall, for brevities fake, pafs over. This laft

Mandrilis to be made ( bymeans of the former, or ſome other Wheel

run round very fwift alfo , by which two crois motions the Glafs cannot

chule ( if care be us'd ) but be wrought into a moſt exactly ſpherical

Surface.

to

But because we are certain, from the Laws of refraction ( which I

I have experimentally found to be ſo,by an Inſtrument Iſhall preſently de

fcribe ) that the lines of the angles of Incidence are proportio

nate to the lines of the angles of Refraction, therefore if Glaffes could

be made of thoſe kind of Figures, or fome other, fuch as the most incompa

rable Des Cartes has invented, and demonftrated in his Philofophical and

MathematicalWorks,we might hopefor amuchgreaterperfection ofOpticks

thencan be rationally expected from ſpherical ones; for though,cæteris pa

ribus, wefind, that the larger the Teleſcope Obje&i Glaſſes are, and the

fhorterthofe of theMicroſcope, the better they magnifie, yet both ofthem,

beſide
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befidefuch determinate dimenſions , 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

Objectleẞthenanhundredpart of an inch diftant from the Object Glaß .

Ihave not asyet made any attempts ofthat kind, though Iknow two or

three wayes, which, asfar as I haveyet confidered, feem very probable,and

mayinvite me to make a tryal as foon as Ihave an opportunity, of whichI

maybereafter perhaps acquaint the world. In the Interim, I fballdefcribe

the Inftrument Ieven now mention'd, by which the refraction of all kinds

of Liquors may be most exactly meafur'd, thereby to give the curious an

opportunity of making what further tryals of that kind theyfhall think

requifite to any oftheir intended tryals ; andto let them feethat the laws

ofRefraction 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 aſtraight piece of wood about fix foot andtwo inches long,

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

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

which this piece was fet exactly upright,and ſo very firmly fixt ; in the mid

dle of this was made a hole or center, into which one end of a hollow cy

lindrical braſs Box CC, faſhion'd as I fhall by and by defcribe , was plac'd,

and could very eaſily and truly be mov'd to and fro ; the other end ofthis

Box being put into, and moving in, a hole made in a ſmall arm DD; into

thisboxwas faftned the long Ruler EF, about three foot and three or four

inches long, and at three footfrom the above mention'd Centers P P was

a hole E, cut through, and cross'd with two fmall threads, and atthe end of

it was fixt a fmall fightG, and on the back fide of it was fixt a ſmall Arm H,

with a Screw to fix it in any place on the Ruler LM ; this Ruler LM was

mov'd onthe Center B (which was exactly three foot diſtance from the

middle Center P ) and a line drawn through the middle of it LM, was

dividedbya Line of cords into fome fixty degrees,and each degree was ſub

divided into minutes , fothat putting the crofs of the threads in E upon any

partof this divided line , I preſently knew what Angle the two Rules AB

and EF 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

famemanner, only it was not fixt to the hollow cylindrical Box, but,by means

of twoſmall brafs Armes or Ears, it mov'd on the Centers of it ; this alfo,

bymeans ofthe cross threads in the hole S, 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 Angle made by the two Rulers, AB and

RS, was alſo known. The Brafs box CC in the middlewas fhap'd very

much like the Figure X, that is, it was a cylindrical Box ftopp'd clofe at ei

therend,off of whicha part both of the fides and bottomes was cut out, fo

that
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that the Box, when the Pipe and that was joyned to it, would contain the

Water whenfill'd half full, and would likewife, without running over, in

dureto be inclin❜d to an Angle , equal to that of the greateſt refraction of

Water, and no more,without running over. The RulerE F was fixt very faft

to the PipeV, fo that the Pipe V directedthe lengthof the RulerE F and

the Box and Ruler were mov'd on the Pin TT, fo as to make any defi

rable Angle with the Ruler AB. The bottom ofthis Pipe V was ſtop'd

with a ſmall piece of exactly plain Glafs , which was plac'd exactly per

pendicular to the Line of direction, or Axis of the Ruler EF. The Pins

alfo TT were drill'd with fmall holes through the Axis,and through thofe

holes wasſtretcht and faſtned a ſmall Wire. There was likewiſe a ſmall

Pipe of Tin locfly put onupon the end ofV, and reaching downto the

fight G ; the uſe of which was only to keep any falfe Rayes of lightfrom

paffing throughthe bottom ofV, and only admittingfuch to pafs as pier

ced through the fight G: All things being placed together in the manner

defcrib'd in the Figure ; that is, 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 , till the Wire paffing through the middle of it were juſt co

vered : then I moved and fixt theRuler FE at any affignable Angle, and

placed the flame of a Candle juſt againſt the fight G ; and lookingthrough

the fight I, I moved the Ruler R S to and fro, till Iperceived the light paf

fing through G to be covered, as 'twere, or divided by the dark Wire paf

fing through PP: then turning the Screw in K, I fixt it in that poſture :

And throughthe hole S, Iobferved what degree and part of it was cutby

the croſs threads in S. And this gave methe Angle of Inclination, APS

anſweringto the Angle of Refraction BPE : forthe furface of the Liquor

in the Box will be alwayes horizontal , and confequently AB will be a

perpendicular to it ; the Angle therefore APS will meaſure, or be the

Angle of Inclination in the Liquor ; next EPB muſtbe the Angle of Re

fraction,for the Ray that paffes throughthe fight G, pafles alfo perpendicu

larly through the Glafs Diaphragme at F, and confequently alſo perpendi

cularly through the lowerfurface ofthe Liquor contiguous tothe Glafs, and

therefore fuffers no refraction till it meet withthe horizontal furface of the

Liquor in CC, which is determined by the two Angles.

By means of this Inftrument I can with little trouble, and a very

fmall quantity ofany Liquor, examine, most accurately, the refraction

of it , not only for one inclination, but for all ; and thereby am inabled

to make very accurate Tables ; feveral of which Ihave alſo experimentally

made,and find, that Oyl of Turpentine has amuchgreater Refraction

thenSpirit of Wine , though it be lighter ; and that Spirit ofWine

has a greater Refraction then Water, though it be lighter also ; but that

falt Water also has agreater Refraction then fresh, though it beheavier :

but Allum water has a les refraction then common Water, though bea

vier alfo So that it feems,as to the refraction made in a Liquor,the ſpeci

f
fick
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fick gravity is ofno efficacy.By this Ihave alfofound,that look what pro

portion the Sine of the Angle ofone Inclination has to the Sine ofthe

Angle of Refraction, correfpondent to it, the fame proportion have all

the Sines ofother Inclinations to the Sines of their appropriate Refractions.

Mywayfor meaſuring how mucha Glafs magnifies an Object, plac'd at a

convenient diſtance from my eye,is this. Having rectifi'd the Microſcope, to

ſee the defir'd Objectthrough it very diftinctly, at the fame time that I look

upon the Object through the Glafs with one eye, I look upon other Objects

at the fame diſtance with my other bare eye ; by which means I am able,

by the help of a Ruler divided into inchesand fmall parts, and laid on the

Pedestal ofthe Microſcope,to caft,as it were, the magnifi'd appearance of the

Object uponthe Ruler,and thereby exactly to measure the Diameter it ap

pearsof 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.

The Microfcope, which forthe moſt part I madeufe of, was fhap'd much

like that in the fixth Figure of the first Scheme, the Tube being forthe moſt

part not above fix or ſeven inches long,though, by reaſon it had four Draw

ers, it could very much be lengthened, as occafion required ; this was con

triv'd withthree Glaffes;a fmall Object Glass at A, a thinner Eye Glaſs about

B, and a very deep one about C : this I made ufe of only when I hadoc

cafion to ſee much of an Object at once ; the middle Glafs conveying a

verygreat company of radiating Pencils, which would go anotherway, and

throwingthem upon the deep Eye Glafs. But when ever I had occafion to

examine the ſmall parts of a Body more accurately , I took out the middle

Glaſs,and only made ufe of one Eye Glafs withthe Object Glafs, for always

the fewer the Refractions are,the more bright and clear the Object appears.

And therefore 'tis not to be doubted , but could we make a Microscope to

have one only refraction, it would, ceteris paribus, far excel any other that

had a greater number. And hence it is, that ifyou take a very clear piece

ofa broken Venice Glafs, and in a Lamp draw it out into very fmall hairs or

threads, then holdingthe ends of these threads in the flame, till they melt

and run into aſmall round Globul, or drop, which will hang at the end of

the thread; and if further you ſtick feveral of thefe upon the end ofa ſtick

with a little fealingWax,fo as thatthe threads ftand upwards, and then on

aWhetſtonefirſt grind off a good part of them, and afterward on a ſmooth

Metal plate, with a little Tripoly, rub them till they come to be very

fmooth; if one of thefe be fixt with a little foftWax againſt a ſmall 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, it will both

magnifie and make fome Objects more diftinct thenany of the great Micro

Scopes. But becauſe theſe, though exceeding cafily made, are yet verytrou

blefometo be us'd,becaufe of their fmalnefs,and the nearness of the Object ;

therefore to preventboth thefe, and yet ha ve only two Refractions, I pro

vided me a Tube of Brafs, fhap'd much like that in the fourth Figure ofthe

first Schemes into the ſmaller end of this I fixt with Wax agoodplano con

1
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vex Object Glafs,with the convex fide towards the Object, and into the

bigger end I fixt alſo withwax a pretty large plano Convex Glafs, with

the convex fide towards my eye , then by means of the ſmall hole

by the fide , I fill'd the intermediate ſpace between theſe two Glafles

with very clear Water, and with a Screw ftopp'd it in; then putting

ona Cell forthe Eye, I could perceive an Object more bright then I could

when the intermediate ſpace was only fill'd with Air,but this, for other in

conveniences, I made but little ufe of.

Myway for fixingboth the Glafs and Object tothe Pedeſtal moſt conve

niently was thus : Upon one fide of a round Pedeſtal A P, in the fixthFi

gure of the first Scheme,was fixt a fmall Pillar CC, on this was fitted a ſmall

IronArm D, whichcould be mov'dup and down, and fixt in any part of the

Pillar,by means of a fmall ScrewE; onthe end of this Arm was a fmall Ball

fitted intoa kind of focket F, made in the fide ofthe BrafsRing G, through

which the ſmall end ofthe Tube wasfcrew'd ; by means of which contri

vance I could place and fix the Tube in what poſture I defir'd ( which for

many Obfervations was exceeding neceſſary ) and adjuften it moſt exactly

to any Object.

For placing the Object,I made this contrivance ; upon the end ofa ſmall

brafs Linkor Staple H H, I fo faftned a round Plate II, that it might be

turn'd round upon its Center K , and going pretty ſtiff, would ſtand

fixt in any poſture it wasfet ; onthe fide of this was fixt a fmall Pillar P,

about three quarters of aninch high, and throughthe topof this was thruft

a fmall Iron pinM, whoſe top juſt ſtood overthe Center of the Plate ; on

this top I fixt a fmall Object, and bymeans of thefe contrivances I was able

to turn it into all kind of pofitions, both to myEye and the Light ; for by

moving roundthefmall Plate on its center , I could move it one way, andby

turningthe PinM, I could move it anotherway, and this without ſtirring

the Glaſs at all , or at leaſt but very little : the Plate likewiſe I could move

to andfro to any part of the Pedeſtal ( which in many cafes was very con

venient ) and fix it alſo in any Pofition, bymeans of a Nut N, which was

fcrew'd on upon the lower part of the Pillar CC. All the other Con

trivances are obvious enoughfrom the draught,and will need no defcription

Now though this were the Inſtrument Imade moſt uſe of, yet I have

madefeveral other Tryals with other kinds of Microſcopes, whichboth

for matter and form were very different from common ſpherical Glaſſes.

Ibavemadea Microſcope with one piece of Glaß, both whofefurfaces

wereplains. I have made another only with a plano concave, without

any kind ofreflection, divers alfo by means of reflection. Ihavemade

others ofWaters, Gums, Refins , Salts, Arfenick,

divers other mixtures of watery andoyly Liquors .

fubject is capable of a great variety ; but I findgenerally none more uſe

fulthenthatwhich ismade with two Glaffes, fuch as I have already de

fcrib'd.

Oyls, and with

Andindeedthe

What
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What the things areIobferv'd, the following deſcriptions will manifeft ;

in brief, they were either exceeding ſmall Bodies, or exceeding ſmall

Pores, or exceeding fmall Motions, fome of each of whichthe Reader

will find in the following Notes,andfuch, as Iprefume, ( many ofthem

at least) will be new, andperhaps not leß ſtrange : Some fpecimen of

each of which Headsthe Reader will find in the fubfequent delineations,

and indeed offome more then I was willing there ſhould be ; which was

occafioned by my first Intentions to print a much greater number then I

have fince found time to compleat. Of fuch therefore as Ihad, Ifele&i

edonlyfomefew of every Head, which for fomeparticulars feem'dmoft ob

fervable, rejecting the reft as fuperfluous to theprefent Defign.

What each of the delineated Subjects are,the followingdeſcriptions an

next to each will inform,of which Iſhall here, only once for all, add, That

in divers ofthem the Gravers have pretty well follow'dmy directions and

draughts ; andthat in making ofthem, I indeavoured ( as far as Iwas

able) firft to discover thetrue appearance , and next to make aplain re

prefentation of it. This Imention the rather , becauſe of theſe kind of

Objects there is much more difficulty to discover the trueshape , then of

thofe vifible to the naked eye, the fame Object ſeeming quite differing, in

one pofition to the Light, from what it really is, and may be difcover'd

in another. Andtherefore I never began to make any draught before by

many examinations in feveral lights, and in ſeveral poſitions to thoſe

lights, I had diſcover'd the true form. For it is exceeding difficult

fume Objects , to diftinguish between a prominency and a depreſſion,

between a fhadow anda black ftain, or a reflection and a whiteneſs

in the colour. Beſides, the transparency of moft Objects renders them

yet much more difficult then if they were opacous. The Eyes of a Flyin

one kind oflight appear almoſt like a Lattice, drill'd through with abun

dance offinall holes ; whichprobably may be the Reason, why the Ingeni

ous Dr. Power feems to fuppofe them fuch. In the Sunshine they look

like a Surface cover'd withgolden Nails ; in anotherpoſture, like a Sur

face cover'd with Pyramids ; in another with Cones ; and in otherpo

ſtures ofquite otherſhapes ; but that which exhibits the beſt, is the Light

collected on the Object, by thofe means Ihave already defcrib'd.

And
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Andthis was undertaken inprofecution ofthe Deſign which the ROY

AL SOCIETY haspropos'd to it felf. For the Members ofthe Affemblyha

ving before their eysfo many fatal Inftances ofthe errors andfalfhoods,inwhich

the greatestpart ofmankindhas fo longwandred, becauſe they rely dupon the

ftrength of humane Reaſon alone , have begun anew to correct all Hy

pothefes by fenfe, as Seamen do their dead Reckonings by Coleſtial

Obfervations ;andto thispurpoſe it has been theirprincipal indeavour to en

large & ftrengthen the Senfes by Medicine,and byfuch outward Inftru

ments as areproper for theirparticular works. By this means they findfome

reafon to fuffect that thofe effects ofBodies,whichhave been commonly attri

buted to Qualities, andthofe confeßd tobe occult, are perform'dbythe

fmallMachines ofNature, which are not to be difcern'd without theſe helps,

feeming the meerproducts ofMotion,Figure,and Magnitude; and that the

Natural Textures, whichfome call the Plaſtick faculty, may be made in

Looms,which a greater perfection of Opticks may make diſcernable by theſe

Glaffesfo as now they are no morepuzzled about them ,then the vulgar are to

conceive,howTapeſtry or flowred Stuffs are woven. Andthe ends ofall these

Inquiries they intend to be the Pleaſure ofContemplative minds, but above

all,the eaſe and diſpatch ofthe labours ofmens bands.They do indeedneg

lect no opportunity to bring allthe rare things ofRemote Countries within the

compaß oftheir knowledge andpractice.But they fill acknowledg their moſt

uſeful Informations to arifefromcommon things, andfrom diverſifying

their moſt ordinary operations upon them. Theydo not wholly reject Experi

ments ofmeer light andtheory ; but they principally aim at fuch, whoſe

Applications will improve and facilitate theprefent way ofManual Arts.

Andthoughfomemen, who are perhaps taken up about leẞ3 honourable Em

ployments, arepleas'd to cenfure their proceedings, yet they can fhew more

fruits of theirfirst threeyears, wherein they have affembled, then anyother

Society in Europe canfor a much larger ſpace oftime. Tis true,fuch un

dertakings as theirs do commonly meet withſmallincouragement , becauſe

men are generally rather taken with the plaufible and difcurfive, then the

real and thefolidpart ofPhiloſophy ; yet bythe goodfortune of their inftitu

tion,in an Age ofallothers the most inquifitive,they have been aſſiſted by the

contribution andpreſence ofvery many ofthe chiefNobility andGentry,

and
g
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andothers,who areſome of the most confiderable in theirſeveral Profeſions.

But that that yetfarther convinces me ofthe Real eſteem that the morefe

riouspart ofmenhave ofthis Society,is, that ſeveral Merchants,men who

act in earnest(whofe Object is meum & tuum,thatgreat Rudder ofhumane

affairs)have adventur'd confiderablefums ofMoney,to put in practice what

Some of our Members have contrived, andhave continued stedfaft in their

good opinions offuch Indeavours, when not one of a hundred ofthe vulgar

have believed their undertakings feaſable.And it is alſofit to be added,that

theyhave one advantagepeculiar to themſelves,that very many oftheir num

ber are men of Converſe and Traffick ; which is agoodOmen, that their

attempts willbring Philofophyfrom words to action,ſeeing the men ofBuſi

ne have hadsogreat a ſhare in their firstfoundation.

And ofthiskindIought not to conceal oneparticularGenerofity,whichmore

nearly concerns myfelf.It is the munificence ofSir JohnCutler,in endowing

a Lecturefor thepro:notion ofMechanick Arts,to be governed anddirected

byThisSociety.ThisBounty Imentionfor the Honourableneſs ofthe thing it

felf,andfor the expectation whichIhave of the efficacy ofthe Example ;for

it cannot now be objected to them,that their Deſigns will be efteemed frivolous

andvain, when they havefuch a real Teſtimony of the Approbation of

a Manthat isfuch an eminent Ornament ofthis renowned City, and one,

who, by the Variety, and the happy Succeſs, ofhis negotiations, has given

evidentproofs, that he is not eafie to be deceiv'd. This Gentleman has well

obferv'd, that the Arts of life have been too long impriſon'd in the dark

fhops of Mechanicks themſelves, there hindred fromgrowth,either by ig

norance,orfelf-intereft:andhe has bravelyfreed themfrom these inconveni

ences:He hath not only obliged Tradeſmen,but Trade it ſelf:He has done a

work that is worthy of London, and has taught the chiefCity ofCommerce

in the world the right way how Commerce is to be improv'd. We have already

feen many other greatfigns of Liberality and a large mind, from the fame

band:For byhis diligence about theCorporation for the Poor;by bis hono

rable Subſcriptionsfor the rebuilding ofSt.Paul's;by his chearful Disburf

mentfor the replanting ofIreland,and by many otherfuchpublick works,

he has fhewn by what means he indeavours to eſtabliſh his Memory ; and

now by this last gift he has done that,which became one ofthe wifeſt Citizens

of



The
PREFACE.

ofour Nationto accompliſh, ſeeing one ofthe wiſeſt ofour Stateſmen,the

Lord Verulam, first propounded it.

But to return to my Subject,from a digreſſton, which, Ihope,my Reader

willpardonme, feeing the Example is fo rare that Ican makeno morefuch

digreffions. If thefe myfirft Labours fhallbe any wayes ufefulto inqui

ring men, I must attribute the incouragement andpromotion ofthemto a ve

ry Reverend andLearned Perfon, ofwhom this ought injuftice to befaid,

That there is ſcarce any one Invention, which this Nation has pro

duc'd in our Age, but it has ſome way or other been ſet forward by

his affiſtance. My Reader,Ibelieve,will quickly gheß, that it is Dr. Wil

kins that Imean.He is indeed a manbornfor thegood ofmankind,andfor

the honour of hisCouutry. In the ſweetneſs of whoſe behaviour,in the

calmneſs ofhis mind, in the unbounded goodneſs ofhis heart, we have

an evident Inftance, what thetrue and the primitive unpaffionate Religi

on was, before it was fowred byparticular Factions. In a word, his Zeal

has been fo conftant and effectual in advancing allgood andprofitable

Arts,that asone ofthe Antient Romans faid ofScipio, That hethanked

God that he was a Roman ; becauſe whereever Scipio had been born,

there had been the feat of the Empire ofthe world : Somay Ithank

God, that Dr. Wilkins was an Engliſhman, for whereever be bad lived,

there hadbeen the chiefSeat ofgenerous Knowledge and true Philofo

phy. To the truth ofthis,there are ſo many worthy men livingthat willfub

fcribe, that I amconfident, what I have here faid, will not be look'dupon,

by any ingenious Reader, as a Panegyrick, but only as a real teſti

mony.

By the Advice ofthis Excellent man Ifirftfet upon this Enterprife, yet

ftill came to it with much Reluctancy,becauſe I was tofollow thefootsteps of

fo eminent a Perfon as Dr.Wren , whowas the first that attempted any

thing ofthis nature ; whofe original draughts do now make one of theOrna

ments ofthatgreat Collection ofRarities in the Kings Clofet. This Ho

nor, which hisfirst beginnings ofthis kind have receiv'd, to be admittedin

to the mostfamousplace ofthe world,did not fo much incourage, as theha

zard ofcoming after Dr. Wren did affright me ; for ofhim Imuſt affirm,

that, fince the time of Archimedes, thereſcarce ever met in one man, info

great
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great a perfection, fuch a Mechanical Hand, and fo Philofophical a

Mind.

But at last,being affuredboth by Dr. Wilkins,and Dr. Wren kimſelf,

that he hadgiven over his intentions ofprofecuting it, and notfinding that

therewas any elſe deſign'd thepurſuing of it, Iſet upon this undertaking, and

was not a little incourag'd toproceedin it, by the Honour theRoyal Society

waspleas'd to favour me with,in approving ofthoſe draughts (which from

timeto time as Ihadan opportunity of defcribing) Iprefentedto them. And

particularly bythe Incitements ofdivers of thofe Noble and excellent Per

fons of it, which were my more eſpecial Friends,who were not leß urgent with

me for thepubliſhing, thenfor theprofecution ofthem.

After Ihad almoft compleated thefe Pictures and Obfervations (ba

ving had divers of them ingraven , andwas ready tofend them to the

Preß ) Iwas informd , that the Ingenious Phyfitian Dr. Henry Power

had made feveral Microſcopical Obſervations,which hadInot afterwards,

upon our interchangably viewing each others Papers, foundthat they were

for the mostpart differingfrom mine, either in the Subject it felf, or in the

particulars taken notice of; and that his defign was only to print Obfer

vations without Pictures,I had even then fuppreffed what Ihad fo farpro

ceededin. Butbeingfurther excited byfeveral ofmyFriends, in comply

ance with their opinions, that it wouldnot be unacceptable toſeveral inqui

fitive Men, and hoping alſo , that I ſhould thereby diſcover ſomething

New totheWorld, I have at length caft in my Mite, into the vaft Treaſu

ry ofAPhiloſophical Hiftory. Andit is myhope, as wellas belief, that

theſe my Labours will be no more comparable to the Productions of many

other Natural Philofophers, who are now every where bufie about greater

things ; thenmy little Objects are tobe compar'dto the greater andmore

beautifulWorks ofNature, A Flea, a Mite, a Gnat, to anHorfe,an Ele

phant, or a Lyon.

SOME
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I

Obferv. I. Ofthe Point ofafharp fmall Needle.

A

S in Geometry, the moſt natural way of beginning is Schem.2.

from a Mathematical point ; fo is thefame method in Fig.1.

Obfervations and Naturalhistory the most genuine,fim

ple, and inſtructive. Wemuſt firſt endevour to make

letters, and drawfingle ſtrokes true , before we ven

ture to write whole Sentences , or to draw large Pi

&tures. Andin Phyſical Enquiries, we muſt endevour

to followNature in the more plain and eafie ways the

treadsin the moſt ſimple and uncompounded bodies, to trace her ſteps, and

be acquainted with her manner ofwalking there, before we venture our

felves into the multitude of meanders fhe hasin bodies of a more complica

tednature ; left, being unable to diſtinguiſh and judge of our way, we

quicklylofe both Nature our Guide,and ourfelves too and are left to wan

der in the labyrinthof groundless opinions ; wanting bothjudgment, that

light , and experience, that clew, which should direct our proceedings.

We will begin theſe our Inquiries therefore with the Obfervations of

Bodies ofthe moftfimple nature first,and fo gradually proceed tothofe ofa

morecompounded one.In profecution ofwhich method,we fhall begin with

a Phylicalpoint; ofwhich kind the Point of a Needle is commonly reckon'd

for one ; and is indeed, for the moſt part, made fo fharp, that the naked

eye cannot diſtinguiſh any parts of it : It very easily pierces, and makes its

way through all kind ofbodies fofter then itſelf:But if view'd witha very

good Microfcope, wemay find that the top of a Needie (though as tothe

B fenſe
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fenfeverysharp) appears a broad,blunt, and very irregular end ; notrefem

bling a Cone, as is imagin'd, but onely a piece ofa tapering body, witha

great part ofthe top remov'd, or deficient. The Points of Pins are yet

more blunt, and the Points ofthe moſt curious Mathematital Inſtruments

do veryfeldome arrive at fo great a ſharpneſs ; how much therefore can

be builtupon demonftrations made onelyby the productions of the Ru

lerand Compaffes, he will be better able to confider that fhall butview

thofe points and lines with a Microſcope.

Nowthoughthis point be commonly accountedthe ſharpeft (whence

when we would expreſs the ſharpneſs ofa point the moſtfuperlatively, we

fay, As ſharp as a Needle) yet the Microfcope can afford us hundreds ofIn

ſtances of Points many thouſand times fharper: fuch as thoſe ofthe hairs,

and briftles, and claws ofmultitudes of Infects ; thethorns , or crooks, or

hairs of leaves, and other ſmall vegetables ; nay,the ends oftheftirie or

Small parallelipipeds of Amianthus , and alumen plumosum ; of many of

which, though the Pointsarefo fharp as not tobe visible, though view'd

with a Microscope (whichmagnifies the Object, in bulk, above a millionof

times) yet I doubt not, but were we able practically to make Microſcopes

according tothe theory ofthem, we might find hills, and dales,and pores,

and a fufficient bredth, or expanfion, to give all thofe parts elbow-room,

even inthe blunt top ofthe veryPoint ofany oftheſe fo veryſharpbodies.

For certainly the quantity or extenfion of anybodymay be Diviſible in in

finitum, though perhaps not the matter.

But to proceed : The Image we have here exhibited in the

firft Figure , was the top of a mall and very fharp Needle , whoſe

point a a nevertheless appear'd through the Microſcope above a

quarter of an inch broad, not round nor flat , but irregular and un

even ; 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, bybeing thruft off on ei

therfide. The furface of which, thoughappearing tothe naked eye very

fmooth,could not nevertheleſs hide a multitude ofholes and fcratches and

ruggedneffes from being diſcover'd by the Microscope to inveſt it, ſeveral

ofwhich inequalities (as A,B,C, feem'd holes made byfome ſmall ſpecks of

Ruft ; and D fome adventitious body, that ſtuck very cloſe to it) were ca

fual. Allthe reft that roughenthe furface, were onely fo many marks of

the rudeness and bungling of Art. So unaccurate is it, in all its producti

ons, evenin thoſe whichfeemmoſt neat, that if examin'd with an organ

more acute then that by which they were made, the more we fee oftheir

Shape,the less appearance will there be of their beauty : whereas in the

works of Nature, the deepeſt Diſcoveries fhew us the greateſt Excellen

cies. An evident Argument, that he that was the Author of all theſe

things, was no other then Omnipotent ; being able to include as great a va

riety ofparts and contrivances inthe yet ſmalleſt Diſcernable Point, as in

thofe vafterbodies (which comparatively are called alfo Points) fuch as

the Earth, Sun, or Planets. Nor need it ſeemſtrange that the Earth it ſelf

maybe byanAnalogie call'd a Phyſical Point:For as its body,thoughnow

fo
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fonear us as tofill our eys and fancies with a ſenſe of the vaftness of it,

may by alittle Diſtance, and fome convenient Diminishing Glaffes, be

made vaniſh into a fcarce vifible Speck , or Point ( as I have often

try'd on the Moon, and (when not too bright) on the sun it ſelf.) So,

could a Mechanical contrivance fuccesfully anfwer our Theory, we might

feethe leaſt frot as big as the Earth it felf; and Diſcover, as Des Cartes Dion ch.

alfo conjectures, as great a variety ofbodies in the Moon, or Planets, as in 10. § 9.

the Earth.

But leaving theſe Diſcoveries to future Induſtries, we ſhall proceedto

add one Obfervation more ofapoint commonlyfo call'd,that is, the mark

ofa fullftop, orperiod. And for this purpoſe I obferved many bothprinted

onesand written ; and among multitudes I foundfew ofthem moreround

or regular then this which I have delineated in the third figure ofthe fe

cond Scheme, but very many abundantly more disfigur'd; and for the

moſt part ifthey feem'd equally round to the eye, I found thofe points

that hadbeen made by a Copper-plate, and Roll-prefs, to be as misshapen

as thoſe which had been made with Types, themoſt curious andfmothly

engraven ftrokes andpoints, looking but as fomanyfurrows and holes, and

their printed impreffions, but like ſmutty daubings on a matt or uneven

floor with a blunt extinguiſht brand or ſtick's end. And as for points

made with apen theyweremuch more rugged and deformed. Nay,having

view'd certain pieces of exceeding curious writing ofthe kind ( one of

whichinthebredth of a two-pence compris'dthe Lordsprayer, the Apostles

Creed, the ten Commandments, and about half a dozen verfes befides of the

Bible, whofe lines were ſoſmall and near together, that I was unable to

number themwith my nakedeye, a very ordinary Microscope, I had thena

bout me, inabled meto fee that what theWriter of it had afferted was

true, but withall diſcover'd ofwhat pitifull bunglingfcribbles andfcrawls

it wascompos'd,Arabian and China charactersbeingalmoſt as well ſhap'd ;

yet thus much I muſtſay for theMan, that it was for the moſt part legible

enough, though infome places there wanted a good fantly well prepofeft

to help onethrough. If this manner ofsmall writingwere made cafic and

practicable (and I think I know fuch a one, but have never yet made

tryalofit, whereby one might be inabled to write agreat deale with much

eafe , and accurately enough in a very little roome ) it might be of very

good ufe to convey fecret Intelligence without any danger of Discovery

or mistrusting. But to come again to the point. The Irregularities ofit

arecaufedbythree orfour coadjutors, oneof which is, the unevensurface

ofthepaper, which at beſt appears nofmotherthen a very courſe piece of

fhagd cloth, nextthe irregularity ofthe Type or Ingraving, and athird isthe

roughDaubingof the Printing-Inkthat liesuponthe inftrument that makes

the impreffion , to all which, add the variation made by the Different

lights andfhadows, and youmay havefufficient reafon to ghefs that apoint

mayappearmuch moreugly thenthis, which I have here preſented, which

though it appear'd through the Microſcope gray, like a great fplatchof

London dirt, about three inches over ; yet to the naked eye it wasblack,

and no biggerthen that in the midſt ofthe Circle A. And could Ihave

found
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found Roomin this Plate to have inſerted anO you ſhould have feen that

the letters were not more diftin&t thenthe points of Diſtinction, nor a

drawn circle more exactlyfo,then we have now ſhown apoint tobe apoint.

Schem.2.

Fig.2.

Obferv. II. Ofthe Edge of a Razor.

TH

He ſharpeft Edge hath the fame kind ofaffinityto the ſharpeſt Point

in Phyficks, as a line hath to apoint in Mathematicks ; and therefore

the Treaty concerning this, may very properly be annexed to the for

mer. ARazor doth appear to be a Body of a very neat and curious a

fpect, till more cloſely viewedbythe Microscope, and there we may ob

ferve its very Edge to be of all kind ofſhapes, except what it ſhould be.

For examining that of a very ſharp one, I could not find that any part of

it had anything of ſharpneſs in it ; but it appear'd a rough ſurface of a

very confiderable bredthfrom fide to fide, the narrowest part not ſeem

ingthinnerthen the back of a pretty thick Knife. Nor is't likely that it

ſhould appear any otherwife, fince as we juſt now fhew'd that a point ap

pear'd a circle, 'tis rational a line ſhould be a parallelogram.

Now forthe drawing this fecond Figure(which reprefents a part ofthe

Edgeabout halfa quarter ofan inch long of a Razor well fet) I fo plac'd it

betweenthe Object-glafs & the light that there appear'd a reflection from

the very Edge,reprefented by the white line abcdef.In whichyoumay

perceive it to be fomewhat ſharperthen elsewhere about d, to be indent

ed or pitted about b, to be broader and thicker about c, and unequal

and rugged about e, and pretty even between a b and ef. Nor wasthat

part ofthe Edge ghik fo ſmooth as one would imagine ſo ſmooth bo

dies as a Hone and Oyl fhould leave it ; for befides thofe multitudes of

fcratches, which appear to have raz'd the furface g h i k, and to crois

each other every way which are not halfof them expreft in the Figure,

there were feveral great and deep ſcratches, or furrows, fuch as gb and

ik, which made the furface yet more rugged, caus'd perhaps byfome

fmall Duft cafually falling on the Hone, or fome harder or more flinty

part ofthe Hone it felf. The other part ofthe Razor 11, which is polifh'd

on a grinding-ſtone, appear'd much rougher then the other, looking al

moſt like a plow'd field, with many parallels, ridges, and furrows, and a

cloddy, as 'twere, or an uneven furface : nor shall we wonder at the

roughneſſes of thofe furfaces , fince even in the moſt curious wrought

Glalles for Microscopes, and other Optical ufes, I have, when the Sun has

fhone well on them , diſcover'd their furface to be varioutly raz'd or

fcratched, and to confiſt of an infinite of fmall broken ſurfaces, which re

flect the light ofvery various and differing colours. And indeed it ſeems

impoffible by Art to cut the furface of any hard and brittle body fmcoth,

fince Putte, or even the moſt curious Powder that can be made uſe of, to

polifhfuch a body, muft confift of little hard rough particles, and each of

them muſt cut its way, and confequently leave fome kind of gutter or

furrows

I

1
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furrowbehind it. And though Nature does feem to do it veryreadily in

all kinds of fluid bodies , yet perhaps future obfervators may diſcover

even theſe alfo rugged ; it being very probable, as I elſewhere fhew, that

fluid bodies are made up of fmall folid particles variouſly and ſtrongly

mov'd, and may find reaſonto think there is ſcarce a furface in rerum na

tura perfectlyImooth. The black ſpot mn, I ghefs to be fome fmall

fpeck ofruft, forthat I have oft obferv'd tobe the manner ofthe working

ofCorrofiveJuyces. To conclude, this Edge and piece of a Razor, if it

had been really fuch as it appear'd throughthe Microscope, would fcarce

lyhave ferv'd to cleave wood, much lefs to have cut offthe hair ofbeards,

unless it were after the manner that Lucian merrily relates Charon to have

madeufe of,when with a Carpenters Axe he chop'd off the beard ofafage

Philofopher, whofe gravity he very cautiouſly fear'd would indangerthe

overfetting ofhis Wherry.

Obferv. III. Offine Lawn, or Linnen Cloth.

TH

'His is another product of Art, A piece ofthe fineſt Lawn I was able Schem. 19.

focurious that the threads were ſcarce difcernable by the na- Fig.3.

to get,

ked eye,and yet through an ordinary Microfcope you may perceivewhat

a goodly piece ofcoarſe Matting it is ; whatproportionabl
e
cords eachof

its threads are, being not unlike, both in ſhape and fize, the bigger and

coarfer kind offingle Rope-yarn,wherewiththey ufuallymakeCables. That

which makesthe Lawnfo tranfparent, is by the Microscope, nay by the

naked eye, if attentively viewed, plainly enough evidenced to bethe

multitude offquare holeswhich are left between the threads, appearing

tohave muchmore hole inreſpect of the intercurrent parts then is for the

moſt part left in a lattice-window, which it does a little reſemble, onely

the croffing parts are roundand not flat.

Theſe threads that compoſe this fine contexture, though they are as

fmall asthoſe that conſtitute the finer forts ofSilks, have notwithſtanding

nothing of their gloffie, pleaſant,and lively reflection. Nay, I havebeen

informed both by the Inventor himſelf, and ſeveral other eye-witneſſes,

that though the flax,out ofwhich it is made,hasbeen (by a fingular art, of

that excellent Perſon, and NobleVertuofo, M. Charls Howard,brother to

the Duke ofNorfolk)fo curiouſly drefs'd and prepar'd,as to appear bothto

the eye and the touch, full as fine and asgloffie, and to receive all kinds

ofcolours,as well as Sleave-Silk ; yet whenthis Silken Flax is twiſted into

threads, it quite lofeth its former lufter, and becomes as plain andbaſe

a thread to look on, as one ofthefame bignefs, made ofcommonFlax.

Thereaſon of which odd Phenomenon ſeems no other then this ; that

though the curiouſly dreft Flax has its parts fo exceedingly ſmall, as to

equallize, ifnot to be muchſmallerthenthe clewofthe Silk-worm, efpe

cially in thinness, yet the differences between the figures of the confti

tuting filaments arefo great, and their ſubſtances ſo various, that whereas

C thofe
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thofe ofthesilk are small,round, hard, transparent, andto theirbigness

proportionably stiff, fo as each filament preferves its proper Figure, and

confequently its vivid reflection intire, though twiſted into a thread, if

not too hard ; thofe ofFlax areflat, limber,fofter,and less transparent, and

intwiſtinginto a thread they joyn,and liefo cloſe together,as to loſe their

own, and deſtroy each others particular reflections. There feems there

fore three Particulars very requifite to make the fo dreft Flax appear Silk

alſo when ſpun into threads. Firſt, that the ſubſtance of it ſhould be

mademore clear and transparent, Flax retaining in it a kind ofopacating

brown, oryellow ; and the parts ofthe whiteft kind I have yet obferv'd

withthe Microſcope appearing white, like flaw'd Horn or Glaſs, rather

then clear, like clearHorn or Glaſs. Next that, the filaments ſhould each

ofthem be rounded, if that could be done,which yet is not ſo very necef

fary, ifthe firſt be perform'd, and this third, which is, that each of the

fmall filaments beftifned; for though they be fquare, or flat, provided

theybe transparent and ſtiff, muchthefame appearances muft neceffarily

follow. Now, though I have not yet made trial, yet I doubt not, but that

boththeſe proprieties maybe alſo induc'd upon the Flax,and perhaps too

byone and thefameExpedient, whichfome trials may quicklyinform any

ingenious attempter of, whofrom the ufe and profit offuch an Invention,

may find fufficient argument to be prompted to fuch Inquiries. As for

the tenacity ofthe fubftance of Flax, out ofwhichthe thread is made, it

ſeems much inferiour to that of Silk, the one being a vegetable, the

other an animal fubftance. And whether it proceed fromthe bettercon

coction, or the more homogeneous conftitution of animal ſubſtances

above thoſe of vegetables, I do not here determine ; yet fince I ge

nerally find, that vegetable ſubſtances do not equalize the tenacity ofani

wal, nor theſe the tenacity of fome purified mineral fubftances ; I am

very apt to think, that the tenacity of bodies does not proceed from the

bamous, orbooked particles, asthe Epicureans, and fome modern Philofo

phers have imagin'd ; but from the more exact congruity ofthe confti

tuent parts, which are contiguous to each other, and fo bulky, as not to

be eafily ſeparated, or fhatter'd, by any ſmall pulls or concuffion of

heat.

Schem. 3.

Fig. 1.

Obferv. IV. Offine waled Silk, or Taffety.

Tbiggermagnifying Glass, which you

His is the appearance of a piece of very fine Taffety-riband in the

fee exhibits it like a verycon

venient fubftance to make Bed-matts,or Door-matts of,or to ſerve for Bee

hives, Corn-fcuttles,Chairs, or Corn-tubs, it being not unlike that kind of

work, wherewith in many parts in England, theymake fuch Utenfils of

Straw,a little wreathed,and bound together with thongs ofBrambles. For

in this Contexture, each little filament, fiber, or clew ofthe Silk-worm,

feem'd about the bignefs ofan ordinary Straw, as appearsbythe little ir

regular
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regular pieces,a b,c d,and ef; TheWarp,or the thread that ran croffingthe

Riband,appear'd like a fingle Rope of an Inch Diameter ; but the Woof,

or the thread that ran the length of the Riband, appear'd not half fo

big. Each Inchoffix-peny-broad Riband appearing no lefs then a piece

ofMatting Inch and half thick, and twelve foot fquare ; a few yardsof

this, would be enough to floor the long Gallery ofthe Loure at Paris.

But to return to our piece ofRiband : It affords us a not unpleaſant ob

ject, appearing like a bundle, or wreath, of very clear and tranſparent

Cylinders,ifthe Silk be white, and curiouſly ting'd ; if it be colour'd,each

of thoſe ſmall horney Cylinders affording in fome place or other ofthem,

as vivid a reflection, as ifit had beenfent from a Cylinder of Glaſs or Horn.

In-ſo-much, that the reflections of Red, appear'd as if coming fromfo

many Granates, or Rubies. The loveliness ofthe colours of Silks above

thofe ofhairy Stuffs,or Linnen,confifting as I elfe-where intimate,chiefly in

the tranfparency, and vivid reflections from the Concave,or inner furface

ofthe transparent Cylinder, as are alſo the colours of Precious Stones ;

for moſt of the reflections from each of theſe Cylinders, come from the

Concave furface ofthe air, which is as 'twere the foil that incompaſſes the

Cylinder. The colours withwhich eachofthefe Cylinders are ting'd, ſeem

partly to befuperficial, and fricking to the out-fides ofthem ; and partly,

to be imbib'd, or funck intothe fubftance ofthem : for Silk, feeming to

be little elſe then a dried thread of Glew, may be fuppos'd to be very

cafily relaxt,and ſoftened, by being ſteeped in warm, nay in cold, ifpene

trant, juyces or liquors. And thereby thofe tinctures, though they tinge

perhapsbutaſmall part ofthe fubftance, yet being fo highly impregnated

with the colour, as to be almoft black with it, may leave an impreffion

ſtrong enough to exhibite the defir'd colour. A pretty kinde ofartifi

cial Stuff I have ſeen, looking almoſt like tranſparent Parchment, Horn,

orIfing-glaſs, and perhapsfome fuch thing it maybe made of, which be

ing tranſparent, andof a glutinous nature, and eaſily mollifiedbykeep

ing in water, as I found upon trial, had imbib'd, and did remain ting'd

witha great variety ofvery vivid colours, and to the naked eye, it look'd

very like theſubſtance of the Silk. And I have often thought, that pro

bably there might be away found out, to make an artificial glutinous

compofition, much refembling, if not full as good, nay better, thenthat

Excrement,orwhatever other fubftance it be out ofwhich, the Silk-worm

wire-draws his clew. Iffuch a compofitionwere found, it were certain

lyan eafie matter to find very quick ways of drawing it out into fmall

wiresfor uſe. I need not mention the uſe offuch an Invention,nor the be

nefit that is likely to accrue to the finder,they being fufficiently obvious.

Thishint therefore, may, I hope, givefome Ingenious inquifitive Perfon

an occafion ofmaking fome trials, which iffuccefsfull, I have myaim, and

I ſuppoſe he will haveno occafion to be diſpleas'd.

Obferv. V.
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Schem. 3.

Fig. 2.

Obferv. V. Ofwatered Silks, or Stuffs.

Here are but few Artificial things that are worth obferving with a

but briefly them.

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

view'd witha Microſcope,there is little elfe obfervable,but their deformity.

The moſt curious Carvings appearing no better then thoſe rude Ruffian

Images we find mention'd in Purchas, where three notches at the endof a

Stick, ſtood for aface. And the moſtſmoothand burniſh'd furfaces appear

moftrough and unpolifht : So that my firft Reaſon why I ſhall addbut a

fewobſervations of them, is, their mif-thapen form ; andthe next, is their

uſeleſsneſs. For why ſhould we trouble our felves in the examination of

that form orſhape (which is all we are able to reachwitha Microſcope)

whichweknow was defign'd for no higher a uſe, then what wewere able

to view with our naked eye ? Why should we endeavour to diſcover

myſteries inthat which has no fuch thing in it? And like Rabbins find out

Caballifms, and enigmas inthe Figure, and placing of Letters, where no

fuch thing lies hid : whereas in naturalformsthere are fome fofmall, and

fo curious,and their defign'd buſineſs ſo far remov'd beyond the reach of

our fight,that the morewe magnify the object, the more excellencies and

myſteries do appear; Andthemore we diſcoverthe imperfections ofour

fenfes, and the Omnipotency and Infinite perfections ofthe great Crea

tour. I ſhall therefore onely add one or two Obſervations more ofartifi

cial things, and then come to the Treaty concerningfuch matters as are

the Productions ofa more curious Workman. One oftheſe ſhall be that

of a piece of water'd Silk, repreſented in the ſecond Figure ofthe third

Scheme,as it appear'd through the leaft magnifying Glass. A B. fignifying

the longway ofthe Stuff,and C D the broad way. This Stuff, if 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 ofbrigh

ter and darker parts, that it adds no fmall gracefulness to the Glofs ofit.

It isfo knowna propriety, that it needs but little explication, but it is ob

fervable, which perhaps every one has not confidered, that thoſe parts

whichappearthe darker part ofthe wave, in one pofition to the light, in

another appears the lighter,andthe contrary;and bythis meansthe undu

lations become tranfient, and in a continual change,according as the po

fition ofthe parts in refpect ofthe incident beams oflight is varied. The

reafon of which odd phenomena, to one that has but diligently examin'd

it evenwith his naked eye, will be obvious enough. But he that obferves

it with a Microſcope, may more easily perceive what this Proteus is, and

how it comes to change its fhape. He may very eafily perceive, that it

proceeds onely from the variety ofthe Reflections of light, which is caus'd

bythe various shape ofthe Particles, or little protuberant parts ofthe

threadthat compofe the furface ; and that thofe parts ofthe waves that

appear
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appearthe brighter throw towards the eye a multitude of fmall reflecti

ons oflight, whereas the darker ſcarce afford any. The reaſon of which

reflection, the Microfcope plainly difcovers, as appears by the Figure. In

which you may perceive, that the brighter parts of the furface conſiſt of

an abundance of large and ſtrong reflections ,denoted by a, a, a, a, a, &c.

for the furfaces ofthoſe threads that run the long way, are by the Mecha

nical process of watering, creas'd or angled in another kind ofpoſture

then they were bythe weaving: for by the weaving they are onely bent

round the warping threads ; but by the watering, they are bent with an

angle, or elbow, that is in ftead of lying, or being bent roundthe threads,

as in the third Figure, a, a, a, a, a, are about b,bb (b,b,b repreſenting the

ends,as 'twere, of the cross threads,they are bent about) they are creas'd

on the top ofthoſe threads, with an angle, 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 c, c, c, they

now when water'd, reflect the beams from morethen half the whole fur

face,as de, de, de, and in other poſtures they return no reflections at all

from thofe furfaces. Hence in one pofture they compofe the brighter

parts ofthe waves,in another the darker. And theſe reflections are alſo

varied, according as the particular parts are varioufly bent. The reaſon

of which creafing we fhall next examine ; and here we muſt fetch our in

formationfromthe Mechanifm or manner ofproceeding in this operation ;

which, as I have been inform'd, is no other then this.

Theydouble all the Stuft that is to bewater'd, that is,they creaſe it juſt

throughthemiddle of it, the whole length of the piece, leaving the right

fide of the Stuff inward, and placing thetwo edges, or filvages juft upon

one another,and,as near asthey 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 ofthe other ; for the nearer that pofture they lie, the greater will

the wateringappear ; and the more obliquely,or across to each otherthey

lie,the ſmaller arethewaves. Their wayfor folding it for a great wale

is thus : they take a Pin,and begin at one fide of the piece in any wale,and

fomoving it towards the other fide, thereby direct theirhands totheop

pofite ends ofthe wale, and then, as near as they can, place the twoop

pofite ends of the fame wale together, and ſo double, or fold the whole

piece, repeating this enquiry with a Pin at every yard or two's diſtance

through the whole length ; then theyfprinkle it withwater,and fold itthe

longways, placing between every fold a piece of Paftboard, bywhich

means all the wrongfide of the water'd Stuff becomesflat, and with little

wales, and the wales on the other fide become the more protuberant ;

whence the creafings or angular bendings ofthe 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 it be dry and ftiff; by which means, the wales of either contiguous

fides leave their own impreflions upon each other , as is very mani

feſt by theſecond Figure, where 'tis obvious enough, that the wale ofthe

piece ABCD runs parallel between the pricked lines ef, ef, ef, and as

D manifeft
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Schem. 4.

manifeſt to diſcern the impreffions upon thefe wales, left by thoſe that

were preſt uponthem,which lying not exactly parallel with them,but a lit

tle athwart them, as is denoted bythe lines of,oooo,gh. gh,gh, between

which the other wales did lie parallel;they are fo varioully,and irregular

ly creas'd that being put into that ſhape whenwet,and kept fo till they be

drie, they fo fet each others threads, that the Moldings remain almoſt as

long as the Stuff laſts.

Hence it may appear to any one that attentively confiders the Figure,

whythe parts of the wale a, a, a, a, a, a, fhould appear bright ; and why

the parts b, b, b, b, b, b, fhould appear fhadowed, or dark; why fome, as

d,d,d,d,d,d, fhould appear partlylight,and partly dark : the varieties of

which reflections and fhadows are the only caufe ofthe appearance ofwa

tering in Silks, or any other kind of Stuffs.

From the variety of reflection, may alfo be deduc'd the cauſe why a

fmall breez or gale ofwind ruffling the furface ofa ſmooth water, makes

it appear black; as alfo,on the otherfide, why theſmoothing orburnish

ing the furface ofwhitened Silver makes it look black ; and multitudes of

other phænomena might hereby be folv'd, which are too many tobehere

infifted on.

Obferv. VI. Offmall Glass Canes.

'Hat I might be fatisfi'd, whether it were not poffible to make an

means,

veral attemps with ſmall glass pipes, melted inthe flame of a Lamp, and

then veryfuddenly drawn out into a great length. And, by that

without much difficulty, I was able to drawfome almoſt as ſmall as a

Cobweb, which yet, withthe Microscope, I could plainly perceive to be

perforated, bothby looking onthe ends ofit, and by looking on it against

the light ; which was much the easier way to determine whether it were

folid or perforated ; for, taking a ſmall pipe ofglaſs, and cloſing one

end of it, thenfillingit halffullofwater, and holding it against the light,

I could, bythis means, very eafily find what was the differing afpect of a

folid and a perforated piece of glafs ; and fo eafily diftinguiſh, without

feeing either end, whether any Cylinder of glaſs I look 'd on, were afolid

ftick, or a hollow cane. Andbythis means,I could alſo preſently judge of

any fmall filament of glafs, whether it were hollow or not, which would

have been exceeding tedious to examine by looking onthe end. And

many fuch like ways I was fain to make 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 oflook

ing on, or viewing the Object. For, if we confider first, the veryfaint

light wherewith the object is enlightened, whence many particles ap

pear opacous, whichwhen more enlightned, appearvery transparent, fo

that I was fain to determine its transparency by one glass, and its texture

by another Next, the unmanageableness of molt Objects, by reaſon

of
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oftheirſmalness, 3. The difficulty offinding the defired point, and of

placing it fo, as to reflect the light conveniently for the Inquiry, Laftly,

ones being able to view it but with one eye at once, they will appear no

fmall obftructions, nor arethey eaſily remov'd without many contrivan

But to proceed, I could not find that water, or ſome deeply ting'd

liquors would in ſmall ones rife fo high as one would expect , and the

bigheft I have found it yet rife in any of the pipes I have try'd, was to

21 inches above the level ofthe water in the veflel : for though I found

that in the ſmall pipes it would nimbly enter at firſt, and run about 6 or

7 inches upwards ; yet I found it then to move upwardsfo flow, that I

have not yet had the patience to obferve it above that height of 21 in

ches (and that was in a pretty large Pipe, in compariſon of thoſe I for

merly mentioned ; for I could obferve theprogress of a very deep ting'd

liquorin it with my naked eye, without much trouble ; whereas manyof

the otherpipes were fo verysmall, that unless in aconvenient poſture tothe

light, I could not perceive them :) But 'tis very probable, that a greater

patience and affiduity may difcover the liquors torife, at leaſtto remain

fufpended, at heights that I fhould be loath now eventoghefs at, ifat

leaft therebe any proportion kept between the height of the aſcending

liquor, and the bigness ofthe holes of the pipes.

AnAttemptfor the Explication of this Experiment.

Fig. 1.

My Conjecture, That the unequal height of the furfaces ofthe water, schem..

proceeded from the greater preffure made upon the water by the Air

without thePipes ABC, then by that within them; I fhall endeavour to

confirm fromthe truthofthe two following Propofitions :

The first of which is, That an unequalpreffure ofthe incumbent Air,

will caufe an unequal height in the water's surfaces.

And the fecond is, That in this experiment there is ſuch an unequal

preffure.

That the firft is true, the following Experiment will evince. For if

you take any Veffel fo contrived, as that you can at pleaſure either in

creafe or diminish the preffure ofthe Air upon this or that part ofthe Su

perficies of the water, the equality of the height of thofe parts will pre

fently be loft ; and that part of the Superficies that fuftains thegreaterpref

fure, will beinferior to that which undergoesthe lefs. A fit Veffel for

this purpofe, will be an inverted Glass Syphon, fuch an one as is defcri

bed in the SixthFigure. For ifinto it you put Water enough to fill it as

high as AB, and gently blow in at D, you fhall deprefs the Superficies B,

and thereby raisethe oppofite SuperficiesA to a confiderable height, and

by gentlyfuckingyoumay produce clean contrary effects.

Next, That there is fuch an unequal preffure, I fhall prove from this,

That there is a muchgreater incongruity ofAir to Glaſs andſome otherBodies,

then there is ofWater to thefame.

D 2 By
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ByCongrnity, I mean a property ofafluid Body, whereby anypart of it

is readily united with any other part, either of itfelf, or of any other simi

lar, fluid, orfolid body: And by Incongruity a property of a fluid, by which

it ishindredfromuniting with any diſſimilar, fluid,orfolid Body.

This laft property, any one that hath been obfervingly converfant

about fluid Bodies, cannot be ignorant of. For (not nowto 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

fome8 or 9, or more, feveral diftinct Liquors, whichfwimming one up

onanother, will not prefently mix) weneed feek no further for Exam

ples of thiskind in fluids,thento obferve the drops ofrain fallingthrough

the air, and the bubbles of air which are by any means conveyed under

the furface ofthe water ; or a drop of common Sallet Oylfwimmingupon

water. In all which, and many more examples of this kind that might

be enumerated, the incongruity of two fluids is eaſily diſcernable. And

as for the Congruity or Incongruity of Liquids, with feveral kinds offirm

Bodies, they have long fince been taken notice of, and called by the

Names of Drinefs and Moisture (thoughtheſe twonames are not compre

henfive enough, being commonly uſed to fignifie only the adhering or

notadhering of water to fome otherfolidBodies)of this kind wemayob

ſerve that water will more readily wetfome woods then others ; and that

water, let fall upon a Feather, the whiter fide ofa Colmort, and fome

other leaves, or upon almoſt any dufty, unctuous, or refinous fuperficies,

will not at all adhere to them, but eaſily tumble off from them, like a folid

Bowl; whereas, ifdropt upon Linnen, Paper, Clay, green Wood, &c. it will

not be taken off, without leaving fome part ofit behind adheringtothem.

So Quick-filver, which will very hardlybe broughttostickto any vegeta

ble body, will readily adhere to, and mingle with, ſeveral clean metalline

bodies.

And that we may the better finde what the cauſe of Congruity and

Incongruity in bodies is, it will be requifite to confider, Firſt, what is the

caufe offluidness ; And this, I conceive, to be nothing elſe but a certain

pulfe orshake of heat ; for Heat being nothing elſe but a very briskand ve

hement agitation ofthe parts of a body (as I have elfwhere made proba

bable) the parts of a body are thereby made fo loofe from one another,

that they easily move any way, andbecome fluid. That I may explain

this a little by a grofs Similitude, let us fuppofe a difh of ſand ſet upon

fome body that isvery much agitated, and fhaken with fome quick and

ftrongvibratingmotion,as on a Milftone turn'd round upon the under ſtone

veryviolently whilft it is empty;or on a very ſtiffDrum-head,which is ve

hemently or very nimbly beaten with the Drumsticks. Bythis means,

the fand inthe diſh, which before lay like a dulland unactive body, be

comes a perfectfluid ; andye cannofooner make a hole in it withyour

finger, but it is immediatelyfilled up again, and the upper furface of it

levell'd. Nor can you bury a light body, as apiece of Cork under it, but

it preſently emerges or fwims as 'twere on the top ; nor can you lay a

heavier onthe top of it, as a piece ofLead, but it is immediately buried

"
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in Sand, and (as 'twere) finks tothebottom. Nor can you make a hole

in the fide of the Diſh, but the fand fhall run out of it to a level, not an

obvious property of a fluid body, as fuch, but this dos imitate ; and all

this meerly cauſed by the vehement agitation of the conteining veſſel ;

forby this means, eachfand becomes to have avibrative or dancingmo

tion, ſo as no other heavier body can reft on it, unless fuftein'd by fome

other on either fide : Nor will it fuffer any Body to be beneath it, unleſs

it be a heavier then it felf. Another Inftance of the ſtrange loofening

nature of a violent jarring Motion, or a ſtrong and nimble vibrative

one, wemayhavefrom a piece of iron grated on very ſtrongly with a

file for ifinto that a pin beforew'd fo firm and hard, that thoughit has

a convenient head to it, yet it canbyno means be unfcrew'd bythe fin

-gers; if I fay, you attempt to unfcrew this whilft grated on by thefile, it

will be found to undoe and turn very easily. The firſt ofthefe Examples

manifeſts, how a body actually dividedinto fmall parts, becomes a fluid.

And the latter manifefts by what means the agitation ofheat fo eafily

loofens and unties the parts offolid andfirm bodies. Nor need we fup

pofe heat tobe any thing elfe, befides fuch a motion ; for fuppofing we

could Mechanicallyproduce fuch a one quickandftrong enough, we need

notſpendfuel to melt a body. Now, that I do not fpeak this altogether

groundleſs, I muſt refer the Reader to the Obfervations I have madeup

on the ſhiningſparks of Steel, forthere he ſhall find that the fame effects

are produced uponfmall chips or parcels of Steel by theflame, and by a

quick and violent motion ; and if the body offteel may bethus melted

(as I there fhewit may) I thinkwe have little reafon to doubt that al

moſt any other may not alfo. Every Smith can inform one how quickly

both his File and the Iron grows hot withfiling, and ifyou rub almoſt

any two hardbodies together, they will do the fame : And we know,

that a fufficient degree of heat caufes fluidity, in fome bodies much foon

and in others later ; that is, the parts of the bodyoffome are fo laofe

from one another, and fo unapt to cohere, and fo minute and little, that a

verysmalldegree ofagitation keeps them always in the ftate offluidity.

Ofthis kind, I fuppofe, the Ether, that is the medium or fluid body, in

which all other bodies do as it were fwim and move ; and particularly,

the Air, whichfeems nothing elſe but a kind of tincture orfolution of ter

reſtrial and aqueous particles diffolv'd into it, and agitated by it, just as

thetincture ofCocheneel is nothing but fome finer diffoluble parts of that

Concrete lick'd up or diffolv'd by thefluid water. And from this Notion

ofit, we may easily give a more Intelligible reaſon howthe Air becomes

fo capable ofRarefaction and Condenſation. For, as in tinctures,one grain

offomeftrongly tingingfubftance may fenfibly colour fome hundred thou

fandgrains of appropriatedLiquors,fo as every drop of it has its proportio

nate fhare, and be fenfibly ting'd, as I have try'd both with Logwood

and Cocheneel : And as fome few grains of salt is able to infect as

great a quantity,as may befound by præcipitations, though not ſo eaſily

by thefight or afte ; fo the Air, whichfeems to bebut as 'twere a tincture

orfaline fubftance, diffolv'd and agitatedbythefluid and agilEther,may dif

er,

perfe
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perfe and expandit felf into a vaft Space, if it have room enough, and

infect,as it were,every part ofthat ſpace. But,as on the other fide,ifthere

be butfomefemgrains of the liquor, it may extract all the colour of the

tinging ſubſtance , and may diffolve all the Salt, and thereby become

much more impregnated with thofefubftances, fo may all the air that fuf

ficed ina rarify'd ftate to fill fome hundredthouſand ſpaces of Ether, be

compris'd in only one,but in apofition proportionable denſe. Andthough

we have not yet found out fuch ftrainers for Tinctures and Salts aswe

have for the Air, being yet unable to feparate themfrom their diffolving

liquors by any kind offiltre, without præcipitation, as we are able to fe

parate the Air from the Ether byGlafs, and ſeveral other bodies. And

though we are yet unable and ignorant of the ways ofprecipitating Air

out of the Ather as we can Tinctures, and Salts out of feveral diſſolvents;

yet neither of theſe feeming impoffible fromthe nature ofthe things, nor

fo improbable but that fome happy future induſtry may find out ways to

effect them ; nay, further, fince we find that Nature does reallyperform

(thoughby what meanswe are not certain) both theſe accions, namely,

byprecipitating the Air in Rain and Dews, andby fupplying the Streams

and Rivers ofthe World with freſh water, ftrain'd through fecret fub

terraneous Caverns: Andfince, that in very many otherproprieties they

do fo exactly feem of the fame nature ; till further obfervations or

tryalsdo inform us ofthe contrary, wemayfafely enough conclude them of

thefamekind. For it feldomhappens that any two natureshave fo ma

ny properties coincident or thefame, as I have obſerv'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 predict what is

likely to happen in other particulars alſo, befides thoſe which Obfervation

or Experiment have declared thus or thus ; eſpecially, ifthecircum

ftances that do often very much conduce to the variation ofthe effects be

duly weigh'd and confider'd. And indeed, were there not aprobability of

this, our inquiries would be endless, our tryals vain, and our greateſt in

ventions would be nothing but the meer products of chance, and not of

Reafon ; and, like Mariners in an Ocean, deſtitute bothof a Compaſs and

the fight of the Celestialguids, we might indeed, by chance, Steer directly

towards our defired Port, but 'tis a thousand to one but we miss our aim.

But to proceed, wemay hence alfo give a plain reafon, howthe Air comes

to be darkned by clouds, &c. which are nothingbut a kind of precipitati

on, and how thofeprecipitations fall down in showers. Hence alfo could

I very eafily, and I think truly, deduce the cauſe of the curious fixangu

larfigures of Snow, and the appearances of Haloes , c. and the fudden

thickning of the Sky with Clouds, and the vanishing and disappearing of

thofe Clouds again; for all theſethings maybe very cafily imitated in a

glass ofliquor,with fome flight Chymical preparations as I have oftentry'd,

and mayfomewhere elfe more largely relate, but have not now time to

ſet them down. But to proceed, there are other bodies that confift of

particles more Gross, and of a more apt figure for coheſion, and this re

quires afomewhatgreater agitation ; fuch, I ſuppoſe . fermented vinous

Spirits
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Spirits, feveral Chymical Oils, which are much of kin to thofe Spirits, &c.

Others yet require a greater, as water, and fo others much greater, for al

moſtinfinite degrees : For, I fuppofe there are very few bodies inthe

world that may not be made aliquatenus fluid, byfome or other degree of

agitation or heat.

Having therefore in ſhort ſet down my Notion of a Fluid body, I come

inthe next place to confider what Congruity is ; and this, as I faid before,

being a Relative property of a fluid, whereby it may be ſaid to be like or

unlike tothis orthat other body, whereby it does or does not mix with

this or that body. Wewill again have recourfe to our former Experi

ment, thoughbut a rude one ; and here ifwe mix inthe dishfeveralkinds

offands, fome ofbigger, others of lefs and finer bulks, we fhall find that

by the agitation the finefand will eject and throw out of it felf all thoſe

biggerbulksof ſmallſtones and the like, and thoſe will be gathered toge

ther all into one place ; and ifthere be otherbodies init ofother natures,

thofe alfo will befeparated into a placeby themſelves, and unitedor tum

bledup together. And thoughthis do not comeupto the highest proper

ty ofCongruity, which is a Cohafion of the parts ofthe fluid together, or

a kind of attraction and tenacity, yet this does as 'twere ſhadow it out,

and fomewhat refemble it ; for juft after the famemanner, I fuppofe

the pulse of heatto agitate the fmall parcels of matter, and thoſe that are

of a like bigness, andfigure, and matter, will hold, or dance together, and

thoſe which are of a differing kind will be thrust orfhov'd outfrombe

tween them; for particles that are all fimilar, will, like fo manyequal

muſicalſtrings equally ftretcht, vibrate together in a kind of Harmony or

unifon ; whereas others that are diffimilar, upon what account ſoever,un

lefs the difproportion be otherwife counter-ballanc'd, will, like fo many

ftrings out of tune to thofe unifons, thoughtheyhave the fame agitating

pulfe , yet make quite differing kinds of vibrations and repercuffions, fo that

though they may be both mov'd,yet are their vibrations ſo different, and

fo untun'd, as 'twere to each other, that they croſs and jar againſt each

other, and confequently, cannot agree together, but fly back from each

other to their fimilar particles. Now, to giveyou an inſtance how the

disproportion offome bodies in one refpect, may be counter-ballanc'd by

a contrarydisproportion of the famebody in another refpect, whence we

find that the fubtil vinous ſpirit is congruous , or does readilymix withwa

ter, whichin many properties is of avery differing nature, we may con

fiderthat a unifon maybe made either bytwoftrings of the fame bigness,

length, and tension, orby two ſtrings ofthe fame bigne , but of differing

length, and a contrary differing tenfion ; or 3ly. by two ftrings of unequal

lengthand bigness, and of a differing tenfion, or of equal length, and diffe

ring bigness and tenfion, and feveral otherfuch varietics. Towhichthree

properties inftrings, will correfpond three proprieties also in fand, or the

particles of bodies, their Matter or Subftance, their Figure or shape, and

their Body or Bulk. And from the varieties ofthese three, may ariſe in

finite varieties in fluid bodies, though all agitated by thefame pulse or vi

brative motion. And there
And there may be asmanyways of making Harmonies

and
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and Diſcords with thefe, as there may bewith muſicalſtrings. Having

therefore ſeen what is the caufe ofCongruity or Incongruity, thofe rela

tive properties of fluids, we may, from what has been faid, very eaſily

collect, what is the reason of thofe Relative proprieties alio betweenflu

idbodies andfolid ; for fince all bodies confift ofparticles of fuch a Sub

ftance, Figure, and Bulk; butinfome they are united together more firm

ly then to be loofenedfrom each other by every vibrative motion (though

I imagine that there is no body in the world, but that fome degree ofa

gitation may, as I hinted before, agitate and looſen the particles fo as to

makethem fluid) thofe cohering particles may vibrate in thefameman

ner almoſt as thofe that are loofe and become unifons or difcords, as I

may ſo ſpeak, to them. Nowthat theparts of all bodies, though never

fofolid, do yet vibrate, I think we need gono fnrther for proof, then

that allbodies have fome degrees of heat in them, and that there has not

beenyetfound any thingperfectly cold: Nor can I believe indeed that there

is
any fuch thingin Nature, as a body whofe particles are at rest, or lazy

and unactive in the great Theatre of the World, it being quite contrary to

the grand Oeconomyof the Univerfe. We fee therefore what isthe rea

fon of the Sympathy or uniting of fome bodies together, and of the anti

pathy or flight of others from each other : For Congruity ſeems nothing

elfe but a Sympathy, and Incongruity an Antipathy of bodies ; hence fimi

lar bodies once united will not easilypart, and diſſimilar bodies once dif

joyn'd willnot easily unite again ; fromhence may be very eaſily deduc'd

the reafon of thefufpenfion ofwater and Quick-filver above their uſualſta

tion, asI fhall more at large anon fhew.

Theſe properties therefore(alwayes the concomitants of fluid bodies)

produce thefe following visible Effects:

First, They unite the parts of a fluid to itsfimilar Solid , or keep them

Separatefrom its diffimilar. Hence Quick-filver will (as we noted before)

Stick to Gold, Silver, Tin, Lead,&c. and unite with them : but roulofffrom

Wood, Stone, Glafs, &c. if never fo little fcituated out of its horizontal le

vel; and water that will wetfalt and diffolve it, will flip off from Tallow,

or the like, without at all adhering ; as it may likewiſe be obſerved to

doupon adusty fuperficies. And next they cauſe the parts of homogene

alfluid bodies readily to adhere together and mix, and of heterogeneal,to

be exceeding averfe thereunto. Hence we find, that two fmall drops of

water, onany fuperficies they can roul on, will, ifthey chance to touch

each other, readily unite and mix into one 3d drop: The like maybe ob

ſerved with twofmall Bowls of Quick-filver upon a Table or Glafs, pro

vided their ſurfaces be not dufty ; and with two drops of Oyl upon fair

water,&c. And further,water put unto wine,falt water, vinegar, fpirit

of wine, or the like, does immediately (efpecially if they be fhaken to

gether) difperfe it felf all over them. Hence, on the contrary, we allo

find, that Oyl ofTartar poured upon Quick-filver, and Spirit of Wine on

that Oyl, and Oyl ofTurpentine on that spirit, and Air upon that Oyl,though

they be ftopt cloſely up into a Bottle, and fhaken never fo much, they

will byno means long fuffer any oftheir bigger parts to be united or in

cluded

I

I

I
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H
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cluded withinany of the other Liquors(bywhich recited Liquors,may be

plainly enough reprefented the four PeripateticalElements, and the more

fubtil Ether above all .) Fromthis property'tis, that a drop of water does

not mingle with, or vaniſh into Air, but is driven (by that Fluid equally

protruding it on every fide) and forc't into as little a ſpace as it can pof

fiblybe contained in, namely, into a Round Globule. So likewife alit

tle Air blownunder the water, is united or thrust into a Bubble by the

ambient water. And a parcel of Quick-filver encloſed with Air, Water,

or almoſt any other Liquor, isformedinto a round Ball.

Nowthe cauſewhy all thefe included Fluids, newly mentioned, or as

many others as are wholly included within a heterogeneous fluid, are

not exactly of a spherical Figure (feeing that if cauſed by theſe Principles

only, it could be of no other) muft proceed from fome other kind of

preſſure againſt the two oppofite flatted fides. This adventitions or acci

dentalpressure may proceed fromdivers caufes, and accordingly muſt di

verfifie the Figure of the included heterogeneousfluid : For feeing that a

bodymay be included either with a fluid only, or only with a folid , or

partlywith a fluid, and partly with a folid, or partly with one fluid, and

partlywith another ; there will befound a very great variety ofthe ter

minatingfurfaces, much differing froma Spherical, according tothe vari

ous refiftance or preflure that belongs to each of thefe encompaflingbo

dies.

Which Properties may in general be deduced from two heads , viz.

Motion, and Rest. For, either this Globular Figure is altered by a natu

ralMotion, ſuch as is Gravity ; or a violent, fuch as is any accidental motion

of the fluids, as wefee inthe wind ruffling upthe water,and thepurlings

of Streams, andfoaming of Catarracts, and the like. Or thirdly, By the

Reft, Firmness and Stability of the ambient Solid. For ifthe including

Solidbe ofan angular or any other irregular Form, the included fluid will

be near of the like,as a Pint-Pot full of water,or a Bladder full of Air. And

next, if the including or included fluid have a greater gravity one than

another,then will the globular Formbe depreft into an Elliptico-spherical :

As if, for example, we fuppofe the Circle A B C D, in the fourth Figure,

to repreſent a drop of water, Quick-filver, or the like, included withthe

Air or the like , which fuppoling there werenogravity at all in either of

the fluids, or that the containedand containing were ofthe fameweight,

would be equally comprest into an exactly sphericalbody ( the ambient

fluid forcing equally againſt every fide of it. ) But fuppofing either a

greatergravity inthe included , by reafon whercof the parts of it being

preft from A towardsB, and therebythe whole put into motion , and

that motionbeing hindred by the reſiſtance of thefubjacent parts of the

ambient, theglobular Figure A D B C will be depreft intothe Elliptico

Spherical, E G F H. Forthe fide A is detruded to E by the Gravity, and

B to F by the reſiſtance of the fubjacent medium : and therefore C muft

neceffarily be thruſt to G; and D toH. Or elfe, fuppofing a greater gravi

ty inthe ambient, bywhofe more then ordinarypreffure against the under

fide ofthe included globule ; B will be forced to F, and by its refiftance of

E
the
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themotionupwards, the fide A will bedepreft to E, and thereforecbeing

thruſt to G and D to H ; the globular Figure by this means alfo will be

made an Elliptico-spherical. Next if a fluid be includedpartly with one,

and partly with another fluid, it will be found tobe ſhaped diverfly, ac

cordingto the proportion of the gravity and incongruity of the 3 fluids

one to another : As in thefecond Figure, let the upper MMMbe Air,the

middle L M N O becommonOyl, the lower 0 0 0 beWater, the Oyl

willbe form'd, not into a ſpherical Figure , fuch as is repreſented bythe

pricked Line, but into fuch a Figure as LM N O, whofe fide L M N

will be of a flatter EllipticalFigure, by reafon ofthe great disproportion

between the Gravity of Oyl and Air, and the fide L O M ofa rounder,

becauſe of the ſmaller difference between the weight of Oyl and Water.

Laftly,Theglobular Figure will be changed,if the ambient be partlyfluid

and partly folid. And here the termination of the incompafled fluid to

wards the incompaffing is fhap'd according to the proportion of the con

gruityor incongruity of the fluids to thefolids , and ofthe gravity and

incongruity ofthe fluids one to another. Asfuppofe the fubjacent me

dium that hinders an included fluids defcent,be afolid , as let K I, in the

fourth Figure, repreſent the ſmooth fuperficies of a Table ; E G F H, a

parcel of running Mercury ; the fide G F H will be more flatted , ac

cording tothe proportion of the incongruity ofthe Mercury and Air to

the Wood,and ofthegravity of Mercuryand Air one to another ; The fide

GEH will likewife be a little more depreft by reaſon the ſubjacent

partsare now at reft,which were before in motion.

Orfurtherin the third Figure, let A IL D repreſent an includingfo

lid medium of a cylindrical fhape ( as fuppofe a ſmall Glass Jar ) Let

FGEMM repreſent a contain'd fluid, as water; this towards the bot

tom and fides, is figured according to the concavity of the Glass : But its

upper Surface, ( whichby reafon of its gravity, ( not confidering at all

the Air above it, and fo neither the congruity or incongruity of either of

themtothe Glass ) fhould be terminated by part of a sphere whoſe dia

meterfhould be the fame with that ofthe earth, which to our ſenſewould

appear a ſtraight Line, as F G E. Or whichby reafon of its having a

greater congruityto Glafs than Air has, ( not confidering its Gravity )

would bethruft into a concave Sphere, asC H B, whofe diameter would

bethe famewith that of the concavity of theVeffel :) Its upper Surface,

I fay, by reaſon of its having a greater gravity thenthe Air, and having

likewife a greater congruity to Glafs then the Air has, is terminated, bya

concave Elliptico-sphericalFigure, as C K B. Forby its congruity it cafily

conforms itfelf, and adheres to the Glafs, and conftitutes as it were one

containingbody withit, and therefore ſhould thruſt the contained Air on

that fide it touches it,into asphericalFigure, as B H C, butthe motion of

Gravity deprefling a little the CornersB and C, reduces it into the afore

faid Figure C K B. Nowthat it is the greater congruity of one ofthe

two contiguousfluids,then ofthe other,to the containingfolid,that cauſes

the feparating furfacesto be thus or thus figured : And that it is not be

cauſe this or that figurated furface is more proper, natural, or peculiar to

one

1
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one of theſe fluid bodies,then tothe other,will appear from this ; that the

fame fluids will by being put into differingfolids , change theirſurfaces.

Forthe fame water , which ina Glafs or wooden Veffel will have a con

cave furface upwards,and will rife higher in a ſmaller then a greater Pipe,

thefame water, I fay, inthefame Pipes greafed over or oyled, willpro

duce quite contrary effects ; for it will have aprotuberant and convex fur

face upwards, andwill not rife fe high infmall, as in bigger Pipes : Nay,

inthe veryfame folid Veffel , you may make the veryfame two contigu

ous Liquids to alter their Surfaces ; for taking a fmall Wine-glass , or fuch

like Veflel, and pouring water gently into it, you fhall perceive thefur

face ofthewater all the way concave, till it rife even withthe
top: when

you fhall find it ( if you gently and carefully pour in more ) togrow

veryprotuberant and convex ; the reafon of which is plain , for that the

folid fides of the containing body are no longer extended , to whichthe

water does more readily adhere then the air ; but it is henceforth tobe

included with air, which would reduce it into a hemisphere, butby reaſon

of its gravity, it is flatted into an Oval. Quicksilver alfo whichtoGlass

is more incongruous then Air ( and thereby being put into a Glass-pipe,

will not adhere to it, but bythe more congruous air will be forced to have

a very protuberant ſurface , and to rife higher in a greaterthen a lefler

Pipe this Quicksilver to clean Metal, eſpecially to Gold,Silver,Tin. Lead,

&c. Iron excepted,is more congruous then Air , and will not only ſtick to

it,but have a concave Surface like water, and riſe higher in a leſs, then in a

greaterPipe.

In all theſe Examples it is evident , that there is an extraordinary and

adventitions force, bywhichthe globular Figure of the contained hetero

geneous fluid is altered; neither can it be imagined, how it should other

wife be of any other Figure then Globular : Forbeing by the heterogene

ousfluid equallyprotruded every way,whatfoever part is protuberant, will

be thereby depreft. From this cauſe it is, that in its effects it does very

much reſemble a round Spring (fuch asa Hoop.) For as in a round Spring

there is required an additional preffure againſt two oppofite fides , tore

duce it into an Oval Form , or to force it in between the fides of a Hole,

whoſe Diameter is lefs then that of the Spring, there muſt be a confidera

ble force orprotrusion againſt the concave or inner fide ofthe Spring ; So

to alter thisſpherical conſtitution of an included fluid body , there is re

quired more preflure againſt oppofite fides to reduce it into an Oval; and,

to prefs it intoanHole lefs in Diameter then it felf, it requires a greaterpro

trufion against all the other fides. What degrees of force are requifite

to reducethem into longer and longer Ovals , or to prefs them into leſs

and lefs holes, I have not yet experimentally calculated ; but thus much

byexperiment I find in general , that there is alwayes required a greater

preffure to cloſe them into longer Ovals , or protude them into smaller

holes. The neceffity and reafon of this, were it requifite,I could easily ex

plain : butbeing not fo neceflary , and requiring more room and time

thenIhave for it at prefent , I fhall here omit it ; and proceed to fhew,

that this may be preſently found true , if Experiment be made with a

E 2 round
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round Spring (the way of makingwhich trials is obvious enough. ) And

with the fluid bodies of Mercury, Air,&c, the way of trying which, will

be fomewhat more difficult ; and therefore I fhall in briet defcribe it. He

therefore that would try with Air , muſt firſt be provided of a Glass-pipe,

made oftheſhape ofthat inthe fifth Figure , whereof the fide A B, re

preſents a ſtraight Tube of about three foot long, C, repreſents another

part ofit,which confifts of a round Bubble ; fo ordered,that there is left a

paffage or hole at thetop , into which may be faftened withcementſeveral

SmallPipes of determinate cylindricalcavities : as let thehollow of

F.

G.

H.

I.

K.

L.

M.

& c---

be

4
4
4
0

4
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24

of an inch.

There maybeadded as many more , as the Experimenter ſhall think fit,

withholes continually decreaſing by known quantities, ſo far as his fenfes

are able to help him ; I fay, fofar, becauſe there may be made Pipes fo

fmall that it will be impoffible to perceive the perforation with ones na

ked eye,though bythe help of a Microfcope, it may eafily enoughbe per

ceived : Nay, I have made a Pipe perforated from end to end, fofmall,

that withmy naked eye I could very hardly fee the body of it, infomuch

that I have been able to knit it up into a knot without breaking : And

more accurately examining one withmy Microfcope, I found it not fo big

as a fixteenth part of one of the ſmaller hairs of myhead whichwas of

the ſmaller and finer fort ofhair, fo that fixteen oftheſe Pipes boundfag

got-wife together, would but have equalized one fingle hair ; how ſmall

therefore muft its perforationbe? It appearing to me through the Micro

Scopeto be a proportionably thick-fided Pipe.

Toproceed then, for the trial of the Experiment , the Experimenter

muſt place theTube A B, perpendicular, and fill the Pipe F ( cemented in

to the hole E ) withwater, but leave the bubble C full of Air, and then

gently pouring in water into the Pipe A B, he muft obferve diligently

how high the water will rife in it before it protrude the bubble ofAir C,

through the narrowpaflage of F, and denote exactlythe height ofthe

Cylinder of water , then cementing in a fecond Pipe as G, and filling it

withwater ; hemay proceed as with the former , denoting likewife the

height of the Cylinder of water , able to protrude the bubble C through

the paffage of G, the like may he do withthe next Pipe,and the next,&c.

as far as he is able : then comparing thefeveral heights of the Cylinders,

withthe feveral holes through which each Cylinder did force the air (ha

ving due regard to the Cylinders of water in the fmall Tubes ) it will be

very eafie to determine, what force is requifite to prefs the Air in

to fuch and fuch a hole, or ( to apply it to our prefent experiment )

how
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howmuchof the preffure of the Air is taken off by its ingrefsinto fmal

ler and ſmaller holes. From the application of whichto the entring of

the Air into the biggerhole of the lefjel , and into the ſmaller hole of the

Pipe, we ſhall clearly find , that there is a greater preflure of the air upon

the waterinthe Vefjel or greaterpipe, then there is upon that in the lefler

pipe : For fince the preflure of the air every way is found to be equal,

that is, as much as is able to prefs up and ſuſtain a Cylinder of Quicksilver

oftwofoot and a half high, or thereabouts ; And fince of this preflure

fo many more degrees are required to force the Air into a ſmallerthen

into a greater hole that is full of a more congruous fluid. And lastly,

fince thofe degrees that are requifite to prefs it in, arethereby taken off

from the Air within , and the Air within left with fo many degrees of

preflure less then the Air without ; it will follow, that the Airinthe leſs

Tube or pipe , will have less preflure againſt the ſuperficies of thewater

therein, then the Air in the bigger : which wasthe minor Propoſitionto

be proved.

TheConclufion therefore will neceflarily follow, viz. That this une

qualpressure ofthe Air caused byits ingreß into unequal holes, is a caufe fuffi

cient toproducethis effect , without the help of any other concurrent ; and

therefore is probably the principal (ifnot the only) cauſe of theſe Phano

mena.

This therefore being thus explained , there will be divers Phanomena

explicable thereby, as, the rifing of Liquors in a Filtre, the rifing of spirit

of Wine, Oyl, melted Tallow, &c. inthe Week of a Lamp, ( though made

offmall Wire, Threeds of Asbeftus, Strings of Glass, or the like ) the riling

of Liquors in a Spunge, piece ofBread,Sand, &c. perhaps alfo the afcend

ing of the Sap inTrees and Plants, through their ſmall, and ſome of them

imperceptible pores, (of which Ihave faid more, on another occafion ) at

leaft the paffing of it out ofthe earth intotheir roots. And indeed up

on the confideration of this Principle , multitudes ofother uſes of it oc

curr'd tome, which I have not yet ſo well examined and digeſted as to

propound for Axioms , but only as Queries and Conjectures which may

ferve ashints toward fomefurther discoveries.

Asfirft, Upon the confideration of the congruity and incongruity of Bo

dies,as to touch, Ifound alfo the like congruity and incongruity ( if Imay

fo fpeak ) as to the Tranſmitting of the Raies of Light : For as in thisre

gard,water (notnow to mention other Liquors ) feems nearer of affini

ty to Glafs then Air,and Air then Quicksilver : whence an oblique Rayout

of Glass, will pass into water with very little refraction from theperpendi

cular, but none out of Glafs into Air, excepting a direct, will pass without

a very great refraction from the perpendicular, nay any oblique Ray un

der thirty degrees, will not be admitted into the Air at all. And guick

filverwill neither admitoblique or direct, but reflects all ; feeming, as to

the tranfmitting of the Raies of Light , to be of a quite differing confti

tution,fromthat of Air Water Glass,&c. and to refemble moſt thofe opa

cous and ſtrong reflecting bodies of Metals : So alfoas to the property of

coheſion or congruity , Water ſeems to keep the fame order , being

more
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more congruous to Glafs then Air , and Air then Quickfilver.

ASecondthing ( which washinted tome, bythe confideration of the

included fluids globular form , cauſed by the protrufion of the ambient

heterogeneous fluid) was, whether the Phenomena ofgravity might not

by this means be explained,by fuppofing the Globe of Earth, Water, and

Air to be included with a fluid, heterogeneous to all and eachof them,

fo fubtil , as not only tobe everywhere interfperfed through the Air, (or

rather the air through it ) but to pervade the bodies of Glaſs , and even

the clofeft Metals, bywhichmeans it may endeavour to detrude all earth

lybodies as far from it as it can ; and partly thereby,and partlybyother

of its properties may move them towardsthe Center of the Earth. Now

that there isfomefuch fluid,I could produce many Experiments and Rea

fons , that do feem to prove it : But becauſe it would ask fome time and

room toſet them down and explain them, and to conſider and anſwer all

the Objections ( manywhereofI foreſee ) that maybe alledged againſt

it ; I fhall at prefent proceedto other Queries,contenting myſelf to have

hereonly given a hint ofwhat I may fay more elfwhere.

A Third Query then was , Whether the heterogeneity of the ambient

fluid may not be accounted a fecondary cause of the roundness or globular

form of thegreater bodies ofthe world,fuch as arethofe of the Sun,Stars,

and Planets , thefubftance of each ofwhichfeems altogether heterogene

ous tothe circum-ambient fluid ather? And of this I ſhall fay moreinthe

Obfervation of the Moon.

A Fourth was , Whether the globular form of the smaller parcels of

matter here upon the Earth, as that of Fruits, Pebbles, or Flints , &c.

(which feemto have been a Liquor at firſt ) may not be caufed bythe

beterogeneous ambient fluid. For thus we fee that melted Glass will be

naturallyformed intoa round Figure; fo likewife any fmall Parcel ofany

fufible body , if it be perfectly encloſed by the Air , will be driveninto a

globular Form ; and,when cold, will be found a folid Ball. This is plainly

enough manifefted to us by their way of making hot with the drops of

Lead; whichbeing a very pretty curiofity,and known but to a very few,

and having the liberty of publiſhing it granted me, by that EminentVir

tuofo Sir Robert Moray, whobrought in this Account ofit to the RoyalSo

ciety, I have here tranſcribed and inſerted.

To make ſmall ſhot of different fizes ; Communicated by his

Highneſs P. R.

T

Ake Leadout of the Pigwhat quantityyoupleaſe, melt it down,

ftir and clear it with an iron Ladle , gathering together the

blackish parts that ſwim at top like fcum, and whenyou fee the co

lour of the clear Lead to begreenish,but nofooner,ftrew upon it Auri

pigmentum
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pigmentum powdered according to the quantity of Lead, about as

mch as will lye upon a half Crownpiece will fervefor eighteen or

twentypoundweight offo:neforts ofLead ; others willrequire more, or

le . After the Auripigmentum isput in, ftir the Leadwell, and the

Auripigmentum willflame : when the flame is over, take out fome

of the Leadin a Ladle having a lip or notch in the brim for conveni

entpouringout of the Lead,and being wellwarmed amongſt the melted

Lead, andwith aflick makeſome ſingle drops of Lead trickle out of

the Ladle into water in a Glaſs , which if they fall to be round and

without tails, there is Auripigmentum enoughput in, and the temper

of theheat is right, otherwife put in more. Then lay two bars ofIron

( orfome moreproper Iron-tool made on purpoſe ) upon a Pail ofwa

ter,andplace upon thema round Plate ofCopper, ofthe ſizeandfigure

ofan ordinary large Pewter or Silver Trencher, the hollow whereofis to

be about three inches over , the bottom lower then the brims about half

an inch, pierced with thirty, forty, or moreſmall holes; theſmaller the

boles are, the fmaller the fhot willbe; and the brim is to be thicker then

the bottom ,to conferve the heat thebetter.

Thebottom of the Trencher beingfome four inches diſtant frumthe

waterin the Pail,layupon itfone burning Coles,to keep the Leadmelt

ed upon it. Thenwith the hot Ladle take Lead off the Pot where it

flands melted, andpour itfoftly upon the burning Coles over the bottom

oftheTrencher, and it willimmediately run through the holes into the

waterinſmall round drops. Thus pour on new Leadftill as fast as

it runs through the Trencher till all be done ; blowing now andthen

the Coles with hand-Bellows, whenthe Leadin the Trencher cools fo as

toflop from running.

Whilft onepours onthe Lead, another muft, with another Ladle,

thruſtedfour or five inches under water inthe Pail , catchfromtime

to timefome ofthe ſhot,as it drops down, to ſee the ſize of it, and whether

there be any faults in it. The greatest care is to keep the Lead upon

theTrencher in the right degree of heat ; if it be too cool , it will not

run throughtheTrencher, though itftand meltedupon it ; andthis is to

be
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be helped byblowingthe Coals a little , or pouring on new Lead that is

botter but the cooler the Lead,the larger the Shot; and the botter,the

fmaller ; when it is too hot, the drops willcrack and fly ; then you

muft ftop pouringon new Lead,and let it cool ; and fo long asyou ob

ferve the right temper ofthe heat, the Leadwill conftantly drop into

roundShot, withoutfomuch as one with a tail in manypounds.

very

Whenall isdone, takeyour Shot out ofthe Pail of water, andput it

in a Frying-pan over thefire to dry them , which must be done warily,

ftillfhaking them that they melt not ; andwhen they are dry youmay

Separatethe small from thegreat , in Pearl Sives made ofCopper or

Lattin let into one another, into as many fizes asyouplease. But if

you wouldhave your Shot larger then the Trencher makes them , you

may do it with a Stick, makingthem trickle out ofthe Ladle, as bath

beenfaid.

IftheTrencher be but toucht a very little whentheLeadflopsfrom

goingthrough it, andbe not too cool,it willdrop again , but it is better

not totouch it at all. At the meltingof the Leadtake care that there

be nokind ofOyl, Greaſe, or the like, upon the Pots, or Ladles,or Tren

cher.

The Chiefcaufe ofthis Globular Figure of the Shot, feems to bethe

Auripigmentum ; for, as foon as it isput in among the melted Lead,

it lofes its fhining brightness , contracting inftantly a grayish film or

skin upon it, when you fcum it to make it clean with the Ladle. So

that whenthe Air comes at the fallingdrop of the meltedLead, that

skin conftri&isthem everywhere equally : but uponwhat account, and

whether this be the true caufe, is left to further diſquiſition,

Much after this fame manner, when the Air is exceeding cold through

which it paſſes, 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 otherknown Experiment , That if you

gently let fall a drop of water uponfmall fand or dust, you ſhall find, as it

were, an artificial roundftone quickly generated. I cannot upon this oc

cafion omit the mentioning of the ſtrange kind of Grain , which I have

obferved inastone brought from Kettering in Northamptonshire,and there

fore called by Maſons Kettering-Stone , of which fee the Defcription.

Which

1
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Whichbrings into mymind what Ilong fince obferved in the fierySparks

that are ſtruck out of a Steel. For having a great defire to ſee whatwas

left behind, after the Spark was gone out, I purpoſely ſtruck fire over a

very white piece of Paper, and obferving diligently where fome confpi

cuous fparks went out , I found a very little black ſpot no bigger then

the point of a Pin, which through a Microfcope appeared tobe a perfect

ly round Ball, looking much like a polifht ball of Steel, infomuch that

Iwas able toſee the Image ofthe window reflected from it. I cannot

hereſtay ( having done it more fully inanother place ) to examine the

particular Reaſons of it, but fhall onlyhint, that I imagine it tobe fome

Imall parcel of the Steel , which by the violence of the motion of the

ftroke ( moſt of which feems to be impreft uponthoſe ſmall parcels ) is

made fo glowinghot, that it is melted into aVitrum, whichby the ambi

entAiris thruſt into the form of a Ball.

AFifth thingwhich I thought worth Examination was, Whetherthe

motion ofall kind of Springs , might not be reduced to the Principle

wherebythe included heterogeneous fluidfeems to bemoved ; or to that

whereby two Solids, as Marbles, or the like, are thruſt and kept together

bythe ambientfluid.

A Sixth thing was,Whether the Rifing and Ebullition oftheWater out

ofSprings andFountains ( which lie much higher fromthe Center ofthe

Earththenthe Superficies ofthe Sea, from whence it feems to be derived)

may not be explicated bythe rifing of Waterin a ſmaller Pipe : Forthe

Sea-waterbeing ſtrained throughthe 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 powertorefift its rifing : But examining this way, and finding

in it feveral difficulties almoſt irremovable , I thought upon a way that

would much more naturally and conceivably explain it , which wasby

this following Experiment : I took a Glaſs-Tube , of the form of that

deſcribed in the fixth Figure, and chulingtwoheterogeneous fluids , fuch

asWater and Oyl , I poured in as much Water as filled up the Pipes as

high as A B, then putting in fome Oyl into the Tube AC, I depreft the

fuperficies A of the Water to E, andB I raiſedto G, which wasnot fo

highperpendicularly as the fuperficies of the Oyl F, by the ſpace F I,

wherefore the proportion of the gravity of thefe two Liquors was as

GH to FE.

This Experiment I tried with ſeveral other Liquors , and particularly

with freſh Water and Salt ( which I made by diffolving Salt in warm

Water ) which two though they are nothing heterogeneous, yet before

theywould perfectly mix one with another , I made trial of the Experi

ment: Nay, letting the Tube wherein I tried the Experiment remain for

many dayes , I obferved them not to mix ; but the fuperficies ofthe freſh

was rather more then lefs elevated above that of the Salt. Now the

proportion of the gravity of Sea-water, to that ofRiver-water, accord

ing to Stevinus and Varenius , and as I havefince found pretty true by

making trial my ſelf, is as 46. to 45. that is, 46. Ounces of the falt Wa

F ter
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ter will take up no more roomthen 45. of the fresh. Orreciprocally

45 pints of falt-water weigh as much as 46 of freſh.

But I foundthe proportion of Brine tofreſh Water tobe near 13to 12:

Suppofing therefore G HMto repreſent the Sea, and F I theheight of

the Mountain above the Superficies of the Sea , F Ma Cavern in the

Earth, beginning at the bottom of the Sea, and terminated at the
top of

the Mountain, L M the Sand atthe bottom , through which the Water

is as it were ſtrained , fo as that the freſher parts are only permittedto

tranfude,and the faline kept back ; if therefore the proportion ofG M

to F Mbe as 45 to 46, then may the Cylinder of Salt-water GM make

the Cylinder of Freſh-water to rife as high as E, and torun overat N.

I cannothere ftand to examine or confute their Opinion , whomake the

depth ofthe Sea, belowits Superficies , tobeno more perpendicularly

meaſured then the height of the Mountains above it : Tis enough for

me to ſay, there is no one ofthofe that have afferted it , have experimen

tally knownthe perpendicular of either ; nor fhall I here determine,whe

ther there may not be many other caufes of the feparation of the freſh

waterfrom the falt , as perhaps fome parts ofthe Earth through which it

is to paſs , may contain a Salt , that mixing and uniting with the 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. I know not alſo whether the exceeding cold ( that

muft neceffarily be ) at the bottom of theWater, may not help towards

this feparation , for we find , that warm Water is able to diſſolve and

contain more Salt , then the fame cold ; infomuch that Brines ftrongly

impregnated byheat, if let cool , do fuffer much of their Salt tofubfide

and cryftallize about the bottom and fides. I know not alſo whether

the exceeding preffure ofthe parts ofthe Water one againſt another,

may not keep the Saltfrom defcending to the very bottom , as finding

little or no room to infert it ſelf between thoſe parts , protruded fo vio

lently together , or elfe fqueeze it upwads intothefuperiour parts of the

Sea, where it may more eafily obtain roomfor it felf, amongst the parts

ofthe Water , by reafon that there is moreheat and lefs preflure. To

this Opinion Iwas ſomewhat the more induced by the relations I have

met with in Geographical Writers, of drawing fresh Water from the bot

tom of theSea , which is falt above. I cannot now ftand to examine,

whether this natural perpetual motion may not artificially be imitated :

Norcan Iſtand to anſwer the Objections which may be made againſt this

mySuppofition : As, Firſt, How it comes to pafs,that there are fometimes

falt Springs much higher then the Superficies oftheWater? And, Se

condly,WhySprings 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 Firſt, In fhort, I fay, the freſh Water may receive again a

faline Tincture near the Superficies of the Earth , by paffing through

fomefalt Mines , or elfe many of the faline parts of the Seamay bekept

back, though not all.

And
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And as to the Second , The fame Spring may be fed and ſupplyed by

divers Caverns, coming from very far diftant parts of the Sea , fo asthat

it may in one place be high , in another low water; andfoby that means

the Spring maybe equally fupply'd at all times. Or elfe the Cavern may

befo ſtraight and narrow , that the water not having fo ready and free

paflage through it, cannot upon fo fhort and quick mutations of preflure,

be able to produce any fenfible effect at fuch a diſtance. Befides that,

to confirm this hypothefis, there are many Examples found in Natural Hifto

rians,of Springs that do ebband flow like the Sea : Asparticularly,thofe

recorded by the Learned Camden, and after him by speed, to befound in

this Iland : One of which,they relate to be on theTopof a Mountain,

bythe ſmall Village Kilken in Flintshire , Maris amulus quiftatis tempo

ribusfuasevomit & reforbet Aquas ; Which at certain times riſeth and

falleth after the manner of the Sea. A Second in Caermardenshire,

near Caermarden, at a place called Cantred Bichan ; Qui ( ut fcribit Gi

raldus ) naturali die bis undis deficiens , & toties exuberans , marinas

imitatur inftabilitates ; That twicein fourandtwenty hours ebbing and

flowing , reſembleth the unſtable motions of the Sea. The Phenomena

of which two may be eafily made out, by fuppofing the Cavern, by which

theyare fed , to arife from the bottom of the next Sea. A Third, is a

Well uponthe RiverOgmore in Glamorganshire, and near unto Newton, of

which Camden relateshimſelf to be certified,by a Letter from a Learned

Frier d ofhis that obferved it, Fons abeft hinc, &c. The Letter is a little

too long to be inſerted ,but the ſubſtance is this ; That this Well ebbs and

flows quite contrary to the flowing and ebbingof the Sea in thoſe parts :

for ' tis almoft empty at Full Sea, but full at Lowwater. This mayhap

penfromthe Channel by which it is fupplied , whichmaycomefromthe

bottom of a Sea very remote fromthoſe parts , and where the Tides are

much differing from thofe of the approximate ſhores. A Fourth, lies in

Westmorland, near the River Leder ; Qui infiar Euripifæpius in die reci

procantibusundisfluit& refluit , which ebbs and flows many times a day.

Thismayproceedfrom its beingfupplyed from many Channels , coming

from feveral parts ofthe Sea, lying fufficiently diftant afunder to havethe

times of High-water differing enough one from the other ; ſo as that

when oever it fhall be High water over any ofthofe places, where theſe

Channels begin, it ſhall likewiſe be fo in theWell ; but this is butafuppo

fition.

A Seventh Querywas, Whether the diffolution or mixing of ſeveral bo

dies, whether fluid or folid,with faline or other Liquors,might not partly

be attributed to this Principle ofthe congruity of thoſe bodies and their

diffolvents ? As of Salt in Water,Metals in feveral Menftruums , Unctuous

Gums in Oyls, the mixing of Wine and Water, &c. And whether preci

pitation be not partlymade fromthe fame Principle ofIncongruity ? I

laypartly, becauſe there are in ſome Diflolutions,ſome other Cauſes con

current.

I fhall laſtlymake amuch more feemingly ſtrange and unlikely Query ;

and that is, Whether this Principle, well examined and explained, may

F 2 not
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not be found a co- efficient in the moſt confiderable Operations of Na

ture? As inthofe of Heat,and Light,and confequently ofRarefaction and

Condensation, Hardness, and Fluidness, Perfpicuity andOpacoufneſs,Refracti

ons and Colours, &c. Nay,I know not whether there may bemany things

done in Nature,in whichthis may not ( befaid to ) have a Finger? This

I have inſome other paffages of this Treatife further enquired into and

ſhewn, that as well Light as Heat may be caufed by corrofion,which is ap

plicable to congruity,and confequently all the reft will be butfubfequents:

Inthe meantime I would not willingly be guilty of that Error,which the

thrice Noble and Learned Verulam juſtly takes notice of, as fuch,and calls

Philofophie Genus Empiricum , quod inpaucorumExperimentorum Anguftiis

& obfcuritate fundatum eft. For I neither conclude from one fingleExpe

riment,nor are the Experiments I make ufe ofall made upon one Subject :

Norwreft I any Experiment to make it quadrare with any preconceiv'd

Notion. But onthe contrary , I endeavour to be converfant in divers

kinds of Experiments, and all and every one of thoſe Trials, I make the

Standards orTouchſtones, by which I try all my former Notions, whether

they holdout in weight, and meaſure,and touch, &c. For as that Bodyis

no other then a Counterfeit Gold , whichwants any one ofthe Proprie

ties of Gold, (fuch as arethe Malleableness, Weight, Colour, Fixtnefs

in the Fire,Indiffolubleneſs in Aqua fortis,and the like ) though it has all

the other ; fo will all thofe Notions be found tobe falfe and deceitful,

that will not undergo allthe Trials and Tefts made ofthem by Experi

ments. And therefore fuch as will not come up to the defired Apex of

Perfection , I rather wholly reject and take new, thenby piecing and

patching,endeavour to retain the old,as knowingfuch things at beſt to be

but lame and imperfect. And this courfe I learned from Nature ; whom

wefind neglectful of the old Body, and fuffering its Decaies and Infirmi

ties to remain without repair , and altogether follicitous and careful of

perpetuating the species bynew Individuals. And it is certainly the moſt

likelywayto erect a glorious Structure and Templeto Nature, fuch as fhe

willbefound (byany zealous Vetary ) to refide in ; to begin to build a

newuponafure Foundation of Experiments.

But to digrefs no further from the confideration ofthe Phanomena,

more immediately explicable by this Experiment , we fhall proceed to

fhew, That, asto the rifing of Water in a Filtre, the reafon of it will be

manifeft to him,that does take notice,that a Filtre is conſtituted ofa great

number of ſmall long folid bodies , which lie fo clofe together, that the

Airin its getting in betweenthem, doth lofe of its preflure that it has a

gainſt the Fluid withoutthem, by which meanstheWater or Liquornot

findingfo ſtrong a refiftance between them as is able to counter-ballance

the preffure on its fuperficies without, is raiſed upward, till it meet with a

preffure of the Air which is able to hinder it. And as to the Rifing of

Oyl, melted Tallow, Spirit of Wine, &c. inthe Week of a Candle or

Lamp, it is evident, that it differs in nothing fromthe former, fave only

in this , that in a Filtre the Liquor defcends and runs awayby another

part ; and in the Week the Liquor is diſperſed and carriedaway by the

Flame ;
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Flame ; fomethingthere is afcribable to the Heat , for that it may rarifie

the more volatil and fpirituous parts of thoſe combuftible Liquors, and fo

being made lighter thenthe Air , it maybe protruded upwards by that

more ponderous fluid bodyin the Form of Vapours ; but this can be

afcribed tothe afcenfion ofbut a very little,and moft likely of that on

ly which afcends without the Week. As forthe Rifing of it in a Spunge,

Bread,Cotton.&c. above thefuperficies of the fubjacent Liquor ; what

has been faid about the Filtre ( if confidered ) will eaſily ſuggeſt a

reaſon , confidering that all theſe bodies abound with fmall holes or

pores.

From this fame Principle alfo ( viz. the unequal preffure of the Air a

gainst the unequal fuperficies of the water ) proceedsthe caule of the ac

ceffion or incurfion of any floating body againſt the ſides of the con

taining Veflel , or the appropinquation oftwo floating bodies, as Bubbles,

Corks, Sticks, Strams, &c. onetowards another. As for inſtance, Take

a Glafs-jar, fuch as AB inthe feventhFigure, and filling it pretty near the

top with water , throw into it a fmall round piece of Cork , as C, and

plunge it all over in water , that it be wet
that it be wet , fo as that the water may rife

upbythe fides of it,then placing it any whereuponthe fuperficies, about

an inch,or one inchand a quarterfrom any fide, and you fhall perceive it

by degrees to make perpendicularly toward the neareſt part ofthe fide,

and the nearer it approaches , the fafter to be moved; the reaſon of

which Phenomenon will be found no other then this , that the Air has a

greater preffure againſt the middle ofthefuperficies , then it has againſt

thoſe partsthat approachnearer , and are contiguous to the fides. Now

that the preflure is greater , may ( as I fhewed before in the explication

ofthe third Figure ) be evinced from the flatting of the water in the

middle, which arifes from the gravity of the under fluid : for fince, as I

ſhewed before,if there were no gravity in the under fluid,or that it were

equal tothat of the upper , the terminating Surface would be spherical,

and fince it is the additional preffure of the gravity of water that makes

itfo flat,it follows, that the preflure uponthe middle muſt be greaterthen

towardsthe fides. Hence the Ball having a ſtronger preflure againſt that

fide of it whichrefpects the middle of the fuperficies , then againſt that

which refpects the approximate fide , muft neceflarily move towards that

part, from whence it finds leaſt reſiſtance, and fo be accelerated, asthe re

fiftance decreaſes. Hence the more the water is raiſed under that part

ofits way it is paffing above the middle , the fafter it is moved : And

therefore you will find it to move faſter inE then in D, and inD then

in C. Neither could I find the floating ſubſtance to bemoved at all, un

til it were placed uponfome part ofthe superficies that was fenfibly ele

vated abovethe height ofthe middlepart. Nowthat this may bethe

true cauſe, you may try with a blown Bladder, and an exactly round Ball

upon a veryſmooth fide of fome pliable body , as Horn or Quicksilver.

For if the Ball be placed under a part of the Bladder whichis upon one

fide of the middle of its preffure , and you prefs ſtrongly againſt the

Bladder,you ſhall 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 reaſon ofthe incurfion of any two floating bodies will eafi

ly appear : For the rifing ofthe water againſt the fides of either of

them,is an Argument fufficient,to fhewthe preflure of the Air tobe there

leſs,then it is further from it,where it is not fo much elevated ; and there

forethe reafon ofthe motion of the other toward it , willbe the fame as

towards the fide of the Glaſs ; only herefromthe fame reaſon , they are

mutuallymoved toward each other , whereasthe fide ofthe Glafs inthe

former remains fixt. If alfo you gently fill the Jar fofull withwater,

thatthe water isprotuberant above the fides, the fame piece of Cork that

before did haften towards the fides , does now fly from it as faſt towards

the middle of the Superficies ; the reaſon of which will be found noo

ther then this, that the preffure of the Airis ſtronger againſt the ſides of

the SuperficiesG andH, then againſt the middle I ; for fince, as I fhewed

before , the Principle of congruity would makethe terminating Surface

Spherical , and that the flatting of the Surface in the middle is from the

abatement ofthe waters preflure outwards, by the contrary indeavour

of its gravity ; it follows thatthe preffure in the middle muſt be leſs then

on the fides ; and therefore the confecution will be the fame as in the

former. It is very odd to one that confiders not the reaſon of it , to fee

twofloating bodies ofwood to approach each other,as thoughthey were

indued with fome magnetical vigour ; whichbrings into my mindwhat I

formerly tried with a piece of Cork orfuch like body, which I fo order

ed, that by putting a little ſtick into the fame water, one part of the ſaid

Cork would approach and make toward the ſtick, whereas another

would difcede and fly away,nay it would have a kind of verticity , fo as

that if the Equator ( as I may fo fpeak ) of the Cork were placed to

wards the ſtick, if let alone, it would inftantly 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 ſmall ſtroak ; for bythis means

gently putting it upon the water, it would deprefs the fuperficies on eve

ryfide of it that was dry , and therefore the greateſt preflure of the Air,

being near thoſe fides cauſed it either to chafe away,or elfe to fly offfrom

any other floating body, whereas that fide only, againſt which the water

afcended, was thereby able to attract.

It remains only, that Ifhould determine howhightheWater or other

Liquor mayby this means be raiſed in a ſmaller 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, unless I could certainly know

how much of the Airs preflure is taken off by the fmalnefs of fuch and

fuch a Pipe,and whether it maybe wholly taken off,that is,whether there

can be a hole or pore fo fmall , into which Air could not at all enter,

thoughwatermight with its whole force ; for were there fuch , ' tis mani

feft , that the water might rife in it tofome five or fix and thirty Engliſh

Foot high. Iknownot whether the capillary Pipes in the bodies of fmall

Trees, which we call their Microscopicalpores,may not befuch ; and whe

therthe congruity of the fides of the Pore may not yet draw the juyce

even

1
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even higherthenthe Airwas able by its bare preffure to raiſe it : For,

Congruity is a principle that not only unites and holds a body joyned to

it, but, which is more, attracts and draws a body that is very near it, and

holds it above its ufual height.

And this is obvious even in a drop of water fufpended under any Si

milar or Congruous body : For,befides the ambient preflure 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 ; fuch

as Gummous Liquors, Syrups, Pitch, and Roſin melted,&c. Tar, Tur

pentine, Balfom, Bird-lime, &c. for there it is evident , that the Parts

of the tenacious body, as I may fo call it, do ſtick and adhere ſo cloſe

ly together, that though drawn out into long and very flenderCylin

ders, yet they will not eafily relinquish one another ; andthis, though

the bodies be aliquatenus fluid, and in motion by one another ; which,

to fuch as confider a fluid body only as its parts are in a confuſed irregu

lar motion, without taking in alfo the congruity ofthe parts one among

another, and incongruity to fome other bodies, does appear not alittle

ſtrange. So that befides the incongruity of the ambient fluid to it, we

are to confider alſo the congruity of the parts of the contein'd fluid one

with another.

And this Congruity (that I may here a little further explain it) is both

a Tenaceous and an Attractive power ; for the Congruity, in the Vi

brative motions,maybethe caufe of all kind of attraction, not only Ele

&trical, but Magnetical alſo, and therefore it may be alfo of Tenacity

and Glutinoufnefs. For, from a perfect congruity of the motions oftwo

diftant bodies, the intermediate fluid particles are feparated and dro

ven away frombetween them, and thereby thofe congruous bodies are,

by the incompaffing mediums, compell'd and forced neerer together ;

wherefore that attractiveneſs muft needs be ſtronger, when, by anim

mediate contact, they are forc'd to be exactly the fame: As I fhewmore

at large in my Theory ofthe Magnet. And this hints to methe reafon of

the fufpenfion of the Mercury many inches, nay manyfeet, above the ufu

al ſtation of 30 inches. For the parts of Quick-filver, being fo very

fimilar and congruous to each other, if once united, will not eafily fuffer

a divulfion : And the parts ofwater, that were any wayes heterogeneous,

being by exantlation or rarefaction exhaufted, the remaining parts being

alſo very ſimilar, will not eafily part neither. And the parts ofthe Glafs

being folid, are more difficultly disjoyn'd ; and the water, being fome

what ſimilar to both, is, as it were, a mediumto unite both the Glass and

the Mercury together. So that all threebeing united, and not very dif

fimilar, by means of this contact, if care be 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 Station ; but if this immediate Contact be removed , eitherby a

meer feparation of them onefrom another bythe force of a fhog, where

by the other becomes imbodied between them , and licks up from the

furface fome agil parts , and fo hurling them makes them air ; or elſe

by
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byſome ſmall heterogeneous agil part of theWater, or Air, or Quick

filver, whichappears like a bubble, andby its jumblingto and fro there is

made way for the heterogeneous Ether to obtrude it felf between the

Glaſs and either of the other Fluids, the Gravity of Mercuryprecipitates

it downward with very great violence ; and if the Veflel that holds the

reftagnating Mercurybe convenient, the Mercury will for a time vibrate to

and fro withvery large reciprocations, and at laſt will remain kept upby

the preffure of the external Air atthe height ofneer thirty inches. And

whereas it may be objected, that it cannot be, that the meerimbodying

of the Ether between theſe bodies can be the cauſe,fince the Æther ha

vinga free paffage alwayes , boththrough the Pores of the Glafs , and

through thofe of the Fluids , there is no reaſon why it ſhould not make a

feparation at all times whilſt it remains fufpended, as when it is violently

dif-joynedby a fhog. Tothis I answer , That thoughthe Ether paffes

between the Particles, that is, through the Pores of bodies, fo as that any

chafme orſepa tion being made , it has infinite paflages to admit its en

try into it, yet fuch is the tenacity or attractive virtue of Congruity, that

till it be overcomeby the meer ftrength of Gravity, orby a fhog afliſting

that Conatus of Gravity, orby an agil Particle, that is like a leaver agi

tatedbythe Ether ; and thereby the parts of the congruous ſubſtances

are feparated fo far afunder , that the ſtrength of congruity is fo far wea

kened,as notto be able to reunite them, the parts to be taken hold ofbe

ing removed out of the attractive Sphere, as I may fo fpeak, of the con

gruity; fuch, I fay, is the tenacity of congruity, that it retains and holds

the almoſt contiguous Particles oftheFluid , and fuffers them not to be

ſeparated, tillby meerforce that attractive orretentive faculty be over

come : But the ſeparation being once made beyond the Sphere of the

attractive activity of congruity , that virtue becomes of no effect at all,

butthe Mercuryfreely falls downwards till it meet with a reſiſtance from

the preflure of the ambient Air, able to refift its gravity, and keep itfor

ced
up inthe Pipe tothe height of about thirty inches.

Thus have I gently raiſed a Steel pendulumby a Loadſtone to a great

Angle,till bythe fhaking of my hand I have chanced to make a fepara

tion between them, whichis no fooner made, but as if the Loadſtone had

retained no attractive virtue, the Pendulum moves freely from it towards

the other fide. So vaft a difference isthere betweenthe attractive vir

tueof the Magnet when it acts upon a contiguous and upon a disjoyned

body and much more muft therebe between the attractive virtues of

congruity upon a contiguous and disjoyned body ; and in truth the attra

ctive virtue is fo little upon a body disjoyned, that though I have with a

Microfcope obferved very diligently , whether there were any extraordi

naryprotuberance on the fide of a dropof water that was exceeding neer

to the end of a green ſtick, 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 prefently unite it ſelf with it ; fo that itſeems an abſolute con

tact is requifite to the exercising of the tenacious faculty of congruity.

Obferv.
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Obferv. VII. Offome Phænomena of Glass drops.

the

THefeGlaſsDrops are fmall parcels of coarſe green Glaſs taken out of

thePots the Metal ( asthey in fufion, upon

end of an Iron Pipe ; and being exceeding hot, andthereby of a kind of

fluggiſh fluid Confiftence, are fuffered to drop from thence into aBucket

of coldWater, and in it to lye till they be grownfenfibly cold.

Someof theſe I broke in the open air , by fnapping offa little of the

ſmallſtemwithmyfingers, othersby cruſhing it with a ſmall pair of Ply

ers ; which I hadno fooner done , thenthe whole bulk ofthedrop flew

violently, with a very brisk noife, into multitudes offmall pieces, fome of

which were as ſmall as duft, though infomethere 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 di

fperfed every way fo violently , that fome ofthem pierced my skin. I

could not find,either withmy naked Eye,or a Microſcope, that any ofthe

broken pieces were of a regular figure,nor any one like another , but for

the moſt part thoſe that flaw'd off in large pieces were prettily bran

ched.

The ends ofothers of theſe drops I nipt off whilft all the bodies and

ends ofthem lay buried under the water,which, like the former, flew all

to pieces with as brisk a noiſe, and as ſtrong a motion.

Others of theſe I tried tobreak, by grinding away the blunt end, and

though I took afeemingly good one , and had ground awayneer two

thirds of the Ball, yet would it not fly to pieces, butnow and thenſome

fmall rings of it would fnap and fly off, not without a brisk noiſe and

quick motion,leaving the Surface of the drop whence it flew very pretti

ly branched or creafed , which was eaſily diſcoverable by the Microſcope.

Thisdrop,after I hadthus ground it, without at all impairing the remnant

that was not ground away, I caufed to fly immediately all into fand upon

the nipping off the very tip of its flender end.

Another of theſe drops I began to grind away at the ſmaller end , but

had not worn away on theftone above a quarter of aninch before the

wholedropflew with a brisk crack into fand or fmall duft ; nor would

it have held fo long , had there not been a little flaw in the piece that I

ground away, as I afterwards found.

Several others oftheſe drops I covered over with a thinbut verytuff

skin of Icthyocolia, which being very tough and very transparent,wasthe

moſt convenient fubftance for thefe tryals that I could imagine, having

dipt,I fay,feveral of theſe drops in this tranſparent Glue whilft hot , and

fuffering themto hangby a ſtring tied about the end ofthem till they

werecold, and the skinpretty tough ; then wrapping all the body ofthe

G
drop
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drop ( leaving out only the very tip ) in fine fupple Kids-leather very

clofely,I nipped offthefmall top, and found, as I expected, that notwith

ftanding this skin of Glue , andthe cloſe wrapping up in Leather , upon

the breaking of the top,the drop gave a crack likethe reft, and gavemy

hand a pretty brisk impulfe: but yet the skin and leather was fo ftrong as

to keep the parts from flying out of their former pofture ; and,the skin

being tranſparent , I found that the drop retained exactly itsformer fi

gure and polish, but was grown perfectly opacous and all overflaw'd, all

thofe flaws lying in the manner of rings, fromthe bottom or blunt end, to

the very top orſmall point. And byfeveral examinations with a Micro

Scope, offeveral thus broken, I found the flaws, both within the body of

the drop, and onthe outward furface, to lye much in this order.

pre

LetAB in the Figure X ofthe fourth Scheme reprefent the drop cafed

over with Idbyocolla or Ifinglafs,and (by being ordered as is before

ſcribed ) crazed or flawed into pieces, but bythe skin orcafe kept in its

former figure , and each of its flawed parts preferved exactly in its due

poſture ; the outward appearance of it fomewhat plainly to the naked

eye , but much more confpicuous if viewed with a ſmall ſenſs appeared

much after this fhape. That is , the blunt end B for a pretty breadth,

namely, as far as theRing CCC feemed irregularly flawed with divers

clefts, which all feemed to tend towards the Center of it, being, as I af

terwardsfound , and ſhall anon ſhew in the deſcription of the figureY,

the Baſis, as it were, of a Cone, whichwas terminated a little abovethe

middle of the drop , all the reſt of the Surface from CCC to A was

flawed with an infinite number of ſmall and parallel Rings,which as they

were forthe moſt part very round , fo were they very thick and cloſe

together, but were not fo exactly flaw'd as to make a perfect Ring , but

each circular part was by irregular cracks flawed likewife into multitudes

of irregular flakes or tiles ; and this order was obſerved likewiſe the

whole lengthofthe neck,

Now though I could not fo exactly cut this conicalBody through the

Axis, as is reprefented by the figure Y ; yet by anatomizing, as it were,

offeveral, and taking notice ofdivers particular circumſtances, I wasin

formed, that could I have artificially divided a flaw'd drop through the

Axis or Center, I fhouldwith a Microfcope havefound it toappear much

of thisform , where A fignifies the Apex , andBthe blunt end, CC the

Coneof the Bafis, which is terminated at Tthe top or end of it , which

ſeems tobe thevery middle of the blunt end , in which, not only theco

nicalbody of the Bafis CC is terminated, but as many of the parts ofthe

drop as reach as high as DD.

And it feemed to be the head or beginning of a Pith, as it were, or a

a part ofthe body whichfeemed more fpungy then the reft, and much

moreirregularly flawed, which from Tafcended byEE, though lefs vi

fible, intothe fmall neck towards A. The Grain, as it were, of all the

flaws , that from all the outward Surface A DC CDA, was muchthe

fame,as is reprefented by the black ſtrokesthat meet in the middleDT,

DT, DE,DE, &c.

Nor

1
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Nor is this kind of Grain , as I may call it, peculiar to Glaſs drops thus

quenched; for ( not to mention Coperas -ftones , and divers other Mar

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 in the middle )

Ihave obſerved the famein all manner of caft Iron , efpecially the coar

ferfort, fuch as 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 reſembling this ofthe Glass-drop; but this

Grainis moſt confpicuous in Iron-bullets , ifthey bebroken : the fame

Phenomena may be produced by cafting regulus of Antimony into

aBullet-mold, as alfo with Glafs of Antimony, or with almoſt any fuch

kind of Vitrified fubſtance , either caft into a cold Mold or poured into

Water.

Others of theſe Drops I heat red hot in the fire,and then fuffered them

to cool bydegrees. And theſe I found tohave quite loft all theirfulmi

nating or flyingquality, as alfotheir hard, brittle and ſpringy texture ;

and to emerge of a much fofter temper, and much easier tobe broken or

fnapt withones finger;but its ſtrongand brittle quality was quite deſtroy

ed , and it ſeemed much of the fame confiftence withother green Glaſs

wellnealed in the Oven.

The Figure and bigness of theſe for the moſt part wastheſame with

that of the Figure Z ; that is,all the furface of themwas veryſmoothand

polifht,and for the moſtpartround , but very rugged or knobbed about

DD, and all the length of the ſtem was here and there pitted or flatted.

AboutD, which is at theupper part of the drop under that fide ofthe

ſtem which is concave , there ufually was made fome one or more little

Hillocks or Prominences. The drop it felf,before it be broken, appears

very tranſparent , and towards the middle of it, to be very full of ſmall

Bubbles, offome kind of aerial ſubſtance, which by the refraction ofthe

outward furface appear much bigger then really they are; andthis may

bein good part removed, by putting the drop under thefurface of clear

Water, for by that means moſt part of the refraction ofthe convex Sur

face ofthedrop is deſtroyed , and the bubbles will appear muchſmaller.

And this, by the by, minds meofthe appearing magnitude of the aper

tureof the iris, orpupilofthe eye, which though it appear, and bethere

fore judged very large , is yet not above a quarter of the bigneſs it ap

pears of, bythe lenticular refraction ofthe Cornea.

The caufe ofall which Phenomena I imagine to be no otherthen this,

That the Parts ofthe Glaſs being by the exceffive heat of the fire kept

off and ſeparated one from another, andthereby put intoa kind of flug

gifh fluid confiftence , are fuffered to drop off with that heat or agitation

remaining inthem, into cold Water; by whichmeansthe outfides of the

drop are prefentlycool'd and crufted , and are thereby made of a looſe

texture,becauſe the parts of ithave not time to fettle themselves leifurely

together , and fo to lie very clofe together : And the innermoft parts of

the drop, retaining ſtill muchof their former heat and agitations, remain

G 2 of
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of a looſe texture alſo,and,according as the cold ftrikes inwards fromthe

bottom and fides, are quenched, as it were, and maderigid inthat very

poſture wherein the cold finds them. Forthe parts of the crust being

already hardened , will not fuffer the parts tofhrink any more fromthe

outward Surface inward ; andthough it fhrink a little by reaſon of the

ſmall parcels of fome Aerial ſubſtances difperfed through the matter of

the Glaſs, yet that is not neer fomuch as it appears ( as I juſt now hint

ed ;) nor if it were,would it be fufficient for to confolidate and condenſe

the body ofGlaſs into a tuff and cloſe texture , after it had been ſo ex

ceffively rarified by the heat of the glaſs-Furnace.

But that there may be fuch an expanfion of the aerial ſubſtance con

tained in thoſe little blebbs or bubbles in the body ofthe drop , this fol

lowing Experiment will makemoreevident.

Take a ſmall Glaſs - Cane about a foot long , feal up one end of it her

metically,then put in a very fmall bubble of Glafs, almoſt oftheſhape of

anEffence-viol withthe open mouth towards the fealed end , then draw

out the other end of the Pipe very ſmall,and fill the whole Cylinderwith

water , then fet this Tube by the Fire till the Water begin to boyl , and

the Air in thebubble be in good part rarified and driven out , thenby

fucking atthe fmalling Pipe, more of the Air or vapours in the bubble

maybefuck'd out , fo that it mayfink to thebottom ; when it is funkto

the bottom,in the flame of a Candle,or Lamp,nip up the ſlender Pipe and

let it cool whereupon it is obvious to obſerve, firſt, that theWater by

degreeswill fubfide and fhrink into much leſs room : Next, that the Air

orvapours in the Glafs will expand themſelves fo, as to buoyupthe little

Glafs : Thirdly, that all aboutthe infide ofthe Glaſs-pipe there will ap

pearan infinite number ofſmall bubbles,which as theWatergrows colder

and colder will fwell bigger and bigger, and many of them buoy them

felves up and break at the top.

FromthisDifceding 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, &c. the bubbles in the drop

have room to expand themſelves a little, and the parts of the Glaſs con

tract themſelves; but this operation being too quick for the fluggiſh parts

ofthe Glafs, the contraction is performed very unequally and irregularly,

andtherebythe Particles of the Glafs are bent, fomeoneway, and fome

another, yet ſo as that moſt of them draw towards the Pith or middle

TEEE, or rather from that outward : fo that they cannot extricate or

unbend themſelves, till fome part of TEEE be broken and looſened,

for all the parts about that are placed inthe manner of an Arch , and fo

till their hold at TEEEbe loofened they cannot fly afunder, butup

hold, and ſhelter, and fix each othermuch like the ftones in a Vault,

where each ſtone does concurre to the ftability of the whole Fabrick,

and no one ſtone can be taken away but the whole Arch falls.And where

foever any of thoſe radiating wedgesDTD, &c. are removed, which

are the component parts ofthis Arch,the whole Fabrick preſentlyfalls to

pieces ;
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pieces ; for allthe Springs ofthe feveral parts are ſet at liberty , which

immediately extricate themſelves and fly afunder every way ; each part

byits fpringcontributing to the darting ofit felf and fome other contigu

ous part. But if this dropbeheat fo hot as that the parts by degrees can

unbend themſelves, andbefettled and annealed in that poſture , and be

then fuffered gently tofubfide and cool ; The parts by this nealing lo

fing theirſpringiness , conſtitute a drop ofa more foft but lefs brittle tex

ture,andthe parts being not at all under a flexure, though any part ofthe

middle or PithTEEEbebroken,yet will not the drop at all flytopieces

as before.

This Conjecture ofmine I fhall indeavour to make out by explain

ing each particular Aſſertion with analogous Experiments : The Affertions

arethefe.

Firſt , That the parts ofthe Glafs , whilſt in a fluid Conſiſtence 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 contra

&tion.

Thirdly , Thatthe dropping orquenching the glowing metal inthe

Watermakes it of a hard, fpringing, 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

themſelves.

Fifthly, That the Fabrick ofthe drop, that is able to hinder the parts

from extricating themſelves, is analogus to that ofan Arch.

Sixthly, That the fudden flying aſunder of the parts proceeds from

their ſpringiness.

Seventhly, That a gradual heating and cooling does anneal or reduce

the parts of Glafs to a texture that is more loofe , and eafilier to bebro

ken, butnot fo brittle.

That the firſt oftheſe is true may be gathered from this, That Heat is

a property of a body arisingfromthe motion or agitation ofits parts ; and

therefore whatever body is thereby toucht muft neceflarily receive fome

part ofthat motion,whereby its parts will be fhaken and agitated, and fo

by degrees free and extricate themſelves from one another , and each

part fo moved does by that motion exert a conatus ofprotruding and dif

placing all the adjacent Particles. Thus Air included in a vefiel, bybe

ingheated will burft it to pieces. Thus have I broke a Bladder held

over the fire inmy hand, with fuch a violence and noiſe , that it almoſt

made me deaf for the prefent,and much furpafled the noiſe of a Musket:

The like have I done by throwing into the fire fmall glaſs Bubbles her

metically fealed , with a little drop ofWater included in them. Thus

Water alfo,orany other Liquor,included in a convenient veſlel,by being

warmed , manifeftly expands it felf with avery great violence , fo asto

breaktheſtrongeſt vettel, ifwhen heated it be narrowly imprisoned in it.

This
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Thisis very manifeft by the fealedThermometers, which I have, byfeve

ral tryals, at laſt brought to a great certainty and tenderness : for I have

madefome withſtems above four foot long , inwhichthe expandingLi

quorwould fofar vary,asto bevery neer the very topin the heat of Sum

mer, and prety neer thebottomatthe coldeſttime of the Winter. The

Stems I ufe forthem are very thick,ſtraight,and even Pipes of Glass,with

a very ſmall perforation , and both the head and body I have made on

purpoſe at the Glafs-houſe , ofthe fame metal whereofthe Pipes are

drawn : theſe I can eafily in the flame of a Lamp, urged with theblaſt of

a pair of Bellows, feal and cloſe together, fo asto remain very firm, cloſe

and even; by this means I joyn on thebody firft,and then fill both it and

a part ofthe ftem , proportionate to the length of the ftem and the

warmth ofthe ſeaſon I fill it in withthe beſt rectified spirit ofWine high

ly ting'd with the lovely colour of Cocheneel, which I deepen the more

bypouring fome drops of common spirit of Urine , which muſtnot be

too well rectified , becauſe it will be apt to make the Liquor to curdle

and ſtick in the ſmall perforation of the ftem. This Liquor I have upon

tryal found the moſt tender of any ſpirituous Liquor,and thoſe are much

morefenfibly affected with the variations ofheat and cold then othermore

flegmatick and ponderous Liquors , and as capable of receiving a deep

tincture, and keeping 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 eaſily in theforemention

ed flame of a Lampfeal and joyn on the head ofit.

Then, for graduating the ftem, I fix that for the beginning ofmy di

vifion where the furface of theliquor in the ftem remains when the

ball is placed in common diſtilled water,that is fo cold that it juſt begins

to freeze and ſhoot into flakes ; and that mark I fix at a convenient place

of the ſtem, to make it capable of exhibiting very many degrees ofcold,

below that which is requifite to freeze water : the reſt of my divifions,

both above and below this (which I mark with a [o] or nought) I place

according to the Degrees of Expanſion, or Contraction ofthe Liquor in

proportion to the bulk it had when it indur'd the newly mention'd freez

ing cold. Andthis may be very eafily and accurately enough done by

this following way ; Prepare a Cylindrical veffel of very thin plate Brafs

or Silver, AB C D ofthe figure Z ; the Diameter AB ofwhoſe cavity

let be about two inches, and the depth B C the fame ; let each end be

cover'd with a flat and fmooth plate of thefamefubftance, cloſely foder'd

on, and in the midſt ofthe upper cover make a pretty large hole E F,

about the bigness ofa fifth part of the Diameter of the other ; into this

faſten verywell with cement a ftraight and even Cylindrical pipe ofGlafs,

EFGH, the Diameter of whofe cavity let be exactly onetenth ofthe

Diameter ofthe greater Cylinder. Let this pipebe mark'd at GH with

a Diamant, fo that Gfrom E may be diſtant juſt two inches, or the fame

height with that ofthe cavity of the greater Cylinder, then divide the

lengthEG exactly into 10 parts, fo the capacity ofthe hollow ofeach

of thefe divifions will be part of the capacity ofthe greater Cylin

I
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der. This veſſel being thus prepared, the way ofmarking and gradu

ating the Thermometers maybe very eafily thus performed :

Fill this Cylindrical veflel with the fame liquor wherewith the Ther

mometers are fill'd, then place bothit and the Thermometer you are to

graduate, inwater that is ready to be frozen, and bring the furface ofthe

liquor inthe Thermometer to the first marke or [0]; then ſo proportion

the liquorinthe Cylindrical vellel, that the furface of it may juſtbe at

the lower end of the fmall glass-Cylinder ; then very gently and gradu

ally warmthe water inwhichboththe Thermometer and this Cylindrical

veflel ſtand, and as you perceivethe ting'd liquor to rife in both ſtems,

withthe point of a Diamond givefeveral marks on the ſtem oftheTher

mometer at thofe places, which by comparing the expanfion in both

Stems , arefound to correfpond to the divifions ofthe cylindrical veſſel,

and having by this means marked fome few of theſe divifions on the

Stem , it will be very eafie by theſe to mark all the reft ofthe Stem,

and accordingly to affign to every divifion a proper character.

AThermometer , thus marked and prepared, will be the fitteſt Inſtru

ment to make a Standard of heat and cold that can be imagined. For

being fealed up, it is not at all fubject to variation or wafting, nor is it lia

ble to be changed by the varying preffure ofthe Air , which all other

kind of Thermometers that areopen to the Air are liable to. But topro

ceed.

This property ofExpanſion with Heat, and Contraction with Cold, is

not peculiar toLiquors only, butto all kind of folid Bodies alfo, efpeci

ally Metals, whichwill more manifeftly appear bythis Experiment.

Take the Barrel of a Stopcock ofBrafs, and let the Key, which is well

fitted to it,be riveted into it,fo that it may flip,and be eaſily turned round,

then heat this Cock in the fire, and you will find the Key fo fwollen, that

you will not be able to turn it round in the Barrel ; but if it be fuffered

to cool again, as foon as it is cold it will be asmovable, and as eaſie to be

turned as before.

This Quality is alſo very obfervable in Lead, Tin, Silver, Antimony,

Pitch,Rofin,Bees-wax Butter,andthe like; all which,if after they be melted

you fuffer gently to cool , you fhall find the parts ofthe upper Surface

to fubfide and fall inwards , lofing that plumpneſs andfmoothnefs it had

whilſtin fuſion. The like I have alſo obſerved in the cooling of Glass

of Antimony, which does veryneer approachthe nature of Glafs,

But becauſe theſe are all Éxamples taken from other materials then

Glaſs,and argue only, that poffibly there may be the like property alfo in

Glafs, not that really there is ; we fhall by three or four Experiments in

deavourto manifeft that alſo.

And the Firſt is an Obfervation that is very obvious even in thefe very

drops,to wit,that they are all of them terminated with anunequal or ir

regular Surface , efpecially about the ſmaller part ofthe drop , andthe

whole length ofthe ſtem ; as about D, and fromthence to A, the whole

Surface , which would have been round if the drop had cool'd leisurely,

is, by beingquenched haftily,very irregularly flatted and pitted ; which

I
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Ifuppofe proceeds partly from theWaters unequally cooling and pref

fing the parts of the drop , and partly from the felt-contracting or fubfi

ding quality of the fubftance ofthe Glafs : For the vehemency ofthe

heat of the drop cauſes fuch fudden motions and bubbles in the coldWa

ter,that fome parts oftheWaterbear more forcibly againſt one part
then

againſt another , and confequently do more fuddenly cool thoſe parts to

whichthey are contiguous.

A Second Argument may bedrawn from the Experiment of cutting

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

heats , andthereby rarifies the parts of the Glaſs that lie jutt before the

crack , whence each ofthoſe agitated parts indeavouring to expand its

felfand get elbow-room, thrufts off all the reft ofthe contiguous parts,

and confequently promotes the crack that was before begun.

AThird Argument may be drawnfrom the way of producing a crack

in a found piece or plate of Glafs, which is done twowayes, either Firſt,

byfuddenly heating a piece of Glafs in one place more then in another.

And by this means Chymifts ufually cut off the necks of Glaſs-bodies,

bytwo kinds of Inftruments, either by a glowing hot round Iron-Ring,

which juft incompaffes the placethat is to be cut , orelſe by a sulphurd

Threed,whichis oftenwound about the place where the feparationis to

bemade,and thenfired. Or Secondly.AGlafsmay be crackedby cooling

it fuddenly in any place with Water, orthe like, after it has been all lei

furely andgradually heated very hot. BothwhichPhanomena ſeem ma

nifeftly to proceed fromthe expanfion and contraction of the parts of

the Glafs , which is alfo made more probable by this circumſtance which

I have obferved , that a piece ofcommon window-glafs being heated in

themiddle veryfuddenly with a live Coal or hot Iron,does ufually at the

firſt crack fall into pieces,whereas if the Plate has been gradually heated

very hot , and a drop ofcold Water and the like be put on the mid

dle of it , it only flaws it , but does not break it afunder immedi

ately.

A Fourth Argument may be drawn from this Experiment ; Take a

Glafs-pipe, andfit into it a folid ſtick of Glafs, foas it will but juſt be mo

ved in it. Then by degrees heat them whilſt they are one within ano

ther,and they willgrow ftiffer, but whenthey are again cold,they will be

as eafie to be turned as before. This Expanſion of Glaſs is more mani

feſt in this Experiment.

Takea ſtick of Glaſs of a confiderable length,and fit it fo betweenthe

twoends orſcrews of a Lath,that it maybut juft eafily turn,and that the

very endsof it maybe juſt toucht and fufteined thereby ; then applying

the flame of the Candletothe middle of it, and heating it hot, you will

preſentlyfind the Glaſs to ſtick very faft on thoſe points, and not without

much difficulty to be convertible on them, before that by removing the

flame for a while from it, it be ſuffered to cool , and then you will find it

as cafie to be turned round as at thefirſt.

Fromall whichExperiments it is very evident , that all thoſe Bodies,

and particularly Glafs, fuffers an Expanſionby Heat, and that a verycon

fiderable

1
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fiderable one,whilft they are in a ſtate ofFuſion. For Fluidity,as I elſewhere

mention, being nothing but an effect of a verystrong andquickſhaking motion,

wherebytheparts are,as it were,loofenedfrom each other,and confequently leave

aninterjacentspace or vacuity; it follows, that all thofe fhaken Particles muſt

neceffarily take up much more room then whenthey were at reft, and lay

quietly upon each other. And this is further confirmed by a Pot of boyling

Alabafter, which will manifeftly riſe a fixth or eighth part higher in thePot,

whilft it is boyling, then it will remain at, bothbefore and after it be boyl

ed.The reafon of whichodd Phanomenon ( tohint it here onlybytheway)

is this , thatthere is in the curious powder ofAlabafter, and other calcining

Stones, a certain watery ſubſtance , which is fo fixt and included withthe

folid Particles, that till the heat be very confiderable they will not fly away;

but after the heat is increaſed tofuch a degree , they break out everyway

invapours, andthereby fo ſhake and loofen the ſmall corpufles ofthe Pow

der from each other, that they become perfectly of the nature ofa fluid bo

dy, and onemay moveaftick to and fro through it, and ftir it as cafily as

water, and thevapours burft and break out in bubbles juſt as in boyling

water,and the like ; whereas, both before thofe watery parts are flying

away, and after they are quite gone ; that is, before and after it have done

boyling,all thoſe effects ceaſe , and a ſtick is as difficultly moved to and fro

in it asinfand, or the like. Which Explication I could eaſily prove, had I

time ; but this is not afit place for it.

Toproceed therefore, I fay,that the dropping of this expanded Body in

tocoldWater, does makethe parts of the Glaſsſuffer a double contraction :

The firſt is, ofthoſe partswhichare neer the Surface ofthe Drop. For Cold,

as I faid before,contracting Bodies, that is,by the abatement ofthe agitatingfa

culty theparts fallingneerer together ; the parts next adjoying to theWater

muſt needs loſe much of their motion , and impart it to the Ambient-water

(whichthe Ebullition and commotion of it manifefts) and thereby become

a folid andhard cruft , whilſt the innermoſt parts remain yet fluid and ex

panded; whence,as they grow cold alfoby degrees,their parts muſtneceffa

rily be left at liberty to be condenſed , but becauſe of the hardneſs of the

outward cruft,the contraction cannot be admitted that way;but there being

many very ſmall, and before inconfpicuous, bubbles in the fubftance of the

Glafs,upon the fubfiding ofthe parts ofthe Glafs,the agil fubftance contain

edinthemhasliberty of expanding it felfa little,and thereby thoſe bubbles

grow muchbigger,which is thefecond Contraction. And boththefearecon

firmed fromtheappearance oftheDrop it felf: for as forthe outward parts,

we ſee,firſt,that it is irregular and fhrunk, as it were, which is caused bythe

yieldinga little of the hardened Skin to a Contraction , after the very out

moft Surface is ſettled ; and as for the internal parts , one may with ones

nakedEye perceive abundance of very confpicuous bubbles, and withthe

Microfcope manymore.

The Confideration ofwhich Particulars will eafily make the Third Pofiti

onprobable,that is,that the parts of the drop will be ofa very hard, though

of a rarified Texture ; for ifthe outward parts ofthe Drop, byreafon ofits

hard cruft, will indure very little Contraction, and the agil Particles, inclu

H ded
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ded inthoſe bubbles, by the lofing of their agitation, by thedecreaſe of the

Heat,lofe alſo moſt part oftheir Spring and Expanfive power;it follows (the

withdrawing ofthe heat being very fudden) that the parts muſt be left in a

very loofe Texture, andby reafon ofthe implication ofthe parts one about

another,which from their fluggishnes and glutinoufnefs I fuppofe tobe much

after the manner ofthe ſticks in a Thorn-bufb,or a Lock ofWool;It willfol

low, I fay, thatthe parts will hold each other very ſtrongly together,and in

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

ture muſtbe very hard and ſtiff, but very much rarified .

And this will make probable my next Pofition, That theparts oftheGlass

are under akind oftenfion orflexure,out ofwhich theyindeavour to extricate and

free themselves,and thereby all the partsdrawtowards the Center or middle,

and would, if theoutward parts would givewav, as they do whenthe out

ward parts cool leifurely (as in baking of Glailes) contract the bulk ofthe

dropintoa much lefs compafs. For fince.as I proved before,theInternal parts

ofthe drop, when fluid,were ofa very rarified Texture and,as it were,tos'd

open like a Lock ofWool,and iftheywere fuffered leiſurely to cool, would

be again preft, as it were,cloſe together: Andfince that the heat,whichkept

them bendedand open, is removed , and yet the parts not fuffered togetas

neer together as they naturally would ; It follows,that the Particles remain

under a kind of tension and flexure , and confequently have an indeavour to

freethemſelves from that bending and diftenfion, which they do, asfoon as

either the tip bebroken , or as foon as by a leisurely heating and cooling,

the parts are nealed into another poſture.

Andthis will make my next Pofition probable,that theparts oftheGlass drops

are contignatedtogether in theform ofan Arch,and cannot anywhere yield or

be drawninwards,till bythe removing offome one part ofit(as it happens in

the removing one ofthe ſtones of an Arch)the whole Fabrick is ſhatter'd,and

fallsto pieces,and eachofthe Springs is left at liberty,fuddenly to extricate it

felf: for fince I have made it probable,that the internal parts of the Glass have

a contractive powerinwards, and the external parts are incapable offuch a

Contraction,and the figure ofit being ſpherical;it follows,that the fuperficial

parts muſtbear againſt each other , and keep one another from beingcon

dens'd into a lefs room, in the fame manner as theſtones of an Arch conduce

to the upholding each otherin that Figure.And this is made more probable

byanother Experiment whichwas communicated to meby an excellent Per

fon,whofe extraordinary Abilities in all kind of Knowledg, especially inthat

ofNatural things,and his generous Difpofition in communicating,incouraged

me to have recourfe to him on manyoccafions. The Experiment was this :

Small Glass-balls ( about the bigness ofthat reprefented in the Figure &. )

would,uponrubbing or ſcratching the inward Surface, fly all infunder, with

a pretty brisk noife ; whereas neither before nor after the inner Surface had

been thusfcratcht, did there appear any flaw or crack. And putting the pie

ces of one ofthoſe broken ones together again , the flaws appeared much

afterthe manner ofthe black lines on the Figure, &. Thefe Balls wereſmall,

but exceeding thick bubbles of Glafs , whichbeing crack'd off from the

Puntilion whilſt very hot , andſo ſuffered to cool without nealing them in

the

1

I



MICROGRAPHIA.

43

the Oven over the Furnace , do thereby ( beingmade of white Glaſs,

which cools much quicker then green Glafs , and is thereby made much

brittler ) acquire a veryporous and very brittle texture : fo that ifwith

the point of a Needle or Bodkin , the infide of any ofthem be rubbed

pretyhard, andthen laid on a Table , it will, within avery little while,

breakinto many pieces with a brisk noife , andthrow the parts above a

fpan afunder on the Table : Now thoughthe pieces are not fo fmall as

thofe of a fulminating drop, yet they as plainlyfhew, that the outward

parts of the Glafs have a great Conatus to fly afunder,were they not held

together by the tenacity of the parts of the inward Surface : for we ſee

as foon as thofe parts are crazed by hard rubbing, and thereby theirtena

cityſpoiled, the fpringiness of the more outward parts quickly makes a

divulfion, and the broken pieces will, ifthe concaveSurface ofthembe

further ſcratcht withaDiamond, fly again into ſmaller pieces.

From which preceding confiderations it will follow Sixthly, Thatthe

fudden flying alunder ofthe parts as foon as this Arch is any where difor

dered or broken, proceedsfrom the fpringing ofthe parts ; which ,indea

vouring to extricate themſelves as foon as they get the liberty , they per

form it withfuch a quickness,that they throw one another away with very

great violence : for the Particles that compofe the Cruft havea Conatus

to lyefurtherfrom one another,and therefore as foon as the external parts

arelocfened they dart themſelves outward withgreat violence, juſt as fo

manySprings would do, ifthey were detained and faſtened to the body,

as foonasthey fhould be fuddenly looſened; andthe internal parts draw

ing inward, they contract fo violently, thatthey rebound back againand

fly into multitude of fmall fhivers or fands. Now though they appear

not, either to the naked Eye, or the Microſcope, yet I am very apt to think

theremay be abundance of ſmall flaws or cracks , which , by reaſon the

ſtrong reflecting Air is not got between the contiguous parts, appearnot.

And that this may befo , I argue from this , that I have very oftenbeen

able to make acrack or flaw, in fome convenient pieces ofGlaſs,to appear

and diſappear at pleaſure, according as by preffing together, or pulling

afunder the contiguous parts , I excluded or admitted the ftrong reflect

ingAirbetweenthe parts : And it is very probable , that there may be

fome Body, that is either very rarified Air, or fomethinganalogous toit,

which fills the bubbles of thefe drops ; which I argue, firſt, fromthe round

nefs ofthem, and next, fromthe vivid reflection of Light whichthey ex

hibite : Nowthough I doubt not , but thatthe Air in them is very much

rarified,yet that there is fome in them, to fuch as well confider this Expe

rimentofthe difappearing of a crack upon the extruding of the Air , 1

fuppofe it will feem morethen probable.

The Seventh and laſt therefore that I fhall prove, is, That the gradual

heating and cooling ofthese fo extended bodies does reducetheparts ofthe

Class to aloofer andfofter temper. And this I found by heating them, and

keepingthemfor a prety while very red hot in a fire ; for thereby I found

themtogrow a little lighter , and the fmall Stems to be very easily bro

kenandInapt any where , without at all making the drop fly ; whereas
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beforethey were ſo exceeding hard,that they could not be broken with

out much difficulty ; and upon their breaking the whole drop would

flyin pieces with very great violence. The Reafon of which laſt ſeems

tobe , that the leifurely heating and cooling of the parts doesnot only

waftſome part of the Glaſs it felf, but ranges all the parts into abetter

order, and gives each Particle an opportunity of relaxing its felf, and

confequently neither will the parts hold ſo ſtrongly together as before,

nor be fo difficult to be broken : The parts now more eafily yielding,

nor will the other partsfly in pieces , becauſe the parts have nobended

Springs. The relaxation alfoin the temper of hardned Steel , andham

meredMetals,by nealing them in the fire,feemsto proceedfrom muchthe

famecaufe. For both byquenching fuddenlyfuch Metals as have vitri

fied parts interfpers'd, as Steel has,and by hammering of other kinds that

do notfo muchabound withthem, as Silver, Brafs, &c. the parts are put

into and detained in abended poſture , which by the agitation of Heat

arefhaken, and looſened, and fuffered tounbend themſelves.

Schem. 5.

Obferv. VIII. Of the fiery Sparks fruck from a Flint or

Steel.

IS

Tis avery common Experiment , by ftriking with a Flint againſt a

Steel,to make certain fiery and ſhining Sparks to fly out from between

thoſe two compreffing Bodies. About eight years fince , upon cafually

reading the Explication of this odd Phenomenon, bythe moſt Ingenious

Des Cartes , I had agreatdefire to be fatisfied , what that Subftance was

that gave ſuch a ſhining and bright Light : And to that end I ſpread a

fheet ofwhite Paper,and on it, obferving the place where feveral oftheſe

Sparksfeemed to vaniſh, I found certain very ſmall, black, but gliftering

Spots of a movable Subſtance, each ofwhich examining withmy Mifcro

cope,I found to bea ſmall round Globule ; fome of which, as they looked

prety fmall, fo did they fromtheir Surface yield a very bright andſtrong

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 as is

reprefented by the Figure A. In this I could perceive the Image of the

Windowprety well, or of a Stick, which I moved up and down between

the Light andit. Others I found,which were, as to thebulk of the Ball,

prety regularly round,but the Surface of them,as it was not veryſmooth,

but rough,and more irregular, fo was the reflection from it morefaint and

confuſed. Such were the Surfaces of B. C. D. and E. Some oftheſe I

found cleft or cracked, asC, others quite broken in two and hollow, as

D. whichſeemed to be half the hollow fhell of a Granado, brokenirre

gularly in pieces. Several others I found of other fhapes ; but that

which is repreſented by E, I obferved to be a very big Spark of Fire,

which went out upon one fide of the Flint that I ftruck fire withall , to

1
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whichit ſtuck by the root F, at the end of which ſmall Stem was faſten

ed-on a Hemiſphere, or half a hollow Ball,with the mouth of it open from

theftemwards, fothat it looked much like a Funnel, or an old faſhioned

Bowl without a foot. This night, makingmany tryals and obfervations

of this Experiment,I met,among a multitude of the Globular ones which

I had obferved, a couple of Inftances, which are very remarkabletothe

confirmationofmyHypothefts.

And the Firſt was of a pretty bigBall faſtened on to the end ofa ſmall

fliver of Iron,which Compofitum feemed to be nothing elſe but a long thin

chip of Iron,one of whofe ends was melted into a fmall round Globul;the

other end remaining unmelted and irregular, and perfectly Iron.

The Second Inftance was not lefs remarkable then the Firſt ; for I

found, when a Spark went out, nothingbut a very ſmall thin long fliver

of Iron or Steel , unmelted at either end. So that it feems, thatfome of

thefe Sparks are the flivers or chips of the Iron vitrified , Others are on

lythe flivers melted into Balls without vitrification , And the third kind

are only ſmall flivers of theIron, made red-hot with the violence of the

ſtroke givenonthe Steel bythe Flint.

He that ſhall diligently examine the Phanomena of this Experiment,

will, I doubt not, find cauſe to believe, that the reaſon I have heretofore

given of it, is the true and genuine cauſe of it, namely, That the Spark

appearingfobright in the falling,is nothing else but a ſmallpiece of the Steel

or Flint, but most commonly ofthe Steel, whichbythe violence of the ftroke

is at thefame time fever'd and heatt red-hot , and that fometimes to fucha

degree , as tomake it melt together into asmall Globule ofSteel ; andfome

times also isthat heatfo very intense, asfurther to melt it and vitrifie it ; but

many timestheheat is fogentle, as to be able to make the fliver only redhot,

whichnotwithstanding falling upon the tinder ( that is only a very curious

fmall Coal made of the ſmall threads of Linnen burnt to coals and

char'd) it easilyfets it onfire. Nor will any part ofthis Hypothefts feem

ſtrange to himthat confiders, Firſt, that either hammering, or filing, or

otherwiſe violently rubbing of Steel, will preſently make it fo hot as to

be able toburn ones fingers. Next , thatthe whole force of the ſtroke

isexerted upon that ſmall part where the Flint and Steel firft touch : For

the Bodies being each of them ſo very hard , the puls cannot be far com

municated, that is, the parts of each can yield but very little, andthere

fore the violence of the concuffion will be exerted on that piece of Steel

which is cut off by the Flint. Thirdly , that the filings orſmall parts of

Steel are very apt,as it were,to take fire, and are prefently red hot, that

is,there feemsto be a very combustible fulphureous Bodyin Ironor Steel,

which theAirvery readily preys upon, as foon as the body is a little vio

lently heated.

And this is obvious in the filings of Steel or Iron caft through theflame

of a Candle ; for even by thatfudden tranfitus of theſmall chips of Iron,

they are heatred hot, and that combustible fulphureous Body is prefent

ly prey'd upon and devoured by the aereal incompafling Menftruum ,

whofe office in this Particular I have fhewn inthe Explication ofChar

cole.
And
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And in profecution ofthis Experiment,having taken the filings ofIron

and Steel, and with the point of a Knife caft themthrough the flame of a

Candle , I obferved where fome confpicuous fhining Particles fell , and

looking on them withmy Microfcope , I found them to be nothing elſe

but fuch round Globules, as I formerlyfound the Sparks ftruckfromthe

Steel byaſtroke to be, only a little bigger ; and ſhaking together all the

filings that had fallen uponthe fheet ofPaper underneath, and obferving

them withthe Microſcope, I found a great number offmall Globules, fuch

asthe former, thoughthere were alſo manyof the parts that had remain

ed untoucht, and rough filings or chips of Iron. So that, it ſeems, Iron

does contain avery combustible fulphureous Body, which is, in all likeli

hood, one ofthe caufes of this Phanomenon , and which maybe
perhaps

very muchconcerned in the bufinefs of its hardening and tempering : of

whichſomewhat is faid inthe Deſcription of Muscovy-glaſs.

So that, theſe things confidered, we need not trouble our felves to find

out what kind ofPores they are, both in the Flint and Steel, that contain

the Atoms offire , nor how thofe Atoms come to be hindred from run

ning all out , when a dore or paffage in their Pores is made bythe con

cuffion : nor need we trouble our felves to examine by what Prometheus

the Element of Fire comes tobe fetcht down fromabove the Regionsof

theAir, inwhat Cells or Boxes it is kept, and what Epimetheus lets it go :

Nor to confiderwhat it is that cauſes ſo great a conflux of the atomical

Particles of Fire,which are faid to fly to a flaming Body, like Vultures or

Eagles to a putrifying Carcass , and there to make a very great pudder.

Since we have nothing more difficult in this Hypothefis to conceive, firſt,

asto the kindling of Tinder, then how a large Iron-bullet, let fall red or

glowing hotupon a heap of Small-coal , fhould fet fire to thoſe that are

next to it firft : Nor fecondly, is this laſt more difficult to be explicated,

then that a Body, as Silver for Inftance, put into a weak Menftruum, as

unrectified Aquafortis fhould , when it is put in a great heat , bethere

diffolved by it, and not before ; which Hypothefis is more largely explica

ted in the Deſcription of Charcoal. To conclude, we fee by thisIn

ftance, how much Experiments may conduce to the regulating of Philo

fophicalnotions. For ifthe moſt Acute Des Carteshad applied himſelf

experimentally to have examined what ſubſtance it was that cauſed that

fhining ofthe falling Sparksftruck from a Flint anda Steel , he would

certainlyhavea little altered his Hypothefis , and weshould havefound,

that his Ingenious Principleswould have admitted a very plaufible Ex

plication of this Phanomenon ; whereas by not examining fo far ashe

might , he has fet down an Explication which Experiment do's contra

dict.

But before I leave this Deſcription, I muſt not forgetto take notice of

the Globular form into which each of theſe is moſt curioully formed.

And this Phenomenon, as I have elſewhere more largely fhewn, proceeds

from a propriety which belongs to all kinds of fluid Bodies more or

lefs,and is cauſed bythe Incongruity ofthe Ambient and included Fluid ,

which fo acts and modulates each other , that they acquire , as neer as is

poffible,
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poffible, a fperical or globular form, which propriety and ſeveral of the

Phenomena that proceed from it, I have more fully explicated in the ſixth

Obfervation.

One Experiment, which does very muchilluftratemy preſent Explica

tion, and is in it felfexeeeding pretty, I muſt not pafsby : And that is a

way ofmakingſmall Globules or Balls of Lead, or Tin, as ſmall almoſt as

thefe of Iron or Steel, and that exceeding easily and quickly, byturning

the filings or chips of thofe Metals alfo into perfectly roundGlobules.

The way, in fhort,as I received it from the Learned Phyfitian Doctor I.G.

is this ;

Reduce the Metal you would thus fhape, into exceeding fine filings,

thefiner the filings are , the finer will the Balls be : Stratifie thefe filings

with the fine and welldryedpowder of quick Lime in a Crucible propor

tioned to the quantity you intend to make : When you have thus filled

yourCrucible, by continual ftratifications of the filings and powder, fo

that,as neeras maybe, no one of the filings may touch another, place the

Crucible in a gradual fire , and bydegrees let it be brought to a heat big

enoughto make all the filings, that are mixt with the quick Lime,to melt,

and nomore ; for if the fire be too hot , many of theſe filings will joyn

and run together ; whereasif the heat be proportioned , upon washing

the Lime-duft in fairWater , all thoſe ſmall filings of the Metal will fub

fide to the bottom in a moſt curious powder , confiſting all of exactly

round Globules, which, ifit be very fine, is very excellent to make Hour

glaffes of.

Now though quick Lime be the powder that this direction makes

choice of, yet I doubt not, but that there maybe muchmore convenient

ones foundout, one of which I have made tryal of, and found very effe

&tual ; andwere it not for diſcovering, bythementioning of it, another

Secret , which I am not free to impart , I fhould have here inferted

it.

Obferv. IX. Of the Colours obfervable in Muscovy Glaſs, and

otherthin Bodies.

M

Ofcovy-glafs,or Lapis fpecularis,is a Body that feems to have as ma

ny Curiofities in its Fabrick as any common Mineral I have met

with: forfirft , It is tranfparent to a great thickness : Next, it is com

pounded ofan infinite number of thin flakes joyned or generated one

upon another foclofe &fmooth,as with many hundreds ofthem to make

oneſmooth andthin Plateof a tranfparent flexible fubftance,which with

care and diligence may be flit into pieces fo exceedingly thin astobe

hardlyperceivable bythe eye, and yet even thofe, which I havethought

the thinneft, Ihave with a good Microscope foundto be made up ofmany

other Plates, yet thinner ; and it is probable, that, were our Microscopes

much
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muchbetter , we might muchfurther diſcover its divifibility. Nor are

theſe flakes only regular as to the finoothness of their Surfaces ; but third

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

withedges of the figure of a Rhomboeid. This Figure is much more con

fpicuous inour English talk, much whereof is found inthe Lead Mines,

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

ſubſtance with the Selenitis, but is feldomfound in folarge flakes as that

is, nor is it altogether fo tuff, but is muchmore clear and transparent,and

much morecurioufly fhaped , and yet may be cleft and flak'd likethe o

ther Selenitis. But fourthly, this ftone has a property, which inrespect

ofthe Microſcope, is more notable, and that is, that it exhibitsfeveral ap

pearances ofColours, both tothe naked Eye, but muchmore confpicu

outly tothe Microscope ; for the exhibiting ofwhich , I took a piece of

Mufcovy-glafs , and ſplitting or cleaving it into thin Plates, I found that up

anddown in ſeveral parts of them I could plainly perceive feveral white

fpecks orflaws, and others diverfly coloured with all the Colours of the

Rainbow; andwiththe Microscope I could perceive , that theſe Colours

were ranged in ringsthat incompaffed the white fpeck or flaw, andwere

round or irregular, accordingtothe fhape of the fpot which they termi

nated ; and the pofition of Colours, in refpect of one another, was the

very
fame asintheRainbow. The confecution ofthofe Coloursfromthe

middle ofthe ſpot outward beingBlew, Purple, Scarlet, Yellow, Green;

Blew, Purple, Scarlet, and fo onwards, fometimes halfa ſcore times re

peated,that is,thereappeared fix,feven,eight,nine or ten feveral coloured

rings or lines, each incircling the other, in the fame manner as I haveof

ten ſeen avery vivid Rainbow tohave four or five ſeveral Rings of Co

lours, that is, accounting all the Gradations between Red and Blew for

one : But the order ofthe Colours in theſe Rings was quite contrary to

theprimary or innermoſt Rainbow, and the ſame withthoſe of thefecon

dary or outermoft Rainbow ; theſe coloured Lines or Irifes, as I mayfo

call them , were fome of them much brighter then others , andfome of

them alſo verymuch broader, they being fome ofthem ten,twenty, nay,

I believe , neer a hundred times broader then others ; and thofe ufually

were broadiſhwhich were neereft the center or middle of the flaw. And

oftentimes Ifound , that thefe Colours reacht to the very middle of the

flaw, and thenthere appeared in the middle a very largeſpot , for the

moft part, all of one colour , which was very vivid , and all the other

Colours incompaffing it, gradually afcending, and growing narrower to

wards the edges , keeping thefame order , as in the fecundary Rainbow,

that is,ifthemiddlewereBlew,the next incompaffing it would be aPur

ple,the third aRed, the fourth aYellow, &c. as above ; if the middle

werea Red,the next without it would be aYellow,the third a Green, the

fourth aBlew,and fo onward,. And this order it alwayes kept whatfo

ever werethemiddle Colour.

Therewasfurther obfervable in ſeveral other parts of this Body, ma

nyLines orThreads,each ofthem offome one peculiar Colour, and thoſe

foexceedingly bright and vivid , that it afforded a very pleaſant object

through
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throughthe Microſcope. Some of theſe threads I have obſerved alſoto

be pieced or made up of feveral ſhort lengths of differently coloured

ends ( as I may fo call them) as aline appearing about two inches long

throughthe Microscope , has been compounded of about half an inch of

a Peachcolour, of a lovely Grafs-green, ofan inch more ofa bright

Scarlet,and the reſtof the line of a Watchetblew. Others of them were

much otherwife coloured ; the variety being almoft infinite. Another

thing which isvery obfervable, is, that if youfindany placewhere the

colours are very broad and confpicuous to the naked eye, you may, by

preffing that place with your finger, makethe colours change places,and

gofrom one part to another.

There is one Phenomenon more, which may, if care be uſed, exhi

bit to the beholder, as it has divers times to me, an exceeding pleaſant,

and not leſs inſtructive Spectacle ; And that is, if curioſity anddiligence

beuſed , youmay fofplit this admirable Subſtance , that youmayhave

pretty largePlates ( in compariſon of thoſe ſmaller ones which youmay

obferve inthe Rings ) that are perhapsanora part of aninch over,

eachof them appearing through the Microscope moft curioully, intirely,

and uniformly adorned with fome one vivid colour : this, if examined

with the Microſcope , may be plainly perceived tobe in all parts ofite

quallythick. Two, three, ormore of thefe lying oneupon another, ex

hibit oftentimes curious compounded colours , which produce fuch a

Compofitum , asonewould ſcarce imagine fhould bethe refult of fuch in

gredients: As perhaps a faint yellow and a blewmay produce a verydeep

purple. But whenanonwe come to the more ſtrict examination of thefe

Phenomena, andto inquire into the cauſes and reaſons of theſe producti

cns,we ſhall,I hope , make it more conceivable howthey are produced,

and fhewthemtobe no other thenthe natural and neceflary effects ari

fingfrom the peculiar union of concurrent cauſes.

Thefe Phanomena being ſo various, and fo truly admirable, it will cer

tainly be verywell worthour inquiry, to examinethe cauſesand reaſons

of them,and to confider, whether from theſe cauſes demonſtratively evi

denced , may not be deduced the true caufes of the production of all

kind of Colours. And I the rather now do it , inſtead of an Appen

dix or Digreffion tothis Hiſtory, then upon the occafion of examining

theColours in Peacocks, or other Feathers, becauſe this Subject , as it

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

betterwayes
of examining each circumftance. And this will be made

manifeft to him that confiders , firſt , that this laminated body is more

fimple and regular then the parts of Peacocks feathers, this confifting on

ly of anindefinite number of plain and ſmooth Plates, heaped up, or in

cumbent oneachother. Next,that the parts of this body are much more

manageable, to be divided or joyned, thenthe parts of a Peacocks fea

ther,orany otherfubftance that I know. And thirdly, becauſe that inthis

we are ablefroma colourless body to produce feveral coloured bodies,

affording all the variety of Colours imaginable : And ſeveral others,

which the ſubſequent Inquiry will make manifeft.

I
To
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To begintherefore, it is manifeft from ſeveral circumſtances, that the

material cauſe ofthe apparition of theſe feveral Colours , is fome Lamina

or Plateof a tranſparent or pellucid body of a thickneſs very determi

nateand proportioned according tothe greater or lefs refractive power

of thepellucid body. And that this is fo,abundance of Inſtances and

ticular Circumſtances will make manifeft.

par

Asfirst , if you take any ſmall piece of the Muscovy-glass , and with a

Needle, or fome other convenient Inftrument, cleave it oftentimes into

thinnerand thinner Lamina, you ſhall find, that till you come to a deter

minate thinness of them, they fhall all appear tranſparent and colourless,

but ifyou continue to fplit and divide them further,you ſhall find at laft,

that each Plate, after it comesto fuch a determinate thickneſs, ſhall ap

pear moſt lovely ting'd orimbued with adeterminate colour. Iffurther,

by anymeans you fo flaw a pretty thick piece, that one part does begin

to cleave a little fromthe other, andbetween thofe two there beby any

meansgottenfome pellucid medium, thoſe laminated pellucid bodies that

fill that ſpace, fhall exhibit feveralRainbows or coloured Lines, the

lours of which will be diſpoſed and ranged according to the various

thickneſſes of the ſeveral partsof that Plate. That this is ſo, is yetfur

ther confirmed by this Experiment.

CO

your

Take two ſmall pieces of ground and polifht Looking-glass-plate,

each about the bigness of a fhilling, take theſe two dry , andwith

fore-fingers and thumbs prefs them very hard and cloſe together,andyou

fhall find, that when they approach each other very near, therewill
ap

pear ſeveral Irifes or coloured Lines, in the fame manneralmoſt asinthe

Muscovy-glass ; and you may very eaſily change any of the Colours of

any part of the interpofed body, bypreffing the Plates cloſer and hard

er together,or leaving themmore lax ; that is,a part which appeared co

loured with ared, maybe preſentlyting'd with a yellow, blew, green,

purple , or the like , by altering theappropinquation ofthe terminating

Plates.Nowthat air is not neceflary to bethe interpofed body, but that

any other tranſparent fluid will do much the fame, may betryed bywet

ting thoſe approximated Surfaces with Water, or any other tranfparent

Liquor , and proceeding with it inthefame manner as you did withthe

Air ; and you will find much the like effect , only with this difference,

that thoſecompreft bodies, which differ moft, intheir refractive quality,

from the compreffing bodies , exhibit the moſt ſtrong and vivid tin

ctures. Nor is it neceffary , that this laminated and ting'd body fhould

beof afluid fubftance , any other ſubſtance , provided it be thin enough

and tranſparent, doing the famething : thisthe Lamina of our Muscovy

glass hint ; but it maybe confirm'd by multitudes ofother Inſtances.

And firft, we ſhall find, that even Glaſs it felf may, by thehelp of a

Lamp , be blown thin enough 10 produce theſe Phenomena of Co

lours : which Phanomena accidentally happening , as I have been

attempting to frame ſmall Glaffes withaLamp , did not a littlefurprize

me at firſt , having never heard or feen any thing of it before ;

though afterwards comparing it with the Phenomena , I had often

obferved
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abſerved in thoſe Bubbles which Children ufe to make with Soap-water,

I did the lefs wonder ; efpecially whenupon Experiment I found, I was

able to produce the fame Phenomena in thin Bubbles made with any

othertranſparent Subſtance. Thus have I produced them with Bubbles

of Pitch, Rofin, Colophony,Turpentine, Solutions ofſeveral Gums, as Gum

Arabick inwater; any glutinous Liquor,asWort, Wine,Spirit ofWine, Oyl

ofTurpentine, Glare of Snails, &c.

It wouldbe needleſs to enumerate the feveral Inſtances , theſe being

enoughtofhewthe generality or univerfality ofthis propriety. OnlyÏ

muſt not omit, thatwehave inftances alſo of this kind even in metalline

Bodies and animal ; for thofe feveral Colourswhichare obſerved tofol

low eachotherupon the polifht furface of hardned Steel, when it is by a

fufficient degree of heat gradually tempered or foftened , are produced

from nothing else but a certain thin Lamina of a vitrum or vitrified part

ofthe Metal,which by that degree ofheat, and the concurring action of

the ambient Air,is driven out and fixed onthe furface of the Steel.

Andthis hints to me a very probable ( at leaſt, if not the true) cauſe

ofthe hardning and tempering of Steel, whichhas not, I think, been yet

given,nor, that I know of been fo muchas thought ofby any. And that

Is this that the hardneſs of it ariſes from a greater proportion of a vitrifi

ed Subſtance interfperfed through the pores of the Steel. And that the

tempering orfoftning of it arifes fromthe proportionate or ſmaller parcels

of it left within thofe pores. This will feem the more probable , if we

confider thefe Particulars.

Firſt, That the pure parts of Metals are ofthemſelves very flexible

and tuff; that is, will indure bending and hammering,and yet retain their

continuity.

Next, That the Parts of all vitrified Subſtances, as all kinds of Glass,

the Scoria ofMetals, &c. are very hard, and alſo very brittle, being nei→

ther flexible nor malleable, but may by hammering or beating be broken

intoſmall partsor powders.

Thirdly,That allMetals ( excepting Gold and Silver , which do not

ſo much with the bare fire, unlefs affifted by other faline Bodies ) do

more or less vitrifie bythe ſtrength of fire, that is, are corroded byafa

line Subſtance, which I elſewhere fhew to be the true cauſe of fire ; and

are thereby, asbyfeveral other Menftruums,converted into Scoria 3 And

this is called, calcining ofthem, by Chimifts. Thus Iron and Copper by

heatingandquenching do turn all ofthemby degrees into Scoria, which

are evidently vitrified Subſtances , and unite with Glafs , and are eaſily

fufible ; andwhencold, very hard, and very brittle.

Fourthly, That moſt kind of Vitrifications or Calcinations aremadeby

Salts, unitingand incorporating with the metalline Particles. Nor doI

know any one calcination wherein a Saline body may not, with very

great probability, be faid to be an agent or coadjutor.

Fifthly, ThatIron is converted into Steel by means of the incorpora

tion ofcertain falts, with which it is kept a certain time in the fire.

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

the Trades-men call it, by cafing the iron to be hardned with clay, and

puttingbetweenthe clay and iron a good quantity ofa mixture ofUrine,

Soot, Sea-falt, and Horfeshoofs (all which contein great quantities ofSa

line bodies) and then putting the cafe into a good ſtrong fire, and keep

ing it in a confiderable degree of heat for agood while, and afterwards

heating, and quenching or cooling it fuddenly in cold water.

Seventhly,That all kind ofvitrify'd fubftances,by being fuddenly cool'd,

become veryhard and brittle. And thence arifes the pretty Phenomena

of the Glaſs Drops, which I have already further explained in its own

place.

Eighthly, That thoſe metals which are not fo apt to vitrifie, do not ac

quire anyhardneſs by quenching in water, as Silver, Gold, &c.

Theſe confiderations premis'd, will, I fuppofe, make way for the more

eafie receptionofthis following Explication ofthe Phanomena ofhardned

andtemper'd Steel. ThatSteel is a fubftance made out ofIron, bymeans

ofa certain proportionate Vitrification of feveral parts, whichare fo cu

riouſly and proportionately mixt with the more toughand unalter'd parts

of the Iron, that when by the great heat of the fire this vitrify'd fub

ſtance is melted, and confequently rarify'd, and thereby the pores of

theIron are more open, ifthen by means ofdipping it in cold water it

be fuddenly cold, and the partshardned, that is, ſtay'd in that famede

gree of Expansion they were in when hot, the parts
become very

very hard

and brittle, and that upon thefame account almoſt as ſmall parcels of

glafs quenched in water grow brittle, which wehave already explicat

ed. If after this the piece ofSteel be held infome convenient heat,till by

degrees certain colours appear upon the ſurfaceof the brightned metal,

the very hard and brittle tone ofthe metal, by degrees relaxes and be

comes much more tough and foft ; namely, the action of the heat does

bydegrees looſen the parts of the Steel that were beforeſtreached or fet

atilt as it were, and ſtayed open by each other, wherebythey become

relaxed and fet at liberty, whence fome ofthe more brittle interjacent

parts are thruſt out and melted into a thin skin on the furface ofthe Steel,

whichfrom no colour increaſes to a deep Purple, and fo onward bytheſe

gradations or confecutions, White, Yellow, Orange, Minium, Scarlet, Purple,

Blew Watchet, &c. andthe parts within are more conveniently, andpro

portionately mixt ; and fo they gradually fubfide into a texture which

is muchbetter proportion'd and clofer joyn'd, whence that rigidneffe

of parts ceafes, and the parts begin to acquire their former ductil

ness.

Now,that 'tis nothing but thevitrify'd metal that ſticks upontheſurface

ofthe colour'd body, is evident from this, thatifby any means it be fera

ped and rubb'd off,the metal underneath it is white and clear;and if it be

kept longer in the fire, ſo as to increaſe to a confiderable thickneſs, it

may,by blows, be beaten offin flakes. This is further confirm'd bythis

obfervable, that that Iron or Steel will keep longer from ruſting which

is covered with this vitrify'd caſe : Thus alſo Lead will, by degrees, be

all
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all turn'd into a litharge ; for that colour which coversthe top being

ſcum'd or ſhov'd aſide , appears to be nothing elſe but a litharge or

vitrify'd Lead.

This is obfervable alfo infomefort , on Brafs, Copper, Silver, Gold,

Tin, but is moſt confpicuous in Lead : all thofe Colours that coverthe

furface ofthe Metal being nothing elſe , but a very thin vitrifi'd part

of the heated Metal.

The otherInftance we have, is in Animal bodies, as in Pearls, Mother

of Pearl-fhels, Oyſter-fhels, and almoſt all other kinds of ftonyſhels

whatſoever. This have I alfo fometimes with pleaſure obferv'd even

in Muſcles and Tendons. Further, ifyou take any glutinous fubftance

and runit exceedingly thin upon the furface ofa imooth glass or a po

linht metaline body, you fhall find the like effects produced : and in

general, wherefoever you meet with a transparent bodythin enough,

that is terminated by reflecting bodies of differing refractions from it,

there willbe a production ofthefe pleafing and lovely colours.

Noris it neceflary, that the two terminating Bodies ſhould bebothof

the fame kind, as may appearbythe vitrified Lamina on Steel, Lead, and

otherMetals,one furface of which Lamina is contiguous to the ſurface of

the Metal, the other to that of the Air.

Nor is it neceffary, that theſe colour'd Lamine ſhould be of an even

thickneſs, that is, ſhould havetheir edges and middles of equal thickneſs,

as in a Looking-glass-plate, which circumftance is only requifite to make

thePlate appear all of the fame colour ; but they may refemble a Lens,

that is, have their middles thicker then their edges ; or elfe a doublecon

cave, that is, be thinner in the middle then atthe edges ; inbothwhich

cafes there will be various coloured rings or lines,with differing confecu

tions or orders of Colours ; the order of the firſt fromthe middle out

wards beingRed, Yellow, Green, Blew, &c. Andthe latter quite con

trary.

But further, it is altogether neceffary, that the Plate, in the places

wherethe Colours appear, fhould be of a determinate thickness : First, It

muſt not be more then fuch athickneſs, for when the Plate is increaſed to

fuch a thickneſs , the Colours ceafe ; and befides , I have ſeen in a thin

piece of Muscovy-glass , where thetwo ends of two Plates . which appear

ing both fingle , exhibited two diftinct and differing Colours ; but

in that place where they were united, and conſtituted one double Plate

(as I may call it ) they appeared tranfparent and colourless. Nor , Se

condly , may the Platesbe thinner then fuch a determinate cize ; forwe

alwayes find, that the very outmoſt Rim oftheſe flaws is terminated in

a white and colourless Ring.

Further, in this Production of Colours there is no need of a determi

nate Light of fucha bigness and no more , nor of a determinate pofition

of that Light,that it ſhould be on this fide,and not onthat fide ; nor of a

terminatingſhadow, as in the Priſme, and Rainbow, or Water-ball : for

wefind, that the Light inthe openAir, either in or out of theSun-beams,

and withinaRoom, eitherfromone or many Windows, produces much

the



54

MICROGRAPHIA.

the fame effect : only wherethe Light is brighteſt, there the Colours are

moſt vivid. So does the light of a Candle , collected by a Glaſs-ball.

And further , it is all one whatever fide of the coloured Rings beto

wards the light; for the whole Ring keeps its proper Coloursfrom the

middle outwards in thefame order as I before related , without varying

at all, upon changing the pofition of the light.

But above all it is moft obfervable, that here are all kind of Colours

generated in apellucidbody,where there is properly no fuch refraction as

Des Cartes fuppofes his Globules to acquire a verticity by: For in the

plain and even Plates it is manifeft, that the fecond refraction ( accord

ing to Des Cartes his Principles in thefifth section of the eighth Chapter

of his Meteors ) does regulate and reſtore the fuppofed turbinated Glo

bules unto their former uniform motion. This Experiment therefore will

prove fuch a one as our thrice excellent Verulam calls Experimentum Cru

cis, ferving as a Guide or Land-mark , by which to direct our courſe in

the fearch after the true cauſe of Colours. Affording us this particular

negative Information, that for the production of Colours there is not ne

ceflary either a great retraction, as in the Prifme ; nor Secondly, a deter

mination of Light and fhadow , fuch as is both in the Priſme and Glafs

ball. Nowthat wemay ice likewife what affirmative and pofitive Inftru

ction it yields,it will be neceffary, to examine it a little more particularly

and ſtrictly ; which that wemay the better do , it will be requifite to

premiſe ſomewhat in general concerning the nature of Light and Refra

Єtion.

And firſt for Light,it ſeems very manifeft, that there is no luminous Bo

dybuthas the parts of it in motion more or leſs.

Firſt, That all kind of fiery burning Bodies have their parts in motion,

I think, will be very eaſily grantedme. That the fpark ftruck from a

Flint and Steel is in a rapid agitation , I have elſewhere made probable.

And that the Parts of rotten Wood,rotten Fish,and the like, are alſo in mo

tion, Ithink, will as eaſily be conceded by thofe,who confider,that thoſe

parts never begin to fhine till the Bodies bein a ſtate of putrefaction ;

and that is now generally granted by all , tobe cauſed by the motionof

the parts of putrifying bodies. That the Bononianftone fhines no lon

ger then it is either warmed by the Sun-beams, or bythe flame ofa Fire

or of a Candle , is the general report ofthoſe that 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 , whichwas firft fhewntothe RoyalSo

ciety by Mr. Clayton a worthyMemberthereof, which does makethis Af

ſertion more evident then allthe reſt : And that is, That a Diamondbe

ing rub'd, ftruck, or heated in the dark, fhines for a pretty while after, fo

long as that motion, which is imparted by any of thoſe Agents, remains

(in the fame manner as a Glaſs,rubb'd,ftruck,or(by a means which I ſhall

elſewhere mention ) heated, yields a found which lafts as long asthe ui

brating motion of that fonorous body ) ſeveral Experiments made on

whichStone, are fince publiſhed in aDifcourfeof Colours, bythe truly

honou
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honourableMr. Boyle. What may be faid of thofe Ignes fatui that ap

pear inthe night,I cannot fo well affirm, havingneverhad the opportuni

ty to examine them my felf, nor to be inform'd by any others that had

obferv'd them : And the relations of them in Authors are foimperfect,

that nothing can be builtonthem. But I hope I fhall be ablein another

place to make it at leaſt very probable, that there is even in thoſe alſo a

Motion which caufesthis effect. That the fhining of Sea-water proceeds

from the fame eaufe, maybe argued from this, That it ſhines not till ei

ther it be beaten againſt a Rock, orbefome other wayes broken or agi

tated by Storms, or Oars, or other percuffing bodies. And that the A

nimal Energyes or Spirituous agil parts are very active in Cats eyes when

they ſhine, feems evident enough, becauſe their eyes never thine but

when they look very intently either to find their prey, or beinghunted

in a dark room,whenthey feek after their adverfary, or to find a wayto

efcape. And the like may be faid of the fhining Bellies of Gioworms,

fince 'tis evident they can at pleaſure either increaſe or extinguiſh that

Radiation.

It would be fomewhat too long a work for this place Zetetically to

examine, and poſitively to prove, what particular kind of motion it is

that muſt be the efficient of Light ; for though it be a motion, yet 'tis

not every motion that produces it, fince we find there are many bodies

very violently mov'd, which yet afford not fuch an effect ; and there

are other bodies, which to our other fenfes, feem not mov'd fo much,

which yet ſhine. Thus Water and quick-filver, and moſt other liquors

heated, ſhine not; and ſeveral hard bodies, as Iron, Silver, Braſs . Cop

per,Wood, &c. though very often ſtruck with a hammer,fhine not pre

fently, thoughthey will all of them grow exceeding hot ; whereas rot

ten Wood, rotten Fiſh, Sea water, Gloworms,&c. have nothing of tan

gible heatin them, and yet (where there is no ſtronger light to affect the

Senſory) they ſhineſome of them fo Vividly, that one maymake a ſhift

to read by them.

It would be too long, Ifay, here to infert the difcurfive progreſs by

which I inquir'd after the proprieties of the motion ofLight, and there

fore i ſhallonly add the refult.

And, Firſt, I found it ought to be exceeding quick, fuch as thoſe moti

ons offermentation and putrefaction, whereby, certainly, the parts are

exceeding nimbly and violently mov'd ; and that, because we find thoſe

motions are able more minutely to ſhatter and divide the body,thenthe

moft violent heats ormenftruums we yet know. And that fire is nothing

elfe butfuch a diffolution ofthe Burningbody, madeby the most univer

fal menftruum of all fulphureous bodies, namely, the Air, we ſhall in an

other place ofthis Tractate endeavour to make probable. And that,

in all extreamly hot fhining bodies, there is a very quick motionthat

caufes Light, as well as a more robuft that cauſes Heat, may be argued

from the celeritywherewiththe bodyes are diffolv'd.

Next, it muſt be a Vibrative motion . And for thisthe newly mention'd

Diamondaffords us agood argument ; fince ifthe motion ofthe parts did

not
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not return the Diamond muſt after many rubbings decay and be waſted:

but we have no reaſon to fufpect the latter, eſpecially if we confider

the exceeding difficulty that is found in cutting or wearing away a Di

amond. And a Circular motion of the parts is much more improbable,

fince, if that were granted,and they be fuppos'd irregular and Angular

parts, I fee nothow the parts of the Diamond ſhould hold fo firmly to

gether, or remain in the fame fenfible dimenfions, whichyet they do.

Next, ifthey be Globular, and mov'd only with a turbinated motion, I

knownot any cauſe that can imprefs that motion upon the pellucid me

dium, which yet is done. Thirdly, any other irregular motion ofthe

parts one amongſt another, muft neceffarily make thebody of a fluid

confiftence, from which it is far enough. It muſt thereforebe a Vibra

tingmotion.

And Thirdly, That it is a very short vibrating motion, I think thein

ſtances drawn from the fhining of Diamonds will alſo make probable.

For a Diamond beingthe hardeſt body we yet know in theWorld, and

confequentlythe leaſt apt to yield or bend, muft confequently alſo have

its vibrations exceeding fhort.

And theſe, I think, are the three principal proprieties of a motion, re

quifite to produce the effect call'd Light inthe Object.

The nextthingwe are to confider, is the way or manner ofthe traje

&tion ofthis motion through the interpos'd pellucid body to the

And here it will be eafily granted,

eye :

Firſt, That it muſt be a bodyfufceptible and impartible ofthis motion

that will deſerve the name of aTranfparent. Andnext, that the parts of

fuch abody muſtbe Homogeneous, or ofthefame kind. Thirdly, that the

conſtitution and motion of the parts muſt be ſuch, that the appulfe ofthe

luminous body may be communicated or propagated throughit tothe

greateſt imaginable diſtance in the leaſt imaginable time ; though I fee

noreaſon to affirm, that it muſtbe in an inſtant : For I know not any one

Experiment orobſervation that does prove it. And, whereas it maybe

objected, That we ſee the Sun rifen at the very inſtant when it isabove

the fenfible Horizon, and that we ſee a Starhiddenby the body ofthe

Moon atthe fame inftant, when the Star, theMoon, and ourEye are all

in the fame line ; and the like Obfervations, or ratherfuppofitions, may

be urg'd. I have this to anfwer, That I can as eaſily deny as they affirm;

for I wouldfain knowby what means any one can be affured any more

of the Affirmative, then I ofthe Negative. If indeed the propagation

werevery flow, 'tis poffible fomething might be diſcovered byEclyp

fes ofthe Moon; but though weſhould grant the progress ofthe 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 anypoffible

means to diſcover it ; nay, there may be fome inſtances perhaps of Ho

rizontal Eclypſes that may feem very much tofavour this fuppofition of

the flower progreffion ofLight then moſt imagine. And the like may

be faid ofthe Eclypfes of the Sun, &c. But of this only by the by.

Fourthly, That the motion is propagated every way through anHomo

geneous
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geneous mediumby direct or ftraight lines extended everyway likeRays

from the center of a Sphere. Fifthly, in an Homogeneous medium this mo

tion is propagated every way with equal velocity, whence neceflarily eve

rypulfe or vitration of the luminous bodywill generate a Sphere, which

will continually increaſe, and grow bigger, juft after the fame manner

(thoughindefinitely ſwifter) as the waves or rings on the ſurface of the

water do fwell into bigger and bigger circles about a point of it, where,

bythe finking ofa Stone the motion was begun,whence it neceffarilyfol

lows, that all the parts of theſe Spheres undulated through an Homogene

ous medium cut the Rays at right angles.

But becauſe all transparent mediums are not Homogeneous to one an

other,therefore we will next examine howthis pulfe or motion will be

propagated through differingly tranſparent mediums. And here, ac

cording tothe moſt acute and excellent Philofopher Des Cartes, I fup

pofe the fign of the angle of inclination in the first medium to be to

the fign ofrefraction in the fecond, As the denfity of the first, tothe

denfity of the fecond. By denfity, I mean not the denſity in respect of

gravity (with which the refractions or tranfparency of mediums hold no

proportion) butin refpect onely to the trajection ofthe Rays of light, in

which refpect they only differ in this ; that the one propagates the pulfe

more eaſily and weakly, the other more flowly, but more ſtrongly. But

as for the pulfes themſelves, they will by the refraction acquire another

propriety, whichwe ſhall nowendeavour to explicate.

Wewillfuppofe therefore inthe firſt FigureAC FD to be a phyſical

Ray, orABC and D E F to be two Mathematical Rays, trajected from

a very remote point of a luminous bodythrough an Homogeneous tranfpa

rent medium LLL, and DA, EB, F C, to be ſmall portions of the or

bicular impulfes whichmust therefore cut the Rays at right angles ; theſe

Rays meeting with the plain furface NO ofa medium that yields an

eafier tranfitus to the propagation of light, and falling obliquely on it,

they will inthe mediumMMM be refracted towards the perpendicular

ofthe furface. And becauſe this medium is more eafily trajected then

the former by a third, therefore the point C of the orbicular pulfe FC

will be mov'd to H four ſpaces in the fame time that F the other end of

it is mov'd to G three ſpaces, therefore the whole refracted pulfe GH

fhall be oblique tothe refracted RaysCHK and GI ; and the angle GHC

fhall be an acute, and fo much the more acuteby howmuchthe greater

the refraction be, then which nothing is more evident, for the fign ofthe

inclination is to be the fign ofrefraction as GF to TC the diſtance be

tweenthe point Candthe perpendicular fromG on CK, which being as

four to three, HC being longer then GF is longer alfo then TC, there

fore the angle GHC is lefs thanGTC. So that henceforth the parts of

the pulfes GH and IK are mov'd afcew, or cut the Rays at oblique

angles.

It is not my buſineſs in this place to fet down the reaſons whythis or

that bodyfhouldimpede the Rays more,others lefs : as whyWaterſhould

tranfmit theRaysmore cafily, though more weakly than air. Onelythus

muchK
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much ingeneral I fhall hint,that I fuppofe themediumMMM tohave lefs

of the transparent undulating fubtile matter, and that matter to be leſs

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

ofthe fluid undulating ſubſtance,and this to be more implicated withthe

particles ofthat medium.

Butto proceed, the fame kind ofobliquity of the Pulfes and Rays will

happen alſo whenthe refraction is made out of a more eafie into a more

difficult mediu ; as by the calculations ofG Q& CSR which are refracted

fromthe perpendicular. In both which calculations 'tis obvious to obferve,

that always that part ofthe Ray towards which the refraction is made

has the end of the orbicular pulle precedent to that ofthe other fide. And

always,the oftner the refraction is made the fame way,Or the greater the

fingle refraction is, the more is this unequal progrefs. So that having

found this odd propriety to be an infeparable concomitant of a refracted

Ray, not ſtreightned by a contrary refraction, we will next examinethe

refractions ofthe Sun-beams, as they are fuffer'd onely to pass througha

fmall paffage, obliquely out of a more difficult,into a more eafie medium.

Let us fuppofe therefore ABC in the fecond Figure to repreſent

a large Chimical Glafs-body about two foot long, filled with very fairWa

ter as highas AB, and inclin'd in a convenient poſture with B towards

the Sun: Let us further fuppofe the top of itto be cover'd with an opa

cousbody, all but the hole a b, through whichthe Sun-beams are fuffer'd

to paſs intothe Water,and are thereby refracted to c def,againſt which

part, if a Paperbe expanded on the outfide,therewill appear all the co

lours of the Rain-bow, that is, there will be generated the two principal

colours, Scarlet and Blue, and all the intermediate ones which arife from

the compofition and dilutings oftheſe two, that is, c d ſhall exhibit a

Scarlet, which toward d is diluted into a Yellow ; this is the refraction of

the Ray, ik, whichcomes fromthe underside ofthe Sun ; and the Ray

ef fhall appear of a deep Blue, which is gradually towards e diluted in

toa pale Watchet-blue. Between d and e the two diluted colours, Blue

and Yellow are mixt and compounded into a Green ; and this I imagineto

be the reaſon why Green is fo acceptable a colour to the eye, and that

either ofthe two extremes are, if intenſe, rather a little offenfive, name

ly, the being plac'd in the middle between the two extremes, andcom

pounded out ofboththoſe, diluted alfo, or fomewhat qualifi'd, for the

compofition, arifing from the mixture ofthe two extremes undiluted,

makes a Purple,whichthough it be alovely colour,and pretty acceptable

to the eye, yet is it nothing comparable to the ravishing pleaſure with

which a curious and well tempered Green affects the eye. Ifremoving

the Paper, the eye be plac'd againſt cd, it will perceive the lower fide

ofthe Sun (or a Candle at night which is much better, becauſe it offends

notthe eye, and is more eafily manageable) to be of a deep Red, and if

againſt ef it will perceive the upper part ofthe luminous bodytobe of

a deep Blue ; and theſe colours will appear deeper and deeper, accord

ing as theRaysfromthe luminous body fall more obliquely on the fur

face ofthe Water, and thereby fuffer a greater refraction , and the

more
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more diſtinct, the further c def is removed from the trajecting hole.

So that upon the whole, we fhall find that the reafon of the Phenome

nafeemsto depend upon theobliquity of the orbicularpulfe ,to the Lines of

Radiation and in particular,that the Raycd which conftitutes the Scar

let has its inner parts, namely thoſe which are next to the middle ofthe

luminous body, precedent tothe outermoft which are contiguous to the

dark and unradiating fkie. Andthat the Ray efwhich gives a Blue, has

its outward part,namely, that which is contiguous to the dark ſkie prece

denttothe pulfe from the innermott, which borders on the bright arca

ofthe luminous body.

Wemayobſervefurther,that the cauſe ofthe diluting ofthe colours to

wards the middle,proceeds partly from the wideness ofthehole through

whichthe Rays pafs, whereby the Rays from feveral parts ofthe lumi

nous body, fall upon many ofthe fame parts between è andƒas is more

manifeft bythe Figure : And partly alfo fromthe nature ofthe refraction

it felf, forthe vividnefs or ftrength ofthe twoterminating colours, arifing

chiefly aswehave feen, fromthe very great difference that is betwixt the

outfides ofthofe oblique undulations& the dark Rays circumambient,and

that diſparity betwixt the approximate Rays,decaying gradually : the fur

ther inward toward the middle of the luminous bodythey are remov'd,

the more muft the colour approachto a white or an undiſturbed light.

Upon the calculation of the refraction and reflection from a Ball of

Water or Glass,we have much the fame Phenomena namely, an obliquity of

the undulation in the fare manner as wehave found it here. Which, be

cauſeit is very muchto our prefent purpoſe, and affords fuch an Inftancia

crucis, as noone that I knowhas hitherto taken notice of, I fhall further

examine. For it does very plainly and pofitively diſtinguiſh, and ſhew,

whichof thetwo Hypothefes, either the Cartefian or this is to befollowed,

by affording a generation of all the colors in the Rainbow,where accord

ing tothe Cartesian Principles there fhould be none at all generated. And

fecondly, by affording an inftance that does more clofely confine the

cauſe of theſe Phanomena of colours to this prefent Hypothefis.

And firft,forthe Cartesian,wehave this to object against it,That whereas

hefay's(Meteorum Cap.8.sect.5. )sedjudicabam unicam(refractionefcilicet)

ad minimú requiri,& quidem talem nt ejus effectus aliâ contraria (refracti

one non deftruatur: Nam experientia docet fifuperficies NM& NP (nempe

refringentes) Parallele forent, radios tantundem per alteram iterum crecios

quantumper unamfrangerentur,nullos colores depicturos ; This Principle of

his holds true indeed in a prifme where the refracting furfaces are plain,

but is contradicted bythe Ball or Cylinder, whether ofWater or Glaſs,

wherethe refracting furfaces are Orbicular or Cylindrical. For ifwe ex

aminethe paflage of any Globule or Ray ofthe primary Iris,we fhall find

it to pass out of the Ball or Cylinder again, withthe fame inclination and

refraction that it enter'd in withall, and that that laſt 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 Raythat goesto

the conſtitution of the Primary Iris ; nay, in everyRay, that fuffers only

two refractions,and one reflection, by the furface ofthe round body, we

fhall preſentlyſee moſt evident, ifwe repeat the Cartefian Scheme, men

tioned in the tenth Section ofthe eighth Chapter of his Meteors, where

Schem.6. EFKNP in the third Figure is one ofthe Rays ofthe Primary Iris,

Fig.3. twice refracted at F and N, and once reflected at K by the furface ofthe

Water-ball. For, firft it is evident, that KF and KN are equal, becauſe

KNbeingthe reflected part of KF they haveboth the fame inclination

on the furface K that is the angles F KT, and NKV made bythe two

Rays andthe Tangent ofK are equal,which is evident bythe Laws of re

flection ; whence it will follow alſo, that K N has the fame inclination on

the furfaceN, or the Tangent of it XN that the Ray KF has tothe fur

face F, or the Tangent of it FY, whence it muſt neceflarily follow,that

the refractions at F andN are equal, that is, KFE and KNP are equal.

Now, that the furface N isbythe reflection at Kmade parallel tothe fur

face at F, is evident from the principles of reflection ; for reflection being

nothing but an inverting ofthe Rays,ifwe re-invertthe Ray KNP, and

make the fame inclinations belowthe line TKVthat it has above, it will

bemoſt evident, thatK Hthe inverſe of K N will bethe continuation of

the line F K, and that LHI the inverſe of OX is parallel to FY. And

HMthe inverse of NP is Parallel to EF for the angle KHI is equal

to KNO which is equal to KFY, and the angle KHM is equal to KNP

which is equal to KFE which was to be prov'd.

So that according to the above mentioned Cartefian principles there

ſhould be generated no colour at all in a Ball ofWater or Glafs by two

refractions and one reflection, which does hold moft true indeed, if the

furfaces be plain, as maybe experimented with any kind ofprifme where

the two refracting furfaces are equally inclin'd to the reflecting; but in

this the Phanomena are quite otherwife.

Thecauſe therefore of the generation of colour muſt not be what Des

Cartes affigns, namely, a certain rotation of the Globuli ætherei,whichare

the particles which he ſuppoſes to conſtitute the Pellucid medium, But

fomewhat elfe, perhaps what we have lately ſuppoſed, and ſhall byand

by further profecute and explain.

But,Firſt I ſhall crave leave to propound fome other difficulties of his,

notwithſtanding exceedingly ingenious Hypothefis, which I plainly confeſs

to me ſeem fuch ; and thofe are,

Firſt, ifthat light be (as is affirmed, Diopt. cap. 1. § . 8.) not ſo pro

perly a motion, as an action or propenſion to motion, I cannot conceive

howtheeye cancome to be fenfible ofthe verticity ofa Globule, which is

generatedina drop of Rain, perhaps a mile offfrom it. For that Globule is

notcarry'd tothe eye according to his formerly recited Principle; andif

notfo,I cannot conceivehow it can communicate its rotation, or circular

motiontothe line ofthe Globales between the drop and the eye. It can

notbebymeans ofevery ones turning the next before him ; for iffo, then

onely all the Globules that are in the odd places muſt be turned the fame

way
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way with the firſt, namely, the 3.5. 7. 9. 11,&c. but all the Globules

interpofited betweenthem intheeven places ; namely,the 2.4.6.8.10.c.

muſt bethequitecontrary ; whence, accordingto the Cartefian Hypothefis,

theremust be no diftinct colour generated, but a confufion. Next, fince

theCartefian Globuli areſuppos'd (Principiorum Philoſoph. Part. 3. §.86.)

tobeeachof them continually in motion about their centers, I cannot

conceive how the eye is able to diſtinguiſh this new generated motion

from their former inherent one, ifI may fo call that other wherewiththey

are mov'd or turbinated, from fome other cauſe than refraction. And

thirdly, I cannot conceive how thefe motions ſhould not happenfome

times to oppoſe each other, and then, in ſtead ofa rotation, there would

benothing but a direct motion generated, and confequently no colour.

Andfourthly, I cannot conceive, howby the Cartefian Hypothefis it is pof

fible to give any plausible reafon ofthe nature ofthe Colours generated

in the thinlamina of theſe our Microscopical Obfervations ; forinmanyof

thefe,the refracting and reflecting furfaces are parallel to each other,and

confequently no rotation can be generated, nor is there any neceffity of

a fhadowortermination ofthe bright Rays, fuch as is fuppos'd (Chap. 8.

9.5. Etpreterea obfervavi umbram quoque,aut limitationem luminis requiri :

and Chap. 8. 9.9. ) to be neceflary to the generation ofany diſtinct co

lours; Befides that, here is oftentimes one colour generated without any

ofthe other appendant ones, which cannot be by the Cartesian Hy

pothefis.

There muſt be therefore ſome other propriety of refraction that cauſes

colour. Anduponthe examination ofthe thing, I cannot conceive any

onemore general, infeparable, and fufficient, than that which I have be

fore affign'd. That we may therefore fee how exactly our Hypothefis

agreesalſo with the Phenomena ofthe refracting round body, whether

Globe or Cylinder , we ſhall next fubjoyn our Calculation or Examen

of it.

Andto this end, we will calculate any two Rays : as for inftance ; let schem, 6.

EF be a Ray cutting the Radius CD (divided into 20. parts) in G 16. Fig. 3.

parts diftant from C, and ef another Ray, which cuts the fame Radius

ing 17. parts diftant,theſe will be refracted to K and k, and from thence

reflected toN and n, and from thence refracted toward P and p; there

forethe ArchFfwill be 5. 5'. The Arch F K 106. 30' . the Archfk

101. 2. Theline F G 6000. andfg 5267. therefore bf.733. therefore

Fe 980, almoft. The line FK 16024. andfk15436. therefore Nd 196:

and no 147 almoft, the line Nn 1019 the Arch N 5. 51 ' . therefore

the Angle Nnois 34. 43. therefore the Angle No n. is 139.ª 56′.

which is almoſt 50.d more than a right Angle.

It isevidenttherefore bythis Hypothefis, that at thefame time that ef

touches f.EF is arrived at c. And by that time e fkn is got to n,

EFKN is got to d, and when it touches N, the pulfe of the other Ray

isgotto o, andno farther, which is very short ofthe place it fhouldhave

arriv'd to,to make the Raynp to cut the orbicular pulse. No at right

Angles : therefore the Angle Nop 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 agree with the Phenomena : For ifthe Sun,

or aCandle (which is better) be placed about Ee, andthe eye about

Pp, the Rays EF ef. at 16. and 17. will paint the fide ofthe luminous

object towardnp Blue,andtowardsNP Red. But the quite contrary will

happen when EF is 17. and ef18. forthen towards NP fhall be a Blue,

and towards np aRed, exactly according to the calculation. And there

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

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

where the two Images are juſt diſappearing ; which is, whenthe Rays

EF and NP produc'd till they meet,make an Angle ofabout 41. an
d an

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

Sccundary Iris, and the fame cauſes, as upon calculation may appear ;

onely with this difference, that it is fomewhat more faint, by reafonofthe

duplicate reflection, which does always weaken the impulſe the oftner

it is repeated.

Now,thoughthefecond refraction made at Nn be convenient,that is,

do makethe Rays glance the more, yet is it not altogether requifite ; for

it is plain from the calculation, that the pulfe dn is fufficiently oblique to

theRaysKNand kn,as wel as the pulfefe is oblique tothe RaysFK&fk

And therefore if a piece ofvery fine Paper be held cloſe againſt Nn and

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

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

it withthe part toward Xappearing Red, towards O, Blue ; the fame alfo

fhall happen, ifthe Paper beplaced aboutKk, for towards T fhall ap

pear a Red, and towards V a Blue, which does exactly agree withthis my

Hypothefis, asupon the calculation of the progrefs of the pulfe will moft

eafily appear.

Nor do theſe two obſervations ofthe colours appearing to the eye a

boutp differing from what they appear on the Paper at N contradict each

other ; but rather confirm and exactly agreewith one another, as will be

evident to him that examines the reafons fet down by the ingenious.

Des Cartes in the 12. Sec. of the 8. Chapter of his Meteors, where he

gives the true reaſon 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

fteedofthe Paper : And as in the Prifme, fo alfo intheWater, Drop, or

Globe the Phanomena and reaſon are much the fame.

Having therefore fhewn that there is fuch a propriety in the prifme

andwater Globule whereby the pulfe is made oblique to the progreflive,

and that ſo much the more, byhow 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 impreffion it makesupon the bottom ofthe eye ;

and tothis end it will be requifite to examine this Hypotheſis a little more

particularly.

Firſt therefore, if we confider the manner ofthe progress of the pulfe,

it will ſeem rational to conclude, that that part or end ofthe pulfe which

precedes the other,muſt neceffarily be fomwhat more obtunded,or impeded

by

;

I

I
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bythe refiftance of the tranſparent medium, thanthe other part or end of

it which is fubfequent, whofe way is, as it were, prepared bythe other;

efpecially ifthe adjacent medium be not in the fame manner enlightned

or agitated. And therefore(in the fourth Figure ofthe fixth Iconifm )the

Ray AAAHB will have its fide HH more deadned by the refiftance

of the dark or quiet medium PPP, Whence there will be a kind ofdead

nefs fuperinduc'd on the fide HHH, whichwill continually increaſe from

B, and ſtrike deeper and deeper into the Ray bythe line BR; Whence

all the parts ofthe triangle, RBHO will be of a dead Blue colour, and

fo muchthe deeper, by howmuchthe nearer they lie to the line BHH,

which is moſt deaded or impeded, and fo muchthe more dilute, by how

muchthe nearer it approaches the line BR. Next on the other fideof

the Ray AAN, the end A ofthe pulfe AH will be promoted, or made

ftronger, having its paffage already prepar'd as 'twere by the other parts

preceding,and to its impreffion wil beſtronger;And becauſe ofits obliqui

ty to theRay,there will be propagated a kind of faint motion intoQQ

the adjacent dark or quiet medium, which faint motion will ſpread fur

ther and further intoQQas the Ray is propagated further and further

from A,namely,as far as the line M A,whence all the triangle MAN will

be ting'd with a Red, and that Red will be the deeper the nearer it ap

proaches the line MA, and the paler or yellower the nearer it isthe line

NA. And ifthe Raybe continued,fo that the lines A N andBR (which

are the bounds ofthe Redand Blue diluted) do meet and croſs each other,

there will be beyond that interfection generated all kinds of Greens.

Now,theſe being the proprieties of every ſingle refracted Rayoflight,

it willbe eafie enough to confider what must bethe refult of very many

fuch Rays collateral : As ifwe fuppofe infinite fuchRays interjacent be

tween AKSB and ANOB, which are the terminating : For in this cafe

the RayA KS B will have its Redtriangle intire,as lying next to the dark

or quiet medium , but the other ſide of it BS will have no Blue, becauſe

the medium adjacent to it SB O, is mov'd or enlightned,and confequent

ly that light does deſtroy the colour. So likewife will the Ray AÑOB

lofe its Red,becauſe the adjacent medium is mov'd or enlightned,but the

otherfide of the Ray that is adjacent to the dark, namely, AHO will

preſerve its Blue entire, and theſe Rays muſt be fo far produc'd as till

AN andBR cut eachother, before there will be any Green produc'd.

Fromtheſe Proprieties well confider'd, may be deduc'd the reaſons of all

the Phenomena oftheprifme, and ofthe Globules or drops ofWater which

conduce to the production ofthe Rainbow.

Nextfor the impreffion they make onthe Retina, we will further ex

amine this Hypothefis : Suppoſe therefore ABCDEF in the fifth Figure,

to repreſent the Ball of the eye : on the Cornea ofwhich ABC two

Rays GACH and KCAI (which are theterminating Rays ofa lumi

nousbody) falling, are bythe refraction thereof collected or converg'd

into two points at the bottom of the eye. Now, becauſe theſe termi

nating Rays, and all the intermediate ones which come from any part of

the luminous body, are fuppos'd by ſome ſufficient refraction before they

enter
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enter the eye, to havetheir pulfes made oblique to their progreffion, and

confequently each Ray to have potentially fuperinduc'd two proprieties,

or colours,viz. aRed onthe one fide, and a Blue on the other, which not

withſtandingare never actually manifeft,butwhen this or that Ray hasthe

one orthe other fideof it bordering on a dark or unmov'd medium,there

fore as ſoon as theſe Rays are entred into the eye,and fo have one fide of

each ofthem bordering on a dark part ofthe humours of the eye, they

will each ofthem actually exhibit fome colour ; therefore ADC the pro

ductionGACH will exhibit a Blue,becauſe the fide CDis adjacent tothe

dark mediumCQDC,but nothing ofa Red,becauſe its fideADis adjacent

to the enlightned medium ADFA : And all the Rays thatfromthe points

ofthe luminous body are collected on the parts ofthe Retina betweenD

and F fhall have their Blue ſo much the more diluted by howmuchthe far

thertheſe points ofcollection are diftant from D towardsF ; and the Ray

AFCthe production ofK CAI, will exhibit a Red, becauſe the fide A F

is adjacent to the dark or quiet medium ofthe eye APFA, but nothing

ofa Blue,becauſe its fide CFis adjacent to the enlightned mediumCFDC,

and all the Rays from the intermediate parts of the luminous body that

are collected between F andD fhall have their Redfo much the more di

luted, byhowmuch thefarther they are diſtant from F towards D.

Now,becauſe bythe refraction inthe Cornea,and fome other parts ofthe

eye, the fides of each Ray, which before were almoſt parallel, are made

to converge and meet in a point at the bottom ofthe eye, therefore that

fide ofthepulse which preceded before theſe refractions, ſhall firſt touch

the Retina, and the other fide laft. And therefore according as this or

that fide, or end ofthe pulſe ſhall be impeded, accordingly will the im

preffions on the Retina be varied ; therefore by the Ray GACH re

fracted bythe Cornea toDthere fhall be on that point a ftroke or impref

fion confus'd, whoſe weakeſt end, namely, that by theline CD fhall pre

cede, and the ſtronger, namely, that by the line AD fhall follow. And

by theRay KCAI refracted to F, there fhall be on that part a confus'd

ftroke or impreffion,whofe ſtrongeſt part,namely,that bythe lineCFfhal

precede, and whofe weakeft or impeded, namely, that by the line AF

fhall follow, and all the intermediate points between F andD will re

ceive impreffion fromthe converg'dRays fo much the more like theim

preffions on F and D by how much the nearer they approach that

or this.

From the conſideration of the proprieties ofwhich impreffions,we may

collect theſe ſhort definitions ofColours : That Blue is an impreſſion on

the Retina ofan oblique and confus'd pulse oflight, whofſe weakest part pre

cedes, and whofe ftrongestfollows. And, that Red is an impression onthe Re

tina ofanoblique and confus'dpulfe oflight, whofe ftrongestpartprecedes,and

whofe weakest follows.

Which proprieties,as they have been already manifefted,in the Priſme

and falling drops ofRain, to be the cauſes ofthe colours there generated,

be easilyfound to be the efficients alfo of the colours appearing in

thin laminated tranfparent bodies; for the explication ofwhich,all this has

been premiſed. And

may

I
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And that this isfo, a little clofer examination ofthe Phenomena and

the Figure ofthe body, by this Hypothefis, will make evident.

For firft (as we have already obferved) the laminated body muſt be

ofa determinate thickneſs, that is, it muſt not be thinner then fuch a de

terminate quantity ; for I have always obferv'd, that neer the edges

ofthoſe which are exceeding thin, the colours difappear, and the part

grows white ; nor muft it be thicker then another determinate quantity ;

for I have likewife obferv'd, that beyond fuch a thickness,no colours ap

pear'd, but the Plate looked white, between which two determinate

thickneffes were all the colour'd Rings ; of which in ſome ſubſtances I

have foundten or twelve, in others not half fomany, which I fuppofe de

pends much upon the transparency of the laminated body. Thus though

the confecutions are the fame inthe fcumm orthe ſkin on thetop ofme

tals ; yet in thoſe confecutions the fame colour is not ſo often repeated

as in the confecutions inthin Glafs, or in Sope-water, or any other more

transparentand glutinous liquor ; for in theſe I have obferv'd, Red, Yel

low, Green, Blue, Purple , Red,Yellow, Green,Blue, Purple , Red,Yellow,Green,

Blue, Purple , Red, Yellow, &c. to fucceed each other,ten or twelve times,

but in the other more opacous bodies the confecutions will not be half

fo many.

And therefore fecondly, the laminated body must be tranſparent, and

this I argue fromthis, that I have not been able to produce any colour

at all with an opacous body,though never fo thin. And this I have often

try'd, by preffing a fmall Globule ofMercury between two ſmooth Plates

of Glafs, whereby I have reduc'd that body to a much greater thinneſs

then was requifite to exhibit the colourswith a tranfparent body.

Thirdly,there muſt be a confiderable reflecting body adjacent tothe

under or further fide ofthe lamina orplate : for this I always found,that

the greater that reflection was , the more vivid were the appearing

colours.

From which Obſervations,it is moſt evident,that the reflection from the

underor further fide ofthebodyis the principal cause ofthe production of

thefe colours ; which,that it is fo,and how it conduces to that effect, I fhall

furtherexplain in the following Figure,which is here defcribed ofa very

great thickneſs, as ifit had been view'd throughthe Microscope ; and ' tis

indeed muchthicker than any Microscope(I have yetus'd)hasbeenable to

ſhew methoſe colour'd plates of Glafs, or Muscovie-glafs, which I have not

without much trouble view'd with it ; for though I have endeavoured to

magnifiethemas much as the Glafles were capable of, yet are they fo ex

ceeding thin, that I have not hitherto been able pofitively to determine

their thickneſs. This Figure therefore I here reprefent, is wholy Hy

pothetical.

Let ABCDHFE in the fixth Figure be afruftum of Muscovy-glass,

thinner toward the end A E, and thicker towards DF. Let us firſt ſup

pofe the Ray agh b coming from the Sun, or fome remote luminous

object to fall obliquely on the thinner plate BAE, part therefore is re

flected back, by eghd, the first superficies ; whereby the perpendicular

L
pulfe
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pulfe a b is after reflection propagated by ed, e d, equally remote from

each other with ab, ab, ſo that ag gc, or bbhd are either of

them equal to a a, as is alfo cc, but the body BAE being tranſparent,a

partof the light of this Ray is refracted in the furface AB, and propa

gated by gikh to the furface EF, whence it is reflected and refracted

againbythefurface AB. So that after two refractions and one reflection,

there is propagated a kind of fainterRay emnf, whofe pulfe is not on

lyweakerby reafon ofthe two refractions in the furface AB, but byrea

fon of the time ſpent in paffing and repaffing 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 difcriminate themfrom one) this confus'd or

duplicated pulfe, whofe ſtrongeſt part precedes, and whofe weakeft fol

lows, does produce on the Retina (or the optick nerve that covers the

bottom of the eye) the fenfation ofa Yellow.

And fecondly, this Tellow will appearfo much the deeper, by how

muchthe furtherback towards the middle between cd and cd the fpu

rious pulfe eƒ is remov'd, as in 2 where the furface BC being further

remov'd from EF, theweaker pulſe ef will be nearer to the middle, and

willmake an impreffion onthe eye of a Red.

But thirdly, if the two reflecting furfaces be yet further remov'd aſun

der (as in 3 CD and EF are) then will the weaker pulſe be ſo farr

behind, that it will be more then halfthe diſtance between cd and cd.

And in this caſe it will rather feem to precede the following ſtronger

pulfe, then tofollow the preceding one, and confequently a Blue will be

generated. And when the weaker pulfe is juſt in the middle beween two

ftrong ones, then is a deep and lovely Purple generated ; but when the

weaker pulfe ef is very neer to cd, then is there generated a Green,

which will be bluer, oryellower, according as the approximate weak pulse

does precede or followthe ſtronger.

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, andEF, there will be generated ſeveral compounded or mixt

colours, which will be very differing, according as the proportion be

tweenthe thickneſſes of thoſe two divided Plates CDHG, and GHFE

are varied.

Andfifthly, ifthefe furfaces CD andFE are further remov'd afunder,

the weaker pulſe will yet lagg behind much further, and not onely be

coincident withthe ſecond, cd, but lagg behind that alſo, and that fo

much the more, byhowmuch the thicker the Plate be ; fothat by de

grees it will be coincident with the third cdbackward alfo, and by de

grees, as the Plate grows thicker with a fourth, and fo onward to afifth,

fixth, leventh, or eighth ; ſo that if there be a thin tranſparent body,that

from the greateſt thinness requifite to produce colours , does, in theman

ner of aWedge,by degrees growtothe greateſt thickneſs that a Plate can

be of,to exhibit a colour bythe reflection ofLightfromfuch a body,there

fhall

1
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hallbe generated feveral confecutions of colours, whoſe order from the

thinendtowards the thick, fhall be Yellow,Red, Purple, Blue,Green ; Yellow,

Hed,Purple,Blue,Green ; Yellow,Red,Purple,Blue,Green; Yellow,&c. andthefe

to often repeated, as the weaker pulfe does lofe paces with its Primary,

or firft pulfe, andis coincident with a ſecond, third, fourth,fifth,fixth.c.

Fulfe behind the firft. And this, as it is coincident, or follows from the

sirft Hypothefis I took ofcolours,fo upon exeriment have I found it in mul

titudes ofinftances that feemto prove it. One thing which feems ofthe

greateſt concern in this Hypothefis, is to determine the greateſt or leaſt

thickness requifite for thefe effects, which, though I have not been want

ing in attempting, yet fo exceeding thin are thefe coloured Plates, and fo

imperfect our Microscope,that I have not been hitherto fucceſsfull ,though

ifmyendeavours ſhall answermy expectations,I fhall hope to gratifie the

curious Reader with fome things more remov'd beyond our reach

hitherto.

Thushave I,withasmuchbrevity as I was able, endeavoured to expli

cate (Hypothetically at leaſt) the cauſes of the Phenomena I formerly re

cited, on the confideration of which I have been the more particular.

First, becauſe I think theſe I have newly given are capable ofexpli

cating all the Phenomena ofcolours, not onely ofthofe appearing inthe

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

ſhall inthenext Obfervation further endeavour to fhew. And fecondly,

becauſe this being one ofthe two ornaments ofall bodies diſcoverable

bythe fight, whether looked on with, or without a Microſcope, it ſeem'd

to deſerve (fomewhere in this Tract, which contains a deſcription ofthe

Figure and Colour offome minute bodies) to befomewhat the morein

timately enquir'd into.

Obferv. X. OfMetalline, and other real Colours.

Aving inthe former Diſcourſe, from the Fundamental cauſe ofCo

HAV

thatthe Phantafm ofColour is caus'd by the ſenſation of the oblique or

uneven pulfe of Light which is capable of no more varieties than two

that arife from the two fides ofthe oblique pulfe, though each of thoſe

be capable ofinfinite gradations or degrees (each ofthem beginning

from White, and ending the one in the deepeſt Scarlet orYellow, the other

inthe deepeſt Blue) I ſhall in this Section fet down fome Obfervations

whichIhave made ofother colours, fuch as Metalline powders tinging

or colour d bodies and feveral kinds of tinctures or ting'd liquors, all

which, together with thoſe I treated ofin the former Obfervation. will,

I fuppofe, compriſe the feveral , fubjects in which colour is obferv'd to

beinherent, and the feveral manners by which it inheres, or is apparent

L 2 in
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in them. And here I shall endeavour tofhewby what compofition all kind

ofcompound colours are made, and howthere is no colour inthe world

but may be made fromthe various degrees oftheſe two colours, together

with the intermixtures ofBlack and White.

And this beingfo, as I fhall anon fhew, it ſeems an evident argument

to me, that all colours whatſoever, whether in fluid or folid, whether

in very tranſparent or feeminglyopacons, have the fame efficient caufe,

to wit , fome kind of refraction whereby the Rays that proceed

from fuchbodies, have their pulſe obliquated or confus'd in the manner I

explicated inthe former Section ; that is, a Red is caus'd by a duplicated

or confus'd pulfe, whoſe ſtrongeſt pulfe precedes,and a weaker follows :

and a Blue is caus'd by aconfus'd pulfe,where the weaker pulfe precedes,

and the ſtronger follows. And according as theſe are, more or lefs, or

variouſly mixt and compounded, fo are thefenfations, and confequently

the phantafms ofcolours diverfified.

To proceed therefore ; I fuppofe, that all tranſparent colour'd bodies,

whether fluid or folid, do confiſt at leaſt of two parts, or two kinds of

fubftances, the one of a ſubſtance of a ſomewhat differing refraction from

the other. That one of thefe fubftances whichmay be call'd the tinging

fubftance, does confift of diftinct parts, or particles of a determinate big

nefs which are diffeminated, or difpers'd all over the other : That theſe

particles, ifthe body be equally and uniformly colour'd , are evenly

rang'd and difpers'd over the other contiguous body ; That where the

body is deepeſt ting'd, there theſe particles are rang'd 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 ofthefe,

which has a differing refraction from either of the other, quite differing

effects will be produc'd,that is,the confecutions ofthe confus d pulfes will

be much ofanother kind, and confequently produce otherſenſations and

phantafms ofcolours, and from a Red may turn to a Blue, or from a Blue

to a Red, &c.

Now,that this may be the better underſtood, I ſhall endeavour to ex

plain my meaning a little more fenfible by a scheme : Suppoſewethere

tore in the ſeventh Figure ofthe fixth Scheme, that ABCD repreſents a

Veffelholding ating'd liquor, let IIIII,&c. bethe clear liquor,and let

the tinging body that ismixt with it be EE, &c. FF, &c. GG, ¿c.

HH, c. whofe particles (whether round, or fome other determinate

Figure is little to our purpoſe) are firſt of a determinate and equal bulk.

Next,they are rang'd into the form of Quincunx, or Equilaterotriangu

lar order,which that probably they are fo,and whythey are fo,I fhall elfe

where endeavour to thew.Thirdly,they are offuch a nature,as does either

morecafily or more difficultly tranfmit the Rays oflight then the liquor s

ifmore cafily,a Blue is generated, and ifmore difficultly, a Red or Scarlet.

And firſt, let us fuppofe the tinging particles to be of a ſubſtance that

does more impede the Rays oflight , we fhall find that the pulfe or

wave oflight mov'dfrom AD to B C, will proceed on,through the con

taining medium by the pulfes or waves KK, LL, MM, NN, OO; but

becauſe
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becauſe ſeveral ofthefe Rays that go to the conſtitution of theſe pulfes

will be flugged or ftopped bythetinging particles E,F,G,H ; therefore

there fhall be afecundaryand weak pulfe that fhall follow the Ray, name

ly P P which will be theweaker: first, becauſe it has fuffer'd many re

fractions in the impeding body; next, for that the Rayswill be a little

difpers'd or confus'd by reafon ofthe refraction in each of the particles,

whether roundor angular ; and this will be more evident, ifwe a little

more cloſely examine any one particular tinging Globule.

Suppoſe we therefore AB in the eighth Fgure of thefixth Scheme, to

reprefent a tinging Globule or particle which has a greater refraction than

the liquor in which it is contain'd : Let CD be a part of the pulfe of light

which ispropagatedthrough the containing medium; this pulſe will be a

little ftopt or impeded by the Globule, and fo by that time the pulfe is

paft toE F that part of itwhich hasbeen impededby paffing through the

Globule, will get but to LM, and fo that pulfe which has beenpropa

gated through the Globule, to wit, LM, NO, PQ, will always come

behind the pulfes EF, GH, IK,&c.

Next, byreaſon of the greater impediment in A B, and its GlobularFi

gure, theRays that pafs through it will be difpers'd, and very much feat

ter'd.Whence CAandDBwhich before went diredandparallel,will after

the refraction in A B, diverge and ſpread byA P, and BQ; fothat as the

Rays do meet with more and more of theſe tinging particles in their

way, by fo much the more will the pulfe of light further lagg behind

the clearer pulfe, or that which has fewer refractions, and thence the

deeper will the colour be, and the fainter the light that is trajected

throughit ; for not onely many Rays are reflected from the furfaces of

AB, but thoſe Rays that get through it are very much difordered.

By this Hypobefis there is no one experiment of colour that I have yet

met with, butmaybe, I conceive, very rationably folv'd, and perhaps,

had Itimeto examine feveral particulars requifite to the demonftration

of it, I might prove it more than probable, for all the experiments about

the changes and mixings of colours related in the Treatife ofColours,

publiſhed by the Incomparable Mr. Boyle, and multitudes of others which

I have obferv'd, do ſo eaſily and naturally flow from thofe principles,that

Iamvery apt to think it probable, that they own their productionto no

otherfecundary caufe : Asto inftance intwo orthree experiments. Inthe

twentiethExperiment, this Noble Authour has fhewn that the deep bluish

purple-colour of Violets, may be turn'd into a Green, by Alcalizate Salts,

and to a Redby acid ; that is, a Purple confifts oftwo colours, a deep Red,

and a deep Blue ; whenthe Blue is diluted, or altered, or deſtroy'd by

acidSalts,the Redbecomes predominant, butwhen the Redis diluted by

Alcalizate, andthe Blue heightned, there is generated a Green ; for of a

Reddiluted, is made a Tellow, and Yellow and Blue make a Green.

Now, becauſe the fpurious pulfes which cauſe a Redand a Blue, do the

onefollowthe clear pulfe, and the other precede it, it ufuallyfollows,

that thofe Saline refracting bodies which do dilute the colour ofthe one,

do deepen that of the other. And this will be made manifeft byal

moft
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moft all kinds of Purples, and many forts ofGreens, both theſe colours

confifting ofmixt colours ; for ifwe fuppofe A and A in the ninth Figure,

to repreſent two pulfes of clear light, which follow each other at a con

venient diſtance, AA, each ofwhich has afpurious pulfe preceding it, as

BB, which makes a Blue,and another following it, as CC, which makes a

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

Menftruum inwhich theſe are diffolv'd, whatfoever liquor does to alter

the refraction of the one, without altering that of the other part ofthe

ting'd liquor, muft needs verymuch alter the colour of the liquor ; for

ifthe refraction of the diffolvent be increas'd, and the refraction of the

tinging particles not altered, then will the preceding purious pulſe be

fhortned orſtopt, and not out-run the clear pulſe ſo much ; fo that BB

will become EE, and the Bluc be diluted, whereas the other furious

pulfewhich follows will be made to lagg much more, and be furtherbe

hind AA than before, and CC will become ff, and fo the Tellow or

Red will be heightned.

ASaline liquor therefore,mixt with another ting'd liquor,mayalterthe

colour ofit ſeveralways, either by alteringthe refraction ofthe liquor in

which the colour ſwims : or fecondly by varying the refraction ofthe co

loured particles, by uniting more intimately either withfome particular

corpufcles ofthe tinging body, or with all of them, according as it hasa

congruity to fome more efpecially, or to all alike : or thirdly, by uniting

and interweaving it felfwith fome other body that is already joyn'd

withthe tinging particles, with whichfubftance it may have a congruity,

though it have very little with the particles themſelves : or fourthly, it

may alter the colour of a ting'd liquorby dif-joyning certain particles

which were before united with the tinging particles, whichthough they

werefomewhat congruous to theſe particles, have yet a greater congruity

with the newly infus'd Saline menftruum. It may likewiſe alter theco

lour byfurther diffolvingthe tinging fubftance into ſmaller and ſmaller

particles, and fo diluting the colour ; or byuniting feveralparticlestoge

ther as in precipitations, and fo deepning it, and fome fuchother ways,

which many experiments and compariſons ofdiffering trials together,

might eafily inform one of.

From thefe Principles applied , may be made out all the varieties

ofcolours obfervable, either in liquors, or any other ting'd bodies, with

great eafe, and I hope intelligible enough, there being nothing in theno

tion of colour, or in the fuppos'd production,but is very conceivable, and

maybe poffible.

The greateſt difficulty that I find againſt this Hypothefis, is, that there

feem to be more diſtinct colours then two, that is, thenYellow and Blue.

This Objection is grounded on this reaſon, that there are feveral Reds,

whichdiluted, make not a Saffron or paleYellow, and therefore Red, or

Scarlet ſeems to be a third colour diſtinct from a deep degree of Yellow.

Towhich I anſwer, that Saffron affords us a deep Scarlet tincture,which

maybe diluted into as pale aYellow as any, either by making aweak fo

1
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lution ofthe Saffron, by infuſing a ſmall parcel ofit into a great quantity

ofliquor, as in ſpirit of Wine, or elfe by looking through a very thin

quantity ofthe tincture, and which may be heightn d into the lovelieſt

Scarlet,by lookingthrough a verythick body of this tincture, or through

a thinnerparcel ofit,which is highly impregnated with the tinging body,

by having had a greater quantity ofthe Saffron diffolv'd in a ſmaller par

cel ofthe liquor.

Now, though there maybefome particles of other tinging bodies that

givea lovelyScarlet alfo,whichthough diluted never ſo much with liquor,

or looked on through never fo thin a parcel of ting'd liquor,will not yet

afforda pale Yellow, but onely a kind offaint Red ; yet this is noargu

mentbut that thoſe ting'dparticles mayhaveinthemthe fainteft degree of

Yellow,though we maybe unable to makethem exhibit it;For that power

ofbeingdiluted depending upon the divifibility ofthe ting'd body, ifI

amunable to make the tinging particles fo thin as to exhibit that colour,

it does not therefore follow,that the thingis impoffible to be done ; now,

the tinging particles of fome bodies are offuch a nature, that unleſs there

befound fomeway of comminuting them into lefs bulks thenthe liquor

does diflolve them into, all the Rays that pass through them muſt necef

farilyreceive a tincture fo deep, as their appropriate refractions and bulks

compar'd with the proprieties ofthe diffolving liquor muſt neceſſarily

difpofe them to emprefs, which may perhaps be a pretty deepYellow,

or pale Red.

And that this is not gratis di&um, I ſhall add one inſtance ofthis kind,

wherein the thing is moſt manifeft.

Ifyou take Blue Smalt,you ſhall find, that to afford the deepeſt Blue,

which caterisparibus has the greateſt particles or fands ; and ifyou fur

ther divide, or grind thoſe particles on a Grindstone, or porphyry ſtone,

you mayby comminuting thefands of it, dilute the Blue intoas pale a one

as youpleaſe, which you cannot do by laying the colourthin ; for where

foever anyfingle particle is, it exhibits as deep a Blue as the whole mafs.

Now, there are other Blues, which though neverſo much ground, will

not be dilutedby grinding, becauſe confifting of very fmall particles, ve

rydeeply ting'd,they cannot by grinding be actually feparated into fmal

ler particlesthenthe operation ofthe fire, or fome other diſſolving men

ftruum,has reduc'd them to already.

Thus all kindofMetalline colours, whether precipitated, fublim'd, cal

cin'd, or otherwiſe prepar'd, are hardly chang'd by grinding, as ultra

marine is not more diluted; nor is Vermilion or Red-lead made ofa more

faint colour by grinding ; forthe ſmalleſt particlesoftheſe which I have

view'd withmygreateſtMagnifying-Glaſs, ifthey be well enlightned, ap

pearvery deeply ting'd with their peculiar colours ; nor, though I have

magnified and enlightned the particles exceedingly, could I in many of

them, perceive themto be tranſparent, or to be whole particles, but the

fmalleft fpecks that I could find among well ground Vermilion and Red

lead,feem'd to be aRed mafs, compounded ofa multitude oflefs and lefs

motes, which ſticking together, compos'd a bulk, not onethouſand thou

fandthpart ofthe fmalleft vifible fand ormote.

And
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And this I find generally in moſt Metalline colours, that though they

confift ofpartsfo exceedingly fmall,yet are they very deeplyting'd,they

being fo ponderous, and having fuch a multitude ofterreftrial particles

throng'd into a little room ; fo that ' tis difficult to find any particle tranf

parent or reſembling a pretious ftone, though not impoffible ; for I have

obferv'd divers fuch fhining and refplendent colours intermixt with the

particles of Cinnaber, both natural and artificial, before it hath been

ground andbroken or flaw'd into Vermilion : As I have alſo in Orpiment,

Red-lead, and Bife, which makes me fuppofe, that thoſe metalline colours

are by grinding, not onely broken and ſeparated actually into ſmaller

pieces, but that they are alfo flaw'd and brufed ,whence they, forthe

moſt part,become opacous,like flaw'd Cryſtal or Glafs,&c. But for Smalts

and verditures, I have been able witha Microſcope to perceive their par

ticles verymany of them tranſparent.

Now, that the others alfo may be tranſparent, though they do notap

pearfotothe Microſcope,may 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 ſmall particles will by reafon oftheir flaws,

appear perfectly opacons; and that 'tis the flaws that produce this opa

confnes , may beargued from this, that particles ofthe fame Ammel much

thicker if unflaw'd will appear fomewhat tranfparent evento the eye ;

and from this alſo, that the moſttranſparent and clear Crystal, ifheated

in the fire, and then fuddenly quenched, ſo that it be all over flaw'd,

will appear opacons and white.

And that the particles ofMetalline colours are tranfparent,maybeargu

ed yet further fromthis,thatthe Cryftals,or Vitriols ofall Metals,are tranf

parent, which fince they confift of metalline as well as faline particles,

thofe metalline ones muſt be tranſparent, which is yet further confirm'd

from this, that they have for the most part, appropriate colours ; fo the

vitriolofGold is Yellow ; ofCopper,Blue,and fometimes Green; ofIron,

green ; ofTinn and Lead, a pale White ; of Silver,a pale Blue,&c.

And next,the Solution ofall Metals into menftruums aremuchthe fame

with the Vitriols, or Cryſtals. It ſeems therefore very probable, that

thoſe colours which are made by the precipitation of thofe particles out

ofthe menftruums by tranſparent precipitating liquors fhould be tranfpa

rent alſo. Thus Gold precipitates with oyl ofTartar, orfpirit ofUrine in

to a brown Yellow. Copper with fpirit of Urine into a Mucous blue,

which retains its tranſparency. A folution offublimate (as the fame Il

luſtrious Authour I lately mention'd fhews in his 40. Experiment) precipi

tates with oyl of Tartar per deliquium, into an Orange colour'd preci

pitate; nor is it lefs probable, that the calcination of thofe Vitriols by

the fire,fhould have their particles tranſparent : Thus Saccarum Saturni,

or the Vitriol of Lead by calcination becomes a deep Orange-colour'd

minium,which is a kind ofprecipitation byfome Salt whichproceedsfrom

the fire; common Vitriol calcin'd, yields a deep Brown Red, & c.

Athird Argument, that the particles of Metals are transparent, is, that

being calcin'd, and melted with Glafs, they tinge the Glafs with tranſpa

rent

1
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rent colours. Thus the Calx of Silvertinges the Glafs on which it is an

neal'd with a lovelyYellow,or Gold colour,&c.

And that the parts ofMetals are tranfparent, may be farther argued

from the tranſparency of Leaf-gold, which held againſt the light, both

to the naked eye, and the Microscope, exhibits a deep Green. And

though I have never feen the other Metals laminated fo thin, that I was

able to perceivethem tranſparent, yet, for Copper and Braſs, ifwe had

thefame conveniency for laminating them,as we have for Gold,we might,

perhaps,through fuch plates or leaves,find very differing degrees ofBlue,

orGreen; for itſeems 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 howby reflection alone thofe Rayscan receive a tincture, taking

any Hypothefis extant.

So that we fee there may a fufficient reafon be drawn from theſe in

ſtances, whythofe colours which we are unable to dilute to the paleſt

Yellow, or Blue,or Green, are not therefore to be concluded not tobe a

deeperdegree of them ; for fuppofing we had a great company of ſmall

Globular effence Bottles,or roundGlafs bubbles,aboutthe bigness ofaWal

nut, fill'd each of them with a very deep mixture of Saffron, and that

every one of them did appear ofa deep Scarlet colour, and all ofthem

together did exhibit at a diſtance, a deep dy'd Scarlet body. It does not

follow,becauſe after wehavecomenearer to this congeries,or maſs,and di

vided it into its parts, and examining each of its parts feverally orapart,

wefindthem tohave much the fame colour withthe whole mafs ; it does

not, Ifay, therefore follow, that ifwecould break thofe Globules ſmaller,

or anyother ways come to fee a ſmaller or thinner parcel ofthe ting'd

liquor that fill'd thoſe bubbles,that that ting'd liquor muſt always appear

Red, or ofa Scarlet hue, fince ifExperiment be made,the quite contrary

will enfue ; for it is capable ofbeing diluted into the paleſt Yellow.

Now,that I might avoid all the Objections ofthis kind, by exhibiting

an Experiment that might by ocular proofconvince thoſe whom other

reafonswould not prevail with, I provided me a Prifmatical Glaß, made

hollow, juſt inthe form ofa Wedge, fuch as is reprefented in the tenth

Figure of thefixth Scheme. Thetwoparallelogram fides ABCD, ABEF,

whichmet at a point, were made of the cleareſt Looking-glass plates well

ground and polish'd that I could get;theſe were joyn'd with hard cement

tothe triangular fides,BCE, ADF, which were ofWood ; the Parallelo

gram bafe BCEF, likewife was ofWood joyn'd onto the restwithhard

cement, and the whole Prifmatical Box was exactly ftopt every where,

but onely a little hole near the baſewas left,wherebythe Veffel couldbe

fill'd with anyliquor, or emptied again at pleaſure.

One oftheſe Boxes (for I hadtwo ofthem) Ifill'd with a prettydeep

tincture of Aloes, drawn onely with fair Water, and then ſtopt the hole

with a piece ofWax, then,by holding thisWedge againft theLight, and

lookingthroughit, it was obvious enough to feethe tincture ofthe liquor

nearthe edge oftheWedge where it was but very thin, to be a pale but

M well
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well colour'd Yellow, and further and furtherfrom the edge, as the li

quor grewthicker and thicker,this tincture appear'd deeper and deeper,

fo that neartheblunt end,which wasfeven Inches fromthe edge and three

Inches and an halfthick ; 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; fo that fome dirty tinctures have afforded their deepeſt Red

muchofthe colour ofburnt Oker or Spanish brown;others as lovely aco

lour as Vermilion, and fome much brighter ; butſeveral others, according

as the tinctures wereworſe or morefoul, exhibited various kinds ofReds,

ofvery differing degrees.

The other ofthefe Wedges, I fill'd witha moſt lovely tincture ofCop

per, drawnfrom thefilings of it,withfpirit of Urine, and this Wedge held

as the former againſt the Light, afforded all manner ofBlues, from the

faintefttothe deepeſt,fothat I was in good hopeby theſe two,tohave pro

duc'd all the varieties of colours imaginable ; for I thought by this means

to have been able by placingthe two Parallelogram fides together, and

the edges contraryways,to have fomov'd themto and fro one by another,

as by lookingthrough them in ſeveral places, and through feveralthick

neffes, I fhould have compounded, and confequently have ſeen all thofe

colours, whichby other like compofitions of colours wouldhave enfued.

But infteed of meeting with what I look'd for, I met with ſomewhat

more admirable ; and that was, that I found my felfutterly unable to fee

throughthem when placed both together, thoughthey weretranſparent

enough when afunder ; andthough I could feethrough twice thethick

nefs, whenbothofthem were fill'd with the fame colour'd liquors, whe

ther both withtheYellow, or both with the Blue, yet when onewas fill'd

withtheYellow, the otherwith the Blue,and both looked through, they

both appear'd dark, onely when the parts near the tops were look'd

through, they exhibited Greens, and thofe ofvery great variety, as I ex

pected,butthe Purples and other colours,I could not byany means make,

whether I endeavour'd to look through them both againſt theSun, or

whether I plac'd them againſt the hole ofa darkned room.

But notwithstanding this mif-gheffing, I proceeded on with mytrial in

a dark room, and having two holes near one another, I was able, by

placingmyWedges againſt them,to mix the ting'd Rays that paſt through

them, and fell on a fheet ofwhite Paper held at a convenient diſtance

from them as I pleas'd ; fo that I could make the Paper appear ofwhat

colour I would,byvarying the thickneffes oftheWedges,and confequent

ly the tincture ofthe Rays that paft through the two holes, andfome

times alfo by varying the Paper, that is, infteed ofa white Paper, holding

agray, or a black piece ofPaper.

Whence I experimentally found what I had before imagin'd, that all

the varieties of colours imaginable are produc'd from ſeveral degrees of

thefe two colours, namely, Yellow and Blue, or the mixture ofthem

with light and darkneſs, that is, white and black. And all thofe almoſt

infinite varieties which Limners and Painters are able to make by com

pounding

1
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poundingthoſe ſeveral colours they lay on their Shels or Palads, areno

thing elfe, but fome compofitum, made up offome one or more, or all of

thefe four.

Now,whereas it may here again be objected,that neither canthe Reds

be made out ofthe Yellows, added together,or laid on in greater or lefs

quantity, norcan theYellows be made out of the Reds though laid ne

ver fo thin ; and as for the addition ofWhite orBlack, they donothing

but either whiten or darken the colours to which they are added ,and not

at all make them of any other kind ofcolour : asfor inftance, Vermilion,

bybeingtemper'd withWhite Lead, does not at all growmoreYellow,

but onely there is made a whiter kind ofRed. Nor does Yellow Oker,

though laid neverfo thick, produce the colour ofVermilion, northough

itbe temper'd with Black, does it at all make aRed ; nay, though it be

temper'd with White, it will not afford a fainter kind ofYellow, fuch as

mafticut, but onely awhiten'd Yellow ; nor will the Blues be diluted or

deepned afterthe manner I ſpeak of, as Indico will never afford ſo fine a

Blue as Ultramarine or Bife ; nor will it,temper'd with Vermilion, ever af

ford a Green,though each ofthembe never fo much temper'd with white.

Towhich I answer, that there is a great difference between diluting a

colour and whitening ofit ; for diluting a colour, isto make the colour'd

parts more thin, fo that the ting'd light, which is made by trajecting

thoſe ting'd bodies, does not receive to deep a tincture ; but whitening

a colour is onely an intermixing of many clear reflections of light

amongthe fame ting'd parts ; deepning alto, and darkning or blacking a

colour, are very different ; for deepning a colour, is to make the light

pals through a greater quantity ofthe fame tingingbody ; and darkning

or blacking a colour, is onely interpofing a multitude of dark or black

fpots among the fame ting'd parts, or placing the colour in a more faint

light.

Firſt therefore,as to the former oftheſe operations,that is,diluting and

deepning, moſt of the colours us'd by the Limners and Painters are in

capable of, to wit, Vermilion and Red-lead, and Oker, becauſe theting'd

parts arefo exceeding ſmall, that the moſt curious Grindstones wehave,

are not able toſeparate them into parts actually divided ſo ſmall as the

ting'd particles are ; for looking on the moft curiously ground Ver

milion, and Oker, and Red-lead, I could perceive that even thoſe ſmall

corpufcles of the bodies they left were compounded ofmany pieces, that

is, they feem'd to be fmall pieces compounded of a multitude of leffer

ting'd parts:each piece feeming almoſt like a piece ofRed Glafs,or ting'd

Cryſtal all flaw'd; fo that unless the Grindſtone could actually divide

them into ſmaller pieces then thoſe flaw'd particles were, which com

poundedthat ting'd mote I could fee with my Microscope, it would be

impoffible to dilute the colour by grinding, which, becauſe the fineſt we

have will not reach to do in Vermilion or Oker, therefore they cannot at

all, or very hardly be diluted.

Othercolours indeed, whofe ting'd particles are fuch asmay be made

fmaller, by grinding their colour, may be diluted. Thus feveral ofthe

Blues



76
MI
CR
OG
RA
PH
IA

.

Blues may be diluted, as Smaltand Bife ; and Mafticut,which is Yellow,may

be made more faint : And even Vermilion it felfmay, by too much grind

ing, be brought to the colour of Red-lead, whichis but an Orange colour,

whichis confeft by all to be very much upon the Yellow. Now, though

perhaps fomewhat of this diluting of Vermilion by overmuch grinding

maybe attributed to the Grindſtone, or muller, for that fome oftheir

parts may be worn offand mixt with the colour, yet there ſeems not ve

rymuch, for I have done it on a Serpentine-ſtone with a muller made ofa

Pebble, and yet obferv'd the fame effect follow.

And ſecondly, as to the other oftheſe operations on colours, that is,

the deepning ofthem, Limners and Painters colours are for the moſt part

alfo uncapable. For they being for the moſt part opacous ; and that opa

coufness, as I faid before, proceeding from the particles, being very much

flaw'd, unless we were able to joyn and re-unite thofe flaw'd particles

again into one piece, we ſhall not be able to deepen the colour, which

fince we are unable to do with moſt ofthe colours which are by Painters

accounted opacous, we are therefore unable to deepen them byadding

more ofthe fame kind.

But becauſe all thofe opacons colours have two kinds of beams or Rays

reflected from them,that is,Rays unting'd,which are onely reflected from

the outward ſurface, without at all penetrating ofthe body.and ting'd

Rays which are reflected from the inward furfaces or flaws after they

have fuffer'd a two-fold refraction ; and becauſe that tranſparent liquors

mixt withfuch corpuscles, do,for the moſt part, take offthe former kind

ofreflection ; therefore theſe colours mixt with Water or Oyl, appear

much deeper than when dry,for moſt part ofthat white reflection from the

outward furface is remov'd. Nay, fome oftheſe colours are very much

deepned by the mixture with fome tranſparent liquor, and that becauſe

they may perhaps get between those twoflaws, andfo confequently joyn

two or more of thoſe flaw'd pieces together ; but this happens but in a

very few.

Now, tofhewthat all this is not gratis dictum, I ſhall fet downfome

Experiments which do manifeſt theſe things to be probable and likely,

which I havehere deliver'd.

For, firſt, ifyou take any ting'd liquor whatſoever, eſpecially if it be

pretty deeply ting'd, and by any meanswork it into a froth,the congeries

of that froth fhall feem an opacous body, and appear ofthe fame colour,

but much whiter than that ofthe liquor out of which it is made. Forthe

abundance of reflections ofthe Rays againſt thoſe furfaces ofthe bubbles

ofwhich the froth confifts, does fo often rebound the Rays backwards,

that little or no light can pass through, and confequently the froth ap

pears opacous.

Again, if to any of theſe ting'd liquors that will endure the boiling

there be added a ſmall quantity offine flower (the parts ofwhichthrough

the Microſcope are plainly enough to be perceiv'd to confift of tranfpa

rent corpufcles) andfuffer'd to boyl till it thicken the liquor, the mafs of

the liquor will appear opacous,and ting'd with the fame colour, butvery

much whiten'd . Thus

1
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Thus, ifyou take a piece oftransparent Glafs that is well colour'd, and

byheating it, and then quenching it in Water, you flaw it all over,

it will become opacous, and will exhibit the fame colour with whichthe

piece is ting'd, but fainter and whiter.

Or, if you take aPipe of this tranſparent Glafs, and in the flame ofa

Lamp melt it, and then blow it into very thin bubbles, then break thoſe

bubbles, and collect a good parcel of thofe lamina together in a Paper,

you fhall find that a fmall thickness ofthofe Plates will conftitute an opa

cous body, andthat you may fee through the mafs ofGlafs before it be

thus laminated, above four times the thickneſs : And befides, they will

now afford a colour by reflection as other opacons (as they are call'd)

colours will, but much fainter and whiter than that of the Lump or Pipe

out of whichthey were made.

Thus alfo, ifyou take Putty, and melt it with any tranſparent colour'd

Glaſs,it will make it become an opacons colour'd lump, and to yield apa

ler and whiter colour than the lump byreflection.

The famethingmay be doneby a preparation of Antimony, ashasbeen

ſhewn bythe Learned Physician, Dr. C.M. in his Excellent Obſervations

and Notes on Nery's Art ofGlafs ; and by this means all tranſparent co

lours become opacons, or ammels. And thoughbybeing ground they lofe

very much oftheir colour, growing much whiter byreafon of the multi

tude offingle reflections from their outward furface, as I fhew'd afore,

yet the fire that in the nealing or melting re-unites them, and fo re

news thofefpurious reflections, removes alſo thoſe whitenings of the co

lour that proceed fromthem.

Asforthe other colours which Painters ufe, which are tranfparent,and

us'd to varniſh over all other paintintings, ' tis well enoughknownthat

the laying onofthem thinner or thicker,does very much dilute or deepen

their colour.

Painters Colours therefore confiſting moſt ofthem offolid particles,

ſo ſmall that they cannot be either re-united into thicker particles by

any Art yetknown,and confequently cannot be deepned ; or divided in

to particles fo ſmall as the flaw'd particles that exhibit that colour, much

lefs into ſmaller, and confequently cannot be diluted ; It is neceſſarythat

they whichare to imitate all kinds ofcolours, ſhould have as many de

grees ofeach colour as can be procur'd.

Andto this purpoſe, both Limners and Painters have avery greatva

riety both ofYellows and Blues, beſides fèveral other colour'd bodies

that exhibit very compounded colours, fuch as Greens and Purples ; and

others that are compounded of feveral degrees of Yellow, or ſeveral de

grees of Blue, fometimes unmixt, and fometimes compounded with ſe

veral other colour'd bodies.

TheYellows, from the paleft to the deepeſt Red or Scarlet, which

has no intermixture of Blue , are pale and deep Mafticut, Orpament,

English Oker, brown Oker, Red Lead, and Vermilion, burnt Engliſh Oker,

and burnt brown Oker, which laft have a mixture of dark or dirty parts

with them ,&c.

Their
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Their Blues are ſeveral kinds of smalts, and Verditures, and Bife, and

Ultramarine, and Indico, which laſt has many dirty or dark parts inter

mixt with it.

Theircompounded colour'd bodies, as Pink, and Verdigreſe,which are

Greens, the one a Popingay, the other a Sea-green ; then Lac,which is a

very lovely Purple.

To which may be added their Black and White, which they allo

ufually call Colours, of each ofwhich they have ſeveral kinds, ſuch as

Bone Black, made ofIvory burnt in a cloſe Veſſel, and Blue Black, made

ofthe ſmall coal of Willow, or fome other Wood ; and Cullens earth,

which is a kind ofbrown Black, &c. Their ufual Whites are either ar

tificial or natural White Lead, the laſt of which isthe beſt they yet have,

and withthe mixing and tempering theſe colours together, are they able

to make an imitation of any colour whatſoever : 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

lours as it iswith tranſparent, whereby adding more Yellowtoyellow,

it is deepned, but in opacous diluted. They can whiten any colour by mix

ing White withit, and darken any colour by mixing Black, orfome dark

and dirty colour. And in a word, moft of the colours, or colour'd

bodies they uſe in Limning and Painting, are fuch, as though mixt with

any other oftheir colours, they preferve their own hue, andbybeing in

fuch very fmal parts difpers'd through the other colour'd bodies, they

both, or altogether reprefent to the eye a compofitum of all ; the eyebe

ing unable, by reaſon of their fmalnefs, to diftinguish the peculiarly co

lour'd particles, but receives them as one intire compofitum : whereas in

many of theſe, the Microſcope very eaſily diſtinguiſhes each ofthecom

pounding colours diftinct, and exhibiting itsown colour.

Thus have I bygently mixing Vermilion and Bife dry, produc'd avery

fine Purple,or mixt colour,but looking on it with the Microſcope, I could

eafily diftinguiſh both the Red and theBlue particles, whichdid not at

all produce the Phantafm ofPurple.

To fumm up all therefore in a word, I have not yet found any folid

colour'd body,that I have yet examin'd,perfectly opacous ; but thoſe that

are leaſttransparent are Metalline and Mineralbodies, whofe particles ge

nerally, feeming either to be very fmall, or very much flaw'd, appear

for the moſt part opacons, thoughthere are very few ofthemthat I have

look'd on with a Microscope, that have not very plainly or circumftanti

ally manifeſted themſelves tranfparent.

And indeed, there feemtobe fo few bodies in the world that are in

minimis opacous, that I think one may make it a rational Query, Whether

therebe anybody abfolutely thus opacous ? For I doubt not at all (and I

have taken notice ofvery many circumſtances that make me of this

mind) that could we very much improve the Microscope, we mightbe

able to ſee all thoſe bodies very plainly tranſparent, which we noware

fain onely to ghefs at by circumstances. Nay, the Object Glaffes we

yet make uſe of are fuch, that they make many tranſparent bodies to the

eye,
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eye,feem opacous through them,which if we widen the Aperture a little,

and caft morelight on the objects, and not charge the Glafies ſo deep,

will again diſcloſe their transparency.

Now, asfor all kinds ofcolours that are diffolvable inWater,or other

liquors, there is nothing fo manifeft, as that all thofe ting'd liquors are

transparent ; and many of them are capable ofbeing diluted and com

pounded or mixt with other colours, and divers ofthem are capable of

being verymuch chang'd and heightned, and fixt with feveral kindsof

Saline menftruums. Others ofthem upon compounding, deſtroy or vi

tiate each others colours, and precipitate, or otherwiſe very much alter

each otherstincture. Inthe true ordering and diluting, and deepning,

and mixing, and fixing ofeach of which, confifts one of the greatestmy

ſteries of the Dyers; ofwhich particulars,becauſe our Microſcope affords

usvery little information,I fall add nothing more at prefent ; but onely

that with a very few tinctures order'd and mixt after certain ways, too

longto be here fet down, I have been able to make an appearance ofall

the various colours imaginable, without at all uſing the help of Salts, or

Saline menftruums to vary them.

As for the mutation of Colours by Saline menftruums, they have al

ready been fo fully and excellently handled bythe lately mention'd In

comparable Authour,that I can add nothing,but that ofa multitude oftri

als that Imade, I have found them exactly to agree with his Rules and

Theories ; and though there may be infinite inftances, yet may they be

reduc'd under a few Heads, and compris'd within a veryfew Rules. And

generally I find, that Saline menftruums are moft operative upon thofe

colours that are Purple, or have fome degree of Purple in them, and up.

on the other colours much lefs. The spurious pulfes that compofe which,

being (as I formerly noted) fo very neer the middle between the true

ones, that a ſmall variation throws them both to one fide, or both tothe

other, andfo confequently muſt make a vaſt mutation in the formerly ap

pearing Colour.

Obferv. XI. Of Figures obferv'd infinall Sand.

And

to be elſe but ſmall

or at leaſt fomevery ſmall parcels of a bigger ftone ; the whiter kind

feems through the Microscope to confift of fmall transparent pieces offome

pellucidbody, each of them looking much like apiece of Alum, or Salt

Gem;and this kind ofSand is angledfor the moſt part irregularly, without

any certain ſhape,and thegranules of it are forthe moſt part flaw'd,though

amongst many of them it is notdifficult to find fome that are perfectly

pellucid, like a piece of clear Cryſtal, and divers likewiſe moſt curiouſly

Thap'd, muchafter themanner ofthe bigger Stiria of Cryſtal, or likethe

fmall Diamants I obferv'd in certain Flints, ofwhich I fhall by andby re

late; which laſt particular ſeems to argue, that this kind of Sand is not

made
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made bythe comminution of greater tranſparent Cryſtaline bodies, but

bythe concretion or coagulation ofWater,orfome other fluid body.

There are other kinds of courfer Sands, which are browner, and have

their particlesmuch bigger ; theſe, view'd with a Microſcope, feem much

courferand moreopacous fubftances,and moſt ofthem are offome irregu

larly rounded Figures ; and though they feem not foopacous as to the

naked eye, yet theyfeem very foul and cloudy, but neither dotheſe want

euriouſly tranſparent, no more than they do regularly figur'd and well

colour'd particles, as I have often found.

There aremultitudes of other kinds ofSands, which in manyparticu

lars,plainly enough diſcoverable by the Microſcope,differ both fromtheſe

laſt mention'd kinds ofSands, and fromone another : there ſeemingto be

as great variety ofSands,asthere is ofStones. And as amongſt Stones fome

are call'd precious from their excellency, fo alfo are there Sands which

deferve thefame Epithite for their beauty; for viewing a ſmall parcel of

Eaft-IndiaSand (whichwas givenmeby myhighlyhonoured friend, Mr.

Daniel Colwall) and, fince that, another parcel, much ofthe fame kind,

Ifound feveral ofthem, both very tranſparent like precious Stones, and

regularly figur'd like Cryſtal, Cornish Diamants, fome Rubies, &c. and

allo ting'd with very lively and deep colours, like Rubys, Saphyrs, Eme

ralds,&c. Theſe kinds of granuls I have often found alſo in EnglishSand.

And 'tis cafie to make ſuch a counterfeit Sand with deeply ting'd Glaſs,

Enamels and Painters colours.

It were endleſs to defcribe the multitudes ofFigures I have metwith

in theſe kind ofminute bodies, fuch as spherical,Oval,Pyramidal, Conical,

Prismatical, of eachofwhich kinds I have taken notice.

But amongſt many others, I met with none more obfervable than this

pretty Shell (defcribed in the Figure X. of the fifth Scheme) which,

though as it was light on by chance, deferv'd to have been omitted (Í

being unable to direct any one to find the like) yet for its raritywas it not

inconfiderable, eſpecially upon the account of the information it may

afford us. For by it wehave a very good inftance ofthe curioſity ofNa

ture in another kind of Animals which are remov'd, by reaſon oftheir

minuteness,beyond the reach ofour eyes; fothat asthere are ſeveral forts

ofInfects, as Mites, and others,fo fmall asnot yet to havehad any names ;

(fome ofwhich I fhall afterwards deſcribe) and ſmall Fishes, as Leeches

in Vineger ; and fmal vegetables, as Mofs, and Rofe-Leave-plants ; and

fmall Muſhroms, as mould : fo are there, it ſeems, fmall Shel-fiſh like

wife, Nature fhewing her curiofity in every Tribe of Animals, Vege

tables, and Minerals.

Iwas tryingſeveral ſmall and fingle Magnifying Glaffes, and cafually

viewing aparcel ofwhite Sand,when I perceiv'd one ofthe grains exactly

fhap'd andwreath'd like a Shell, but endeavouring to diftinguish it with

mynaked eye,it wasfovery ſmall,that I was fain againto make uſe ofthe

Glaſsto find it ; then,whileft I thus look'd on it, with a Pin I ſeparated all

the reft ofthe granules of Sand,and found it afterwards to appeartothe

naked eye ap exceeding ſmall white ſpot, nobigger thanthe pointofa

Pin.
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Pin. Afterwards I view'd it every way with abetter Microscope andfound

it onboth fides, and edge-ways, to refemble the Shell of a ſmall Water

Snail with a flat fpiral Shell : it had twelve wreathings, a, b, c, d, e, &c.

all very proportionably growing one less than another toward the

middle or center ofthe Shell, where there was a very small round white

fpot. I could not certainly difcover whether the Shell were hollow or

not, but it feem'd fill'd with ſomewhat, and tis probable that it might

be petrify'd as other larger Shels often are, fuchas are mention'd inthe

feventeenth Obfervation.

Obferv. XII. Of Gravel in Urine.

I

Have often obferv'd the Sand or Gravel ofUrine, which ſeems to be

a tartarcousſubſtance, generated out of a Saline and a terreftrialfub

ſtance crystalliz'd together, in the form ofTartar, fometimes ſticking to

the fides ofthe Urinal, but forthe moſt part finking to the bottom, and

there lyingin the form ofcoorfe common Sand; thefe, through the Mi

croſcope, appearto be a company offmall bodies,partly tranſparent, and

partly opacons, fome White, fome Yellow, fome Red, others of more

brown and duſkie colours.

The Figure ofthem isfor the moſt part flat, in the manner ofSlats, or

fuch like plated Stones,that is,each of them feemto be made up offeve

ral other thinner Plates, much like Muſcovie Glaſs,or English Sparr,to the

laſt ofwhich, the white plated Gravel feems most likely ; forthey feem

not onely plated like that, but their fides fhap'd alfo into Rhombs, Rhom

boeids,andfometimes into Rectangles andSquares.Their bigness andFigure

maybeſeen inthe ſecond Figure ofthe fixth Plate,which reprefents about

a dozen ofthem lyingupon a plate ABCD,fonie ofwhich, as a, b, c, d,

feem'd more regular than the reſt, and e, which was a ſmall one, ftick

ing onthe top of another, was a perfect Rhomboeid on the top, and had

four Rectangular fides.

The line E which was the meaſure ofthe Microſcope, is part of an

English Inch, ſo that the greateſt bredth ofany of them, exceeded not

เน part ofan Inch.

Puttingtheſe into feveral liquors, I found Ol ofVitriol, Spirit of

Urine,and feveral other Saline menftruums to diffolve them; andthe firſt

oftheſe in leſs than a minute without Ebullition,Water,and ſeveral other

liquors, had no fudden operation upon them. This I mention, becauſe

thofe liquors that diffolvethem,firft make them very white, not vitiating,

but rather rectifying their Figure, and thereby make them afford a very

pretty object for the Microſcope.

Howgreat an advantage it would be to fuch as are troubled with the

Stone, to find fome menftruum that might diffolve them without hurting

the Bladder,is cafily imagin'd, fince fome injections made of fuch bodies

might likewiſe diffolve the ſtone, which ſeems much of theſame nature.

N It
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Itmay therefore, perhaps, be worthy fome Phyſicians enquiry, whether

there may not be fomething mixt with the Urine in which the Gravel

orStone lies, which may again make it diffolve it, the firſt ofwhichſeems

by it's regular Figures to have been fometimes Crystalliz'd out ofit. For

whether this Crystallization be made in the manner as Alum, Peter,&c. are

cryftallized out ofa cooling liquor, in which, by boyling they have been

diflolv'd ; or whether it be made inthe manner ofTartarum Vitriolatum,

that is, by the Coalition of an acid and a sulphureous ſubſtance, it ſeems

not impoffible,but that the liquor it lies in,may be again made a diffolvent

ofit. But leaving theſe inquiries to Phyficians or Chymifts, to whom

it doesmore properly belong, I fhall proceed.

Obferv. XIII . Oftheſmall Diamants, or Sparks in Flints.

Hancing to break a Flint ſtone in pieces, I found within it acertain

cavity all cruſted over with a very pretty candied ſubſtance, ſome

of the parts ofwhich, upon changing the poſture ofthe Stone, inreſpect

of the Incident light, exhibited a number of fmall, but very vivid re

flections ; and having made ufe ofmy Microscope, I could perceive the

whole furface of that cavity to be all befet with a multitude of little

Cryſtaline or Adamantine bodies, fo curiouſly fhap'd, that it afforded a

not unpleafing object.

Havingconfidered thofe vivid repercuſſions of light,I found them tobe

made partly from the plain external furface oftheſe regularly figured

bodies (which afforded the vivid reflections) and partly to be made

from withinthe ſomewhat pellucid body, that is,from fomefurface ofthe

body,oppofite to that fuperficies of it whichwas next the eye.

And becauſe theſe bodies wereſoſmall, that I could not well cometo

make Experiments and Examinations of them, I provided me feveral

ſmallſtiria of Cryſtals or Diamants, found in great quantities in Corn

walland are therefore commonly called Cornish Diamants: theſe being

very pellucid, and growing in a hollow cavity ofa Rock (as I have been

feveraltimes informed bythofe that have obferv dthem) 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

fomeofthoſe I obferv'd inthe other, became a convenient helpto mefor

theExamination of the proprieties of thofe kinds ofbodies.

And firſt for the Reflections ; in theſe I found it very obfervable, That

the brighteſt reflections oflight proceeded from within thepellucidbody ;

that is, that the Rays admitted through the pellucid fubftance in their

gettingout on the oppofite fide, were bythe contiguous and ſtrong re

Hectingfurface ofthe Air very vividly reflected, fothat more Rays were

reflected tothe eye by this furface, though the Ray in entring and getting

out of the Cryſtal had fuffer'd a double refraction, than therewerefrom

the outward furface ofthe Glafs where theRayhad 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-percuf

fion I try'd by this means. I funk half of aftiria in Water, fo that only

Water was contiguous to the under furface, and thenthe internal re

flection wasſo exceedingly faint, that it was fcarce 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

againſt the underfurface, fo as in many places the pulp ofmy finger did

touchthe Glafs, without any interjacent air between ; then obferving the

reflection, I found,that wherefoever myfinger or fkin toucht the furface,

from that partthere was no reflection, butin the little furrows or creaſes

ofmy fkin, where there remain'd little fmall lines of air,from them was

return'd a very vivid reflection as before. Itry'd further,by makingthe

furface ofvery pure Quickfilver to be contiguous to the under ſurface

of thispellucid 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 Water; from all which trials I plainly faw, that

the ſtrong reflecting air wasthe cauſe ofthis Phenomenon.

And this agrees very well with the Hypothefis of light and Pellucidbo

dies which I have mention'd in the deſcription of Muscovy-glaß ; for we

thereſuppoſe Glaſsto be a medium,which does less refift the pulse oflight,

and confequently,that moſt oftheRays incident on it enterinto it,andare

refracted towards the perpendicular ; whereas the air I ſuppoſe to be a

body that does more refift it, and confequently more are re-percuss'd then

do enter it: the fame kind oftrials have I made, with Crystalline Glas,

withdrops offluid bodies, and ſeveral other ways,which do all feem to

agree very exactly with this Theory. So that from this Principle well efta

blifh'd, we may deduce ſeverall Corollaries not unworthy obſervation.

And the firſt is, that it plainly appears by this, that the production of

the Rainbowis asmuch to be afcribed to the reflection of the concave

furface of the air, as to the refraction of the Globular drops : this will be

evidently manifeft by theſe Experiments, if you foliate that part ofa

Glaſs-ball that is to reflect an Iris, asin the Cartesian Experiment, above

mention'd, the reflections will be abundantly more ſtrong, and the co

lours more vivid : and if that part of the furface betouch'd with Watet,

ſcarce affords any fenfible colour at all.

Next we learn, that the great reafon why pellucid bodies beaten fmall

are white, is from the niultitude ofreflections, not from the particles of

the body, but from the contiguous furface ofthe air. And this is evident

ly manifefted, by filling the Interftitia of thoſe powder'd bodies with

Water, whereby their whitenefs prefently difappears. From the fame

reafon proceeds the whiteness ofmany kinds of Sands, which in the Mi

croſcope appear to be made up of a multitude oflittlepellucid bodies,

whole brighteſt reflections may by the Microscope be plainly perceiv'd

tocomefrom their internal furfaces ; and much of the whiteness ofit may

be deſtroy'd by the affufion of fair Water to be contiguous to thofe

furfaces.

The whiteness alſo offroth, is forthe moſt part tobe ascribed to the

N 2 reflection
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reflection ofthe light from the furface ofthe air within the Bubbles,and

very little tothe reflection from the furface ofthe Water it felf: for this

laft reflection does not return a quarter fo many Rays, as that which is

madefrom the furface ofthe air,as I have certainly found by a multitude

of Obſervations and Experiments.

The whiteneſs of Linnen, Paper, Silk, &c. proceeds much from the

fame realon, asthe Microfcope will eafily diſcover ; for the Paper is made

upof an abundance ofpellucid bodies, which afford a very plentifull re

flection from within, that is, fromthe concave furface of the air contigu

ous toits component particles ; whereforeby the affufion ofWater, Öyl,

Tallow,Turpentine,&c. all thofe reflections are made more faint and the

beams oflight arefuffer'd to traject & run throughthe Papermore freely.

Hence further we maylearn the reaſon of the whiteness ofmany bo

dies, and by what means they maybe in part madepellucid : As white

Marble for inftance, for this body is compofed ofa pellucid body ex

ceedingly flaw'd, that is, there are abundance of thin, and very fine

cracks or chinks amongſtthe multitude of particles ofthe body,that con

taininthemſmall parcels ofair,which do fo re-percuß and drive back the

penetrating beams, that they cannot enter very deep within that body,

whichthe Microscope does plainlyinform us tobe madeup of a Congeries

ofpellucid particles. And I further found it ſomewhat more evidently by

fome attempts I made towards the making tranſparent Marble, for by

heating the Stone a little, and foaking it in Oyl, Turpentine, Oyl ofTur

pentine,&c, I found that I was able to fee much deeper intothe body of

Marblethen before ; and one trial, which was not with an unctuous fub

ftance,fucceeded better than the reft, ofwhich, when I have a better op

portunity, I fhall make further trial.

This alſo gives us a probable reaſon of the fo much admired Phano

mena of the Oculus Mundi, an Oval ſtone, which commonly looks like

white Alabaſter, but being laid a certain time in Water, it growspellucid,

and tranſparent, and being fuffer'd to lie again dry, it by degrees lofes

that tranſparency, and becomes white as before. Forthe Stonebeing of

ahollowfpongie nature, has in the firſt and laſt of theſe appearances, all

thofe pores fill'd with the obtunding and reflecting air ; whereas in the

fecond, all thoſe pores are fill'd with a medium that has muchthe fame

refraction with the particles ofthe Stone, and therefore thoſe twobeing

contiguous, make,as 'twere, one continued medium, ofwhich more is faid

in the 15. Obfervation.

There are a multitude ofother Phenomena,that are produc'd from this

fame Principle , which as it has not been taken notice of by any yet that I

know, fo I think, upon more diligent obfervation, will it not be found the

leaſt confiderable. But I have here onelytime to hint Hypothefes, and not

to profecute themfo fully as I could with ; many ofthem having a vaſt

extent inthe production of a multitude of Phenomena, which have been

byothers,either not attempted to be explain'd, or elſe attributed tofome

other cauſe than what I have aflign'd, and perhaps than the right ; and

therefore Ifhall leave this tothe profecution offuchas have moreleifure :

onely
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onely before I leave it, I muft not pretermit to hint, that by this Prin

ciple, multitudes ofthe Phenomena of the air,as about Mifts, Clouds, Me

teors, Haloes,&c. are moſt plainly and (perhaps) truly explicable; multi

tudes alfo of the Phanomena in colour'd bodies, as liquors,&c. are de

duciblefrom it.

And from this I fhall proceed to a ſecond confiderable Phanomenon

which thefe Diamants exhibit, and that is the regularity of their Figure,

which is a propriety not lefs general than theformer ; It comprisingwith

in its extent, all kinds of Metals, all kinds of Minerals,moft PreciousStones,

all kinds of Salts,multitudes ofEarths,and almoſt all kinds offluid bodies.

And this is another propiety, which, though a little fuperficially taken

notice ofby fome, has not, that I know, been ſo much as attempted to

be explicated by any.

This propriety ofbodies,as I think it the moft worthy, and nextin or

der to be confider'd after the contemplation of the Globular Figure, fo

have I long had a defire as wel as a determination to have profecuted it ifI

had had an opportunity,having long fince propos'd to myſelfthemethod

ofmyenquiry therein, it containing all the allurements that I think any

enquiry is capable of: For,firft I take it to proceed fromthe moſt fimple

principle that anykind of form can comefrom, next the Globular, which

was therefore the firſt Ifet upon, and what I have therein perform'd, I

leave the Judicious Reader to determine. For as that form proceeded

from a propiety offluid bodies, which I have call'd Congruity, or Incon

gruity; foI think, had I time and opportunity, I could make probable,

that all theſe regular Figures that are fo confpicuoully various and curi

ous, and do fo adorn and beautifie fuch multitudes ofbodies, as I have

above hinted,arife onely fromthree orfour ſeveral poſitions or poſtures

ofGlobular particles,and thofethe moſt plain,obvious, and neceffary con

junctions of fuch figur'd particles that are poffible, fo that fuppofingfuch

and fuch plainand obvious caufes concurring the coagulatingparticles

muft neceflarily compofe a body of fuch a determinate regular Figure,

and no other ; and this with as much neceflity and obviouſneſs as a fluid

body encompaſt with a Heterogeneous fluid muſt be protruded into a

Spherule or Globe. And this I have ad oculum demonſtated with a com

pany of bullets,andfomefew other veryfimple bodies ; fothat there was

not any regular Figure,which I have hitherto met withall, of any ofthoſe

bodies that I have above named, that I could not with the compofition of

bullets or globules, and one or two other bodies, imitate, even almoſt

by fhaking themtogether. And thus for inftance may we find that the

Globularbullets will ofthemſelves,if put on an inclining plain,fothat they

may run together, naturally run into a triangular order, compofing all

the variety of figures that can be imagin'd tobe made out of equilateral

triangles ; and fuch will you find,upon trial,all the furfaces of Alum to be

compos'd of: For three bullets lying on a plain, as cloſe to one another as

theycan compofe an aquilatero-triangular form, as in A inthe 7.Scheme.

If a fourthbe joyn'd tothem on either fide as cloſely as it can,they four

compof: the moſt regularRhombus confifting oftwo aquilateral triangles,

as
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as B. Ifa fifth be joyn'd tothemon eitherfide in as cloſe a pofition as it

can, whichisthe propriety oftheTexture,it makes a Trapezium , orfour

fided Figure, two ofwhofe angles are 120. and two 60. degrees, as C.

Ifa fixth be added, as before, either it makes an equilateral triangle,as D,

or a Rhomboeid, as E, or an Hex- angular Figure, as F, which is con

pos'd of two primaryRhombes. Ifa feventh be added, it makes either

an equilatero-hexagonal Figure , as G, or fome kind of fix-fided Fi

gure, as H, or I. And though there be neverfo many placed together,

theymay be rang'd into fome oftheſe lately mentioned Figures, all the

angles of which will be either 60. degrees, or 120. as the figure K.

which is anaquiangular hexagonal Figure is compounded of 12. Globules,

or maybe of 25, or 27, or 36, or 42, &c. andby these kinds of texture,

or pofition ofglobular bodies,may you find out all the variety ofregular

fhapes, into whichthe ſmoothſurfaces ofAlum are form'd, as upon ex

amination any onemay easilyfind ; nor does it hold only in fuperficies,but

infolidity alfo,for it's obvious that a fourth Globule laid upon the thirdin

this texture, compofes aregular Tetrahedron, which is a very ufualFigure

ofthe Crystals of Alum. And (to haften) there is no one Figure into which

Alum is obferv'd to be cryftallized, but may by this texture ofGlobules

be imitated, and by no other.

I could inſtance alfo inthe Figure ofSea-falt,and Sal-gem,that it iscom

pos'd ofatextureof Globules, placed in a cubical form, as L, and that all

the Figures ofthofe Salts may be imitated by this texture of Globules,and

byno other whatſoever. And that the forms ofVitrioland of Salt-Peter,

as alfo of Crystal,Hore-frost, &c. are compounded of theſe two textures,

but modulated by certain proprieties : But I have not here time to in

fift upon, as I have not neither to thewbywhat means Globules come to

bethus context, and what thofe Globules are, and many otherparticulars

requifite to a full and intelligible explication ofthis propriety ofbodies.

Nor have I hitherto found indeed an opportunity of profecuting thein

quiry fofarr as I defign'd ; nor do I knowwhen I may, it requiring abun

dance of time, and a great deal of affiſtance to go throughwithwhat I

defign'd ; the model of which was this :

Firſt,to get as exact and full a collection as I could, of all the differing

kinds ofGeometrical figur'd bodies, fome three or four feveral bodies of

each kind.

Secondly, with them to get as exact a Hiſtory as poffibly I could learn

oftheir places of Generation or finding, and to enquire after as many

circumſtances that tended to the Illuſtrating of this Enquiry, as poffibly

Icould obferve.

Thirdly, to make as many trials as upon experience I could find re

quifite,in Diffolutions and Coagulations of ſeveral cryſtallizing Salts ; for

the needfull inftruction and information in this Enquiry.

Fourthly, to make feveral trials on divers other bodies, as Metals,

Minerals, and Stones, by diffolving them in feveral Menftruums, 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 Salts to

gether into the fame mafs, to obferve of what Figure the product of

them would be ; and in all, to note as many circumſtances as I ſhould

judge conducive to my Enquiry.

Sixthly, to enquire the clofenefs or rarity ofthe texture of theſe bo

dies, byexamining their gravity, and their refraction,&c.

Seventhly, to enquire particularly what operations the fire has upon

ſeveral kinds ofSalts, what changes it cauſes in their Figures, Textures,

or Energies.

Eighthly, to examine their manner of diffolution, or acting uponthoſe

bodies diffoluble inthem ; The texture ofthoſe bodies before and after

the proceſs. And this for the Hiftory.

Next for the Solution, To have examin'd by what, and how many

means, fuch and fuch Figures, actions and effects could be produc'd

poffibly.

And lastly, from all circumſtances well weigh'd , I ſhould have endea

voured to have ſhewn which ofthem was moft likely, and (ifthe infor

mations bytheſe Enquiries would have born it) to have demonftrated

which ofthem it muſt be, and was.

But to proceed, As Ibelieve it next to the Globularthe moſt fimple ;

fo do I, inthe ſecond place, judge it not lefs pleaſant ; for that which

makes an Enquiry pleaſant, are, firſt a noble Inventum that promiſes to

crown the ſucceſsfull endeavour ; and fuch muft certainly the knowledge

ofthe efficient and concurrent cauſes of all theſe curious Geometrical

Figures be,which has made the Philofophers hitherto to conclude nature

in theſe things to play the Geometrician, according to that faying of

Plato, Oids top . Ornext, a great variety of matter in the Enqui

ry ; and here we meet with nothing less than the Mathematicks of nature,

having everyday a newFigureto contemplate,or a variation ofthe fame

in anotherbody,

Which do afford us a third thing, which will yet more ſweeten the En

quiry,andthat is,a multitude ofinformation ; we are not fo muchtogrope

in the dark, as in moſt other Enquiries, where the Inventum is great ; for

having ſuch a multitude of inftances to compare, and fuch eafie ways of

generating,orcompounding and ofdeftroyingthe form,as in the Solution

and Crystallization of Salts, we cannot but learn plentifull informationto

proceed by. And this will further appear fromtheuniverſality ofthe

Principle which Nature has made ufe of almoſt in all inanimate bodies.

And therefore, asthe contemplation ofthem all conduces to theknow

ledg of any one ; fo from a Scientincal knowledge ofany one does follow

the fame ofall, and every one.

And fourthly, for the uſefulneſs ofthis knowledge, when acquir'd,

certainly none can doubt, that confiders that it caries us a ſtep for

ward into the Labirinth ofNature, in the right way towardsthe end

we propofe our felves in all Philofophical Enquiries. So that know

ing what is the form of Inanimate or Mineral bodies, we ſhall be the

better able to proceed in our next Enquiry after the forms ofVegeta

tive
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tive bodies ; and laſt of all, of Animate ones, that ſeeming to bethe

higheſt ſtep of natural knowledge that the mind ofman is capable of.

Schem. 8.

Fig. 1.

Obferv. XIV. Offeveral kindes offrozen Figures.

I

Have veryoften in a Morning, whenthere has been a great hear-froft,

with an indifferently magnifying Microſcope, obferv'd the fmall Stiria,

or Cryſtalline beard, which then ufually covers the face ofmoft bodies

that lie open tothecold air, and found themto be generally Hexangular

prifmaticalbodies, much like the long Cryſtals of Salt-peter, fave onely

that theends of them were differing: for whereas thofe of Nitre are for

the moſt part pyramidal, being terminated either in a point or edge ;

theſe ofFroſt were hollow, and the cavity in ſome ſeem'd prettydeep,

and thiscavity was the more plainly to be feen, becauſe uſually one or

other ofthe fix parallelogram fides was wanting, or at leaſt much ſhorter

then the reſt.

But this was onely the Figure ofthe Bearded hear-froft ; and asfor the

particles ofother kinds ofhoar -frofts, they feem'd forthe moſt part irre

gular, orofno certain Figure. Nay, the parts of thofe curious branch

ings, or vortices, that ufually in cold weather tarnish the furface of

Glafs, appear through the Microscope very rude and unſhapen, as do

moſt other kinds offrozen Figures, whichto the naked eye feem exceed

ing neat and curious, fuch asthe Figures ofSnow, frozen Urine, Hail,

feveral Figuresfrozen in commonWater,&c. Some Obfervations ofeach

ofwhich I ſhall hereunto annex, becauſe if well confider'd and ex

ami'nd, theymay, perhaps, prove very inſtructive for the finding out of

what I haveendeavoured in the preceding Obſervation to fhew, tobe

(next the Globular Figure which is caus'd by congruity, as I hope I have

made probable in the fixth Obfervation) the moſt ſimple and plain opera

tion of Nature, ofwhich, notwithſtandingwe are yet ignorant.

I.

Several Obfervables in the fix-branched Figures form'd on thefur

face of Urinebyfreezing.

1 The Figures were all frozen almoſt even with the ſurface ofthe

UrineintheVeflel, but the bigger ftems were a little prominent above

thatfurface, and the parts ofthofe ſtems whichwere neareſt the center

(a) werebiggeſt above the ſurface.

2 I have obferv'd ſeveral kinds of thefe Figures, fome ſmaller, nobig

gerthen aTwo-pence, others fo bigg, that I have by meaſure found one

of its ſtems or branches above four foot long ; and oftheſe, ſome were

pretty round, having all their branches pretty neer alike ; other ofthem

were more extended towards one fide, as ufually thoſe very large ones

were
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were, which I have obferv'd in Ditches which have been full offoul

water.

3 None of all theſe Figures I have yet taken notice of, had any regu

lar poſition in refpect of one another, or ofthe fides of the Veflel ; nor

did I find any of them equally to exactneſs extended everyway from

the center 4.

4 Where everthere was a center,the branchings from it, ab, ac, ad,

ae, af, ag, were never fewer, ormore then fix, which uſually concurr'd,

or met one another very neer in the fame point or center, a ; though

oftentimes not exactly ; and were enclin'd to each other by an angle, of

very neerfixty degrees, I fay, very neer, becauſe, though having en

deavoured to meaſure them the moſt acurately I was able, with the

largeſt Compaſſes I had. I could not find any fenfible variation from that

meaſure, yet the whole fix-branched Figure feeming to compofe afolid

angle, they muſt neceflarily be fomewhat lefs.

5 The middle lines or ftems oftheſe branches, a b, a c, a d, ae, af, ag,

feem'd fomewhat whiter, and a little higherthen any ofthe intermediate

branchings ofthefe Figures ; and the center a, was the most prominent

part of the whole Figure, feeming the apex ofa folid angle or pyramid,

each ofthe fix plains beinga little enclin'd below the furface ofthe Urin.

6 The lateral branchings ifluing out of the great ones, ſuch as op,

q,&c. were each ofthem 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 leſs, and the lefs above

the leaſt, by proportionate gradations.

7 Thelateralbranches fhooting out ofthe great ones, went all ofthem

from the center, and each ofthem 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, ſo were they all ofthem to the approximate great branch,

aspo, qr, as they were parallel to each other,and fhot fromthe center,

fo were they parallel alfo to the great branch a b.

8 Some ofthe ſtems of the fix branches proceeded ſtraight, and ofa

thickneſs that gradually grew fharper towards the end, as ag.

9 Others ofthe ftems ofthoſe branches grew bigger and knotty to

wards themiddle, and the branches alfo as well as ftems, from Cylinders

grew into Plates, in a moſt admirable and curious order, fo exceedingre

gular and delicate, as nothing could be more, as is viſible in a b, ac, ad,

ae, af, buttowardsthe end offome of theſe ſtems, they began again to

grow
ſmallerandto recover their former branchings, as about kand n.

10 Many ofthe lateral branches had collateral branches (if I mayfo

call them) as qm had many fuch asft, and moſt of thoſe again fub

collateral, as vw, and thefe again had others lefs, which onemay callLa

terofubcollateral, and theſe again others, and they others, & c. in greater

Figures.

la

11 Thebranchings of the main Stems joyn'd not together by anyre

gular line,nor did one fide ofthe one lie overthe other fide of the other,

but the ſmall 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 obſerv'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 laſt biggeſt ſtem from which it

fprung,and not to the biggeſt ſtem ofall, unless that were a ſecond ſtem

backwards.

13 This rule that held in the branchings ofthe Sexangular Figure held

alfo in the branchings of any other great or ſmall ſtem, though it did

not proceed from a center.

14 The exactness and curiofity of the figuration of theſe branches,

was in every particular ſo tranſcendent, that I judge it almoſt impoffible

for humane art to imitate.

15 Tafting feveral cleer pieces ofthis Ice, I could not find any Urin

ous tafte inthem, but thoſe few I tafted, feem'das infipid as water.

16 Afiguration ſomewhat like this, though indeed in fome particu

lars much more curious, I have ſeveral times obferv'd in regulus martis

ftellatus, but with this difference, that all the ſtems and branchings are

bended in a moft excellent and regular order, whereas in Ice theſtems

and branchings are ftreight, but in all other particulars it agrees with

this, and feems indeed nothingbut one of theſe ſtars,or branchedFigures

frozen on Urine, diſtorted, or wreathed a little, with a certain propor

tion : Leadalfo that has Arfenick and fome other things mixt with it, I

have foundto have its furface, when fuffer'd to cool, figured fomewhat

likethe branchings of Urine, but much ſmaller.

17 But there is a Vegetable which does exceedingly imitate theſe

branches, and that is, Fearn, where the main ftem may be obferv'd to

ſhoot out branches, and the ſtems ofeach of theſe lateral branches, to

fend forth collateral, and thofefubcollateral, and thoſe laterofubcollate

ral, &c. and all thofe much afterthe fame order withthe branchings, di

vifions, and fubdivifions in the branchings of thefe Figures in frozen

Urine; fo that if the Figuresofboth be well confider'd, one would ghefs

that there were not much greater need ofa feminalprinciple forthepro

duction ofFearn, then for the production ofthe branches of Urine, or

the Stella martis, there feeming to be as muchform and beauty in the

one as in the other.

And indeed, this Plant ofFearn, if all particularsbe well confider'd,

will feem ofas fimple, and uncompounded a formas any Vegetable, next

to Mouldor Mufhromes, and wouldnext after the invention ofthe forms

of thoſe, deferve to be enquir'd into ; for notwithſtanding ſeveral have

affirm'd it to have feed, and to be propagated thereby ; yet, though I

havemade 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 thenan

other : But this onely here bytheby:

For the freezing Figuresin Urine, I found it requifite,

First, that the Superficies be not diſturbed with any wind, or other

commotion ofthe air, orthe like.

Secondly,

1

1

1

1



MICROGRAPH1A.
91

Secondly, that it be not too long expoſed, ſo as that the whole bulk

be frozen,for oftentimes,in fuch cafes,by reafon ofthe ſwelling the of Ice,

or from fome other cauſe, the curious branched Figures diſappear.

Thirdly, an artificial freezing with Snow and Salt, apply'd to theout

fide ofthe containing Veflel, fucceeds not well, unleſs there be avery

little quantity in the Veilel.

Fourthly, Ifyou take any cleer and ſmooth Glafs, and wetting all the

infide ofit with Urine, you expoſe it to a very ſharpfreezing, you will

find it cover'd with a very regular and curious Figure.

II.

Obfervables in figur'd Snow.

Expofing a piece ofblack Cloth, or a black Hatt to the falling Snow,

I have often with great pleaſure, obferv'd fuch an infinite variety of cu

rioully figur'd Snow, that it would be as impoffible to draw the Figure

and ſhape of every one ofthem, as to imitate exactly the curious and

Geometrical Mechanifme ofNaturein any one. Some coorſe draughts,

fuch as the coldness ofthe weather, and the ill proviſions, I had byme

for fuch a purpoſe, would permit me to make, I have here added inthe

Second Figure ofthe Eighth Scheme.

In all which I obferv'd, that ifthey were of any regular Figures, they

were alwaysbranched out withfix principal branches, all of equal length,

fhape and make, from the center, being each ofthem inclin'dto eitherof

the next branches on either fide of it, by an angle of fixty degrees.

Now, as all theſe ſtems werefor the moſt part in one flake exactly of

the fame make, fo werethey in differing Figures of verydiffering ones ;

fo that in a very little time I have obferv'd above an hundred ſeveral cizes

and fhapes oftheſe ſtarryflakes.

Thebranches alfoout of eachſtem ofany one oftheſe flakes, were ex

actly alike in the fame flake ; fo that of whatever Figure one ofthe

branches were, the other five were fure to be of thefame, very exactly,

that is, if the branchings of the one were ſmall Perallelipipeds 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'dbe

fore, inthe Figures on Urine, that is, the branchingsfrom each ſide of

the ſtems were parallel to the next ftem on that fide, and ifthe ſtems

were plated, the branches alfo were the fame ; ifthe ſtems werevery

long, the branches alfo were fo, &c.

Obferving ſome of theſe figur'd flakes with a Microſcope, I found them

not to appear fo curious and exactly figur'd as one would have imagin'd,

but like Artificial Figures, the bigger they weremagnify'd, the moreir

regularites appear'd in them ; but this irregularity feem'd afcribable to

the thawing and breaking ofthe flake bythe fall, and not at all to the

defect ofthe plaftick virtue ofNature, whofe curiofity in the formation

ofmoſt oftheſe kind ofregularFigures,fuch as thoſe of salt,Minerals,&c.

appears

Schem.8.

Fig. 2.
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appearsby the help ofthe Microscope, to be very many degrees ſmallet

then the moſt acute eye is ableto perceive without it. And though one

oftheſe fix-branched Stars appear'd here below much of the ſhape de

fcribed in theThird Figure ofthe Eighth Scheme ; yet I am very apt to

think,that could we have a fight ofone ofthem through a Microscope as

they are generated in the Clouds before their Figures are vitiated by

external accidents,they would exhibit abundance of curiofity and neat

nefs there alſo, though never fo much magnify'd : For fince I have ob

ferv'd the Figures ofSalts and Minerals to be fome ofthem fo exceeding

fmall,that I have ſcarcely been able to perceivethem with the Microscope,

and yet have they been regular, and fince (as far as I haveyet examin'd

it) thereſeems to bebut one andthefame cauſe that produces both theſe

effects, I think it not irrational to fuppofe that theſe pretty figur'd Stars

of snow, when at firſt generated might be alſo very regular and exact.

III.

Several kinds ofFigures in Waterfrozen.

Putting fairWater into a large capacious Veffel ofGlass, and expoſing

it to the cold, I obſerv'd after a little time, ſeveral broad, flat, and thin

lamine, or plates ofIce, croffing the bulk of the water and one another

veryirregularly, onely moſt of themfeem'd to turn one oftheir edgesto

wards that fide ofthe Glafs which was next it, and feem'd to grow, as

'twere from the inſide ofthe Veſſel inwards towards the middle, almoft

like fomany blades ofFern. 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 ofHerring bones, or Fern blades, that is, there was one bigger

ſtem in the middle like the back-bone, and out of it, on either fide, were

a multitude of ſmallſtiria, or icicles, like the ſmaller bones,or the ſmaller

branches in Fern, each oftheſe branches onthe one fide, were parallel to

all the reſt on the fame fide, and all ofthem feem'd to make an angle

with the ſtem,towards the top, of fixty degrees, and towards the bot

tom or root ofthis ftem, of 120. See the fourth Figure ofthe 8. Plate.

I obferv'd likewife feveral very pretty varieties of Figures in Water,

frozenonthetopof abroad flat Marble-ftone, expos'd to the cold with

a little Water on it, fome like feathers, fome of other ſhapes, many of

them were very much of the fhape expreft in the fifth Figure ofthe

8. Scheme, whichis extremely differing from any ofthe other Figures.

I obferv'd likewife, that the fhootings of Ice on the top ofWater, be

ginningto freez, were in ftreight prifmatical bodies much likethofe of

rock-peter, that they croft each other ufually without any kind of order

or rule, that they were always a little higher then the ſurface ofthe Wa

ter that lay between them; that by degrees thoſe interjacent ſpaces

would be fill'd with Ice alfo, which uſually would be as high as the fur

face ofthe reſt.

Inflakes of Ice that had beenfrozen on the topofWater to any con

fiderable

4
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fiderable thickneſs, I oblerv'd that both the upper and the under fides

of it were curioully quill'd, furrow'd, or grain'd, as it were, which when

the Sun fhone on the Plate, was exceeding eafily to be perceiv'd to be

muchafterthe shape of the lines in the 6. Figure ofthe 8. Scheme, that is,

they confifted offeveral ftreight ends of parallel Plates, whichwere 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, Minerals, Metals, &c. which I could have here inferted,

would it not have been too long) feems to be deduciblefrom the fame

Principles,which I have (in the 13. Obfervation) hinted only, having not

yet hadtime to compleat a Theory ofthem. But indeed (which I there

alfo hinted) I judge it the fecond step by which the Pyramid ofnatu

ral knowledge (which is the knowledge of the form of bodies, is to

be afcended: And whofcever will climb it , muft be well furnish'd

with that which the Noble Verulam calls Scalam Intellectu ; he muſt

have ſcaling Ladders, otherwiſe the ſteps are fo large and high, there

willbe no getting up them, and confequently little hopes of attaining

any higher ftation, fuch as to the knowledge of the moft fimple principle

ofVegetation manifefted in Mould and Muſhromes, which, as I elfe

where endeavoured to fhew, feems to be the third ftep; for it ſeemsto

mc, that the Intellect ofman is like his body, deftitute ofwings, and

cannotmove from alowerto a higher and more fublime ſtation ofknow

ledg,otherwiſe then ſtep by ſtep,nay even therewhere the way is prepar'd

and already made paffible ; as in the Elements ofGeometry, or the like,

where it is fain to climba wholeferies ofPropofitions by degrees, before

it attains the knowledge ofone Probleme. But ifthe afcent be high, dif

ficult and above its reach, it must have recourse to a novumorganum,

fome new engine and contrivance, fome newkind of Algebra, or Analy

tick Artbefore it canfurmount it.

Obferv. XV. Of Kettering-ſtone, and of the pores of Inani

mate bodies.

His Stone which is brought fromKettering in Northampton-ſhire,and Schem . 9 .

admirable, nor have I ever feen or heard ofany other ſtone that has the

like. It is made up ofan innumerable company of fmall bodies, not all

ofthe fame cize or shape, but forthe most part, not much differingfrom

a Globularform , 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 ſome ſmaller fifhes, but for the most part, the particles feem

fomewhat lefs, and not fo uniform ; but their variation from a perfect

globular ball,feems to be only by the preffure ofthe contiguous bals which

have a little depreft and protruded thofe toucht fides inward, and forc'd

the
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the other fides as much outwards beyond the limits ofa Globe ; juſt as

itwould happen,if a heap ofexactly round Balls offoft Clay were heap'd

upon one another ; or, as I have often ſeen a heap of fmall Globules of

Quicksilver, reduc'd to that formby rubbing it much in a glaz'd Veſſel,

with fome flimy or fluggiſh liquor, fuch as Spittle, when though the top

ofthe upper Globules be very neer fpherical, yet thofe that are preft

upon by others , exactly imitate the forms of theſe lately mention'd

grains.

Where theſe grains touch each other, they are fo firmly united or

fettled together, that they feldom part without breaking a hole in one

or th'other ofthem, fuch as a, a, a, b, c, c , &c. Some ofwhich fractions,

as a, a, a, a, wherethe touch has been but light, break no more then

the outward cruft,' or firſt ſhell ofthe ſtone, whichis ofa white colour,

a little daſh'd with a brownish Yellow,and is very thin,like the ſhell ofan

Egg: and I have ſeen ſome ofthofe grains perfectly reſemble fome kind

of Eggs,both in colour and fhape : But wheretheunion ofthe contiguous

granules has been more firm, there the divulfion has made a greater

Chafm, as at b, b, b, in fo much that I have obferv'd fome ofthem quite

broken in two, as at c, c, c, whichhas difcovered to me a further refem

blance theyhave to Eggs,they having an appearance ofa white andyelk,

bytwo differing lubftances that envelope and encompaſs each other.

That which we may call the white was pretty whitiſh neerthe yelk,

but more duſkie towards the fhell ; fome ofthem I could plainly per

ceive to beſhot or radiated like a Pyrites orfire-ftone ; the yelk in fome

I faw hollow, in others fill'd with a duſkie brown and porous fub

ſtance like a kind ofpith.

The fmall pores, or interftitia e e e e betwixt the Globules, I plainly

faw,and foundbyother trials to be every way pervious to air and water,

for I could blowthrough a piece of this ftone ofa confiderable thickneſs,

as eaſily as I have blown through a Cane, which minded me ofthepores

which Des Cartes allow his materiafubtilis between the ethereal globules.

The object, through the Microſcope, appears like a Congeries or heap

ofPibbles, fuch as I have often feen caft up on the fhore, by the work

ing ofthe Sea after a great ſtorm, or like (in fhape, though not colour)

acompany offmall Globules of Quickfilver, look'd on with a Microſcope,

when reduc'd into that form by the way lately mentioned. And per

haps, this laſt may give ſome hint at the manner of the formation of the

former: For fuppofing fome Lapidescent fubftance to be generated, or

fomewaybrought (either by fome commixture of bodies in the Sea it

felf, or protruded in, perhaps, out offomefubterraneous caverns) tothe

bottom ofthe Sea,and there remaining in the formof a liquor like Quick

filver, heterogeneous to the ambient Saline fluid, it may by the working

and tumblings ofthe Sea to and fro be jumbled and comminuted into

fuch Globules as may afterwards be hardned into Flints, the lying of

which oneupon another, whenin the Sea, being not very hard, byrea

fonofthe weight of the incompaffing fluid, may cauſe the undermoftto

be a little,though not much, varied froma globular Figure. But this only

bythe by. After

1

I
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After what manner this Kettering -ftone ſhould be generated I cannot

learn, having never been there to view the place, and obfervethe cir

cumftances; but it ſeems tome from the ftructure ofit to be generated

fromſomeſubſtance once more fluid, and afterwards by degrees growing

harder, almoſt after the fame manner as I fuppofed the generation of

Flints tobe made.

But whatever were the cauſe of its curious texture, we may learn this

informationfrom it ; that even in thoſe things which we account vile,

rude,and coorfe, Nature has not been wanting to fhewabundance of cu

riofity and excellent Mechaniſme.

Wemayhere find a Stone by help of a Microſcope, to be made upof

abundance offmall Balls, which do but juſt touch each other, and yet

therebeingfo many contacts,they make a firm hard maſs, or a Stone much

harder then Free-ſtone.

Next, though wecan by a Microscope difcern fo curious a ſhape in the

particles, yet to the naked eye there fcarce appears any fuch thing ;

which mayafford us a good argument to think, that even in thoſe bodies

alfo, whole texture we are not able to difcern, though help'd with Micro

Scopes,there maybe yetlatentfo curiousa Schematisme, that it may abun

dantly fatisfie the curious fearcher, who ſhall be fo happy as tofindſome

wayto diſcover it.

Next, wehere find a Stone, though to the naked eyea very cloſe one,

yet everyway perforated with innumerablepores,which are nothing elfe

but the interftitia,between thoſe multitudes ofminute globular particles,

that compofe the bulk it felf; and theſe pores are not only diſcover'd by

the Microſcope, but by this contrivance.

I took a pretty large piece of this ſtone, and covering it all over with

cement, fave only at two oppofite parts, I found my felf able, byblowing

in at one end 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 openand pervious through the whole ftone, which affords us a very

pretty inſtance ofthe poroufneſs offome feemingly cloſe bodies,ofwhich

kindI ſhall anon have occafion to fubjoyn many more, tending to prove

the fame thing.

I muſt not here omit to take notice, that in this body there is not a

vegetative faculty that ſhould ſo contrive this ftructure for any peculiar

ufe of Vegetation or growth, whereas in the other inſtances of vegetable

porous bodies, there is an anima, or forma informans, that does contrive

all the Structures and Mechanifmes of the conftituting body, to make

them fubfervient and uſefull to the greatWork 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 fo many channels,provided by

the Great and Alwife Creator, for the conveyance ofappropriated juyces

to particular parts. And therefore,that this may tend, or be pervious all

towards one part,and mayhave impediments,as valves orthe like, to any

other; but in this body wehave very little reafon to fufpect there ſhould

be any fuch defign, for it is equally pervious every way, not onely for

ward,
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ward, but backwards,and fide-ways, and ſeems indeed much ratherto be

Homogeneous or fimilar to thofe pores, which we maywith great proba

bility believe to be the channelsofpellucid bodies, not directed , or more

open any one way, then any other, being equally pervious everyway.

And, according as thefe pores are more or greater in refpect ofthe in

terftitialbodies, the more tranfparent are the fo conftituted concretes ;

and the ſmaller thoſe pores are, the weaker is the Impulſe oflight com

municated through them, thoughthe more quick be the progreſs.

Upon this Occafion, I hope it will not be altogether unfeaſonable, if I

propound my conjectures and Hypothefis about the medium and con

veyance oflight.

I fuppofe then, that the greateſt part of the Interftitia ofthe world,

that lies between the bodies ofthe Sun and Starrs, and the Planets, and

the Earth, to be an exceeding fluid body , very apt and ready to be

mov'd,andto communicatethe motion of any one part to any otherpart,

though never fo far diftant : Nor do I much concern my felf,to deter

mine what the Figure ofthe particles of this exceedingly ſubtile fluid

medium muſt be; nor whether it have any interftitiated pores or vacui

ties,it beingfufficient to folve all the Phenomena to fuppofe it an exceed

ingly fluid, or the moſtfluid body inthe world, and as yet impoffible to

determine the other difficulties.

That being fo exceeding fluid a body,it eaſily gives paſſage to all other

bodiesto move to and fro in it.

That it neither receives from any ofits parts, or from other bodies ;

nor communicates to any of its parts, or to any otherbody, any impulfe,

ormotion in a direct line, that is not of a determinate quickneſs. And

that when the motion is of ſuch determinate ſwiftneſs, it both receives,

and communicates,or propagates an impulfe or motionto any imaginable

diſtancein ftreight lines, with an unimaginable celerity and vigour.

That all kind offolid bodies confift ofpretty maffie particles in re

fpect ofthe particles of this fluid medium , which in many places dofo

toucheach other,that none ofthis fluid medium interpofes much after the

fame mannner (to uſe a grofs fimilitude) as a heap ofgreat ſtones compafs

one great congeries or maſs in the midſt ofthe water.

That all fluid bodies which we may call tangible, are nothingbutfome

more fubtile parts of thoſe particles, that ferve to conſtiture all tangible

bodies.

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

whichthey are diffolv'd, and fubfiding to the bottom ofit, conftitute a

fluid body, much more maffie and denſe, and lefs fluid then the pure

water it felf.

Thatthe air on the other fide is a certain company ofparticles ofquite

another kind, that is, ſuch as are very much ſmaller, and more eafiely

moveable bythe motion of this fluid medium ; much like thofe very fub

tile parts ofCochenel,and other very deep tinging bodies,whereby a very

fmall

T
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fmall parcel ofmatter is able to tinge and diffuſe it ſelfover a very great

quantity of the fluid diffolvent ; or fomewhat after that manner, as

fmoak, andfuch like minute bodies, or fteams, are obferv'dto tinge a

very great quantity of air ; onely this laſt fimilitude is deficient in one

propriety, and that is a perpetuity or continuance in that ſtate ofcom

mixture with the air, but the former does more neerly approach to the

nature and manner of the air's being diffolv'd by this fluid or Ether.

And this Similitude will further hold in theſe proprieties ; that as thoſe

tinctures maybeincreaſed by certain bodies,fo may they be precipitated

by others; as I fhall afterwardsfhew it to be very probable, that the like

accidents happen even tothe Air it ſelf.

Further, as theſe ſolutions and tinctures do alter the nature oftheſe

fluid bodies,as to their aptneſs to propagate a motion or impulfe through

them, even ſo does the particles of the Air, Water, and other fluid bo

dies, and of Glafs, Cryſtal,&c. which are commixt with this bulkofthe

Ether, alterthe motion ofthe propagated pulfe oflight ; that is, where

theſe morebulkie particles are more plentifull, and confequently a leffer

quantity ofthe Etherbetweenthemto be mov'd,there the motion muſt

neceffarily be the fwifter,thoughnotfo robuft, which will produce thofe

effects, which I have (I hope) with fome probability, ascribed to it in

the digreffion about Colours, at the end of the Obfervations on Muf

covy-glaß.

Now, thatother Stones, and thoſe which have the clofeft and hardeſt

textures, and feem (as far as we are able to difcover with our eyes,

thoughhelp'd with thebeft Microscopes) freeft from pores, are yet not

withſtanding repleniſh'd with them; an Inftance or two will, I fuppofe,

make more probable.

A
very folid and unflaw'd piece of cleer white Marble, ifit be well

poliſh'd and glaz'd, has fo curioully fmooth a furface, that thebeſt and

moſt polish'd furface ofany wrought- glafs, feems not to the naked eye,

nor througha Microfcope, to be more fmooth, and lefs porous. And yet,

that this hard cloſe body is replenifh'd with abundance of pores, I think

theſefollowing Experiments will fufficiently prove.

The firft is, That ifyou take fuch a piece, and for a pretty while boy!

it in Turpentine and Oyl ofTurpentine, youfhall find that the ſtone 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 muchmore tranfparent,

and ifyou let it lie but a little while, and then break off a part ofit, you

thall find theunctuous bodyto have penetrated it to fuch a determinate

depth everyway withinthe furface. Thismaybe yet eaſier try'd with a

piece ofthe fame Marble, a little warm'd in the fire,and then a little Pitch

orTarr melted onthetop of it ; for thefe black bodies, bytheir infinu

ating themſelves into the invifible pores ofthe ftone, ting it with fo black

a hue, that there can be no further doubt of the truth of this affertion,

that it abounds withfmall imperceptible pores.

Now, that other bodies will alfo fink into the pores ofMarble, befides

un&uous, I have try'd, and found, that a very Blue tincture made in

Spirit
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Spirit ofUrine would very readily and eaſily ſink into it, as would alfo

feveral tinctures drawn withſpirit ofWine.

Nor is Marble the only feemingly clofe ftone,which by other kinds of

Experiments may be found porous ; for I have bythis kind ofExperi

menton divers other ſtonesfound muchthe fame effect, and in fome, in

deed muchmore notable. Other ftones I have found fo porous, that with

the Microſcope I could perceive ſeveral ſmall winding holes, much like

Worm-holes,as I have noted in fomekind ofPurbeck-ftone, by looking on

thefurface of a piece newly flaw'd off; forif otherwife, the furface has

been long expos'd to the Air, or has been ſcraped with any tool , thoſe

fmall caverns are fill'd with duſt,and diſappear.

Andto confirm this Conjecture, yet further,I fhall here inſert an excel

lent account,given into the Royal Society bythat Eminently LearnedPhy

fician, Doctor Goddard, of an Experiment, not lefs inftructive then curi

ous and accurate, made by himſelf on a very hard and ſeemingly cloſe

ſtone call'd Oculus Mundi, as I find it preferv'd in the Records of that

Honourable Society.

A ſmall ſtone of the kind, call'd by fome Authours, Oculus

Mundi, beingdryand cloudy, weigh'd 5 Grains.

209

256

The fame put under water for a night, and ſomewhat more,

became tranſparent , and the ſuperficies being wiped dry,

weighed 6 Grains.
256

256
The difference between theſe two weights, o of a Grain.

The fame Stone kept out of water one Day and becoming

cloudy again weighed, 5 Graines.

225

256Which was more then the firſt weight, o of a Grain.

The fame being kept twoDays longer weighed, 5 Graines.

Which was less then at firſt, o of a Grain.

202

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, 6 Grains, the fame

with the firſt after putting in water, and more then the laſt

weight after keeping of it dry, o of a Grain.

256

216

Another Stone ofthe famekind being variegated with milky

white and gray likefome forts of Agates, while it lay under water,

was alwaies invironed with little Bubbles, fuch as appear in

water

I
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water a little before boyling , next the fides of the Veffel.

There were alſo fome the like Bubbles on the Surface ofthe

water juſt over it, as it either ſome exhalations came out of it,

or that it did excite fome fermentation in the parts of the water

contiguousto it.

There was little ſenſible difference in the tranſparency ofthis

Stone,before the putting under water, and after : Tobefure the

milky-white parts continued as before, but more difference in

weight then in the former. For whereas before the putting

into the water the weight was 18 Graines. After it had lyen

in about four and twenty hours the weight was 20 Graines, ſo

the difference was, I Graines.

128

8

128

The fameStone was infuſed in the water ſcalding hot, and fo

continued for a while 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.

InwhichExperiment,there are three Obfervables,that feem very mani

feftly to prove the poroufnefs of thefe feemingly clofe bodies : the first

is their acquiring a tranfparency, and lofing their whiteness after ſteeping

in water, which will feemthe more ftronglyto argue it, ifwhat I have

already faid about the making tranſparent, or clarifying offome bodies,

as the white powder of beaten Glafs, and the froth offome glutinous

tranſparent liquor be well confider'd ; for thereby it will ſeem rational

to thinkthat this tranſparency ariſes from the infinuation of the water

(which has muchthe fame refraction with fuch ftony particles, as maybe

diſcoverd by Sand view'd with a Microscope)intothofe pores which were

formerly repleat with air (that has a very differing refraction, and con

fequently is veryreflective) which feems to be confirm'd bythe ſecond

Obfervable, namely, the increaſe ofweight after ſteeping, and decreaſe

upondrying. And thirdly,feem'd yet more fenfibly confirm'd bythe mul

titude ofbubblesin the laſt Experiment.

Wefind alſo moſt Acid Salts very readily to diffolve and feparate the

parts of thisbody one fromanother ; which is yet a further Argument to

confirm the poroufnefs of bodies, and will ferve asfuch, to fhew that

evenGlafs alſo has an abundance ofpores in it,fince there arefeveral li

quors, thatwith long ſtaying in a Glafs, will fo Corrode and eat into it, as

at laſt, to make it pervious to the liquor it contain'd, of which I have

ſeenvery many
Inſtances.

Since therefore we find by other proofs, that many of thoſe bodies

which
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whichwe think the moſt folid ones, and appear fo to our fight, have not

withſtanding abundance of thofe grofler kind ofpores, which will ad

mit ſeveral kinds of liquors into them, whyfhould we not believe that

Glaſs, and all other tranfparent bodies abound withthem, fince we have

many other arguments, befides the propagationof light, whichfeemto

argue for it?

And whereas it maybe objected, that the propagation oflight is no

argument that there are thoſe atomical pores in glafs, fince there are Hy

pothefes plaufible enough to folve thoſe Phenomena, byfuppofingthe

pulfe onely to be communicated throughthe tranfparent body.

To this I answer, that that Hypothefis which the induftrious Moreanus

has publiſh'd about the flower motion of the end ofa Ray in a denfer

medium,thenin a more rare and thin,feems altogether unfufficient to folve

abundance of Phenomena, ofwhich this is not the leaft confiderable,that

it is impoffible from that fuppofition, that any colours ſhould be gene

rated from the refraction ofthe Rays ; for fince by that Hypothefis the

undulatingpulfe is always carried perpendicular, or at right angles with

the Ray or Line of direction, it follows, that the ftroke of the pulfe of

light, after it has been once or twice refracted (through a Priſme,for ex

ample) muſt affect the eye with the famekind of ſtroke as ifit had not

been refracted at all. Nor will it be enoughfor a Defendant ofthat Hy

pothefis, tofay, that perhaps it is becauſe the refractions have made the

Rays moreweak, for if fo, then two refractions in the two parallel fides

ofa Quadrangular Prifme would produce colours, but we have no fuch

Phenomena produc'd.

There are ſeveral Arguments that I could bring to evince that there

are in all tranſparent bodies fuch atomical pores. And that there is ſuch

a fluid body as I am arguingfor, which is the medium, or Inſtrument, by

which the pulfe of Light is convey'd from the lucid body to the en

lightn'd. But that it being a digreffion from the Obfervations I was re

cording, about the Pores of Kettering Stone, it would be too muchfuch,

if I ſhould protract it too long ; and therefore I ſhall proceed to the

next Obfervation.

Obferv. XVI. OfCharcoal, or burnt Vegetables.

CH

Harcoal,or a Vegetable burnt black,affords an object no leſs pleaſant

than inſtructive ; for if you take a ſmall round Charcoal,and break

it ſhort with your fingers, you may perceive it to break with a very

ſmooth and fleck ſurface, almoſt like the ſurface of black fealing Wax;

this furface, if it be look'd on with an ordinary Microscope, does manifeft

abundanceofthofe pores which are alſo viſible to the eye in many kinds

ofWood, rang'd round the pith, both a in kind of circular order, and a

radiant one. Oftheſe there are a multitude inthe fubftance ofthe Coal,

every where almoſt perforating and drilling it from end to end; by

means
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means ofwhich, be the Coal never fo long, you may eaſily blow through

it ; and this you may preſently find,by wetting one end of it with Spittle,

and blowing at the other.

But this is not all, for befides thofe many great and confpicuous irre

gular spots or pores, if a better Microfcope be made ufe of, there will ap

pear an infinite company of exceedingly ſmall, and very regular pores,

fo thick and fo orderly fet, and fo cloſe to one another, that they leave

very little room or frace betweenthemto be fill'd witha folid body, for

the apparent interftitia, or feparating fides oftheſe pores feem fo thin in

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 muchthicker in proportion to the holes.

Moſt oftheſe fmall 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

fecm'd to be continued open pores, running the whole length ofthe

Stick ; and that they were all perforated , I try'd by breaking off a very

thin fliver ofthe Coal cross-ways, andthen with my Microscope,diligent

ly furveying them againſt the light, for by that means I was able to fee

quite throughthem.

Theſe pores were fo exceedingſmall and thick,that in a line of them,

part of an Inch long, I found by numbring them no less then 150.

fmall pores;and therefore in a line of them an Inch long, muſt be no leſs

then 2700. pores, and in a circular area of an Inch diameter, muſt be

about 5725350. of the like pores ; fo that a Stick of an Inch Diameter,

may containe no less then feven hundred andtwenty five thonfand, be

fides 5 Millions of pores,whichwould, I doubt not, feem even incredible,

werenot every one left to believe his own eyes. Nay, having fince ex

amin'd Cocus, black andgreen Ebony, Lignum Vita, &c. I found, that all

thefe Woods have their pores, abundantly ſmallerthen thoſe of ſoft light

Wood; info much, that thoſe of Guajacum ſeem'd not above aneighth

part of the bigness of the pores of Beech, but then the Interftitia were

thicker ; fo prodigiouſly curious are the contrivances, pipes, or fluces by

which the Succus nutritius, or Juyce ofa Vegetable is convey'd from

place to place.

This Obfervation feems to afford us the true reaſon of ſeveral Phe

nomena ofCoals ; as

1

Firſt, whythey look black; and for this we need go no furtherthen

the scheme, for certainly, abody that has fo many pores in it as this is dif

cover'dtohave, from each ofwhich no light is reflected, muft neceffarily

look black, eſpecially, when the pores are fomewhat bigger inproporti

on tothe intervals then they are cut in the Scheme, black being nothing

elfebut a privation of Light, or a want of reflection ; and wherefover

this reflecting quality is deficient , there does that part look black, whe

ther it befrom a poroufnefs ofthebody, asinthisInftance,or in a deadning

and dulling quality, fuch as I have obferv'd in the Scoria of Lead, Tin,

Silver, Copper,&c.

Next, we may alſo as plainly fee the reafon of its ſhining quality, and

that
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that is from the even breaking off of the ſtick, the folid interſtitia

having a regular termination or furface, and having a pretty ſtrong re

flecting quality, the many ſmall reflections become united tothe naked

eye, and make a very pretty fhining furface.

Thirdly,thereaſon ofits hardness and brittleneſs ſeems evident,forfince

all the wateryor liquid fubftance that moiſtn'd and toughn'd thoſe Inter

ftitia ofthe more folid parts, are evaporated and remov'd, that which

is left hehind becomes ofthe nature almoſt of a ſtone, which will not at

all, or very little,bend without a divulfion orfolution of its continuity.

It is not my deſign at prefent, to examine the uſe and Mechaniſme of

thefe parts ofWood, that being more proper to another Enquiry ; but

rather to hint, that from this Experiment we may learn,

Firſt, what is the cauſe ofthe blackness of many burnt bodies, which

wemay find to be nothing else but this ; that the heat ofthe fire agi

tating and rarifying the waterish, transparent, 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 was difpers'd

alſo through the folid maſs of it, and thereby caus'd an univerſal kind of

transparency, that it not onely leaves all the pores empty, but all theIn

terftitia alfo fo dry and opacows, and perhaps alfo yet further perforated,

that that light onely is reflected back which falls upon the very outward

edgesofthe pores, all theythat enter into the pores of the body, never

returning, but being loft in it.

Now, that the Charring or coaling of a body is nothing else, may
be

eafily believ'd by one that ſhall confider the means of its production,

which may be done after this, or any fuch manner. The body tobe

charr'd or coal'd, may be putinto a Crucible,Pot,or any otherVeſel that

will endure to be made red-hot in the Fire without breaking, and then

cover'd over with Sand, fo as no part of it be fuffer'd to be opentothe

Air, thenfet into a good Fire, and there kept till the Sand has continu'd

red hotfor a quarter, half, an hour or two, or more, according to the

nature and bignefs ofthe bodytobe coal'd or charr'd, thentaking it out

ofthe Fire,and letting it ſtand till it be quite cold,the bodymaybetaken

out ofthe Sand well charr'd and cleans'd ofits waterish parts; but in the

taking ofit out, care muſt be had that the Sand be very neer cold, for

elfe, when it comes into the free air, it will take fire, and readily burn

away.

This maybe done alfo in any clofe Veffel of Glaſs, as,a Retort, or the

like, and the feveral fluid fubſtances that come over may be receiv'd in

a fit Recipient, which will yet further countenance this Hypothefis : And

their manner ofcharringWoodin great quantity comesmuch tothefame

thing, namely, an application of a great heat tothe body, and preferving

it from the free accefs ofthe devouring air ; this may be easily learn'd

from the Hiſtory of Charring of Coal, moft excellently defcrib'd and

publish'd by that moft accompliſh'd Gentleman, Mr. John Evelin, in the

100, 101, 103, pages of his Sylva , to which I fhall therefore refer the cu

rious Reader that defires a full information ofit.

I

1

Next
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Next, we may learn what part ofthe Wood it is that is the combustible

matter ; for fince we ſhall find that none, or very little ofthoſe fluidſub

ſtances that are driven over into the Receiver are combustible, and that

moſt ofthat which is left behind is fo, it follows, that the folid interftitia

ofthe Wood are the combustible matter. Further, the reaſon whyun

charr'dWoodburns with a greater flame then that which is charr'd, is as

evident, becauſe thoſe waterish or volatil parts ifluing out ofthe fired

Wood, everyway, not onely fhatter and open the body, the better for

thefire to enter, but iffuing out in vapours or wind, they become like

fomany little aolipiles, or Bellows, whereby they blow and agitate the

fir'd part, and conduce to the moreſpeedy and violent conſumption or

diffolution of the body.

Thirdly, from the Experiment ofcharring of Coals (whereby we fee

that notwithſtanding the great heat, and the duration of it, the folid

parts oftheWood remain, whileft they are preferv'd fromthe free acceſs

ofthe air undiffipated) we may learn,that which has not,that I know of,

been publish'd or hinted, nay, not fo much as thought of, by any ; and

that inſhort is this.

First, thatthe Air in which we live, move, and breath, and which en

compaffes very many, and cheriſhes moft bodies it encompaſſes, that this

Air is the menftruum,or univerfal diffolvent of all Sulphureous bodies.

Secondly, that this action it performs not, till the body be firſt fuffi

ciently heated, as we find requifite alſo to the diffolution ofmanyother

bodies by feveral other menftruums.

Thirdly, that this action of diffolution, produces or generates a very

great heat,and that which we callFire ; and this is common alfo tomany

diffolutions ofother bodies, made by menftruums, ofwhich I could give

multitudes of Inſtances.

Fourthly, that this action is perform'd with fo great a violence, and

does fo minutely act, and rapidly agitate the ſmalleſt parts ofthe com

bustible matter, that it produces in the diaphanous medium of the Air, the

action or pulfe of light,which what it is, I have elfe-where already ſhewn.

Fifthly,that the diffolution of fulphureous bodies is made by aſubſtance

inherent, and mixt with the Air, that is like, if not the veryfame, with

that which is fixt in Salt-peter, which bymultitudes ofExperiments that

may bemade with saltpeter,will, I think,moft evidently bedemonſtrated.

Sixthly, that inthis diſſolution ofbodies by the Air, a certain part is

united and mixt, or diffolv'd and turn'd into the Air, and made to flyup

and down with it in the fame manner as a metalline or other body dif

folv'd into any menftruums, does follow the motions and progreſſes of

that menftruum till it be precipitated.

Seventhly,Thatas there is one part that is diffoluble by the Air,fo are

there other parts with which the parts ofthe Air mixing and uniting,

do make a Coagulum, or precipitation, as one may call it, which caufes

it to be feparated from the Air, but this precipitate is fo light, and in

fo fmall andrarify'd orporous cluſters, that it is very volatil, and is eaſily

carry'dupbythe motion ofthe Air,though afterwards,when the heat and

agitation
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agitationthat kept it rarify'd ceaſes,it eafily condenfes,and commixt with

other indiffoluble parts, it ſticks and adheres to the next bodies it meets

withall ; and this is a certain Salt that may be extracted out ofSoot.

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, are thereby thruſt and carry'd upwards

withgreat violence, and bythat means carry along with them, not onely

that Saline concrete I mention'd before, but many terreſtrial, or indif

ſoluble and irrarefiableparts, nay, many parts alfo which are diſſoluble,

but are not ſuffer'd to ftay long enough in a fufficient heat to makethem

prompt and aptfor that action. And therefore we find in soot, not onely

a part, that being continued longer in a competent heat, will be dif

folv'd bythe Air, or take fire andburn ; but a part alſo which is fixt, ter

reftrial, and irrarefiable.

Ninthly, that as there are theſe ſeveral parts that will rarifie and fly,

or be driven upbythe heat, fo are there many others, that as they are

indiffoluble bythe aerial menftruum,fo are they offuch fluggiſh andgrofs

parts, that they are not eafily rarify'd by heat, and therefore cannot be

rais'd by it ;the volatility or fixtnefs ofa body feeming to confiſt only in

this, that the one is of a texture, or has component parts that will be

eafily rarify'd into the form of Air, and the other, that it has ſuch as will

not,without muchado,be brought to fuch a conftitution ; and this is that

part which remains behind in a white body call'd Aſhes, which contains

a fubftance,or Salt,which Chymifts call Alkali:what the particular natures

of each oftheſe bodies are, I fhall not here examine, intending it inan

other place,but ſhall rather add that this Hypothefis does ſo exactly agree

with all Phanomena of Fire, and fogenuinely explicate each particular

circumſtance that I have hitherto obferv'd , that it is more then probable,

that this cauſe which I have affign'd is the true adequate, real, and onely

cauſe of thoſe Phanomena ; And therefore I fhall proceed a little fur

ther, to fhewthe nature and uſe ofthe Air.

Tenthly,therefore the diffolving parts ofthe Air are but few,that is,it

feems ofthe nature of thoſe Saline menftruums, or ſpirits, that have very

much flegme mixt with the ſpirits, and therefore a ſmall parcel of it is

quickly glutted, and will diffolve no more ; and therefore unleſs fome

freſhpart ofthis menftruum be apply'd tothe body to be diffolv'd, the

action ceaſes, and the body leaves tobe diffolv'd and to fhine, which is

the Indication of it, though plac'd or kept inthe greateſt heat ; whereas

Salt-peter is a menftruum, when melted and red-hot, that abounds more

with thofe Diffolvent particles, and therefore as a fmall quantity of it

will diffolve a great fulphureous body, fo will the diffolution be very

quick and violent.

Therefore in the Eleventh place, it is obfervable, that, as in other

folutions, ifa copious and quick fupply of fresh menftruum , though but

weak, be poured on, or applied to the diffoluble body, it quickly con

fumes it : Sothis menftruum ofthe Air, ifby Bellows, or any otherfuch

contrivance, it be copiously apply'd to the fhining body, is found to

diffolve



MICROGRAPHIA.

105

diffolve it as foon, and as violently as the more ftrong menftruum of

melted Nitre.

Therefore twelfthly, it ſeems reaſonable to think that there is no fuch

thing as an Element of Fire that ſhould attract or drawup the flame, or

towards which the flame ſhould endeavour to afcend out ofa defire or

appetite ofuniting with that as its Homogeneal primitive and generating

Element ; but that that shining tranfient body which we call Flame, is

nothing elſe but a mixture ofAir, and volatil fulphureous parts of diffo

luble or combuſtible bodies, which are acting upon each other whilſt

they afcend, that is, flame feems to be a mixture ofAir, and the com

buftible volatil parts ofany body, which parts the encompaffing Air

does diffolve orworkupon,which action, as it does intend the heat ofthe

aerial parts ofthe diffolvent,fo does it thereby further rarifie thoſe parts

that are acting, or that are very neer them, whereby they growing much

lighterthenthe heavie parts of that Menftruum that are more remote,are

thereby protruded and driven upward ; and this may be eaſily obſerv'd

alfo in diflolutions made by any other menftruum, eſpecially fuch as either

create heat or bubbles. Now, this action ofthe Menftuum, or Air, on the

diffoluble parts, is made with fuch violence, or is fuch, that it imparts

fuch a motion or pulfe to the diaphanous parts of the Air, as I have elfe

wherefhewn is requifite toproduce light.

This Hypothefis Ihave endeavoured to raiſe from an Infinite ofObſer

vations and Experiments, the process ofwhich would be muchtoolong

tobe here inferted, and will perhaps another time afford matter copious

enough for a much larger Difcourfe , the Air being a Subject which

(thoughall the world has hitherto liv'd and breath'd in,and beenuncon

verfant about)has yet been fo little truly examin'd or explain'd,that a di

ligent enquirer will be able to find but very little information from what

has been (till oflate) written of it : But being once well underſtood, it

will, I doubt not, inable a man to render an intelligible, nay probable, if

not the true reaſon ofall the Phanomena of Fire, which, as it has been

found byWriters and Philofophers of all Ages a matter ofno ſmall dif

ficulty, as may be fufficiently underſtood by their ſtrange Hypothefes, and

unintelligible Solutions offome few Phanomena ofit ; fo will it prove a

matter of noſmall concern and uſe in humane affairs, as I fhall elsewhere

endeavour to manifeft when I come to fhew the uſe of the Air in refpi

ration, andfor the preſervation of the life, nay, for the confervation and

reftauration ofthe health and natural conftitution of mankind as well as

all other aereal animals, as alſo the uſes 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 clfewhere profecute, improve and publiſh. In the

meantime, before I finish this Difcourfe, I muſt not forget to acquaintthe

Reader,that having had the liberty granted me ofmaking fome trials on

a piece of Lignumfofile fhewn to the Royal Society, by the eminently

Ingenious and Learned Phyſician, Doctor Ent, who receiv'd it for a Pre

fent from the famous Ingeniofo Cavalliero de Pozzi, it being one ofthe faireft

and
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and beſt pieces of Lignum foffile he had feen ; Having (I ſay) taken a

fmall piece ofthisWood, and examin'd it, I found it to burn intheopen

Air almoſt like otherWood, and infteed of a refinous fmoak or fume,

it yielded a very bituminous one, ſmelling much of that kind of fent : But

that which I chiefly took notice of, was, that cutting off a ſmall piece of

it, about the bignefs of my Thumb, and charring it in a Crucible with

Sand, after themanner I above prefcrib'd, I found it infinitely to abound

withthe ſmaller fort ofpores, fo extreme thick, and fo regularlyperfo

rating the ſubſtance ofit long-ways, that breaking it offa-crofs, I found

it to look very like an Honey-comb; but as for any of the fecond, or

bigger kind ofpores, I could not find that it had any ; ſo that it ſeems,

whatever were the cauſe of its production, it was not without thoſe

fmall kind ofporeswhichwe have onely hithertofound in Vegetable bo

dies :and comparing them withthe pores whichI have found in theChar

coals that Iby this means made offeveral other kinds ofWood, I find it

reſemble noneſo much as thoſe ofFirr, to which it is not much unlike in

grain alſo, andſeveral other proprieties.

Andtherefore,what ever is byfome, who have written ofit,and parti

cularly byFrancifco Stelluto,who wrote a Treatife in Italian of that Sub

ject,which was Printed at Rome, 1637. affirm'd that it is a certain kind of

Clayor Earth, which in tract oftime is turn'd intoWood,I rather fufpect

the quite contrary, that it was at firſt certain great Trees of Fir or Pine,

whichby fome Earthquake, or other cafualty, cameto be buried under

the Earth,and was there,after a long time's refidence(according tothefe

veral natures ofthe encompafling adjacent parts)either rotted and turn'd

into a kind of Clay, or petrify'd and turn'd into a kind ofStone, or elfe

had its pores fill'd with certain Mineral juices,which being ſtayd in them,

and in tract oftime coagulated, appear'd, upon cleaving out,like ſmall

MetalineWires, or elſe from fome flames or fcorching forms that are the

occafion oftentimes,and ufually accompanyEarthquakes,might be blaſted

and turn'd into Coal, or elfe from certainfubterraneous fires which are

affirm'd by that Authour to abound much about thoſe parts (namely, in

a Province of Italy, call'd Umbria, now the Dutchie of Spoletto, in the

Territory ofTodi,anciently call'd Tudor;and betweenthetwo Villages of

Collefecco and Rofare not far diſtant from the high-way leading to Rome,

where it is foundin greater quantity then elsewhere)areby reafon oftheir

being encompaffed with Earth, andfo kept clofe fromthe diffolving Air,

charr'd and converted into Coal. Itwould be too longa work to de

fcribe the ſeveral kinds ofpores which I met withall, and by this means

diſcovered in ſeveral otherVegetable bodies ; nor is it my preſent defign

to expatiate upon Inftances of the fame kind, but rather to give a Spe

cimen of as many kinds as I havehad opportunity as yet of obferving, re

ferving the profecution and enlarging on particulars till a more fit op

portunity ; and in proſecution ofthis defign, I fhall here add :

Obferv.
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Obferv. XVII. OfPetrify'd wood, andother Petrify'd bodies.

this fort of fubftance, I obferv'd feveral pieces of very differing

fhape,

nefs, &c. fome being brown and rediſh , others gray, like a Hone ; others

black, and Flint-like : fome foft,like a Slate or Whetſtone, others as hard

as a Flint, and as brittle. That which I more particular examin'd,was a

piece aboutthe bigness of a mans hand, whichfeem'd tohavebeen a part

of fome large tree, that by rottenneſs had been broken offfrom it before

it began tobepetrify d.

And indeed, all that I have yetfeen, feem to have been rottenWood

before the petrifaction was begun ; and not long fince, examining and

viewing a huge great Oak, that ſeem'd with meer age to be rotten as it

ftood, I was very much confirm'd in this opinion ; for I found, that the

grain, colour, and ſhape ofthe Wood, was exactly like this petrify'dfub

itance ; and with a Microscope, I found, that all thofe Microfcopical pores,

which in fappyor firm and found Wood are fill'd with the natural orin

nate juices of thofe Vegetables, in this they were all empty, like thofe

ofVegetables charr'd ; but with this difference, that they feem'd much

largerthen I have ſeen any in Char-coals ; nay, even then thoſe of Coals

made ofgreat blocks ofTimber, which are commonly call'd old-coals.

Thereaſon of which difference may probably be, that the charringof

Vegetables, being an operation quickly perform'd,and whileft theWood

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 waſh'd awayby adventitious

or unnatural moiſture ; and fo though the natural juice be wafted from

between the firm parts, yet thoſe parts are kept afunder by the adventi

tions moyſtures, and fo by degrees fettled in thoſe poſtures.

And this I likewife found in the petrify'd Wood, that the poreswere

fomewat biggerthen thofe ofCharcoal, cach pore being neer upon half

as bigg again, but they did not bear that difproportion which is expreft

in the tenth Scheme, between the fmall fpecks or pores in the firſt Fi

gure (which reprefenteth the pores ofCoal or Wood charr'd) and the

black ſpots of the fecond Figure (which repreſent the like Microſcopical

pores inthepetrify'dWood) for thefe laſt were drawn by a Microſcope that

magnify'dthe object above fix times more in Diameter then the Micro

fcope by whichthofe pores of Coal were obſerv'd.

Now, thoughthey were a little bigger, yet did they keep the exact

figure and order of the pores of Coals and ofrotten Wood, which laſt

alſo were much of the fame cize.

The other Obfervations on this petrify' d ſubſtance, that a while fince,

bythe appointment ofthe Royal Society, I made, and prefented to them

anaccount of, were theſe that follow, which had the honour done them

by



108
MICROGRAPHIA

.

bythe moſt accompliſh'd Mr. Evelin, my highly honour'd friend, to be

inferted and publiſhed among thoſe excellent Obfervations wherewith

his Sylva is repleniſh'd, and would therefore have been here omitted,had

not the Figure of them, as they appear'd through the Microſcope been

before that engraven.

This Petrify'd fubftance reſembled Wood, in that

Firſt, all the parts of it feem'd not at all diflocated, or alter'd from

their natural Pofition, whil'ft they were Wood, but the whole piece re

tain'd the exact ſhape ofWood, having many of the confpicuous pores

ofwood ſtill remaining pores, and fhewing a manifeſt difference vifible

enoughbetween the grain ofthe Wood and that of the bark, eſpecially

when any fide ofit was cut fmoothand polite ; for then it appear'd to

have a very lovely grain, like that of fome curious cloſe Wood.

Next (it reſembledWood) in that all the ſmaller and (ifI mayfo call

thoſe which are onely viſible with a good magnifying Glass) Microscopi

cal pores of it appear(both when the fubftance is cut and polifh'd tranf

verfly and parallel to the pores of it) perfectly like the Microscopicalpores

offeveral kinds ofWood, eſpecially like and equal to thofe offeveral

forts ofrotten Wood which I have fince obferv'd, retaining both the

fhape,pofition and magnitude of fuch pores. It was differing fromWood :

First, in weight, being to common water as 34 to 1. whereas there are

few of our English Woods, that when very dry are found to be full as

heavie as water.

Secondly, in hardneß,being very neer as hard as a Flint ; and in fome

places of it alſo reſembling the grain of a Flint : and, like it, it would

very readily cut Glafs, and would not without difficulty, eſpecially in

fome parts of it, be fcratch'd by a black hard Flint : It would alfo as rea

dily ftrike fire againſt a Steel, or againſt a Flint, as any common Flint.

Thirdly, in the closeness of it, for though all the Microſcopical pores of

this petrify'd fubftance were very confpicuous in one pofition ,yet by al

tering that poſition ofthe poliſh'd furface to the light, it was alfo mani

feft, that thoſe pores appear'd darker then the reſt of the body, onely

becauſe they were fill'd up with a more duſkie ſubſtance, and not be

cauſe they were hollow.

;
Fourthly, in its incombustibleneß, in that it would not burn in the fire

nay,though I kept it a good while red-hot inthe flame ofa Lamp, made

very intense bythe blaſt of a ſmall Pipe, and a large Charcoal, yet it

feem'd not at all to have diminiſh'd its extenfion ; but only I found it to

have chang'd its colour, and to appear of a more dark and duſkiebrown

colour ; nor could I perceive that thofe parts which feem'd to havebeen

Wood at first, were any thing wafted, but the parts appear'd as folid and

clofe as before. It was further obfervable alſo, that as it did not confume

like Wood, fo neither did it crack and flie like a Flint, or fuch like hard

Stone, nor was it long before it appear'd red-hot.

Fifthly, in its diffolubleneß ; for putting fome drops of diftill'd Vinegar

uponthe Stone, I found it prefently to yield very many Bubbles, juſt like

thoſe which maybe obferv'd in ſpirit ofVinegar when it corrodes corals,

though

1

1

1
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though perhaps many of thoſe fmall Bubbles might proceed from fome

fmall parcels ofAir which were driven out ofthe pores of this petrify'd

ſubſtance bythe infinuating liquid menftruum.

Sixthly, in its rigidneſs 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 ofit, and with a few more, reduce that into a pretty

fine powder.

Seventhly, it ſeem'd alfo very differing fromWood tothe touch,feel

ingmore cold then Wood uſually does, and much like other cloſe ſtones

and Minerals.

The Reaſons ofall which Phanomena ſeem to be,

That thispetrify'd Wood having lain in fome place where it waswell

foak'd withpetrifying water (that is, fuch a water as is well impregnated

with ftony and earthy particles) did by degreesſeparate,either byſtrain

ing and filtration, or perhaps,byprecipitation, cohesion or coagulation,abun

dance of frony particles from the permeating water, which ſtony par

ticles,beingby means ofthe fluid vehicle convey d,not onely into the Mi

crofcopicalpores, and ſo perfectly ſtoping them up, but alfo into the pores

or interftitia,which may, perhaps, be even inthe texture or Schematiſme

of that part oftheWood,which, through the Microscope,appears moftfo

lid, do thereby fo augment the weight of theWood, 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 theWood, that

the firecannot easily make them flie away but the action ofthefire upon

them is onely able toChar thofe parts, as it were, like a piece ofWood,if

it be clos'd very faft upin Clay,and kept a good while red-hot in the fire,

will bythe heat of the fire be charr'd and not confum'd, which may, per

haps, alſobe ſomewhat of the caufe, why thepetrify'dfubſtance appear'd

ofa dark brown colour after it had been burnt.

By this intrusion of thepetrifying particles, this fubftance alfo becomes

hard and friable; for the ſmaller pores of the Wood being perfectly

wedg'd, and ſtuft up with thoſe ftony particles, the ſmall parts of the

Wood have no places or pores into which they may flide uponbending,

and confequently little or no flexion or yielding at all can be caus'd in

ſuch a ſubſtance.

The remaining particles likewife of the Wood among the ſtony par

ticles, may keep them from cracking and flying when put intothe fire,

as they are very apt to doin a Flint.

Nor is Wood the onely fubftance that may by this kind oftranſmuta

tion be chang'd into ftone ; for I my ſelfhave ſeen and examin'd very

many kinds of fubftances, and among very credible Authours, we may

meet with Hiſtories of fuch Metamorphofes wrought almoft on all kind

offubftances, both Vegetable and Animal, which Hiftories, it is not my

buſineſs at preſent, either to relate, or epitomife, but only to fet down

fome Obſervation I lately made on feveral kind ofpetrify'd Shels,found

about Keinſbam, which lies within four or five miles of Bristol, whichare

commonly call'd serpentinc-ftones.
Exami
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Examining feve:al of thefe very curioufly figur'd bodies (which are

commonly thought to be Stones form'd byfome extraordinary Plaftick

virtue latent inthe Earth it felf) I took notice oftheſe particulars :

Firft, that theſe figured bodies, or ſtones, were ofvery differingfub

ftances, as to hardness : fome of Clay, fome Marle, fome foft Stone, al

moſt ofthe hardneſs of thoſe ſoft ſtones which Mafons call Fire-ftone,

others as hard as Portland ſtone, others as hard as Marble, and fome as

hard a a Flint or Cryſtal.

Next, they were of very differing fubftances as to tranſparency and

colour ; fome white, fome almoſt black, fome brown, fome Metalline, or

like Marchafites ; fome tranfparent like white Marble, others like flaw'd

Cryſtal,fome gray, fome ofdivers colours ; fome radiated like theſe long

petrify'd drops, which are commonly found at the Peak, and in other

fubterraneous caverns, which have a kind ofpith in the middle.

Thirdly, that they were very different as to the manner of their out

ward figuration ; for fome of them feem'd to have been the fubftance

that had fill'd the Shell offome kind of Shel-fish ; others, to have been

the ſubſtance that had contain'd or enwrapp'd one of thofe Shels,onboth

which,the perfect impreffion either ofthe infide or outfide of fuch Shells

feem'd to be left, but for the moſt part, thofe impreffions feem'd to be

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, juſt as ifthere had been holes

broken in the figurating, imprinting or moulding Shell ; fome ofthem

feem. d to be made byfuch a Shell very much brufed or flaw'd, infomuch

that one would verily have thought that very figur'd ſtone had been

broken or bruſed whilſt a gelly, as 'twere, and fo hardned, but within

in the grain of the ftone, there appear'd not the leaſt ſign of any fuch

bruſe or breaking, but onely on the very uttermoft fuperficies.

Fourthly, they werevery different,as to their outward covering fome

having the perfect Shell, both in figure, colour, and ſubſtance, ſticking

on upon its furface, and adhering to it, but might very eaſily be fepa

rated from it, and like other common Cockle or Scolop -fhels, whichfome of

them moſt accurately reſembled,were very difloluble in common Vinegar,

others of them,efpecially thofe Serpentine, or Helicalftones were cover'd

or retained the fhining or Pearl-colour'd ſubſtance ofthe inſide of a Shel,

whichſubſtance, onfome parts of them, was exceeding thin, and might

very eaſily be rubbed off; on other parts it was pretty thick, and re

tained a white coat, or flaky fubftance on the top, juſt like the outfides

offuch Shells ; fome of them had very large pieces of the Shell very

plainly ſticking on to them, which were eafily to be broken or flaked off

by degrees : they likewife, fome ofthem retain'd all along the furface of

them very pretty kind offutures, fuch as are obſerv'd in the fkulls offe

veral kinds of living creatures, which futures were moſt curiouſly ſhap'd

in the manner ofleaves, and every one ofthem in the fame Shell, exactly

one like another, which I was able to diſcover plainly enoughwithmy

naked eye, but more perfectly and diftinctly with my Microfcope ; all

theſe
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theſe futures, by breaking fome oftheſe ſtones,I found to be the termini,

or boundings of certain diaphragms,or partitions,which feem'd to divide

the cavity ofthe Shell into a multitude of very proportionate and regu

lar cells or caverns, theſe Diaphragms, in many ofthem, Ifound very per

fect and compleat, ofa very diftinct fubftance from that whichfill'd the

cavities, and exactly of the fame kind with that which covered the out

fide, being for themoſt part whitish, or mother-of-pearl colour'd.

As for the cavities between thofe Diaphragms, I found fome ofthem

fill'd withMarle, and others with ſeveral kinds of ſtones, others, for the

moſt part hollow, onely the whole cavity was ufually covered over

with a kind of tartareons petrify'd ſubſtance, which ſtuck about the fides ,

and was there ſhot into very curious regular Figures, juſt as Tartar, or

other diffolv'd Salts are obferv'd to ſtick and crystallize about the fides of

the containing Veflels ; or like thofe little Diamants which I before ob

ferved to have covered the vaulted cavity of a Flint ; others had theſe

cavities all lin'd with a kind of metalline or marchafite-like fubſtance,

which with a Microfcope I could as plainly fee moft curiously and

larly figured, as I had done thofein a Flint.

regu

From all which, and ſeveral other particulars which I obferv'd, I can

not but think, that all thefe, and moſt other kinds of ftony bodies which

are found thus ſtrangely figured,do owe their formation and figuration,

notto any kind ofPlaftick virtue inherent in the earth, but to the Shells

of certain Shel-fishes, which, either byfome Deluge, Inundation, Earth

quake, or fomefuch other means, cameto bethrown to that place, and

there to be fill'd with ſome kind ofMudd or Clay, or petrifying Water,

or fome other fubftance, which in tract of time has been fettled toge

therand hardned in thofe fhelly moulds into thofe fhaped fubftances we

nowfind them ; that the great and thinend oftheſe Shells by that Earth

quake, or what ever other extraordinay cauſe it wasthat brought them

thither, wasbroken off; and that many others were otherwife broken,

bruifed and disfigured ; that theſe Shells which are thusfpirallied and fe

parated withDiaphragmes,were fome kind of Nautili or Porcelane fhells;

and that others were fhells of Cockles, Muscles,Periwincles, Scolops,&c. of

various forts ; that theſe Shells in many,from the particular nature ofthe

containing or enclos'd Earth, or fome other caufe, have in tract oftime

rotted and mouldred away, and onely left their impreffions, both onthe

containing and contained fubftances ; and fo left them pretty loofeone

within another, fothat they may be eaſily ſeparated by a knock or two

ofa Hammer. That others of thefe Shells, according to the nature

ofthe ſubſtances adjacent to them, have, by a long continuance in

that poſture, been petrify'd and turn'd into the nature ofſtone, juſt as I

evennow obſerv'd feveral forts ofWoodto 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 tranfla

ted to another, which I have very frequently obferv'd in Cockle, Muscle,

Periwincle, and other fhells, which I have found by the Sea fide. Nay,

further thatfome parts of the fame Shell may be fill'd in one place, and

fome
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fomeother 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 oftheſepe

trify'd Shells,and perhaps all theſe differing from the encompaffing earth

or ſtone ; the means how all which varietiesmay be caus'd, I think, will

not be difficult to conceive, to any one that has taken notice of thoſe

Shells, which are commonly found on the Sea fhore : Andhe that ſhall

throughly examine feveral kinds of fuch curiouſly form'd ſtones,will (I

am very apt to think) find reaſon tofuppofe their generation or forma

tion to be afcribable to fome fuch accidents as I have mention'd, and

not to any Plaftick virtue : For it ſeems to me quite contrary to the in

finite prudence ofNature, which is obfervable in all itsworks and pro

ductions, to defign every thing to a determinate end, and for the attain

ing of that end, makes ufe offuch ways as are (as farr as the knowledge

of man has yet been able to reach ) altogether confonant, and moſt

agreeable to man's reaſon, and of no way or means that does contradict,

or is contrary to humane Ratiocination ; whence it has a longtimebeen

a general obſervation and maxime, that Nature does nothing in vain; It

feems, I fay, contrary to that great Wiſdom ofNature, that theſe prettily

fhap'd bodies ſhould have all thoſe 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

fuch a form ; which he that ſhall throughly confider all the circumſtances

offuch kind of Figur'd bodies, will, I think, have great reaſon 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 ſtones were collected ; and as many par

ticulars, circumſtances, and informations collected withthem as could be

obtained, that from fuch a Hiftory of Obſervations well rang'd, ex

amin'd and digeſted, the true original or production of all thofe kinds

offtones might be perfectly and furely known ; fuch as are Thunder

ftones, Lapides Stellares, Lapides Judaici,and multitudes of other, where

of mention is made in Aldrovandus Wormius, and other Writers of

Minerals.

Obferv. XVIII. Ofthe Schematiſme or Texture of Cork, and

ofthe Cells and Pores offome otherfuchfrothy Bodies.

I a

Took a good clear piece ofCork, and with a Pen-knife sharpen'd as

keen as a Razor, I cut a piece of it off, and thereby left theſurface of

it exceeding ſmooth, then examining it very diligently with a Micro

Scope, me thought I could perceive it to appear a little porous; but I

could not fo plainly diſtinguiſh them, as to befure that they werepores,

much less what Figure they were of: But judging from the lightneſs and

yielding quality of the Cork, that certainly the texture could not befo

curious,
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curious, but that poffibly, if I could ufe fome further diligence, I might

find it to be difcernable with a Microfcope, I with the fame fharp Pen

knife, cut offfrom the former fmooth furface an exceeding thin piece of

it, and placing it on a black object Plate, becauſe it was it felf a white

body, and cafting the light on it with a deep plano-convex Glaſs, I could

exceeding plainly perceive it tobe all perforated and porous,much like

a Honey-comb,but that the porcs of it were not regular ; yet it was not

unlike a Honey-comb in thefe particulars.

Firſt, in that it had a very little folid ſubſtance, in comparison ofthe

empty cavity that was contain'd between, as does more manifeftly appear

bythe Figure A and B ofthe XI. Scheme, for the Interftitia, or walls

(as I may fo call them) or partitions of thofe pores were neer as thin in

proportion to their pores, as thofe thin films ofWax in a Honey-comb

(which encloſe and conftitute thefexangular cells) are to theirs.

Next, in that theſe pores, or cells, were not very deep, but confifted

of a great many little Boxes, feparated out of one continued long pore,

bycertain Diaphragms, as is vilible by the Figure B, which reprefents a

fight of thofe pores fplit the long-ways.

I no fooner difcern'd thefe ( which were indeedthe first microscopical

pores I ever faw, andperhaps,that were everfeen, for I had not met with

Writer or Perfon, that had made any mention of them before this)

but methought I had with the difcovery of them, preſently hinted to me

the true and intelligible reafon ofall the Phenomena ofCork ; As,

any

Firſt, if I enquir'd why it was fo exceeding light a body? my Micro

fcopecould prefently informmethat here wasthe fame reafon evident that

there is found for the lightness of froth, an empty Honey- comb, Wool,

a Spunge, a Pumice-ftone, orthe like ; namely, a very fmall quantity ofa

folid body, extended into exceeding large dimenſions.

Next, it feem'd nothing more difficult to give an intelligible reaſon,

whyCork is a body ſo very unapt to fuck and drink in Water, and con

fequently preferves it felf, floating on the top ofWater, though left on it

never fo long: and why it is able to ſtop and hold air in a Bottle,though

it be there very much condens'd and confequently preffes very ſtrongly

to get a paflage out, without fuffering the leaft bubble to pass through

its fubftance. For, as to the firſt, fince our Microſcope informs us that the

ſubſtance ofCork is altogether fill'd with Air, and that that Air is per

fectly encloſed in little Boxes or Cells diftinct from one another. It ſeems

very plain, why neither theWater, nor any other Air can eaſily infinu

ate it felfinto them, fince there is already within them an intus exiftens,

and confequently, why the pieces of Cork become fo good floats for

Nets, and ſtopples for Viols, or other cloſe Veflels.

Andthirdly, if we enquirewhy Cork has ſuch a ſpringiness andſwel

ling nature whem compreis'd ? and how it comes tofuffer fo great acom

preffion, or feeming penetration ofdimenfions, fo as to be made a fub

ftance as heavie again and more, bulk for bulk, as it was before compref

fion, and yet fuffer'd to return, is found to extend it felfagain into the

fame space? Our Microfcope will eafily inform us, that the whole mals

R confifts
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confifts of an infinite company offmall Boxes or Bladders ofAir, which

is a ſubſtance of a ſpringy nature, and that will fuffer a confiderable con

denſation (as I have feveral times found by divers trials, by which I have

moftevidently condens'd it into lefs then a twentieth part ofits ufual di

menſions neer the Earth, and that with no other ſtrengththen that ofmy

hands without any kind offorcing Engine,fuch as Racks, Leavers,Wheels,

Pullies, or the like, but this onelyby and by) and befides, it ſeemsvery

probable that thoſe very films or fides of thepores,haveinthemafpring

ing quality, as almoſt all other kind of Vegetable ſubſtances have, ſo as

to help toreſtore themſelves to their former pofition.

And could we ſo eaſily and certainly difcover the Schematiſme and

Texture even of theſe films,and of feveral other bodies,as we can theſe of

Cork; therefeems no probable reaſon tothe contrary, but that we might

as readily render the true reafon of all their Phenomena; as namely,what

were the cauſe ofthe ſpringiness, and toughness offome, both as to their

flexibility and reftitution. What, of the friability or brittleneſs of ſome

others, and the like ; but till fuch time as our Microſcope, or fome other

means,enable us to discoverthe true Schematiſm andTexture of all kinds

of bodies, we muſt grope, as it were, in the dark, and onely ghefs at the

true,reaſons ofthings by fimilitudes and compariſons.

But, to return to our Obfervation. I told feveral lines of thefe

pores, and found that there were uſually about threescore of theſe ſmall

Cells placed end-ways in the eighteenth part ofan Inch in length,whence

I concluded there muſt be neer eleven hundred ofthem, or ſomewhat

morethena thouſand in the length ofan Inch, and therefore in a ſquare

Inch above a Million, or 1166400. and in a Cubick Inch,above twelve

hundred Millions, or 1259712000. a thing almoſt incredible, did not our

Microſcope allure us of it by ocular demonſtration ; nay, did it not difco

verto usthe pores of abody, which were they diaphragm'd,like thoſe of

Cork, would afford us in one Cubick Inch, more then ten times as many

little Cells, as is evident in ſeveral charr'd Vegetables; fo prodigiouſly

curious are the works ofNature, that even theſe confpicuous pores of

bodies, whichſeem to be the channels or pipesthroughwhichthe Succus

nutritius, or natural juices ofVegetables are convey'd, and ſeemto cor

refpond tothe veins, arteries and other Veffels in fenfible creatures, that

theſe pores I fay, which ſeem to be the Veffels of nutrition tothe vaſteſt

bodyinthe World, are yet ſo exceeding ſmall, that the Atoms whichEpi

curusfancy'd would go neer to prove too biggto enterthem, much more

to conſtitute a fluidbody inthem.And how infinitely fmaller then mustbe

the Veffels ofaMite, or the pores ofone ofthoſe little Vegetables I have

difcovered togrowon the back-fide of a Rofe-leaf, and fhall anon more

fully defcribe, whofe bulk is many millions of times lefs thenthe bulk of

the fmall fhrub it grows on; and eventhat fhrub, many millions of times

lefs in bulk then feveral trees (that have heretofore grown in England,

and are this dayflouriſhing in other hotter Climates, as we are very cre

diblyinform'd)if at leaſtthe pores ofthis fmall Vegetable fhould keep

fuch proportion to the body of it , as we have found theſe pores
any

of
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ofother Vegetables to do to their bulk. But of theſe pores I have laid

more elſewhere.

To proceed then, Cork feems to be by the tranſverſe conſtitution of

the pores, a kind of Fungus or Mufhrome, for the pores lie like fo many

Rays tending from the center, orpith ofthe tree, outwards ; fo that if

you cut off a piece from a board of Cork tranfvertly , to the flat of it,

you will, as it were, fplit the porcs, and they will appear juft as they are

exprefs'd in the Figure B of the XI. Scheme. But ifyou fhave off a

very thin piece from this board, parallel to the plain of it, you will cut

all the pores tranfverfly, and they will appear almoſt as they are express'd

in the Figure A, fave onelythe folid Interftitia will not appearfo thick

asthey are therereprefented.

So that Cork feems to fuck its nouriſhment from the fubjacent bark of

the Tree immediately, and to be a kind of excrefcence, or a ſubſtance

diftinct from the fubftances of the entire Tree, fomething analogus to

the Muſhrome, or Mofs on other Trees, or to the hairs on Animals. And

having enquir'd into the Hiftory of Cork, I find it reckoned as an

excrefcency ofthe bark of a certain Tree, which is diftinct fromthe two

barks that lie within it, which are common alfo to other trees ; That 'tis

fome time before the Cork that covers the young and tender ſprouts

comes to be difcernable; That it cracks,flaws,and cleaves into manygreat

chaps, the bark underneath remaining entire ; That it may beſeparated

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, but rather

helped and freed from an external injury. Thus Jonftonus in Dendrologia,

ſpeaking de subere, fays, Arbor eft procera, Lignum eft robuftum, dempte

cortice in aquis non fluitat, Cortice in orbem detractojuvatur, crafcefcens

enimpræftringit &ftrangulat, intra triennium iterum repletur : Caudexubi

adolefcit craffus, cortexfuperior denfus carnofus,duos digitos craffus,fcaber,

rimofus, & qui nifi detrahatur dehifcit, alioquefubnafcente expellitur, inte

rior qui fubeft novellus ita rubet ut arbor minio picta videatur. Which

Hiſtories, ifwell confider'd, and the tree, ſubſtance, and mannerofgrow

ing, ifwell examin'd, would, I am very apt to believe,muchconfirm this

my conjecture about the origination ofCork.

Nor is this kind ofTexture peculiar to Cork onely ; for upon exami

nation withmy Microſcope, I have found that the pith of an Elder, oral

moft anyotherTree, the inner pulp or pith ofthe Cany hollow ftalks of

ſeveral other Vegetables : as of Fennel, Carrets, Daucus, Bur-docks,

Teafels , Fearn, fome kinds ofReeds, &c. have much fuch a kind of

Schematifme, as I have lately fhewn that ofCork, fave onely that here

the pores are rang'd thelong-ways, or the fame ways with the lengthof

theCane,whereas in Cork they are tranfverfe.

The pith alſothat fills that part of the ſtalk of a Feather that is above

the Quil, has much fuch a kind oftexture, fave onely that which way fo

ever Ifet this light fubftance, the pores feem'd tobe cut tranfverfly; fo

that I ghefs this pith which fillsthe Feather, not to confift ofabundance

oflong pores feparated with Diaphragms, asCork does, but to be a kind

R 2 of
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offolid or hardned froth,or a congeries ofvery fmall bubbles confolidated

in that form,into a pretty ſtiffas well as tough concrete,and that eachCa

vern, Bubble, or Cell, is diftinctly ſeparatefrom any ofthe reft, without

any kind ofhole in the encompafling films, ſo that I could nomore blow

through a piece ofthis kinde of ſubſtance,then I could through a piece of

Cork, or the found pith ofan Elder.

But though I could not with myMicroſcope, nor withmy breath, nor

any other way I have yet try'd, diſcover a paffage out of one ofthoſe

cavities into another, yet I cannot thence conclude, that therefore there

are none fuch, by which the Succus nutritius, or appropriate juices ofVe

getables, may paſs through them; for, in feveral of thofe Vegetables,

whil'ft green, I have with my Microſcope, plainly enough diſcover'd theſe

Cells or Poles fill'd with juices, and bydegrees fweating them out : as I

have alſo obſerved in green Wood all thofe long Microscopical 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 thoſe Microſcopical pores ofWood or

Piths, as the Valves in the heart,veins,and other paflages of Animals,that

open and give paffage to the contain'd fluid juices one way, and ſhut

themſelves,and impede the paffage offuch liquors back again,yet have I

not hitherto been able to fay any thing pofitive in it ; though,methinks,

it ſeems veryprobable,that Nature has in theſe paffages,as well as in thoſe

ofAnimal bodies,very many appropriated Inftruments and contrivances,

wherebyto bring her defigns and end to pass,which 'tis not improbable,

but that fome diligent Obferver, if help'd with better Microscopes, may

in time detect.

And that this may be fo, feems with great probabilityto be argued

from the ſtrange Phanomena of fenfitive Plants, wherein Nature feems

to perform ſeveral Animal actions with the fame schematiſm or Orginiza

tion that is common to all Vegetables, as may appear by fome no lefs

inſtructive then curious Obfervations that were made by divers Emi

nent Members ofthe Royal Society on ſome oftheſe kind ofPlants,where

of an account was delivered in tothem bythe moſt Ingenious and Excel

lent Physician, Doctor Clark, which, having that liberty granted me by

that moſt Illuſtrious Society, I have hereunto adjoyn'd.

Obfervations on the Humble and Senfible Plants in M Chiffin's

Garden in Saint James's Park, made Auguft the 9th, 1661 ,

Prefent, the Lord Brouncker, Sr. Robert Moray, Dr. Wilkins,

Mr. Evelin, Dr. Henſhaw, andDr. Clark.

Thereare four Plants, two ofwhich are little fhrub Plants,

with a little ſhort ſtock, about an Inch above the ground, from

whenceare ſpread ſeveral ſticky branches, round, ftreight, and

fmooth,

1
1

ļ
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ſmooth inthe diſtances between the Sprouts, but juſt under the

Sprouts there are two fharp thorny prickles, broad inthe let

ting on, as in the Bramble, one juſt under the Sprout, the other

on the oppofite fide ofthe branch.

Schem.11.

The diftances betwixt the Sprouts are uſually fomething see

more then an Inch, and many upon a Branch, according to its Fig .

length, and they grew fo, that if the lowerSprout be on the left

fide of the Branch, the next above is on the right, and ſo to the

end, not ſprouting by pairs.

Atthe end of each Sprout are generally four ſprigs, two at

the Extremity, and one on each fide, juft under it. At the first

ſprouting of theſe from the Branch tothe Sprig where the leaves

grow, they are full of little fhort white hairs, whichwear off as

the leaves grow, and then they are ſmooth as the Branch.

Upon each of theſe ſprigs, are, for the moſt part, eleven pair

ofleaves, neatly ſet into the uppermoſt part ofthe little ſprig,

exacly one againſt another, as it were in little articulations, ſuch

as Anatomiſts call Enarthrofis, where the round head of a Bone

is received into another fitted for its motion ; and ſtandingvery

fitly to ſhut themſelves and touch, the pairs juſt above them

clofing ſomewhat upon them, as in the fhut fprig ; fo is the

little round Pedunculus ofthis leaf fitted into a little cavity of

the fprig, viſible to the eye in a ſprig new pluck'd, or in a ſprig

withered on the Branch, from which the leaves eafily fall by

touching.

The leafbeing almoſt an oblong fquare, and ſet into the Pe

dunculus, at one ofthe lower corners, receiveth from that not

onely a Spine, as I may call it, which, paffing through the leaf,

divides it ſo length-ways that the outer-fide is broader then the

inner next the ſprig, but little fibres paffing obliquely towards

the oppofite broader fide, ſeem to make it here a little muſcular,

and fitted to move the whole leaf, which, together with the

whole ſprig, are ſet full with little fhort whitish hairs.

One



118
MICRO

GRAPH
IA

.

One oftheſe Plants, whoſe branch feem'd to be older and

moregrown then the other, onely the tender Sprouts of it, after

the leaves are ſhut, fall and hang down ; ofthe other, the whole

branches fall to the ground, if the Sun fhine very warm,upon the

firſt taking offthe Glaſs, which I therefore call the bumble Plant.

The other two, which do never fall, nor do any oftheir

branches flagg and hang down, ſhut not their leaves, but upon

ſomewhat a hard ſtroke ; the ſtalks ſeem to growup from a root,

and appear more herbaceous, they are round and ſmooth, without

any prickle, the Sprouts fromthem have ſeveral pairs ofſprigs,

with much leſs leaves then the other on them, and have on

each ſprig generally feventeen pair.

Upon touchingany ofthe ſprigs with leaves on, all the leaves

on that ſprig contracting themſelves by pairs, joyned their up

per fuperficies cloſe together.

Upon the dropping a drop of Aquafortis on the fprig be

twixt the leaves, ƒƒ all the leaves above ſhut preſently, thoſe

below by pairs fucceffively after, and by the lower leaves ofthe

other branches, ll, kk, &c. and fo every pair fucceffively,

with ſome little diſtance of time betwixt,to the top ofeach ſprig,

and fo they continu'd fhut all the time we were there. But I re

turning the next day, and ſeveral days fince,found all the leaves

dilated again on two ofthe fprigs ; but fromff,where the Aqua

fortis had dropped upwards, dead and withered ; but thoſe be

low on the fame ſprig, green, and cloſing upon the touch, and

are fo at this day, Auguſt 14.

With a pair of Sciffers, as fuddenly as it could be done, one

of the leaves bb was clipped off in the middle,upon which that

pair, and the pair above, cloſed preſently, after a little interval,

dd, then e e, and ſo the reſt ofthe pairs, to the bottom of the

ſprig, and then the motion began in the lower pairs, ll, on the

other ſprigs, and fo fhut them by pairs upwards, though not

with fuch diftin&t diſtances.

Under

"
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Under a pretty large branch with its ſprigs on, there lying

a large Shell betwixt two and three Inches below it, there was

rubbed on a ſtrong fented oyl, after a little time all the leaves on

that fprig were ſhut, and fo they continued all the time ofour

ſtay there,but at my returne the next day, I found the poſition

ofthe Shell alter'd, and the leaves expanded as before, and

cloſing upon the touch.

Upon the application of theSun-beams by a Burning-glaſs,

the more humble Plant fell, the other ſhut their leaves.

We could not fo apply thefmoak of Sulpher, as to have any

vifible effect from that, at two or three times trial ; but on ano

ther trial,theſmoak touching the leaves,it fucceeded.

The bumblePlant fell upon taking off the Glaſs wherewith it

was covered.

Cutting offone of the little Sprouts, two or three drops ofli

quor were thruſt out ofthe part from whence that was cut,very

cleer, and pellucid, of a bright greeniſh colour, taſting at firſt a

little bitteriſh,but after leaving a licoriſh-like taſte in my mouth.

Since,going two or three times when it was cold, I took the

Glaffes fromthe more humble Plant,and it did not fall as fornier

ly, but ſhut its leaves onely. But coming afterwards, when the

Sun fhone very warm, as ſoon as it was taken off, it fell as

before.

Since I pluck'd off another ſprig, whofe leaves were all fhut,

and had been ſo ſome time, thinking to obſerve the liquor

ſhould come from that I had broken off, but finding none,

though withpreffing,to come, I, as dexterously as I could, pull'd

offone whoſe leaves were expanded, and then had upon the ſhut-

ting ofthe leaves, a little of the mention'd liquor, from theend

ofthe ſprig I had broken from the Plant. And this twice fuc

ceffively, as often almoſt as I durft robthe Plant.

But my curiofity carrying me yet further, I cut off one of

the harderbranches of the ſtronger Plant, and there came ofthe

liquor,
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liquor, both from that I had cut, and that I had cut it from,

without preffure.

Which made me think, that the motion of this Plant upon

touching, might be from this, that there being a conftant inter

courſebetwixt every part of this Plant and its root,either by a cir

culation ofthis liquor,or a conftant preffing ofthe fubtiler parts

of it to every extremity ofthe Plant. Upon every preffure,from

whatſoever it proceeds, greater then that which keeps it up, the

fubtile parts ofthis liquor are thruſt downwards, towards its ar

ticulations of the leaves, where, not having room preſently to get

into the ſprig,the little round pedunculus, from whencethe Spine

and thoſe oblique Fibres I mention'd riſe, being dilated, the

Spine and Fibres (being continued from it) muſt be contracted

and ſhortned, and fodraw the leaf upwards to joyn with its fel

low in the fame condition with it ſelf, where, being cloſed, they

are held together by the implications of the little whitiſh hair, as

well as by the ſtill retreating liquor, which diſtending the Fibres

that are continued lower to the branch and root, ſhorten them

above ; and when the liquor is fo muchforced from the Sprout,

whoſe Fibres are yet tender, and not able to ſupport themſelves,

but by that tenſneſs which the liquor filling their interftices gives

them, the Sprout hangs and flags.

But, perhaps, he that had the ability and leiſure to give you

the exact Anatomy of this pretty Plant, to ſhew you its Fibres,

and vifible Canales, through which this fine liquor circulateth,

or is moved, and had the faculty of better and more copiouſly

expreffing his Obſervations and conceptions, fuch a one would

eaſily from the motion ofthis liquor, folve all the Phænomena,

and would not fear to affirm, that it is no obfcure ſenſation this

Plant hath. But I have faid too much, I humbly ſubmit, and am

ready to ſtand corrected .

I have not yet made fo full and fatisfactory Obfervations as I defire on

this Plant, whichſeems to be a Subject that will afford abundance of

information.

T

T
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information. But as farr as I have had opportunity to examine it,I have

diſcovered with my Microfcope very curious ftructures and contrivances ;

but defigning much more accurate examinations and trials,both with my

Microfcope, and otherwife, as foon as the feafon will permit, I fhall not till

then add anything ofwhat I have already taken notice of; but as farr as

I have yet obferv'd,I judge the notion of it to proceed from cauſes very

differing from thofe by which Gut-ftrings,or Lute-ftrings,the beard ofa

wilde Oat, or the beard ofthe Seeds of Geranium, Mofcatum, or Mask

graf and other of kinds of Cranes-bill,move themſelves. Of which I fhall

add more in the fubfequent Obfervations on thoſe bodies.

Obferv. XIX. Of a Plant growing in the blighted or yellowfpecks

ofDamask-rofe-leaves, Bramble-leaves, and fome other kind

ofleaves.

I

Have forſeveral years together, in the Moneths ofJune, July, Auguſt,

and September (when any ofthe green leaves ofRofes begin to dry and

grow yellow) obferv'd many ofthem, efpecially the leaves of the old

fhrubs ofDamask-Rofes, all befpecked with yellow ftains, and the under

fides juſt againſt them, to have little yellow hillocks of a gummousfub

ſtance, andſeveral of themtohave fmail black ſpots in the midft ofthoſe

yellow ones, which, to thenaked eye, appear'dno biggerthen the point

of a Pin, or the ſmalleſt black ſpot or tittle ofInk one is able to make

with a very ſharp pointed Pen.

Examining thefe with a Microscope, I was able plainly to diftinguish,up

and down theſurface, feveral fmall yellowknobs, ofa kind ofyellowish

red gummyfubftance, out of which I perceiv'd there ſprung multitudes

of little cafes or black bodies like Seed-cods, and thoſe of them that

were quite without the hillock ofGumm, diſclos'd themſelves to grow

out of it with a ſmall Straw-colour'd and tranſparent ſtem, the which

feed andftem appear'd very likethofe ofcommon Mofs (which I elfe

where deſcribe) but that they were abundantly lefs, manyhundreds of

thembeingnot able to equalize one fingle feed Cod of Mofs.

I have often doubted whether they were the feed Cods of fome little

Plant, orfome kind ofſmall Buds, or the Eggs offome very fmall Infect,

they appear'd of a dark brownish red, fome almoft quite black, and ofa

Figure much reſembling the feed-cod ofMofs, but their ſtalks on which

theygrewwere ofa veryfine tranfparent ſubſtance, almoſt like the ſtalk

of mould, but that they feem'd fomewhat more yellow.

That which makes me to fuppofe them to be Vegetables, is for that I

perceiv'd many ofthoſe hillocks bare or deftitute, as if thoſe bodies lay

yet conceal'd,as G. In others ofthem,they were juſt ſpringing out oftheir

gummy hillocks, which allfeem'd to fhoot directly outwards, as at A. In

others, as at B, I found themjuſt gotten out,with very little or noftalk,

and
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and the Cods of an indifferent cize;but in others,as C, I found thembegin

to have little ſhort ſtalks, or ſtems ; in others, as D, thofe ftems were

grown bigger, and larger ; and in others, as at E, F, H, I, K, L,&c. thofe

Items and Cods were grown a great deal bigger, and the ſtalks were

morebulky about the root, and very much taper'd towards the top, as

at F and L is moſt viſible.

I did not find that any of them had any feed in them, or that anyof

them were hollow, but as they grew bigger and bigger, I found thoſe

heads or Cods begin to turn their tops towards their roots, in the fame

manner as I had obferv'd that of Mofs to do; fo that in all likelihood,

Nature did intend in that poſture, what ſhe doesin the like feed-cods of

greaterbulk, that is, that the feed, when ripe, fhould be ſhaken out and

difperfed atthe end ofit, as we find in Columbine Cods, and the like.

The whole Oval 0000 in the ſecond Figure of the 12. Scheme

repreſents a ſmall part ofa Rofeleaf, about the bignefs of the little Oval

in the hillock, C, marked with the Figure X. in which I have not par

ticularly obſerv'd all the otherforms of the ſurface of the Roſe-leaf, as

beinglittle to my prefent purpoſe.

I

Now, ifthefe Codshave a feed inthem fo proportion'dto the Cod, as

thoſe of Pinks, and Carnations, and Columbines, and the like, howunima

ginably ſmall muſt each of thofe feeds neceffarily be, for the whole

length of one ofthe largeſt of thoſe Cods was not , part of an Inch ;

fome not above , and therefore certainly, very many thouſand of

them would be unable to make a bulk that ſhould be viſible to the naked

eye ; and ifeach of theſe contain the Rudiments ofa young Plant ofthe

fame kind, what muſtwefay ofthe pores and conſtituent parts ofthat ?

The generation ofthis Plant feems in part,afcribable to a kind ofMil

dew or Blight,whereby the parts of the leaves growfcabby, or putrify'd,

were,fo as thatthe moiſture breaks out in littlefcabs or ſpots, which,

as I faid before, look like little knobs ofa red gummous fubftance.

as it

From this putrify'd ſcabb breaks out this little Vegetable ; which may

be fomewhat like a Mould or Moẞ ; and may have its equivocal genera

tion much after the fame manner as I have fuppofed Mofs or Mouldto

have, and to be amore fimple and uncompounded kind ofvegetation,

which is fet a moving bythe putrifactive andfermentative heat, joyn'd

with that ofthe ambient aerial, when (bythe putrifaction and decay of

fome other parts ofthe vegetable, that for a while ftaid its progreſs) it is

unfetter'd and left at liberty to move in its former courfe, but by reafon

ofits regulators, moves and acts after quite another manner then it did

when a coagent in the more compounded machine of the more perfect

Vegetable.

And from this very fame Principle, I imagine the Mileto of Oaks,

Thorns, Appletrees, and other Trees, to have its original : It feldom or

nevergrowing onany of thoſe Trees,till they begin to wax decrepid,and

decay with age, and are pefter'd with many other infirmities.

Hither alfo maybe referr'd thofe multitudes and varieties of Mufbroms,

fuch as that,call'd Jews-ears, all forts ofgray and green Moffes, &c. which

infeſt

I
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infeft all kind ofTrees,fhrubs,and the like,efpecially when they come to

any bigness. And this we fee to bevery muchthe method ofNature

throughout its operations, putrifactive Vegetables very often producing a

Vegetable ofa much lefs compounded nature, and of a much inferiour

tribe ; and putrefactive animal ſubſtances degenerating intofomekind of

animal production ofa much inferiour rank,and ofa more fimple nature.

Thuswe find the humours and fubftances ofthe body,upon putrifacti

on,to produce ftrange kinds of moving Vermine : the putrifaction ofthe

limes and juices of the Stomack and Guts, produce Worms almoſt like

Earth-worms,theWheals in childrenshands produce a little Worm,call'd

aWheal-worm: The bloud and milk, and other humours, produce other

kinds ofWorms, at leaſt, if we may believe what is deliver'd to usby

very famous Authors ; though, I confefs, I have not yet been able to dif

coverfuch myfelf.

Andwhereas it mayfeem ftrange that Vinegar, Meal, mufty Casks , &c.

are obferv'd to breed their differing kinds of Infects, or living creatures,

whereas theybeing Vegetable ſubſtances, feemto be ofan inferiour kind,

and fo unable to produce a creature more noble, or of a more com

pounded nature then they themſelves are of, and fo without ſome con

current feminal principle, may be thought utterly unfit for fuchan ope

ration ; I must add, that we cannot preſently pofitively fay, there are

no animal ſubſtances, either mediately, as bythe foil or fatning ofthe

Plant from whence they fprung,or more immediately,by thereal mixture

orcompofition of fuch fubftances, join'd withthem ; or perchancefome

kind of Infect, in fuch places where fuch kind ofputrifying orferment

ing bodies are, may, by a certain inſtinct of nature, eject fome fort offe

minal principle, which cooperating with various kinds of putrifyingſub

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

putrifying fubftances on which theſe Eggs, Seeds, or feminal principles

are caft by the Infect, become, as it were, the Matrices or Wombs that

conducevery much to their generation, and may perchance alſo to their

variation and alteration, much after the fame manner, as, by ſtrange and

unnatural copulations, feveral new kinds of Animals are produc'd, as

Mules, and the like, which are uſually call d Monftrous, becauſe a little

unuſual, though many of them have all their principal parts as perfectly

fhap'dand adapted for their peculiar ufes, as any of the mcft perfect

Animals. Iftherefore the putrifying body,on which any kind of ſeminal

or vital principle chances tobe caft becomefomewhat more then meer

ly a nurfing and foſtering helper in the generation and production of

any kind ofAnimate body, the more neer it approaches the true nature

ofa Womb,the more power will it have onthe by-blow it incloſes. But

of this ſomewhat more in the defcription of the Water-gnat. Perhaps

ſome more accurate Enquiries and Obſervations about theſe matters

might bringthe Queftionto fome certainty, which wouldbe ofnoſmall

concern in Natural Philofophy.

But thatputrifyinganimal ſubſtances may produce animals ofan inferior

Sa
kind,
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kind, I fee notany fo very great a difficulty, but that one may, without

much abfurdity,admit : For as there may be multitudes of contrivances

that goto the making up of one compleat Animate body ; fo,That fome

ofthoſe coadjutors,inthe perfect exiſtence 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 itbeyond imagination or poffibi

lity; no morethen that a like accidental procefs,as I have elfwhere hinted,

mayalſo be fuppofed to explicate the method ofNature inthe Metamor

phosis of Plants. And thoughthe difference between a Plant and an Ani

mal be very great, yet I have not hitherto met with any fo cogent an Ar

gument, as to make me pofitive in affirming theſe twoto be altogether

Heterogeneous,and ofquite differing kinds ofNature: And befides,as there

aremanyZoophyts, and fenfitive Plants(divers ofwhich I haveſeen,which

are ofa middle nature,and feem tobeNatures tranfition from one degree

to another, which may be obferv'd in all her other paffages, wherein fhe

is veryſeldom obferv'd to leap from one ſtepto another) fohave we,in

fome Authors, Inftances ofPlantsturning into Animals, and Animals into

Plants, and the like ; and fome other very ſtrange (becauſe unheeded)

proceedings ofNature ; fomething ofwhich kind may be met with, in

the deſcription ofthe Water-Gnat, though it be not altogether ſo direct

to the preſent purpoſe.

But to refer this Difcourfe ofAnimals to their proper places, I fhall

add, thatthoughoneſhould fuppofe, or it fhould be prov'd by Obferva

tions, thatſeveral of theſe kinds of Plants are accidentally produc'dbya

cafual putrifaction, I ſee not any great reaſon to queſtion, but that, not

withſtanding its own production was as ' twere cafual, yet it may germi

nate and produce feed, and by it propagate its own, that is,a newSpecies.

For we do not know, 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 offuch or fuch aputrifaction or change of

this or that body, towards the conſtitution or ſtructure of which, he

knew it neceflary, orthought it fit to make it an ingredient ; as that the

digeſtion or moderate heating ofan Egg, either bythe Female, orthe

Sun, or the heat ofthe Fire, orthe like, fhould produce this or that Bird ;

or that Putrifactive and warmſteams fhould,out of the blowings,as they

call them, that is, theEggs of a Flie,produce a livingMagot, and that,by

degrees, be turn'd into an Aurelia, and that, by a longer and a propor

tion'd heat, betranfmuted into a Fly. Norneed wetherefore tofuppofe

it the moreimperfect in its kind, then the more compounded Vegetable

or Animal ofwhich it is a part ; for he might as compleatly furniſh it

with all kinds ofcontrivances neceffary for its own exiſtence, and the

propagation of itsown Species, and yet make it a part of a more com

pounded body: as a Clock-maker might make a Set ofChimes to be a

part ofa Clock, andyet, when the watch part or ſtriking part are taken

away, and the hindrances of its motion remov'd, this chiming part

may go as accurately, and ſtrike its tune as exactly, as if it were ſtill a

part of the compounded Automaton. So, though the original caufe, or

feminal
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feminal principle from which this minute Plant on Rofe leaves did fpring

were, before the corruption caus'd by the Mill-dew, a component part

ofthe leaf on which it grew, and did ferve as a coagent in the producti

onand conſtitution of it, yet might it be fo confummate, as to produce a

feed which might have a power of propagating the fame fpecies : the works

ofthe Creator feeming of fuchan excellency,that though they areunable

tohelptothe perfecting ofthe more compounded existence of the greater

Plant or Animal,they mayhave notwithſtanding an ability ofactingfingly

upon their own internal principle, fo as to produce a Vegetable body,

though of a lefs compounded nature, and to proceed fo farr in the me

thod of other Vegetables, as to bear flowersand feeds, whichmay beca

pabale ofpropagating the like. So that the little cafes which appear to

growon the top ofthe flender ſtalks, may, for ought Iknow, though I

Thould fuppofe themto fpring fromthe perverting ofthe ufual courfe of

the parent Vegetable, contain a feed, which, being fcatter'd on other

leaves ofthe fame Plant, may produce a Plant ofmuch the fame kind.

Nor are Damaſk-Rofe leaves the onely leaves that produce theſe

kinds ofVegetable fproutings ; for I have cbferv'd themalfo in feveral

other kinds ofRofe leaves, and on the leaves of feveral forts ofBriers,

and on Bramble leaves they are oftentimes to be found in very great

clufters; fothat I have found in one cluſter,three,four, or five hundred of

them, making a very confpicuous black fpot or fcab on the back fide of

the leaf.

Obferv. XX. Of blue Mould, and of the first Principles of Ve

getation arifingfrom Putrefaction.

TH

'He Blue and White and feveral kinds of hairy mouldy ſpots, which

are obfervableupon divers kinds ofputrify'd bodies, whether Ani

mal fubſtances,or Vegetable,fuch as the ſkin, rawor drefs'd, flesh,bloud,

humours, milk, green Cheeſe, &c. or rotten fappy Wood, or Herbs,

Leaves, Barks, Roots, &c. ofPlants, are all ofthem nothing elſe butfe

veral kinds offmall and variouſly figur'd Mufhroms, which, from conve

nient materials in thofe putrifying bodies, are, by the concurrent heat of

the Air, excited to a certain kind of vegetation, which will not be un

worthy our more ferious fpeculation and examination. as I fhall by and

byfhew. But, firft, I muſt premiſe a fhort deſcription of this specimen,

which I have added ofthis Tribe, in the first Figure ofthe XII. Scheme,

which is nothing elſe but the appearance of a fmall white pot ofhairy

mould,multitudes ofwhich I found to befpeck &whiten over the red co

vers ofa ſmall book,which, it feems, were ofSheeps-fkin,thatbeing more

apt to gather mould, even in a dry and clean room, then other leathers.

Thefe fpots appear'd,through a goodMicroſcope,to be a very pretty fhap'd

Vegetative body, which, from almoſt the fame part ofthe Leather, fhot

Out
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out multitudes offmall long cylindrical and tranſparentſtalks,not exact

lyftreight,but a little bended with the weight of a round and white knob

that grew on the top ofeach of them ; many ofthefe knobs I obferv'd

to be very round, and of a fmooth furface, fuch as A A, &c. others

ſmooth likewiſe,but a little oblong,as B ; ſeveral ofthema little broken,

or cloven with chops at the top, as C; others flitter'd as 'twere, or flown

all to pieces, as D D. The whole fubftance of theſe pretty bodies was

ofa very tender conftitution, much like the fubftance of the fofter kind

ofcommonwhite Mufhroms, for by touching them with a Pin, I found

them to be bruſed and torn ; they ſeem'd each of them to have a di

ſtinct root of their own ; for thoughthey grew neer together in a cluſter,

yet I could perceive each ſtem to rife out of a diftinct part or pore ofthe

Leather ; fome of theſe wereſmall and fhort, as feeming to have beenbut

newlyfprung up, oftheſe the balls were for the moſt part round, others

werebigger,and taller,as being perhaps of a longer growth,and oftheſe,

for the moſt part, the heads were broken, and fome much waſted, asE;

what theſe heads contain'd I could not perceive ; whether they were

knobs and flowers, or feed cafes, I am not able to ſay, but they ſeem'd

moſt likely to be ofthe fame nature with thofe that grow onMuſhroms,

which theydid,fome ofthem, not a little reſemble.

Both theirſmell and taſte, which are active enoughto make a ſenſible

impreffion uponthofe organs, are unpleaſant and noifome.

Icould not find that they would fo quickly be deftroy'd bythe actual

flame ofa Candle, as at firſt fight of them I conceived they would be,but

theyremain'd intire after I had paft that part ofthe Leather onwhich

theyſtuck three or four times through the flame of a Candle; ſo that, it

ſeemsthey are not very apt to take fire, no more then the common white

Muſhroms are when they are fappy.

There are a multitude of other ſhapes, ofwhich theſe Microſcopical

Muſhroms are figur'd, which would have been a longWork tohave de

ſcribed,and would not have fuited fo well with my deſign in this Treatife,

onely,amongſt the reſt, I muſt not forget to take notice ofone that was a

little like to, or refembled, a Spunge, confifting of a multitude of little

Ramifications almoſt as that body does, which indeed feems to beakind

ofWater-Muſhrom, of a very pretty texture, as I elfe-where manifeft.

And a ſecond, which I muſt not omit, becauſe often mingled, and neer

adjoiningto theſe I have deſcrib'd,and this appear'd much like a Thicket

ofbuſhes, or brambles, very much branch'd,and extended,fome ofthem,

to a great length,in proportion to their Diameter,like creeping brambles.

The manner ofthe growthand formation ofthis kind ofVegetable, is

the third head ofEnquiry,which, had I time,I fhould follow : the figure

and method ofGeneration in this concrete feeming to me, next after

the Enquiryintothe formation, figuration, or chryftalization ofSalts, to

be the moſt fimple , plain, and eafie ; and it ſeems to be a medium

through whichhe muft neceffarily pafs, that would with any likelihood

inveſtigate theforma informans ofVegetables : for as I think that he ſhall

find it a very difficult task, who undertakes to diſcover the form of Sa

line
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line cryftallizations, withoutthe confideration and prefcience ofthe na

ture and reafon ofa Globular form, and as difficult to explicate this con

figurationofMufhroms, without the previous confideration of the form

of Salts ; fo will the enquiry into the forms of Vegetables be no lefs, if

not much more difficult, without the fore-knowledge ofthe forms of

Muſhroms, theſe feveral Enquiries having no lefs dependance one up

onanother thenany felect number of Propofitions in Mathematical Ele

mentsmay be made to have.

NordoI imagine that the ſkipsfrom the one to another will be found

very great, ifbeginning from fluidity, or body without any form, we

defcend gradually,till we arrive at the higheſt form ofa bruite Animal s

Soul, making the ſteps or foundations of our Enquiry, Fluidity, Orbicu

lation, Fixation, Angulization, or Crystallization Germination or Ebulli

tion, Vegetation,Plantanimation, Animation, Senſation, Imagination.

Now, that wemay the better proceed in our Enquiry, It will be re

quifite to confider :

Firſt, that Mould and Mufbroms require no feminal property. but the

former may be produc'd at any time from anykind ofputrifying Animal,

orVegetable Subſtance,as Fleſh,&c. kept moift and warm,and the latter,

ifwhat Mathiolus relates be true, ofmaking them by Art, are as much

within our command, of which Matter take the Epitomie which Mr.

Parkinson has deliver'd in his Herbal, in his ChapterofMuſhroms, becauſe

I have not Mathiolus now by me : Unto theſe Muſhroms (faith he) may

alſo be adjoyn'd thoſe which are made ofArt (whereofMathiolus 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,andſprink

ling a little warm water thereon, would within four days produce Muſhroms

fit to be eaten, at what time one will: As alſo that Muſhroms may be made

togrow at thefoot ofa wilde Poplar Tree, within four days after, warm

water wherein fome leaves have been diffolv'dſhall bepour'd into the Root

(which must beflit) and the stock aboveground.

Next, that as Muſhroms may be generated without feed, fo does it

not appear that they have any fuch thing asfeed 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 Muſhroms may be ge

nerated from a feed, but they rather feem to dependmerely upon a con

venient conſtitution of the matter out ofwhich they are made, and a

concurrence of either natural or artificial heat.

Thirdly,that by feveral bodies (as Salts and Metals both inWaterand

in the air, andby ſeveral kinds of fublimations in the Air) actuated and

guided with a congruous heat, there may be produc'd feveral kinds of

bodies as curioully, if not of a more compos'd Figure ; ſeveral kinds of

rifing or Ebulliating Figures feem to manifeft ; as witneſs the fhooting

in the Rectification of fpirits of Urine, Hart-horn, Blond, &c. witness alfo

the curious branches of evaporated diflolutions, fome of them againſt

the
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the fides ofthe containing Jar: others ſtanding up, or growing an end,

out ofthebottom, ofwhich I have taken notice of a very great variety.

But above all the reft, it is a very pretty kind of Germination which is af

forded us in the Silver Tree, the manner of making which with Mercury

and Silver, is wellknown tothe Chymifts, in which there is an Ebullition

or Germination, verymuch like this of Muſhroms, ifI have beenrightly

inform'd of it.

Fourthly, I have very often taken notice of, and alſo obſerv'd witha

Microſcope, certain excrefcencies or Ebullitions in the fnuff of a Candle,

which, partly from the ſticking ofthe fmoaky particles as they are car

ryed upwards by the current of the rarify'd Air and flame,
and partly

alfo from a kind of Germination or Ebullition offome actuated unctuous

partswhich creep along and filter throughfome ſmall ſtring oftheWeek,

areformed into pretty round and uniform heads, very much refembling

the form ofhooded Muſhroms, which, beingby any means expos'd tothe

freſh Air, or that air which encompaffes the flame, they are preſently

lick'd up and devour'd by it, and vaniſh.

The reaſonofwhich Phenomenon ſeems to me,to be no otherthen this :

Thatwhena convenient thread ofthe Week is fo bent out bythe fides

of the ſnuffthat are about half an Inch or more, remov'd above the

bottom,or loweſt part ofthe flame,andthat this part be wholly included

in the flame ; the Oyl (for the reafon of filtration, which I have elfe

where rendred) being continualy driven up the fnuff, is driven like

wife into this ragged bended-end , and this being remov'd a good

diftance, as half an Inch or more, above the bottom of the flame, the

partsofthe air that pafles by it, are already, almoſt fatiated withthe dif

folution ofthe boiling unctuous fteams that iffued out below, and there

fore are not onely glutted, that is, can diffolve no more thenwhat they

are already acting upon, but they carry up with them abundance of

unctuous and footy particles, which meeting withthat rag oftheWeek,

that is plentifully fill'd with Oyl, and onely ſpends it as faft as it evapo

rates, and not at all by diffolution or burning, by means of theſe ſteamy

parts of the filterated Oyliffuing out at the fides of this ragg, and being

inclos'd with an air that is already fatiated and cannot prey upon them

nor burn them, the aſcending footy particles are ſtay'd about it and fix'd,

foas that about the end ofthat ragg or filament of the fnuff, whence the

greateſt part ofthe ſteams iffue, there is conglobated or fix'd a round

and pretty
uniform cap, much reſemblingthe head of aMuſhrom, which,

ifit be of any great bignefs, you may obferve that its underſide will be

biggerthen that which is above the ragg or ftem ofit ; for the Oyl that is

brought into it byfiltration,being bythe bulk ofthe cap a little ſhelter'd

from the heat ofthe flame, does by that means iffue as much out frombe

neath from the ſtalk or downwards, as it does upwards, and by reaſon of

the great access of the adventitious fmoak from beneath,it increaſes moſt

that way. That this may bethe true reaſon ofthis Phenomenon, I could

produce many Arguments and Experiments to make it probable : As,

First,thatthe Filtration carries the Oyl tothe top oftheWeek,at leaſt

as
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as high as theſe raggs, is vifible to one that will obferve the firuffof a

burning Candle with a Microscope, where he may fee an Ebullition or

bubbling ofthe Oyl, as high as the ſnufflooks black.

Next,that it does fteamaway more then burn ; I could tell you ofthe

dim burning of a Candle, the longer the fnuff be which arifes from the

abundance ofvapours out ofthehigher parts of it.

And, thirdly, that in themiddle ofthe flame ofthe Candle, neer the

top ofthe fnuff, the fire or diffolving principleis nothing neer fo ftrong,

as neerthebottom and out edges of the flame, whichmay be obfervdby

the burning aſunder ofa thread, that will firft break in thoſe parts that

the edges ofthe flame touch, and not in the middle.

And I could add ſeveral Obfervables that I have taken notice ofinthe

flame ofa Lamp actuated with Bellows, and very many others that con

firm me in my opinion, but that it is not fo much to my preſent purpoſe,

which is onely to confider this concreet in the fnuffof a Candle, fofarr

asit has any reſemblance of a Muſhrom, to the confideration of which,

that I may return, I fay, we may alſo obſerve :

Inthe first place, that the droppings or trillings of Lapideſcent waters

inVaults under ground,feem to conftitute akindofpetrify'dbody,form'd

almoſt like fome kind ofMuſhroms inverted,in fo much that I have ſeen

fomeknobb'd a little at the lower end, though for the moſt part, indeed

theyare otherwiſe fhap'd,and taper'd towardsthe end; the generation of

which feemstobe from no other reafon but this, that the waterbyfoak

ing throughthe earth and Lime (for I ghefs that fubftance to add much

to it petrifying quality) does fo impregnate it felfwithſtony particles,

that hanging in drops in the roof of the Vault , by reaſon that the

foaking ofthe water is but flow, it becomes expos'dto the Air, and there

by the outward part of the drop by degrees grows hard, by reaſon that

the watergradually evaporating the ftony particles neerthe outfides of

the drop begin to touch, and bydegrees, to dryand growcloser toge

ther, and at length conſtitute a cruft or thell aboutthe drop ; and this

foaking by degrees, being more and more fupply'd, the drop grows

longer and longer, and the fides harden thicker and thicker into a

Quill or Cane, and at length, that hollowor pithbecomes almoſt ſtop'd

up, and folid : afterwards the foaking of the petrifyingwater, finding no

longer a paffage through the middle, burfts out, and trickles down the

outfide, and as the water evaporates, leaves new fuperinduc'd fhells,

which more and more ſwell the bulk ofthoſe Iceicles ; and becauſe of

the great fupply fromthe Vault, ofpetrifying water, thoſe bodies grow

bigger and bigger next to the Vault, and taper or ſharpen towards the

point ; for the access from the arch of the Vault being but very flow,and

confequently the water being ſpread very thinly over the furface ofthe

Iceicle, the water begins to fettle before it can reach to the bottom, or

corner end ofit ; whence, ifyou break one oftheſe, you would almoſt

imagine it a ſtick ofWood petrify'd, it havingfo prettya reſemblance of

pith and grain , and if you look on the outfide of a piece, or of one

whole, you wouldthink no leſs, both from its vegetable roundneſs and

T
tapering
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tapering form; but whereas all Vegetables are obferv'd to ſhoot and

grow perpendicularly upwards , this does fhoot or propend directly

downwards.

By which laſt Obfervables, we fee that there may be a verypretty

body shap'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 ofthe Phenomena ofthis pret

ty petrifaction, are to be reduc'd from the gravity of a fluid and pretty

volatil body impregnated with ftony particles, why may not the Phano

mena ofEbullition or Germination be in part poffibly 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 behindin theform of a Muſhrom, which is yet further diverfi

fy'd and fpecificated by the forms ofthe parts that impregnated the li

quor, and compoſe or help to conftitute the Muſhrom.

That the foremention'd Figures ofgrowing Salts, and the Silver Tree,

are from this principle, I could very easily manifeft ; but that I have not

nowaconvenient opportunity offollowing it, nor have I made a fuffici

ent number ofExperiments and Obfervations to propound, explicate,and

prove fo uſefull a Theory as this of Mufhroms : for, though the con

trary principle to that ofpetrify'd Iceicles may be in part a cauſe ; yet

I cannot but think, that there is fomewhat a more complicated caufe,

thoughyet Mechanical, and poffible to be explain'd.

We thereforehave furtherto enquire of it, what makes it tobe ſuch a

liquor, and to aſcend, whether the heat ofthe Sun and Air, or whe

ther that offirmentiation and putrifaction, or both together ; as alſo whe

thertherebe not athird or fourth ; whether a Saline principle be not a

confiderable agent in this buſineſs alſo as well as heat ; whether alfo a fixa

tion, precipitation or fettling of certain parts out ofthe aerial Muſhrom

maynot be alfo a confiderable coadjutor in the bufinefs. Since wefind

that many pretty beards orftiria ofthe particles ofSilver maybe preci

pitatedupon apiece of Brafs put into a folution ofSilver very much di

luted with fair water, which look not unlike a kind of mould or hoar

uponthat piece of metal ; andthe hoar froſt looks like a kind ofmould

and whetherthere may not be feveral others that do concurr tothepro

duction ofa Muſhrom, having not yet had fufficient time to profecute ac

cording to my defires, I muft referr this to a better opportunity ofmy

own, or leave and recommend it to the more diligent enquiry and exa

mination offuch as can be maſters both of leisure and conveniencies for

fuch an Enquiry.

And in the mean time, I muſt conclude, that asfar as I have been able

to look into the nature ofthis Primary kind of life and vegetation , I can

notfind the leaſt probable argument to perfwade me there is anyother

concurrent cauſe thenfuch as is purely Mechanical, and that the effects

or productions are as neceflary upon the concurrence ofthoſe cauſes as

that a Ship, when the Sails are hoift up, and the Rudder is ſet to ſucha

pofition,ſhould,whenthe Wind blows, be mov'd in ſuch a way orcourfe

to
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to that or t other place ; Or, as that the bruſed Watch, which I men

tion in the defcription of Mofs, fhould, when thoſe parts which hindred

its motion were fallen away, begin to move, but after quite another man

ner then it did before.

Obferv. XXI. Of Mols, andfeveral other ſmall vegeta.ive Sub

fances.

a that the
his fpeculation, nor his Pen, and though amongſt Plants it be in

bulk one ofthe ſmalleſt, yet it is not the leaft confiderable : For, as to its

fhape, it may compare for the beauty ofit with any Plant that grows,

and bears a much bigger breadth ; it has a root almoſt like a feedy Parf

nep,furniſh'd with ſmall ſtrings and fuckers, which are all of them finely

branch'd, like thofe of the roots ofmuchbigger Vegetables ; out of this

fprings the ſtem or body of the Plant, which is fomewhat Quadrangular,

rather thenCylindrical, moft curioullyfluted or ftrung with imall creafes,

which run,for the moſt part,parallel the whole ftem ; on the fides of this

are cloſe and thick fet, a multitude of fair,large,well-fhap'd leaves, fome

of them of a rounder, others of a longer fhape, according as they are

youngerorolder when pluck'd ; as I ghefs by this, that thole Plants that

had the ſtalks growing from the top ofthem,had their leaves of a much

longer fhape, all the furface of each fide ofwhich, is curioutly cover'd

with a multitude of little oblong tranſparent bodies, in the manner as

youfee it exprefs'd in the leaf B, in the XIII. Scheme.

ThisPlant, when young and fpringingup, does much reſemble a Houf

leek,havingthick leaves,almoſt like that, and feems to befomwhat ofkin

to it in other particulars ; alfo fromthe top ofthe leaves, there fhoots out

afmall white and tranſparent hair, or thorn : This ftem, in time,come to

ſhoot out into a long,roundand even ſtalk, whichby cutting tranfverfly,

when dry, I manifeftly found to be a ſtiff, hard, and hollow Cane, or

Reed, without any kind of knot, or ftop, from its bottcm, where the

leaves encompass'd it, to the top, on whichthere grows a large feed cafe,

A, cover'd with a thin, and more whitiſh ſkin, B, terminated in a long

thorny top, which at firſt covers all the Cafe, and by degrees, as that

fwells, the ſkin cleaves, and at length falls off, with its thornytop and all

(which is a part ofit) and leaves the feed Caſe to ripen, and by degrees,

to ſhatter out its feed at a place underneath this cap, B, which before

the feed is ripe, appears like a flat barr'd button, without any hole inthe

middle ; butas it ripens, the button grows bigger, and a hole appears in

the middle ofit, E, out ofwhich, in all probability, the feed falls : For

as it ripens by a provifion of Nature, that end of this Cafeturnsdown

ward after thefame manner as the ears ofWheat and Barleyuſually do;

and opening ſeveral of thefe dry red Cafes, F, I found them to be

quite
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quite hollow,without any thing at all in them ; whereas when I cut them

afunder witha fharp Pen-knife when green, I found in the middle ofthis

great Cafe,another Imaller round Cafe,between which two,the interftices

werefill'd with multitudes ofſtringiefibres, which feem'd to fufpend the

leffer Cafeinthe middle ofthe other, which (as farr as I was able to dif

cern) feem'd full of exceeding ſmall 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 diſcern, 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, andfrom other parts of the root continuallyto

fpring new branches or flips, which by degrees increaſed, and grew as

bigg astheformer, feeded, ripen'd, ſhatter'd, and wither'd.

I could not find that it obferv'd any particular ſeaſons for theſeſeveral

kinds ofgrowth, but rather found it to be fpringing, mature, ripe, feedy,

and wither'd at all times ofthe year ; But I found it moſt to flouriſh and

increaſe in warmand moiſt weather.

It gathers its nouriſhments,for the moſt part,out offome Lapideſcent,or

other fubftance corrupted or chang'd from its former texture, or fub

ſtantial form; for I have found it to grow on the rotten parts ofStone,

ofBricks, ofWood, ofBones, of Leather,&c.

It oft grows on the barks of feveral Trees, ſpreading it ſelf, fometimes

from the ground upwards, and ſometimes from fome chink or cleft of

the bark of the Tree, which has ſome putrify'd ſubſtance in it ; but this

ſeems ofa diſtinct kind from that which I obferv'd to grow onputrify'd

inanimate bodies, and rotten earth .

There are alſo great varieties of other kinds ofMoffes, whichgrow on

Trees, and ſeveral other Plants, ofwhich I ſhall here make no mention,

nor of the Mofs growing on the ſkull of a dead man, which much re

fembles that ofTrees.

Whether this Plant does fometimes originally ſpring or rife out ofcor

ruption,without any diffeminated feed, I have not yet made trials enough

tobe very much, either pofitive or negative ; for as it feems very hardto

conceive howthefeed fhould be generally difpers'd into all parts where

there is a corruption begun, unleſs we may rationallyfuppofe, that this

feed being fo exceeding Imall,and confequently exceeding light ,is there

by taken up, and carried to and fro in the Air into every place,andby

the falling drops of rain is wafh'd down out ofit, and fo difpers'd into all

places, and there onely takes root and propagates, where it finds a con

venient foil or matrix for it to thrive in ; fo if we will have it to proceed

from corruption, it is not lefs difficult to conceive,

Firſt, howthe corruption ofany Vegetable, much less of anyStone or

Brick, fhould be the Parent of fo curioully figur'd, and ſo perfect a

Plant as this is. But here indeed, I cannot but add, that it ſeems rather to

bea product ofthe Rain in thoſe bodies where it is ſtay'd, then ofthe

very bodies themſelves, fince I have found it growing on Marble, and

Flint; but always the Microſcope, ifnotthe naked eye, would difcover

fome little hole of Dirtin whichit was rooted.
Next,
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Next,howthe corruption ofeach ofthofe exceedingly differing bodies

fhould all confpire to the production ofthe fame Plant, that is, that Stones,

Bricks, Wood, or vegetable fubftances, and Bones, Leather, Horns, or

animate fubftances, unless we may with fome plaufibleness fay, that Air

andWater are the coadjutors, or menftruums,in all kinds ofputrifactions,

and that thereby thebodies (though whil'ft they retain'd their fubftan

tial forms,were ofexceeding differing natures,yet)fince they are diffolv'd

and mixt into another, they may be very Homogeneous, they being almoſt

refolv'd again into Air, Water,and Earth ; retaining,perhaps, one part of

their vegetative faculty yet entire, which meeting with congruous af

fiftants, fuch 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 ſeveral 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, bruſed, or otherwiſe difor

dered, fo that feveral parts of it being diflocated, are impeded, and fo

ſtand ſtill, and not onely hinder its own progreflive motion, and produce

not the effect which they were defign'd for, but becauſe the other parts

alfo have a dependence upon them, put a stopto their motion likewife ;

and fo the whole Inftrument becomes unferviceable,, and not fit for any

ufe. This Inftrument afterwards, by fome fhaking and tumbling, and

throwing upand down, comes to have feveral of its parts ſhaken out, and

feveral of its curious motions, 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 bruled and diſorder'd, and had all this

while impededthe motion ofall the reft ; hereupon ſeveral ofthoſe other

motions that yet remain, whofe fprings were not quite rundown, being

now at liberty, begin each ofthem 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, theOwner, who chances to hear

and obſerveſome of theſe effects, being ignorant ofthe Watch-makers

Art, wonders what is betid his Clock, and prefently imagines that

fome Artiſt has been at work, and has fet his Clock in order, and made a

new kind ofInſtrument of it, but upon examining circumſtances,he finds

there was no fuch matter, but that the cafual flipping out of a Pinhad

made feveral parts ofhis Clock fall to pieces, and that thereby the ob

ſtacle that all this while hindred his Clock, together with other uſefull

parts were fallen out, and fo his Clock was fet at liberty. And upon

windingupthofe fprings again when run down,he finds his Clock togo,

but quite after another manner then it was wont heretofore.

And thus may it be perhaps in the bufinefs of Mofs and Mould, and

Muſhroms, andſeveral other ſpontaneous kinds of vegetations, which

may
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may be caus'dby a vegetative principle, which was a coadjutor to the

life and growth of the greater Vegetable, and was bythe deſtroying

ofthe life of it ſtopt and impeded in performing its office ; but after

wards, upon a further corruption of feveral parts that had all the while

impeded it, the heat ofthe 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(when a partofthat greater machine the priftine ve

getable)is mov'd after quite a differing manner,and produces effects very

differingfrom thoſe it did before.

But this I propound onely as a conjecture, not that I ammore enclin'd

to this Hypothefis then the feminal, which upon good reafon I ghefsto be

Mechanical alfo, as I may elſewhere more fully fhew: But becauſe I may,

bythis,hint a poffible way how this appearance maybe folv'd ; fuppofing

we ſhould be driven to confefs from certain Experiments and Obfervati

ons made, that fuch or fuch Vegetables were produc'd out ofthe cor

ruption ofanother, without any concurrent feminal principle (as I have

given ſome reaſon to fuppofe, in the deſcription of a MicroscopicalMufh

rome) without derogating at all from the infinite wisdom ofthe Creator.

Forthis accidental production, as I may call it, does manifeſt as much, if

not verymuch more, ofthe excellency of his contrivance as any thingin

the more perfect vegetative bodies ofthe world, even as the accidental

motion ofthe Automaton does make the owner fee, that there was much

more contrivance in it then atfirſthe imagin'd. But of this I have added

more in the deſcription ofMould,and the Vegetables on Rofe leaves,&c.

thoſe being much more likely to have their original from fuch a caufe

then thiswhichI have here deſcribed, in the 13. Scheme, which indeed I

cannot conceive otherwife of, then as ofa moft perfect Vegetable, want

ing nothing ofthe perfections ofthe moſt confpicuous and vaſteſt Vege

tables ofthe 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.

Weknowthere may be as much curiofity of contrivance, and excel

lency of form in a very ſmall Pocket-clock, that takes not up an Inch

fquare ofroom,as there maybe in a Church-clock that fills a whole room ;

And I know not whether all the contrivances and Mechaniſms requifite

to a perfect Vegetable, may not be crowded into an exceedingly lefs

room then this of Mofs, as I have heard of a ſtrikingWatch fo fmall,

that it ferv'd for a Pendant in a Ladies car ; and I have already given

you the deſcription of a Plant growing on Rofe leaves, that is abundant

ly ſmaller then Mofs ; infomuch, that neer 1000. ofthem would hardly

make the bigness ofone fingle Plant of Mofs. And by comparing the

bulk ofMofs, with the bulk ofthe biggeſt kind of Vegetable we meet

with in Story(ofwhich kind we find in fome hotter climates, as Guine,

and Brafile, the ſtock or body offome Trees to betwentyfoot in Dia

meter, whereas the body orftem ofMofs, forthe moſt part, is not above

one fixtieth part of an Inch) we ſhall find that the bulk of the one

will exceed the bulk of the other, no less then 2985984 Millions,

or

1
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or 2985984000000, and fuppofing the production on a Rofe leaf to be

a Plant, weshall have of thofe Indian Plants to exceed a production of

thefameVegetable kingdom noless then 1000 times the former number ;

fo prodigioully varicus are theworks of the Creator,and fo All-fufficient

is he to perform what to man would feem unpoffible, they being both

alike eafie to him, even as one day, and a thousand years are to him as

oneand the fame time.

Ihave taken notice of fuch an infinite variety of thoſe ſmaller kinds of

vegetations, that ſhould I have deſcribed every oneof them,theywould

almoſthavefill'd a Volume,and prov d bigg enough tohave made a new

Herbal, fuch multitudes are there to be found in moift hot weather,

efpecially in the Summer time, on all kind of putrifying ſubſtances, which,

whether they do more properly belong to the Claffis of Mufbroms, or

Moulds, or Moffes, I fhall not now difpute, there being fome that feem

more properly of one kind , others of another , their colours and

magnitudes being as much differing as their Figures and ſubſtances.

Nay,I have obferv'd,that putting fairWater (whether Rain-water or

Pump-water, orMay-dew, or Snow-water, it was almoſt all one) I have

often obferv'd, I fay, that thisWater would, with a littleſtanding, tarnish

and cover all about the fides ofthe Glafs that lay under water, with a

lovely green ; but though I have often endeavour'd to diſcoverwithmy

Microscope whether this green were like Mofs, or long ftriped Sea-weed,

orany other peculiar form, yet foill and imperfect are our Microfcopes,

that Icould not certainly difcriminate any.

Growing Trees alſo, and any kinds of Woods, Stones, Bones, &c. that

have been long expos d to the Air and Rain, will be all over cover'd with

a greenish fcurff,which willvery much foul and green any kind ofcloaths

that are rubb'd againſt it ; viewing this, I could not certainly perceive

in many parts ofit any determinateform,though in many I couldperceive

a Bed as ' twere ofyoung Mofs, but in other parts it look'd almoſt like

greenbushes,and very confus'd,but always ofwhat ever irregular Figures

the parts appear'd of, they were always green, and feem'd to be either

fomeVegetable, or to have fome vegetating principle.

Obferv. XXII. Ofcommon Sponges, andſeveral other Spongie

fibrous bodies.

A it, difcovers, feemsto

Sponge is commonly reckon'd among the Zoophyts, or Plant Ani

confirm it ; for it is of a form whereofI never obferv'd any other Vege

table, and indeed,it ſeems impoffible that any fhould be of it, for it con

Gifts ofan infinite number of fmall fhort fibres, or nervous parts, much of

the fame bigness, curioufly jointed or contex'd together in the form

ofa Net, as is more plainly manifeft bythe little Draught which I have

added
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added, in the third Figure ofthe IX. Scheme, of a piece ofit, whichyon

may perceive repreſents a confus'd heap ofthe fibrous parts curiously

jointed andimplicated. The joints are, for the moſt part, where three

fibresonelymeet,for I have very ſeldom met with any that had four.

At theſe joints there is no one of the three that ſeems to be theſtock

whereon the other grow, but each ofthefibres are, for the moſtpart, of

an equal bigness, and feemeach of them to have an equal ſhare inthe

joint; thefibres are all ofthem much about the ſame bigness, not ſmaller

towardsthetopofthe Sponge, and bigger neererthe bottomor root, as

is ufuall in Plants, the length ofeach between the joints, is very irregu

lar and different ; the diftance between fome two joints, beingten or

twelve times more then between fome others.

Nor are the joints regular, and of an equitriagonal Figure, but for the

moſt part, thethree fibres fo meet, that they compofe three angles very

differing all of themfromone another.

The meſhes likewiſe, and holes of this reticulated body, are not less

various and irregular : fome bilateral, others trilateral, and quadrilateral

Figures ; nay, I have obferv d ſome meſhesto have 5, 6, 7, 8, or 9. fides,

and fome to have onely one, ſo exceeding various is the Lufus Natura in

this body.

As to the outward appearance ofthis Vegetative body, they arefo

ufuall every where, that I need not defcribe them, confifting ofa ſoft

andporous fubftance, reprefenting a Lock,fometimes a fleece ofWooll ;

but it hasbefides theſe ſmall microſcopical pores which lie between the

fibres, a multitude of round pores or holes, which, from the top of it,

pierceinto the body, and fometimes go quite through to thebottom.

I have obferv'd many of theſe Sponges, to have included likewife in

the midſt of their fibrous contextures, pretty large friable ſtones, which

muft either have been inclos'd whil'ft this Vegetable wasin formation,or

generated in thoſe places after it was perfectly fhap'd. The later ofwhich

feemsthe mareimprobable, becauſe I did not find that any oftheſeſtony

fubftances were perforated with thefibres ofthe Sponge.

Ihave never ſeen nor been enform'd ofthe true manner ofthegrow

ing ofSponges onthe Rock;whether they are found to increaſe from little

to great,like Vegetables,that is, part after part, or like Animals, all parts

equally growing together ; orwhethertheybe matrices or feed-baggs of

any kind ofFiſhes, orfome kind ofwatry Infect ; or whether they are at

any
times more ſoft and tender, or of another nature and texture,which

things, ifI knew, I fhould much defire to be informed of: but from a

curfory view that I at firft made with myMicroscope, and fome other

trials,I ſuppoſed it to be fome Animal ſubſtance caſt out,
andfaftned up

onthe Rocks in the form of a froth, cr congeries of bubbles, like that

which I have often obferv'd on Roſemary, and other Plants (wherein

is included a little Infect) that all the little films which divide theſe

bubbles one from another,did preſently,almoſt after the fubftancebegan

to grow a little harder,break,and leave onely thethread behind, which

mightbe, as 'twere, the angle or thread between the bubbles, thatthe

great

·
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great holes or pores obfervable in theſe Sponges were made bythe eru

ption of the included Heterogeneous fubftance (whether air, or fome

otherbody, for many other fluid bodies will do the fame thing) which

breaking out ofthe leffer, were collected into very large bubbles, and

fo might maketheir way out ofthe Sponge, and in their paflage might

leave a round cavity ; and if it were large,might carry up with it the ad

jacent bubbles, which may be perceiv'd at the outfide ofthe Sponge, if

it be first throughly wetted, and fuffer'd to plump it ſelf into its natural

form, or be thenwrung dry, and fuffer'd to expand it felf again, which it

will freely do whil'ft moift : for when it has thus plump'd it felfinto its

naturalſhape and dimenfions, 'tis obvious enough that the mouths ofthe

larger holes have a kind of lip or rifing round about them, but the other

fmaller pores have little or none. Itmay further be found, that each of

thefe great pores has many other ſmall pores below, that are united unto

and helpto conſtitute it, almoſt like fo many rivulets or ſmall ſtreams

that contribute to the maintenance of a large River Nor from this

Hypothefis would it have been difficult to explicate, how thofe little

branches ofCoral, fmal Stones, Shells, and the like, come to be included

bytheſe frothy bodies : But this inded was but a conjecture ; and upon

amore accurate enquiry into the form of it withthe Microſcope, it seems

not to be the true origine of them ; for whereas Sponges have onely

three arms whichjoin together at eachknot, ifthey had been generated

from bubbles they muſt have had four.

But that they are Animal Subftances, the Chymical examination of

themſeems to manifeft, they affording a volatil Salt and ſpirit,likeHarts

Horn, as does alfo their great ftrength and toughneſs, and their ſmell

when burn'd in the Fire or a Candle, which has a kind offleshy fent,not

much unlike to hair. And having fince examin'd feveral Authors con

cerning them,among others,I find this account given by Bellonius, in the

XI.Chap. ofhis 2 Book, De Aquatilibus. Spongia recentes, fays he, àficcis

longediverfa ,fcopulis aquæ marine adduos vel tres cubitos,nonnunquam qua

tuor tantum digitos immerfis, utfungi arboribus adhærent, fordido quodam

fucco aut mucofa potiusfanie refertæ,ufque adeòfætida ut vel eminus nauſeam

excitet, continetur autem iis cavernis, quas inanes inficcis & lotis Spongiis

cernimus : Putrispulmonis modo nigra confpiciuntur, verum quæ infublimi

aqua nafcuntur multo magis opaca nigredine fuffufæ funt. Vivere quidem

Spongias adhærendo Ariftoteles cenfet : abfolute vero minime : fenfumque

aliquem habere, vel eo argumento (inquit) credantur, quod difficillime ab

ftrabantur,nifi clanculumagatur:Atq; ad avulforis acceffum itacontrahantur,

ut eas evellere difficile fit, quod idem etiamfaciunt quotiesflatus tempefta

téfque urgent. Puto autem illis fuccumfordidum quemfupra diximus car

nis loco à natura attributum fuiſſe : atque meatibus latioribus tan

quam inteftinis aut interaneis uti. Cæterum pars ea quæ Spongia cantibus

adbarent eft tanquam folii petiolus, à quo veluti collum quoddamgracile in

cipit : quod deinde in latitudinem diffufum capitis globum facit. Recentibus

nihil eft fiftulofum, hæfitantque tanquam radicibus. Superne omnes propemo

dum meatusconcreti latent : inferne verò quaterni aut quinipatent,per quos

V eas
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easfugere exiftimamus. From which Defcription,theyſeem to be akind

ofPlant-Animal that adheres to a Rock, and theſeſmallfibres or threads

which we have deſcribed, ſeemto have beenthe Veffels which ('tis very

probable) were very much bigger whil'ft the Interftitia were fill'd (as

he affirms) with amucous,pulpy or fleſhy ſubſtance ; but uponthe drying

wereſhrunk into the bigness they now appear.

The texture ofit is fuch, thatI have not yet met with any otherbody

in theworld that has the like, but onely one ofa largerfort ofSponge

(which is preferv'd in the Muſeum Harveanum belonging to the moſt

Illuſtrious and moſt learned Society of the Physicians of London) which is

ofa horney, or rather of a petrify'd fubſtance. And ofthis indeed, the

texture and make is exactly the famewith commonSponges, but onely

that both the holes and thefibres, or texture of it is exceedingly much

bigger,for fome ofthe holes were above an Inch and half over, and the

fibres and texture of it was bigg enough to be diſtinguiſhed eaſily with

ones eye, but confpicuouſly with an ordinary fingle Microscope. And thefe

indeed, feem'd to have been the habitation of fome Animal ; and ex

amining Ariftotle, I find a very confonant account hereunto, namely, that

hehadknown a certain little Animal, call'd Pinnothera, like a Spider, to

bebred in thoſe caverns ofa Sponge,from within which,by opening and

cloſing thoſe holes, he infnares and catches the little Fithes; and in ano

therplacehe ſays, That'tis very confidently reported, that there are cer

tainMoths orWorms that refide inthe cavities of a Sponge,and are there

nouriſhed : Notwithſtanding all which Hiftories,I think it well worth the

enquiring into the Hiſtory and nature ofa Sponge, it ſeeming to promife

fome information ofthe Veffels in Animal fubftances, which (by reafon

of thefolidity of the interferted fleſh that is not eaſily remov'd, without

deſtroying alſo thoſe interfpers'd Veffels ) are hitherto undiſcover'd ;

whereashere in a Sponge,the Parenchyma,it ſeems,is but a kind ofmucous

gelly,which is very eafily and cleerly wash'd away.

The reaſonthat makesme imagine, that there may probably befome

fuch texture in Animal fubftances, is, that examining the texture ofthe

filaments oftann'd Leather, I find it to bemuch ofthe fame nature and

ftrengthof a Sponge; and with my Microſcope, I have obferv'd manyfuch

joints andknobs, as I have defcribed in Sponges, thefibres alfo inthe hol

lowofſeveralforts of Bones, after theMarrowhas been remov'd, I have

foundfomewhat to reſemble this texture, though, I confess, I neveryet

found any texture exactly the fame, nor any for curiofity comparable

to it.

The filaments ofit are much ſmaller then thoſe of Silk, andthrough

the Microſcope appear very neer as tranſparent, nay, fome parts ofthem

Ihaveobferv'd much more.

Having examin'd alfo feveral kinds of Muſhroms, I finde their texture

to be ſomewhat of this kind, that is, to conſiſt of an infinite companyof

fmallfilaments, every way contex'd and woventogether, fo asto makea

kind of cloth, and more particularly, examining a piece ofTouch-wood

(which isa kind ofJews-ear, or Muſhrom, growing here in England alſo,

on
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on ſeveral ſorts of Trees, fuch as Elders, Maples, Willows,&c. and is

commonly call'd by the name of spunk; but that we meet with to be

fold in Shops, is brought from beyond Seas) I found it to be made of an

exceeding delicate texture : For the fubftance of it feels, and looks to

the naked eye,and may be ſtretch'd any way,exactly like a veryfine piece

of Chamois Leather, or wafh'd Leather, but it is of fomewhat a browner

hew, and nothingneer fo ftrong ; but examining it with my Microscope,

I found it of fomewhat another make then any kind of Leather ; for

whereasboth Chamois, and all other kinds ofLeather I have yet view'd,

conſiſt ofan infinite company offilaments, fomewhat like buſhes inter

woven one within another, that is,ofbigger parts or ſtems, as it were, and

fmaller branchings that growout of them ; or like a heap of Ropes ends,

where each of the larger Ropes by degrees feem to fplit or untwift, into

many ſmaller Cords, and each of thole Cords into ſmaller Lines, and

thofe Lines into Threads, &c. and theſe ſtrangely intangled, or inter

woven one within another : The texture of this Touch-wood feems

more like that ofa Lock or a Fleece ofWool, for it confiſts of an infinite

number of ſmall filaments, all ofthem, asfarr as I could perceive, ofthe

fame bigness like thofe of a Sponge, but that thefilaments ofthis were

not a twentieth part of the bigness ofthofe of a Sponge ; and I could not

fo plainly perceivetheir joints, or their manner of interweaving, though,

as farr as I was able to difcern with that Microſcope I had, I fuppofe it to

have fome kind ofreſemblance, but the joints are nothing neer ſo thick,

norwithout much trouble viſible.

The filaments I could plainly enough perceive tobe even,round,cylin

drical,tranſparent bodies,and to croſs each other every way, that is, there

were not more ſeem'd to lie horizontally thenperpendicularly and thwart

way, fo that it isfomewhat difficult to conceive howtheyſhould grow

in that manner. By tearing offa fmall piece of it, and looking on the

ragged edge, I could among feveral ofthofefibres perceive fmall joints,

that is, one ofthoſe hairs fplit into two, eachofthelame bigness withthe

other out ofwhich they feem'd to grow, but having not lately had an

opportunity ofexamining their manner ofgrowth, I cannot poſitively af

firm
any thing ofthem.

But to proceed, The fwelling ofSponges upon wetting, and the riſing

ofthe Waterin 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.

Thefubftance ofthem indeed, has fo many excellent properties,ſcarce

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 ;

certainly, if it were well confider'd, it would afford much greatercon

veniencies.

That ufe which the Divers are faid to make of it , ſeems , if true,

veryſtrange, but havingmadetrial of it myfelf, by dipping a ſmall piece

of it in verygood Sallet-oyl,and putting it in my mouth,and then keep

ing mymouthand nofe under water,I could not find any fuchthing ; for I

was
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was as foonout ofbreath,as ifI hadhad no Sponge,nor could I fetch my

breath without taking in water at my mouth; but I am very aptto

think, that were there a contrivance whereby the expir'd air might be

forc'd to pass througha wet or oyly Sponge before it were again inſpir'd,

it might much cleanſe, and ſtrain away from the Air divers fuliginous

and other noiſome ſteams, andthe dipping of it in certain liquors might,

perhaps, fo renew that property in the Air which it lofes in the Lungs,by

beingbreath'd, that one fquare foot ofAir might laft a man for refpirati

onmuch longer, perhaps,then ten will now ferve him ofcommon Air.

Obferv. XXIII. Of the curious texture ofSea-weeds.

"Or and beauty, I have not the Plants or Vege

tables Ihave yet obfery'd , feen any one comparable to this Sea-weed

Ihave here defcrib'd, ofwhich I am able tofay very little more then what

is repreſented by the fecond Figure of the ninth Scheme : Namely, that

it is a Plant which grows upon the Rocks under the water, and increaſes

and ſpreads it ſelf into a great tuft, which is not onely handsomely

branch'd into ſeveral leaves, but the whole furface of the Plant is cover'd

over with a moſt curious kind of carv'd work, which confifts of a tex

ture much reſembling a Honey-comb ; for the whole furface on both fides

iscover'd over with a multitude ofvery ſmall holes,being nobigger then

ſo many holes made with the point of a ſmall Pinn, and rang'd in the

neateſt and moſt delicate order imaginable, they being plac'd in the man

nerofa Quincunx, or very muchlike the rows ofthe eyes of a Fly, the

rows or orders being very regular, whichway foever they are obferv'd :

what the texture was, as it appear'd through a pretty biggMagnifying

Microscope, I have here adjoin'd in the first Figure of the 14. Scheme.

which round Area ABCD repreſents a part of the ſurface about one

eighth part ofan Inch in Diameter : Thofe little holes, which to the eye

look'd round, likefo many little ſpots, here appear'd very regularly

fhap'd holes, repreſenting almoſt the ſhape of the fole of a round toed

fhoe, the hinder part of which, is, as it were, trod on orcover'd by the

toe of that next belowit;thefe holes feem'd wall'd about with a verythin

and tranſparent fubftance, looking of a pale ſtraw-colour ; from the edge

ofwhich, againſt the middle ofeach hole, were fprouted out four ſmall

tranfparent ſtraw-colour'd Thorns, which feem'd to protect and cover

thofe cavities, from either fide two ; neer the root of this Plant, were

fprouted out feveral ſmall branches of a kind ofbaſtard Coralline, curi

oufly branch'd, thoughſmall.

And to confirm this, having lately the opportunity of viewing the

large Plant (if I may fo call it) of a Sponge petrify'd, ofwhich I made

mention inthe laft Obſervation, I found, that each of the Branches or

Figures of it, did, by the range of its pores, exhibit juſt ſuch a texture,

the

1

1





Schem:x

DIADAL

Fig.2 .

A

Fig:I.

of anInch

Fig:3 .

B



MICROGRAPHIA.

141

the rows of pores croffing one another, much after the manner as the

rows ofeyes do which are defcrib'd in the 26.Scheme : Coralline alſo, and

feveral forts ofwhite Coral, I have with a Microscope obferv'd very cu

riouſly ſhap'd. And I doubt not, but that he that ſhall obferve theſe

feveral kinds of Plants that grow upon Rocks, which the Sea fome

times overflows, and thofe heaps ofothers which are vomited out ofit up

on the fhore, may find multitudes of little Plants, and other bodies,which

like this will afford very beautifull objects for the Microſcope ; and this

Specimenhere is adjoin'd onely to excite their curiolities who haveop

portunity of obferving to examine aud collect what they find worthy

their notice ; for the Sea, among terreſtrial bodies, is alſo a prolifick

mother, and affords as many Inftances ofspontaneous generations as ei

therthe Air or Earth.

Obferv. XXIV. Ofthefurfaces ofRoſemary, andother leaves.

Hiswhich is delineated within the circle ofthe ſecond Figure ofthe

14. Scheme, is a ſmall part ofthe back or under fide ofa leaf of

Roſemary, which I did not therefore make choice of, becauſe it had any

thing peculiar which was not obfervable with a Microſcope in ſeveral

other Plants, but becauſe it exhibits at one view,

Firſt, a ſmoothand ſhiningfurface, namely, AB, which is a partof the

upper fide of the leaf, that by akind of hemor doubling of the leafap

pears on this fide. There are multitudes of leaves, whofe furfacesare

like this ſmooth, and as it were quilted, which look like a curious quilted

baggof green Silk, or like a Bladder, or ſome fuch pliable tranfparent

fubftance, full ftuffed out with a green juice or liquor ; the furface of

Rue, or Herbgrafs, is polifh'd, and all over indented, or pitted, likethe

Silk-worm's Egg,which I fhall anon defcribe ; theſmooth ſurfaces ofother

Plants are otherwife quilted, Nature in this, as it were, expreſſing her

Needle-work, or imbroidery.

Next adowny or bushy furface, fuch as is all the under fide almoft,

appearingthrough the Microscope much like a thicket of buſhes, and with

this kind ofDown or Hair the leaves and ftalks of multitudes ofVege

tables are covered ; and thereſeems to be as great a variety in theſhape,

bulk, and manner ofthe growing oftheſe fecundary Plants, as I may call

them (theybeing, as it were, aPlant growing out of a Plant, or fome

what like the hairs of Animals) as there is to be found amongſt ſmall

fhrubs that compoſe buſhes ; but forthemostpart,theyconfift of fmall

transparent parts, fome ofwhich growin the thape offmall Needles or

Bodkins,as onthe Thiftle,Cowag-ecod and Nettle ; others intheform of

Cat's claws,as in Cliders, the beards of Barley, the edges ofſeveralforts

ofGrafs and Reeds,&c.in other,as Coltsfoot,Rofe-campion, Aps, Poplary

Willow, and almoſt all other downy Plants, they grow intheformof

buſhes very much diverſify'dineach particular Plant. That which I have

before



142

MICROGRAHPIA
.

before in the 19. Obſervation noted on Rofe-leaves, is of a quite differ

ing kind, and feems indeed a real Vegetable, diſtinct from the leaf.

Thirdly, amongtheſe ſmall buſhes are obfervable an infinite company

ofſmall round Balls, exactly Globular, and very much refembling Pearls,

namely, CCCC, oftheſe there may be multitudes obferv'd in Sage,

and feveral other Plants, which I fuppofe wasthe reaſon why Athanafius

Kircher fuppofed them to be all cover'd with Spiders Eggs, or young

Spiders, which indeed is nothing elſe but fome kind ofgummous exfu

dation,which is always muchof the fame bigness. At firſt fight oftheſe,I

confefs, I imagin'd that they mighthave beenfome kind of matrices,"or

nouriſhing receptacles for fome fmall Infect, juſt as I have found Oak

apples, and multitudes offuch other large excrefcencies on the leaves

and other parts ofTrees and fhrubs to be for Flyes, and divers other In

fects, but obferving them to be there all the year, and ſcarce at all to

change their magnitude, that conjecture feem'd not fo probable. But

what ever be the uſe of it, it affords a very pleaſant object throughthe

Microſcope, and may, perhaps, upon further examination, prove very

luciferous.

Obferv. XXV. Ofthe flinging points and juice of Nettles, and

fome other venomous Plants.

A

Nettle is a Plantfo well known to every one,as to what the
appear

ance ofit is to 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

nonewsto tell that agentle and flight touch ofthe ſkinby a Nettle, does

oftentime, not onely create very ſenſible and acute pain, much like that

ofa burn orfcald,but often alfo very angry and hard fwellings and infla

mations ofthe parts, fuch as will preſently rife, and continue ſwoln di

vers hours. Theſe obſervations, I fay, are common enough ; but howthe

pain is fo fuddenly created, and bywhat means continued, augmented

fora time, and afterwards diminiſh'd, and at length quite exftinguiſh'd,

has not, that I know, been explain'd by any.

And herewe muſt have recourſe to our Microſcope, and that will, if

almoſt any part ofthe Plant be looked on, fhewus the whole ſurface of

it very thickfet with turn-Pikes, or fharp Needles, ofthe ſhape ofthoſe

repreſented in the 15. Scheme and firſt Figure by A B, which are viſible

allo to the naked eye ; each of which confifts of two parts very diſtinct

for fhape and differing alfo in quality from one another. Forthe part A,

is ſhaped very much like a round Bodkin,from B tapering till it end in a

very ſharp point ; it is of a ſubſtance very hard and ſtiff, exceedingly

tranſparent and cleer, and, as I by many trials certainly found, is hollow

from toptobottom.

This Ifound by this Experiment, Ihad a very convenient Micro

Scope

1
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fcope with a fingle Glafs which drew abouthalfan Inch,this I had faſtned

into a little frame, almoft like a pair of Spectacles, which I placed before

mine eyes, and fo holding the leaf of a Nettle at a convenient diſtance

from my eye, I did firft,with the thrufting of feveral of theſe briftles into

myſkin, perceive that prefently after I had thrust them in I felt the burn

ing pain begin ; next I obferv d in divers of them, that upon thruſting

my finger againft their tops, the Bodkin (if I may fo call it ) did not in

the leaft bend, but I could perceive moving up and downwithin it a cer

tain liquor, which upon thrusting the Bodkin againſt its baſis, or bagg B,

Icould perceiveto rife towards the top, and upontaking away myhand,

I could fee it again fubfide, and ſhrink into the bagg; this I did very

often, and faw this Phenomenon as plain as I could ever fee a parcel of

water afcend and deſcend ina pipe ofGlafs. But the bafis underneaththeſe

Bodkins on which they werefaft, were made ofa more pliable ſubſtance,

and looked almoſt like a little bagg ofgreen Leather, or rather refem

bled the ſhape and furface of a wilde Cucumber, or cucumeris afinini,

and I could plainly perceive themto be certain little baggs, bladders,or

receptacles full ofwater, oras I ghefs, the liquor ofthe Plant, which was

poisonous, and thoſe ſmall Bodkins were but the Syringe-pipes, or Gly

fter-pipes, whichfirst madeway intotheſkin, and then ferved to convey

that poisonous juice,upon the preffing of thofe little baggs, into thein

terior and fenfible parts ofthe ſkin,whichbeing fodifcharg'd , does cor

rode, or, as it were, burn that part oftheſkin it touches ; and this pain

will fometimes laſt very long, according as the impreffion is madedeeper

orſtronger.

The other parts ofthe leaf or furface of the Nettle, have verylittle

confiderable, but what iscommon to moſt oftheſe kinds ofPlants, as the

ruggedness or indenting, and hairiness, and other roughnefles ofthefur

face or out-fide ofthe Plant, of which I may ſay more in another place.

As I fhall likewife of certain little pretty cleer Balls or Apples which I

have obſerved to ftick tothe fides of thefe leaves, both onthe upper and

under fide, very much like the fmall Apples which Ihave often obferv'd

to growonthe leaves of an Oak call'd Oak-apples which are nothingbut

the Matrices of an Infect, as I elſewhere fhew.

The chiefthingtherefore is, howthisPlant comes,byfoflight a touch,

to-createfo great a pain;andthe reafon ofthisfeemstobe nothing elſe,but

the corrofive penetrant liquor contain'd in the ſmall baggs or bladders,

upon which grow out thofe fharp Syringe-pipes, as I before noted , and

veryconfonant to this, isthe reafon of the pain created bythe fting ofa

Bee,Wafp,&c. as I elsewhere fhew : Forby theDart,which is likewife a

pipe, is made a deep paflage into the fkin, and then by the anger ofthe

Fly, is his gally poisonous liquor injected ; which being admitted among

the fenfible parts, and fo mix'd with the humours or flagnatingjuices of

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 become fwell'd, hard, and very painfull ; for

therebythe nervous and fenfible parts arenotonely ſtretch'd and ſtrain'd

that

beyond
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beyond their natural tone, but are also prick'd, perhaps, or corroded by

the pungent and incongruous pores of the intruded liquor.

And this feems to be the reaſon, why Aqua fortis, and otherfalineli

quors, if they come to touch the fenfitive parts, as in a cut ofthe ſkin,

or the like, do fo violently and intollerably excruciate and torment the

Patient. And 'tis not unlikely, but the Inventors of that Diabolical pra

&tice of poiſoning the points ofArrows and Ponyards, might receive

their firſt hint fromfome fuch Inftance in natural contrivances, as this of

theNettle for the ground why ſuch poifon'd weapons kill fo infallibly

asthey do, ſeems no other then this ofour Nettle's ſtinging ; for the Pon

yard or Dart makes a paffage or entrance into the fenfitive or vital parts

ofthe body, wherebythe contagious fubftance comes to be diffolv'd by,

and mix'd with the fluid parts or humours ofthe body,and by that means

ſpreads it ſelf by degrees into the whole liquid part ofthe body, in the

fame manner, as a few grains of Salt,put into a great quantity ofWater,

will by degrees diffuſe it ſelf over the whole.

And this I take to be the reaſon of killing of Toads, Frogs, Effs, and

ſeveral Fiſhes, by ftrewing Salt on their backs (which Experiment was

fhewn tothe RoyalSocietyby a very ingenious Gentleman, and a worthy

Member ofit) for thoſe creatures having always a continual exfudation,

as it were,offlimy and watry parts,ſweating out ofthe pores oftheir ſkin,

thefaline particles, by that means obtain a vehicle,which conveys themin

to the internal and vital parts ofthe body.

This ſeemsalfo to be the reaſon why bathing in Mineral waters are

fuchfoveraign remedies for multitudes ofdiftempers, efpecially chronical;

for the liquid& warm vehicles oftheMineral particles,which are known

to be invery confiderable quantities in thoſe healing baths,by the body's

long ſtay inthem, do by degrees ſteep and infinuate themſelves into the

pores and parts ofthe ſkin,and thereby thoſe Mineral particles have their

waysand paffages open'd to penetrate into the inner parts, andmingle

themſelves withtheftagnant juices ofthe feveral parts ; befides,many of

thoſe offenfive parts which were united with thofeftagnant juices, and

which were contrary to the natural conftitution ofthe parts, and fobe

come irkſome and painfull tothe body,but could not be diſcharged, be

cauſe Nature had made no provifion for fuch accidental miſchiefs, are, by

means of this foaking, and filling the pores ofthe ſkin with a liquor, af

forded a paffage through that liquor that fills the pores into theam

bient fluid, and thereby the body comes to be diſcharged.

So that 'tis very evident,there may be a good as well as an evil applica

tion of this Principle. And the ingenious Invention of that Excellent

perfon, Doctor Wren, of injecting liquors into the veins of an Animal,

Teemsto be reducible to this head : I cannot ſtay, nor is this a fit place, to

mention the ſeveral Experiments made of this kindby the moſt incom

parable Mr. Boyle, the multitudes made by the lately mention'd Phyfician

Doctor Clark, the Hiſtory whereof, as he has been pleas'd to commu

nicate tothe Royal Society, fo he may perhaps be prevail'd with to make

publique himself: But I hall rather hint, that certainly, ifthis Principle

were

I
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werewell confider'd,there might, befides the further improving ofBath

ing and Syringing into the veins, bethought on feveral ways, whereby

ſeveral obftinate diftempers of a humanebody,fuch as the Gout,Dropfie,

Stare, &c. might be maſter'd, and expell'd ; and good men might make

as gooda uſe ofit, as evil men have made a perverfe and Diabolical.

And that the filling ofthe pores ofthe ſkin with fome fluid vehicle, is

ofnofmall efficacy towards the preparing a paflage for ſeveral kinds of

penetrant juices, and other diffoluble bodies, to infinuate themſelves

withinthe íkin, and into the fenfitive parts ofthe body, maybe, I think,

prov'd by an Inftance given us by Bellonius, in the 26. Chapter of the

fecond Book of his Obfervations , which containing a very remarkable

Story I have here tranfcrib'd : Cum Chameleonis nigri radices (fays he)

apud Pagum quendam Livadochorio nuncupatum erui curaremus, plurimi

Greci& Turca fpectatum venerunt quid erueremus, eas verofruftulatimfe

cabamus,&filo trajiciebamus ut facilius exficcari poffent. Turca in eo ne

gotio occupatos nos videntes, fimiliter eas radices tractare & fecare volue

runt: at cum fummus effet eftus, & omnes fudore maderent, quicunque

eam radicem manibus tractaverantfudoremque abfterferant, aut faciem di

gitisfcalpferant, tantampruriginem iis locis quos attigerant pofteafenferunt,

ut aduri viderentur. Chamalconis enim nigri radix ea virtute pollet, ut cu

ti applicata ipfam adeo inflammet, ut necſquilla, nec urtice ulle centefima

parteita adurent : At prurigo non adeo celeriterfefe prodit. Poft unamaut al

teram porro horam, finguli variis faciei locis cutem adeo inflammatamha

bere capimus ut tota fanguinea videretur, atque quo magis eam confricaba

mus,tanto magis excitabatur prurigo. Fonti affidebamusfubplatano,atque ini

tio pro ludicre babebamus& ridebamus : at tandem illi plurimum indignati

funt,& nifiaffeveraſſemus nunquam expertos tali virtute eamplantampollere,

banddubie male nos multaffent. Attamen noftra excufatio fuit ab illis facili

usaccepta,cumeodem incommodo nos affectos confpicerent. Mirumfanequod

intantillo radice tam ingentem efficaciam noftro malo expertifumus.

Bywhich obfervation ofhis,it ſeems manifeft,that their being all cover'd

withſweat who gather'd and cut this root ofthe black Chameleon Thiſtle,

wasthe great reaſon whythey fuffer'd that inconvenience, for it ſeemsthe

like circumſtancehad not been before that noted, nor do I find anymen

tion offuch a property belonging to this Vegetable in any ofthe Her

bals I have at preſent by me.

I could give very many Obfervations which I have made ofthis kind,

wherebyI have found that the beſt way to get a body to be infinuated

into the ſubſtance or infenfible pores of another, is firſt, to find a fluid

vehicle that hasfome congruity,bothto the body to be infinuated,and to

the bodyinto whofe pores you would have the other convey'd. And in

this Principle lies the great mystery ofſtaining ſeveral forts of bodies, as

Marble, Woods, Bones,& c. and ofDying Silks, Cloaths, Wools, Fea

thers,&c. But theſe being digreffions, I fhall proceed to :

Obferv. XXVI. OfCowage,and the itching operation offome bodies.

TH

'Here is a certain Down of a Plant,brought fromthe East-Indies,call'd

commonly, though very improperly, Com-itch, the reafon of which

X miſtake
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miſtake is manifeſt enough fromthe defcription of it,which Mr. Parkinſon

fetsdown in his Herbal, Tribe XI. Chap. 2. Phafiolusfiliqua hirfuta ; The

hairy Kidney-bean, called in Zurratte where itgrows, Couhage : We have had

(fayshe)another of this kind brought us out ofthe Eaft-Indies, which being

planted, wasinfhew like theformer, but came not to perfection, the unkindly

Seafon notsuffering it tofhew theflower ; but ofthe Cods that were brought,

Some were smaller,shorter, and rounder then the Garden kind ; others much

longer, andmanygrowing together, as it were in clusters, andcover'd allover

with a brownfhort hairines,fofine, that ifany ofit be rubb'd, or fall onthe

back ofones hand, or other tender parts ofthe skin, it will cauſe a kind of

itching, but notstrong, nor long induring, butpalling quickly away, without

either danger or harm ; the Beans weresmaller then ordinary, andofa black

Shining colour.

Having one oftheſe Cods given me by a Sea-Captain, who had fre

quented thofe parts, I found it to be a ſmall Cod, about three Inches

long, much like a fhort Cod of French Beans, which had fix Beans in it,

the whole furface of it was cover'd over with a very thick and fhining

brown Down or Hair, which was very fine, and for its bignefs ftiff

taking fome of this Down, and rubbing it on the back ofmy hand, 1

found very little or no trouble, only I was fenfible that ſeveral oftheſe

little downy parts with rubbing did penetrate, and were funk, orſtuck

pretty deep into my ſkin. After I 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 ; but whil'ft I was confidering, I found the Down begin

to make my hand itch, and in fome places to fmart again, much like the

ftinging of a Flea or Gnat, and this continued a pretty while, ſothatby

degrees I found my fkin to be fwell'd with little red puftules, and to

look as if it had been itchie. But fuffering it without rubbing or scratch

ing, the itching tickling pain quickly grew languid, and withinan hour

I felt nothing at all, and the little protuberancies were vaniſh'd.

The caufe ofwhich odd Phenomenon, I fuppofe to be much thefame

with that ofthe ſtinging of a Nettle, for by the Microſcope, I diſcover'd

this Downto confift of a multitude of ſmall and flender conical bodies,

much refembling Needles or Bodkins, fuch as are repreſented byA B.

CD. EF. ofthe firſt Figure ofthe XVI. Scheme ; that their ends AAA,

were veryſharp, and the fubftance ofthem ſtiff and hard, much like the

fubftance ofſeveral kinds ofThorns and crooks growing onTrees. And

though they appear'd very cleer and tranſparent, yet I could not per

ceive whether they were hollow or not , but to me they appear'd

like folid tranſparent bodies, without any cavity in them ; whether,

though they might not be a kind of Cane, fill'd with fome tranfpa

rent liquor whichwashardned (becauſe the Codwhich I had wasvery

dry) I was not able to examine.

Now, being fuch ſtiff, ſharp bodies, it is eafie to conceive, how with

rubbingthey might eafily bethrust into the tender parts of the skin,and

there, byreafon oftheir exceeding fineness and drinefs, not create any

confiderable trouble or pain, tillby remaining in thoſe places moiftned

with the humours ofthe body, fome cauftick part ſticking on them, or

refiding
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refiding withinthem might be diffolv d and mix'd withthe ambient juices

of that place, and thereby thofe fibres and tender parts adjoyningbe

come affected, and as it were corroded by it ; whence, while that acti

on lafts, the pains created are pretty fharp and pungent, though ſmall,

which is the eflential property ofan itching one.

That the pain alſo cauſed bythe ſtinging of a Flea, a Gnat, a Flie, a

Wafp, and the like, proceeds much from the veryfame caufe, I elſewhere

intheir proper places endeavour to manifeft. The ſtinging alfo offhred

Horf-hair, which in meriment is often ftrew'd between the ſheets ofa Bed,

feems to proceed from the fame cauſe.

Obferv. XXVII. Ofthe Beard ofa wilde Oat, and the ufe that

may be made of itfor exhibiting always to the Eye the temperature

ofthe Air, as to drineß and moisture.

THi

'His Beard ofa wild Oat, is a body of a very curiousſtructure,though

to the naked Eye it appearsvery flight, and inconfider
able

, it being

only aſmall black or brown Beard or Briftle,which grows out ofthe fide

of the inner Husk that covers the Grain ofa wild Oat;the whole length of

it,when put inWater, fo that it may extend it felf to its full length,is not

above anInchand a half,andfor the moſt partfomewhat fhorter,but when

the Grain is ripe, and very dry, which is ufualy in the Moneths ofJuly,

and Auguft, this Beard isbent fomewhat belowthe middle, namely,about

from the bottom ofit, almoſt to a right Angle, and the under part
of

it is wreath'd lik a With ;the ſubſtance of it is very brittle when dry, and

it will very eaſily bebroken fromthe husk on whichit grows.

Ifyou take one oftheſe Grains, and wet the Beard in Water,you will

preſently ſeethe ſmall bended topto turn and move round, as if it were

fenfible; and by degrees, if it be continued wet enough, the joint orknee

will ſtreighten it ſelf; and if it be ſuffer'd to dryagain, it will bydegrees

move round another way, and at length bend again into its former

poſture.

Ifit be view'd with an ordinary ſingle Microſcope, it will appear like

a ſmall wreath'd Sprig, with two clefts ; and if wet as before, and

then look'd on with this Microſcope, it will appear to unwreath it ſelf,

and bydegrees,to ftreighten its knee, and the two clefts will become

ftreight, and almoft on oppofite fides of the fmall cylindrical body.

If it be continued to be look'd a little longer witha Microſcope, it

will within a little while begin to wreath it felfagain, and ſoon after

return to its former poſture, bending it ſelf again neer the middle, into

a kind ofknee or angle.

Several of thoſe bodies I examin'd with larger Microscopes, andthere

found them much of the make ofthoſe two long wreath'd cylinders de

lineated in the ſecond Figure ofthe 15. Scheme, whichtwo cylinders re

prefent
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preſent the wreathed part broken into two pieces,whereof the end AB is

tobe fuppos'd tohave join'd tothe end CD, fo that EA CF does repre

fent the whole wreath'd part ofthe Beard, and EG a fmall piece ofthe

upper part ofthe Beard which is beyond the knee, whichas I had not

roomto infert, fo was it not very confiderable, either for its form,or any

known property ; but the under or wreathed part is notable for both:

Asto its form, it appear'd, ifit were look'd on fide-ways, almoſt like a

Willow, or aſmall tapering rod ofHazel, the lower or bigger halfof

which onely, is twiſted round feveral times,infome three, in others more,

in others lefs, according to the bigness and maturity ofthe Grain on

which it grew, and according to the drinefs and moiſture ofthe ambient

Air, as I fhall fhew more at large by andby.

The whole outward Superficies ofthis Cylindrical body is curiouſly

adorned or fluted with little channels, and interjacent ridges, or little

protuberances between them, which run the whole length ofthe Beard,

and are ſtreight where the Beard is not twiſted,and wreath'd where it is,

juft after the fame manner: each of thofe fides is befet pretty thick with

fmall Brifles orThorns, ſomewhat in form reſembling that of Porcupines

Quills,fuch as a aa aa inthe Figure ; all whofe points are directed like

fomany Turn-pikes towardsthe fmall end or top ofthe Beard, which is

the reaſon, why, if you endeavour to draw theBeard between your fin

gers the contrary way, you will find it to ſtick, and grate, as it were,

againſt the ſkin.

The proportion of theſe ſmall conical bodies aaaaa to that whereon

theygrow, theFigure will fufficiently fhew, as alſo their manner ofgrow

ing,their thickneſs, and neerneſs to each other, as, that towards the root

orbottom ofthe Beard, they are more thin, and much ſhorter,inſomuch

that there is uſually left between the top ofthe 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 cloſe (though

there be fewer ridges) fo that the root, and almoſt halfthe upper are

hid by the tops of thoſe next below them.

I could not perceive any tranfverfe pores, unleſs the whole wreath'd

part wereſeparated and cleft,in thoſe little channels,bythewreathingin

tofo 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 tothe el

bow EH, or all along the part which was wreath'd, which feem'dto di

vide the wreath'd Cylinder into two parts, a bigger and a lefs ; the bigger

was that which was at theconvex fide ofthe knee, namely, on the fide A,

and was wreath'd by 00000; this, as it feem'd the broader, fo

did it alfo the longer, the other PPPPP, which was ufually purs'd or

wrinckled inthe bending ofthe knee,as about E, feem'd boththe ſhorter

and narrower, ſo that at firſt I thought the wreathing and unwreathing

ofthe Beard might have been caus'd by the fhrinking or fwelling ofthat

part ; but uponfurther examination,I found that the clefts, K K, LL,were

Stuft up with a kind of Spongie fubftance, which, forthe most part, was

very

1
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veryconfpicuous neer the knee, as in the cleft KK, when the Beard was

dry ; uponthe diſcovery of which, Ibegan to think, that it wasuponthe

fwelling of this porous pith upon the accefs ofmoisture or water that the

Beard,being made longer inthe midft,was ftreightned,and by the fhrink

ing or fubfiding ofthe parts of that Spongie fubftance together, when

the water or moiſture was exhal'd or dried, the pith or middle

growing ſhorter, the whole became twifted.

parts

But this I cannot be pofitive in, for upon cutting the wreath'd partin

many places tranfverfly, I was not fo well fatisfy'd with the ſhape and

manner ofthe pores ofthe pith ; for looking on theſe tranſverſe Sections

with a very good Microscope, I found that the ends of thofe tranf

verſe Sections appear'd much of the manner of the third Figure ofthe

Scheme ABCFE, and the middle or pith CC, feem'd veryfull of

pores indeed, but all ofthemfeem'd to run the long-ways.

15.

ThisFigure plainly enough fhewsin what manner thoſe clefts, K and L

divided the wreath'd Cylinder into two unequal parts, and alſo ofwhat

kind offubftance the whole body confifts ; forby cuttingthe fameBeard

in many places, with tranfverfe Sections, I found much the fame ap

pearance with this exprefs'd ; fo that thofe pores feem to run, as in moſt

otherfuchCany bodies, the whole length ofit.

The clefts of this body KK, and LL, feem'd (as is alfo express d in

the Figure) to wind very oddly in the inner part ofthe wreath ; and

infome parts ofthem, they feem'd ftuffed, as it were,with that Spongie

fubftance, which I juſt now deſcribed.

This fo oddly conſtituted Vegetable ſubſtance, is firſt (that I have

met with) takennotice ofby Baptifta Porta, in his Natural Magick, as a

thingknown to children and Juglers, and it has been call'd byfome of

thoſe laſt named perfons, the better to cover their cheat, the Leggofan

Arabian Spider, orthe Leggof an inchanted Egyptian Fly, and has been

ufed by them to make a fniall Index, Crofs, or the like, to move round

upon the wetting of it with a drop ofWater, and muttering certain

words.

But the uſe that has been made of it, for the diſcovery ofthe various

conftitutions of the Air, as to drinefs and moiftnefs, is incomparably

beyond any other ; for this it does to admiration : The manner ofcon

triving it fo, as to perform this great effect, is onely thus :

Provide a good large Box of Ivory, about four Inches over, and of

what depth you ſhall judge convenient (according to your intention

of makinguſe of one, two,three,ormore of theſe fmall Beards, ordered in

the manner which I fhall by and bydefcribe) let all the fides ofthis Box be

turned ofBaſket-work (which here in London is easily enough procur'd)

full ofholes, in the manner almoſt of a Lettice, the bigger, or more the

holes are,the better,that fo the Air may have the more free paffage tothe

incloſed Beard,and may the more eaſily paſs through the Inftrument ; it

willbebetteryet,though not altogether fo handfom, if infteed ofthe Baf

ket-work on theſides of the Box,the bottom and top ofthe Box be join'd

together onely withthree or four ſmall Pillars, after the manner repre

fented
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fented inthe 4.Figure of the 15. Scheme. Or,ifyou intend to make uſe of

many oftheſe ſmall Beards join'd together, you may have a ſmall long

Cafe ofIvory, whofe fides are turn'd ofBafket-work, full ofholes, which

maybefcrew'd ontothe underside of a broad Plate ofIvory,onthe other

fide ofwhich is to be madethe divided Ring or Circle, to which divifi

ons the pointing ofthe Hand or Index, which is moved by the conjoin'd

Beard, mayfhew all the Minute variations ofthe Air.

There maybe multitudes of other waysfor contriving this fmall Inftru

ment, fo as to produce this effect, whichany onemay, according to his

peculiar uſe, and the exigency of his prefent occafion, eafily enough con

trive and take, on which I fhall not therefore infift. The wholemanner of

making any one ofthem is thus : Havingyour Box or frame AABB, fitly

adapted forthe free paffage ofthe Air through it,in the midſt ofthebot

tomBBB, you mufthave a veryſmall hole C, into whichthe lower end of

the Beard is to be fi'xd,the upper end ofwhich Beard a bis to pass through

aſmall hole ofa Plate, or topAA, ifyoumake ufe onely of a fingle one,

and onthe top ofit e, is to be fix'd a ſmall and very light Indexfg, made

of a very thin fliver of a Reed or Cane ; but ifyou make ufe oftwo or

more Beards, they muſt be fix'd and bound together, either with a very

fine piece ofSilk, or with a veryſmall touch ofhardWax, or Glew,which

is better, andthe Index fg, is to be fix'd onthe top ofthe ſecond,third,

or fourth inthe fame manner as on the fingle one.

Now,becauſe that in every of theſe contrivances, the Index fg, will

with fome temperatures of Air, move two, three, or more times round,

whichwithoutfome other contrivance then this, will be difficult to diſtin

guiſh,therefore I thought of this Expedient : The Index or Handfg, be

ing rais'd a pretty way above the furface of the Plate AA, fixin at a

little diſtance from the middle of it a ſmall Pin h, ſo as almoſt to touch

the furface ofthe Plate AA, and then in any convenient place ofthe

furface ofthe Plate,fix a fmall Pin, on which put on a ſmall piece ofPaper,

or thin Paſt-board, Vellom, or Parchment, made of a convenient cize,

and fhap'd in the manner of that in the Figure exprefs'd by ik, fo

that having a convenient number of teeth every turn or return ofthe

Pin b, may move this fmall indented Circle, a tooth forward or back

wards, bywhich meanstheteeth ofthe Circle, being mark'd, it will be

therebyvery eafie to know certainly, how muchvariation any change

ofweather will make upon the fmall wreath'd body. In the making of

this Secundary Circle of Vellom, orthe like, great care is to behad, that

it be made exceeding light, and to move very eafily, for otherwiſe a ſmall

variation will ſpoil the whole operation. The Boxmaybe made ofBrafs,

Silver, Iron, or any other fubftance, if care be taken to make it

enough, to let the Air have a fufficiently free access to the Beard. The

Index alfomaybe variousways contrived, ſo as to fhewboththe number

ofthe revolutions it makes, and the Minute divifions of each revolution.

open

I have made ſeveral trials and Inftruments for difcovering the drineſs

and moiſture ofthe Air with this little wreath'd body,andfind it to vary

exceeding fenfibly with the leaſt change inthe conftitution ofthe Air, as

to
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to drinefs and moisture, fo that with one breathing upon it, I have made

it untwiſt a whole bout, and the Index or Hand has fhew'd or pointed to

various divifions on the upperFace or Ring ofthe Inftrument, according

as it wascarried neerer and neerer to the fire, or as the heat ofthe Sun

increaſed upon it.

Other trials I have made with Gut-ftrings,but find them nothing neer

fo fenfible, though they alſo may be fo contriv'd as to exhibit the

changes of the Air, as to drinefs and moisture, both bytheir ſtretching

and fhrinking in length, and alto by their wreathing and unwreathing

themſelves ; but thefe are nothing ncer fo exact or fo tender,for their va

rying property will in a little time change very much. But there are fe

veral otherVegetable ſubſtances that are much more ſenſible then even

this Beard of a wilde Oat ; fuch I have found the Beard ofthe feed of

Muſk-grafs, or Geranium moſchatum, and thoſe of other kinds of Cranes

bilfeeds, and the like. But always the ſmaller the wreathing ſubſtance

be, the more fenfible is it of the mutations of the Air, a conjecture at

the reaſon ofwhich I fhall by and by add.

The lower end of this wreath'd Cylinder being ſtuck upright in a little

ſoft Wax, ſo that the bended part or Index of it lay horizontal, Ihave

obferv'd it always with moiſture to unwreath it felf from the Eaſt (For

inftance)bythe South to the Weſt,and foby the Northtothe Eaſt 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, from the Eaſt,

(for inftance) by the North tothe Weſt, and ſo onwards.

The cauſe of all which Phenomena, feems to be the differing texture

ofthe parts oftheſe bodies, each ofthem (eſpecially the Beard of a wilde

Oat, and of Mosk-grafs feed) feening to have twokind offubftances,one

that is very porous, loofe,and fpongie,into whichthe watry fteams ofthe

Air may be very eaſily forced,which will be thereby fwell'd and extend

ed in its dimenfions, juft as we may obſerve all kind ofVegetable fub

franceuponſteeping in water to fwell and growbigger and longer. And a

fecond that is more hard and clofe,into whichthe water can very little,or

not at all penetrate, this therefore retaining always very neer the fame

dimenfions, and the other ſtretching and fhrinking, according as there

is more or leſs moiſture or water in its pores, byreafon of the make and

fhape of the parts , the whole body muſt neceffarily unwreath and

wreath it ſelf.

Andupon this Principle, it is very eaſie to make ſeveral ſorts ofcon

trivances that ſhould thus wreath and unwreath themſelves, eitherby

heat and cold, or by drinefs and moiſture, or by any greater or leſs force,

from whatever cauſe it proceed, whether from gravity or weight, or

from wind which is motion of the Air, or from fome fpringing body,

or the like.

This, had I time, I ſhould enlarge much more upon ; for it ſeems tome

to bethe very first footstep of Senfation, and Animate motion, the moſt

plain,fimple,and obvious contrivance that Nature has made ufe oftopro

duce a motion, next to that of Rarefaction and Condenſation byheat

and
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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 Mechanism

ofthe Muſcles, which indeed,as farr as I have hitherto been able to ex

amine, feems to me notfo very perplex as one might imagine, efpecially

upon the examination which I made of the Mufcles ofCrabs,Lobsters,and

feveral forts oflarge Shell-fifh,and comparing my Obfervations onthem,

with the circumſtances I obferv'd in the muſcles of terreſtrial Animals.

Now, as in thisInftance ofthe Beard of a wilde Oat, we ſee there is

nothing elſe requifite to make it wreath and unwreath it ſelf, and to

ftreighten and bend its knee, then onely a little breath ofmoiſt ordry

Air, or a ſmall atome almoſt ofwater or liquor, and a little heat to make

it again evaporate ; for,by holdingthis Beard, plac'd and fix'd as I be

fore directed, neer a Fire, and dipping the tip of a ſmall ſhred ofPaper

in well rectify'd ſpirit ofWine, and then touching the wreath'd cylin

drical part,you may perceive it to untwiſt it ſelf; and preſently again,up

onthe avolation ofthe fpirit, by the great heat, it will re-twift it felf,

and thus will it moveforward and backwards as oft as you repeat the

touching it with the ſpirit ofWine ; fo may, perhaps, the fhrinking and

relaxing ofthe muſcles be by the influx and evaporation offome kind

ofliquor or juice. But ofthis Enquiry I fhall addmore elſewhere.

Obferv. XXVIII. Ofthe Seeds ofVenus looking-glaß, or Corn

Violet.

F

Romthe Leaves, and Downs, and Beards ofPlants,we come at laſtto

the Seeds ; and here indeed ſeems to be the Cabinet ofNature,where

in are laid up its Jewels.The providence ofNature about Vegetables,is in

no part manifefted more,then in the various contrivances about thefeed,

norindeed is there in any part of the Vegetable fo curious carvings, and

beautifull adornments, as aboutthe feed ; this in the larger forts offeeds

is moſt evident to the eye ; nor is it lefs manifeft through the Microfcope,

inthoſe feedswhoſe ſhape and ſtructure, by reaſon oftheir ſmalneſs, the

eye is hardly able to diſtinguiſh.

Oftheſe there are multitudes, many ofwhich I have obſerv'd through

a Microscope, and find, that they do, for the moſt part, every one afford

exceeding pleaſant and beautifull objects. For befides those that have

various kinds ofcary'd furfaces, there are other that have ſmooth and

perfectly poliſh'd furfaces , others a downy hairy furface ; fome are

cover'donely witha ſkin, others with a kind ofſhell, others withboth,

as is obfervable alfo in greater feeds.

Of theſe feedsI have onely defcribed four forts whichmayferve as a

specimen of what the inquifitive obfervers are likely to find amongthe

reft. The firſt oftheſe feeds which are deſcribed in the 17. Scheme, are

thofe ofCorn-Violets, the feed is very ſmall, black, and ſhining, and, to

the naked eye, looks almoſt like a very fmall Flea ; But throughthe

Microscope
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Microfcope, it appears a largebody, cover'd with a tough thick and bright

reflecting fkin very irregularly fhrunk and pitted, infomuch that it is al

moftan impoffibility to find two ofthem wrinkled alike, ſo great a va

riety maythere be even in this little feed.

This, though it appear'd one ofthe moſt promifing feeds for beautyto

the naked eye,yet throughthe Microſcope it appear'd but a rude miſhapen

feed, which I therefore drew, that I might thereby manifeſt how unable

we are bythe naked eye to judge ofbeauteous or lefs curious microfcopi

calObjects ; cutting fome ofthem in funder, I obferv'd them to be fill'd

witha greenifh yellow pulp, and to have a very

thick huik, in propor

tion to the pulp.

Obferv. XXIX. Of the Seeds ofTyme.

Hefe pretty fruits here reprefented, in the 18. Scheme, are nothing

theyare all of inleveral

ingpoſture,both as to the eye and the light ; nor are they all ofthem ex

actly of thefame fhape, therebeing a great variety both in the bulk and

figure ofeach feed ; but they all agreed in this,that being look'd on with

a Microſcope, they each of them exactly refembled a Lemmonor Orange

dry'd; and this both in fhape and colour. Some of them are a little

rounder, of the ſhape 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 themhad a little piece of ſtalk remaining on ; the oppo

fite fide ofthe feed, you may perceive very plainly by the Figure,is very

copped and prominent, as is very uſual in Lemmons, which prominencies

are expreſs'd in D, E and F.

They feem'd each ofthem a little creas'd or wrinckled, but E was

very confpicuoufly furrow'd, as ifthe inward make ofthisfeed had been

ſomewhat like that of a Lemmon alfo, but upon dividing ſeveral ſeeds

withavery ſharp Pen-knife, and examining them afterward, I found

theirmaketobein nothing but bulk differing fromthat ofPeas,that is,to

have a pretty thick coat,and all the reſt an indifferent white pulp, which

feem'd very clofe ; fo that it ſeems Nature does not very much alter her

method inthe manner of incloſing and preſerving the vital Principle in

thefeed, in theſe very ſmall grains, from that of Beans, Peas, &c.

The Grain affords a very pretty Object for the Microſcope, namely, a

Diſhof Lemmons plac'd in a very little room ; fhould a Lemmon orNut

beproportionablymagnify'd to what this feed ofTyme is,it would make

it appear as bigg as a large Hay-reek and it would be nogreat wonderto

feeHomers Iliads, and Homer and all , cramm'd into fuch a Nut-fhell. We

may perceive even in thefe fmall Grains, as well as in greater, how curi

ous and carefull Nature is in preſerving the feminal principle ofVege

fable bodies, in what delicate, ſtrong and moſt convenient Cabinets the

Y lays
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lays them and clofes them in a pulp for their ſafer protection from out

ward dangers, and for the fupply ofconvenient alimental juice, when

the heat of the Sun begins to animate and move thefe little automatons

or Engines ; as iffhe would,fromthe ornaments wherewith ſhe has deckt

thefe Cabinets, hint to us, that in them fhe has laid up her Jewels

and Maſter-pieces. And this, ifwe are but diligent in obferving, we

fhall find her method throughout. There is no curiofity in the Elemental

kingdom, ifI mayfo call the bodies ofAir, Water, Earth, that are com

parable inform to thofe ofMinerals; Air and Water having noformat

all, unleſs a potentiality to be form'd into Globules ; and the clods and

parcels ofEarth are all irregular, whereas in Minerals fhe does begin to

Geometrize, and practiſe, as 'twere, the first principles of Mechanicks,

ſhaping them ofplain regular figures, as triangles, fquares, &c. and te

traedrons, cubes, c. But none of their forms are comparable to the

more compounded ones of Vegetables ; For here fhe goes a ſtepfurther,

formingthem bothofmore complicated fhapes, and adding alfo multi

tudes of curious Mechanick contrivances in their ſtructure;for whereas in

Vegetables there was no determinate number ofthe leaves or branches,

nor no exactly certain figure of leaves, or flowers,or feeds, in Animals all

thoſe things are exactly defin'd and determin'd ; and where-ever there

is either an exceſs or defect of thofe determinate parts or limbs,there has

been fome impediment that has ſpoil'd the principle which was moſt re

gular : Here weſhall find, not onely moft curiouſly compounded ſhapes,

but moſtſtupendious Mechaniſms and contrivances, here the ornaments

are in the higheſt perfection, nothing in all the Vegetable kingdom that

is comparable to the deckings of a Peacock ; nay,tothe curiofity of any

feather, as I elſewhere ſhew; nor to that of the ſmalleſt and moſt defpi

cable Fly. But I muſt not ſtayon theſe fpeculations, though perhaps it

werevery well worth while for one that had leifure,to fee what Informa

tion maybe learn'd ofthe nature,or ufe,or virtues ofbodies,by their ſeve

ral forms and various excellencies and properties. Who knows but Adam

might fromſome ſuch contemplation, give names to all creatures? If at

leaft his nameshad any fignificancy in them of the creature's nature on

whichhe impos'd it ; as many (upon what grounds I know not) have

fuppos'd : Andwho knows,buttheCreator may, in thoſe characters,have

written and engraven many of his moſt myſterious defigns and counfels,

and given man a capacity, which, affifted with diligence and induſtry,

be able to read and underſtand them. But not to multiplymy di

greffion morethen I can the time, I will proceed to the next, which is,

may

Obferv. XXX. Ofthe Seeds ofPoppy.

'He fmall feeds ofPoppy, which are defcribed in the 19. Scheme, both

for their fmalnefs, multiplicity and prettiness, as alfo for their ad

mirable foporifick quality, deferve to be taken notice of among the

other

1
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other microscopicalfeeds ofVegetables : For firft, though theygrowina

Cafe or Hive oftentimes bigger then one oftheſe Pictures of the micro

fcopicalappearance, yet arethey for the moſt part fo very little, thatthey

exceed not the bulk ofaſmall Nitt,being not above part ofan Inch in

Diameter, whereas the Diameter ofthe Hive ofthem oftentimes exceeds

twoInches,fo that it is capable ofcontaining neer two hundred thousand,

andfo inall likelihood does contain a vast quantity, though perhaps not

that number. Next, for their prettiness, they may be compar'd to any

microſcopicalfeed I have yet feen ; for they are ofa dark brownishred

colour, curiouſly Honey-comb'd all over with a very pretty variety of

Net-work, or a ſmall kind ofimbofment of very orderly rais'd ridges,

the furface ofthem looking not unlike the inſide ofa Beev'sftomack. But

thatwhich makes it moſt confiderable of all, is, the medicinal virtues of

it, which are fuch as are not afforded us by any Mineral preparation ; and

that is forthe procuring offleep, a thing as neceffary to the well-being

of a creature as his meat, and that which refreshes both the voluntary

and rational faculties, which, whilſt this affection has feis'd thebody,are

for the moſt part unmov'd, and at reft. And, methinks, Nature does

ſeem to hint fome very notable virtue or excellency in this Plantfromthe

curiofity it has beſtow'd upon it. Firft, in its flower, it is ofthe higheſt

fcarlet-Dye, which isindeed the prime and chiefeft colour, andhas been

in all Ages ofthe world moſthighly eſteem'd : Next, it has as much cu

riofity fhew'd alfo inthehufkor cafe of the feed, as anyone Plant I have

yet met withall ; and thirdly, the very feeds themſelves, the Microſcope

diſcovers to be very curioully fhap'd bodies ; and laftly, Nature has

takenfuch abundant care for the propagation of it, that onefingle feed

grown into a Plant, is capable of bringing ſome hundred thousands of

feeds.

Itwere very worthyfome able man's enquiry whether the intention of

Nature, as to the fecundary end of Animal and Vegetable ſubſtances

might not befound out byfome fuch characters and notable impreffions

as thefe, orfrom divers other circumſtances, as the figure, colour, place,

time of flouriſhing, fpringing and fading, duration, tafte,fmell, c. For

iffuchthere are (as an able Phyſician upon good grounds has given me

cauſe to believe) we might then, infteed of ſtudying Herbals (where fo

little is deliver d ofthe virtues of a Plant, and lefs of truth) have re

courſe to the Book of Nature it felf, and there find the moſt natural,

uſefull, and moſt effectual and ſpecifick Medicines, of which we have

amongſt Vegetables, two very noble Inftances to incourage fuch a hope,

the one ofthe Jefuitepowder for the cure of intermitting Feavers,and the

other ofthe juice ofPoppy for the curing the defect of fleeping.

Y 2 Obferv.
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Obferv. XXXI. Of Purflane-feed.

The Seeds of Purflane ſeem of very notable ſhapes, appearing through

the Microscope fhap'd fomewhat like a nautilus or Porcelane fhell, as

may be ſeen in the XX. Scheme, it being a ſmall body, coyl'd round in

the manner of a Spiral ; at the greaterend whereof,which repreſents the

mouth or orifice of the Shell, there is left a little white tranſparent fub

ſtance, like aſkin, reprefented by BBBB, which feems to have beenthe

place whereunto the ftem was join'd. The whole furface ofthis Coclea

or Shell, is cover'd over with abundance of little prominencies or buttons

very orderly rang'd into Spiral rows, the ſhape of each of whichfeem'd

muchto reſemble a Wart upon a mans hand. The order, variety, and

curiofityin the ſhape of this little feed, makes it a very pleaſant object

forthe Microſcope, one ofthem being cut afunder with a veryſharp Pen

knife, diſcover'd this carved Cafket to be of a browniſh red, and fome

what tranſparent fubftance, and manifeſted the infide to be fill'd with a

whitiſh green fubftance or pulp, the Bed wherein the feminal principle

lies invelop'd.

There are multitudes ofother feeds which in ſhape repreſent or imi

tate the forms of divers other forts of Shells : as the feed of Scurvy

graß,verymuch reſembles the make ofa Concha Venerea,a kind ofPurce

lane Shell ; others repreſent ſeveral forts of larger fruits, ſweat Marje

rome and Pot-marjerome reprefent Olives. Carret feeds are like a cleft

ofa Coco-Nut Hufk; others are like Artificial things, as Succory feeds

are like a Quiver full of Arrows, the feeds of Amaranthus are ofanex

ceedinglovely fhape, ſomewhat like anEye : Theſkin of the black and

fhrivled feeds ofOnyons and Leeks,are all over knobbed like a Sealsſkin.

Sorrel has a pretty black shiningthree-ſquarefeed,which is picked at both

ends with three ridges, that are bent the whole length of it. It were al

moſt endleſs to reckon up the ſeveral ſhapes,they are fo many andfo va

rious ; Leavingthem therefore to the curious obferver, I fhall proceed to

theObſervations onthe parts ofAnimals.

Obferv. XXXII. Ofthe Figure offeveralforts ofHair, and of

the texture ofthe skin .

V

Iewing fome of the Hairs ofmy Headwith a very good Microscope,

I took notice of theſe particulars :

1. That they were, for the moſt part, Cylindrical, ſome of them were

fomewhat Prismatical,but generally they were veryneer round,fuchas are

reprefented in the fecond Figure of the 5.Scheme,bythe Cylinders EEE.

nor could I find any that had ſharp angules.

2. That
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2. Thatthat part which wasnext the top, wasbigger then that which

was neerer the root.

3. Thatthey were all along from end to end tranfparent, though not

very cleer, the end nextthe root appearing like a black tranfparent piece

ofHorn, the end next the top more brown, fomewhat like tranſparent

Horn.

4. Thatthe root of the Hairs were pretty ſmooth, tapering inwards,

almoſt like a Parfneb; nor could I find that it had any filaments, or any

other veſſels, ſuch as thefibres of Plants.

5. That the top when ſplit (which is common in long Hair) appear'd

like the end ofa ftick, beaten till it be all flitter'd, therebeingnot onely

two ſplinters, but fometimes half a ſcore and more.

6. That they were all, as farr as I was able to find, folid Cylindrical

bodies, not pervious, like a Cane or Bulrufh; nor could I find thatthey

had any Pith, or diftinction ofRind, or the like, fuch as I had obferv'din

Horſe-hairs, the Briftles ofa Cat, the Indian Deer's Hair,&c.

Obfervations onfeveral other forts ofHair.

For theBrifles ofa Hogg, I foundthemto be firft a hard tranſparent

hornyfubftance, without the leaft appearance ofpores or holes init ; and

this Itry'd withthe greateſt care I was able, cutting many ofthem with a

veryſharpRazor, fo thatthey appear'd, even inthe Glaſs, to have apret

ty fmoothfurface, but fomewhat waved by the fawing to and froofthe

Razor, as is viſible in the end of the Prifmatical body A ofthe fame

Figure ; and thenmaking trials with caufing the light to be caft onthem

all the variousways I could think of, that was likely to make the pores

appear, ifthere had beenany, I was not able to diſcover any.

Next, the Figure of the Brifles was very various, neither perfectly

round, nor fharp edg'd, but Priſmatical, with divers fides, and round

angles, as appears in the Figure A. The bending ofthem in any part

where they before appear'd cleer, would all flaw them, andmakethem

look white.

TheMuſtacheos ofa Cat (part of one of which is reprefented bythe

fhort CylinderB ofthe fame Figure) ſeem'd to have, all ofthemthat I ob

ferv'd,a large pith in the middle, like the pith ofan Elder, whoſe texture

was foclofe, that I was not able to diſcover the leaft fign of pores ; and

thoſe parts whichſeem to be pores,as they appear'd in one pofitiontothe

light, inanotherI could find a manifeft reflectiom to be caft fromthem.

This I inftance in,to hint that it is not ſafe to conclude any thing tobe

pofitivelythis or that, though it appear never fo plain and likely when

look'd on with a Microscope inone pofture, before thefame be examin'd

byplacing it in feveral other pofitions.

And this I take to be the reaſon whymany have believed and aſſerted

the Hairs ofa man's head to be hollow, and like ſo many ſmall pipes per

forated from end to end.

Now, though I grant that by an Analogie one may ſuppoſe them fo,

and
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and from the Polonian diſeaſe one may believe them fuch, yet I think we

have not the leaſt encouragement to either fromthe Microſcope, much lefs

pofitively to affert them fuch. And perhaps the very effence ofthe Plica

Polonica may be the hairs growing hollow, and of an unnatural con

ftitution.

we may

And asfor the Analogie, though I am apt enough to think that the hairs

offeveral Animals may be perforated fomewhat like a Cane, or at leaſt

have a kind ofpith in them,firſt,becauſe they ſeem as 'twere a kind ofVe

getable growing on an Animal, which growing,they fay, remains a long

while after the Animal is dead, and therefore fhould like otherVege

tables have a pith ; and fecondly, becauſe Horns and Feathers, and Por

cupine's Quils, and Cats Brifles, and the long hairs ofHorſes,which come

veryneer the nature ofa mans hair,ſeem all ofthemtohave a kind ofpith,

and fome ofthem to be porous,yet I think it not (in theſe cafes,where we

have fuch helps for the fenfe as the Microscope affords) fafe concluding

orbuilding on more then we fenfibly know, fince we may,with exami

ning, find that Nature does in the make of the fame kind offubftance,

often vary her method in framing of it : Inſtances enoughto confirm this

find in the Horns of feveral creatures : as what a vaſt difference

is there between theHorns of an Oxe, and thofe offome forts ofStaggs

as to their ſhape ? and even in the hairs ofſeveral creatures, we find a

vaft difference ; as the hair of a man's head feems, as I faid before, long,

Cylindrical and fometime a little Prifmatical, folid or impervious, and

very fmall ; the hair of an Indian Deer (a part ofthe middle ofwhich is

defcribed inthe third Figure ofthe fifth Scheme, marked with F) is big

ger incompaſs through all the middle ofit,thenthe Brifle ofan Hogg,but

the end of it is ſmaller then the hair of any kind of Animal (as maybe

ſeenbytheFigure G) the wholebelly of it, which is about two orthree

Inches long, looks to the eye like a thread of courſe Canvaſs, that has

beennewly unwreath'd, it being all wav'd or bended to and fro, much

after that manner, but through the Microscope, it appears all perforated

from fideto fide,and Spongie, like a ſmall kind ofſpongy Coral, which is

often found upon the English fhores ; but though I cut it tranfverfly, I

could not perceive that it had any pores that ran the long-way ofthe

hair: the longhairs of Horfes CC andD,feem Cylindricaland fomewhat

pithy ; the Brilles of a Cat B, are conical and pithy : the Quils ofPor

cupines and Hedghoggs, being cut tranfvertly, haveawhitiſh pith, in the

manner ofa Starr,or Spur-rowel : Piggs-hair (A) is fomewhat triagonal,

and feems tohave neither pith nor pore : And other kinds of hair have

quite a differing ftructure and form. And therefore I think it no way

agreeableto atrue natural Hiſtorian, to pretend to be ſo ſharp-fighted,

as to ſeewhat a pre-conceiv'd Hypothefis tellsthemfhould be there,where

anotherman, though perhaps as feeing, but not foreftall'd, can diſcover

nofuch matter.

But to proceed ; I obferv'd ſeveral kind ofhairs that had beenDyed,

and found themto be a kind of horny Cylinder, being ofmuchabout the

tranſparency of a pretty cleer pieceofOxe horn ; theſe appear'd quite

through

1
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throughout 'ting'd with the colours they exhibited. And tis likely,that

thofe hairs beingboyl'd or fteep'd in thofe very hot ting'd liquors in the

Dye-fat, And the fubftance ofthe hair being much like that of an Oxes

Horn, the penetrant liquor does fo far mollifie and foften the ſubſtance,

that it finks into the very center of it, and fo the ting'd parts come to be

mix'd and united with the very body ofthe hair,and do not (asfome have

thought) only ſtick on uponthe outward furface. And this,the boiling of

Horn will makemore probable ; forwefhall find bythat 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 uſually mix'd with the Dying liquors. Now, whereas Silk may

bedyed or ting'd into all kind ofcolours without boiling or dipping in

tohot liquors , I ghefs the reaſon to be two-fold : Firſt, becauſe the fila

ments, orſmall cylinders of Silk, are abundantly ſmaller and finer, and fo

have a much lets depth to be penetrated then moft kind ofhairs ; and

next, becauſe 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 :

Firſt, becauſe when it is fpun or drawn out ofthe Worm, it is a perfect

glutinous fubftance, and very eafily ſticks and cleaves to any adjacent

body, as I havefeveral times obſerved , both in Silk-worms and Spiders.

Next, becauſe that I find that water does eafily diflolve and mollifie the

ſubſtance again, which is evident from their manner of ordering thoſe

bottoms orpods of the Silk-worm before they are able to unwind them. It

isno great wonder therefore,ifthofeDyes or ting'd liquors do very quick

ly mollifie and tinge the furfaces of fo fmall and fo glutinous à body.

And we need not wonder that the colours appear fo lovely in the one,

and ſo dull in the other, if we view but the ting'd cylinders ofboth

kinds witha good Microfcope; for whereas the fubftance ofHair, at beft, is

but a dirty duſkiſh white ſomewhat tranſparent, the filaments ofSilk have

a moſt lovely tranſparency and cleernels, the difference between thoſe

two being not much lefs then that between a piece ofHorn, and a piece

ofCryſtal; the one yielding a bright and vivid reflection from the con

cave fide ofthe cylinder, that is, fromthe concave furface ofthe Air

that incompafles the back-part ofthe cylinder ; the other yielding a dull

and perturb'd reflection from the feveral Heterogeneous parts that com

pofeit. And this difference will be manifeft enoughtothe eye,ifyou get a

couple of fmall Cylinders, the fmaller ofCrystal Glafs,the other ofHorn,

andthen varniſhing themover verythinly with fometranſparent colour,

whichwill repreſent tothe naked eye muchthe fame kind ofobject which

isreprefentedto it from the filaments of Silk and Hair by the help ofthe

Microfcope. Now, fince the threads of Silk and Serge aremadeup of a

great number oftheſe filaments, we may henceforth ceaſe to wonder at

the difference. From muchthe fame reafon proceedsthe vivid and love

ly colours ofFeathers, wherein they very farr exceed the natural as well

as Artificial colours ofhair,ofwhich I fhall faymore in its proper place.

The Tegumentsindeed of creatures are all ofthem adapted tothe pe

culiar ufe and convenience ofthat Animal which they inwrap; and very

much
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much alſo for the ornament and beauty of it, as will be moſt evident to

anyonethat ſhall attentively confider the various kinds of cloathings

wherewith moſt creatures are by Nature inveſted and cover'd. Thus I

have obſerved, that the hair or furr of thoſe Northern white Bears that

inhabite the colder Regions, is exceeding thick and warm : the like have

I obferv'd ofthehair of a Greenland Deer, which being brought alive to

London,I hadthe opportunity ofviewing ; its hair was fo exceedingthick,

long and foft, that I could hardly with myhand, grafp or take hold of

his fkin, andit ſeem'd fo exceeding warm, as I had never met with any

before. And as for the ornamentative uſe ofthem, it is moſt evident ina

multitude ofcreatures,not onelyfor colour, as the Leopards, Cats,Rhein

Deer,&c. butfor the ſhape, as in Horfes manes, Cats beards,and ſeveral

other ofthe greater ſort of terreſtrial Animals, but is much more confpi

cuous, intheVeſtments ofFiſhes, Birds, Infects, ofwhich I ſhall by and

bygive fome Inſtances.

As forthe ſkin, the Microscope difcovers as great a difference between

the texture ofthoſe ſeveral kinds ofAnimals, as it does between their

hairs ; but all that I have yet taken notice of, when tann'd or drefs'd, are

of a Spongie nature, and feem to be conſtituted ofan infinite company

offmall long fibres or hairs, which look not unlike a heap ofTowor

Okum ; every
ofwhich fibres feem to have beenfome part of a Mufcle,

and probably, whil'ftthe Animal was alive, might have its diſtinct functi

on, and ferve for the contraction and relaxation ofthe fkin, and forthe

ftretchingand ſhrinking of itthis or that way.

And indeed, without fuch a kind of texture as this, which is very like

that ofspunk, it wouldfeem very ſtrange, how any bodyfo ftrong asthe

ſkinofan Animal ufually is, and fo cloſe as it ſeems, whilſt the Animal is

living, ſhould be able tofuffer fo great an extenſiongreat an extenfion anyways, without at

all hurting or dilacerating any part ofit. But,fince we are inform'd bythe

Microscope, that it confifts of agreat manyſmall filaments, which are im

plicated, or intangled one within another, almoſt no otherwiſe then the

hairsin a lock ofWool, orthe flakesin a heap ofTow, thoughnot alto

gether ſo looſe ; but the filaments are here and there twifted,as twere,or

interwoven,andhere and there they join and unite with one another,fo as

indeed the whole ſkin feems to be but one piece,we neednot muchwon

der:Andthoughtheſe fibres appearnot through aMicroscope, exactlyjoint

ed and contex'd,as in Sponge ; yet,as I formerly hinted, I am apt tothink,

that could wefind fomeway of diſcovering the texture ofit, whil'ft it in

veſts the living Animal,or had fome very eafie way offeparating the pulp

or intercurrent juices, fuch as in all probability fill thoſe Interftitia, with

out dilacerating, brufing, or otherwiſe ſpoiling the texture of it (as it

ſeems to be verymuchbythe ways oftanning and dreffing nowus'd) we

might diſcover a much more curious texture then I have hitherto been

able to find ; perhaps,fomewhat like that ofSponges.

That ofChamoife Leather is indeed very much like that of spunk, fave

onelythat thefilaments feem nothing neer fo even and round, nor alto

getherfo ſmall, nor has it fo curious joints as Spunk has, fome ofwhichI

have
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have latelydiscover'd like thofe ofa Sponge, and perhaps all these three

bodies maybe of the fame kind offubftance, thoughtwo ofthem indeed

are commonly accounted Vegetable ( which , whether they be fo or

no, I ſhall not now difpute) But this feems common to all three, that

they undergo atanning or dreffing, whereby the interfpers'd juices are

wafted and waſh'd awaybefore the texture of themcan be diſcover'd.

What theirway is of dreffing, or curing Sponges, I confefs, I cannot

learn; but the way of dretling spunk, is, by boiling it a good while in a

ſtrong Lixivium, and then beating it very well ; and the manner of dref

fing Leather is fufficiently known.

It were indeed extremely defirable, if fuch a way could be found

whereby the Parenchyma or flesh of the Mufcles, and ſeveral other

parts of the bod,ymight be waſh'd, or wafted clean away,without vitia

ting the formof the fibrous parts or veffells of it, for hereby the texture

of thoſe parts, by the help of a good Microſcope, might be moſt accu

rately found.

But to digress no further, we may, from this diſcovery of the Micro

Scope, plainly enough underſtand how the fkin, though it looks foclofe

as it does, comes togive a paflage to fo vaft a quantity ofexcrementitious

fubftances, as the diligent Sanctorius has excellently obſerved it to do, in

his medicina ftatica ; for it ſeems very probable, from the texture after

drefling,that there are an infinit ofpores that everyway pierce it,and that

thote pores are onely fill'd with fome kind ofjuice, or fome verypulpy

feft fubftance, and thereby theſteams may almoſt as easily find a paflage

throughfucha fluid vehicle as the vaporous bubbles which are generated

at the bottom of a Kettle of hot water do find a paſſage through that

fluid medium into the ambient Air.

Nor isthe ſkinofanimals only thus pervious,but even thoſe ofvegetables

alſoſeem to be the fame;for otherwife I cannot conceive why,iftwosprigs

of Roſemary (for Inſtance) be taken as exactly alike in all particulars as

canbe, and the one be ſet with the bottom in a Clafs of water, and the

other be fet juſt without the Glass,but in the Air onely, though you ftop

the lower end of that in the Air very carefully withWax, yet
fhall it

preſently almoſt wither, whereas the other that feems to have a ſupply

from thefubjacent water by its fmall pipes, or microſcopical pores, pre

ſerves its greennefs for many days, and fometimes weeks.

Now, thistome,feemsnot likelyto proceed fromany other caufethen

the avolation ofthe juice through the fkin; forbytheWax,all thoſe other

pores oftheſtem are very firmly and cloſely ftop'd up. And from the more

or lefs porouſneſs of the fkins orrinds ofVegetables may, perhaps, be

ſomewhat ofthe reafon given, why theykeep longergreen, or fooner wi

ther; for we mayobferve bythe bladdering and craking ofthe leaves of

Bays,Holly, Laurel, &c. that their ſkins are very cloſe, and do not fuffer

fo free a paffage through them ofthe included juices.

But of this, and ofthe Experiment ofthe Roſemary, I ſhall elſewhere

morefullyconfider,it ſeeming to me an extreme luciferous Experiment,

fuch as feems indeed very plainly to prove the Schematiſm or ſtructure

Z of
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ofVegetables altogether mechanical, and as neceflary, that (water and

warmth being apply'd tothe bottom ofthe fprig of a Plant) fome ofit

fhould be carried upwards into theftem, andthence diftributed intothe

leaves, as that the water ofthe Thames covering the bottom ofthe Mills

at the Bridge foot of London, and by the ebbing aud flowing ofit, paf

ffing ſtrongly by them, fhould have fome part of it convey'd tothe

Cefternsabove,and thence into ſeveral houſes and Ceſterns up and down

the City.

Obferv. XXXIII. Ofthe Scales ofa Soal, and other Fiſhes.

H

Aving hinted fomewhat ofthe ſkin and covering of terreſtrial Ani

mals, I ſhall next add an Obſervation I made on the fkin and Scales

of a Soal, a ſmall Fish, commonly enough known ; and here in Fiſhes, as

well as other Animals, Nature follows its ufual method, framing all parts

fo, as that they are both uſefull and ornamental in all its compofures,

mingling utile and dulce together ; and both thefe defigns it ſeems to

follow,though our unaffifted fenfes are not able to peceive them : This is

not onely manifeft in the covering of this Fish only, but in multitudes of

others,which it would be too longto enumerate,witness particularly that

fmall Sand Shell, which I mention'd in the XI. Obfervation, and infinite

other ſmall Shells and Scales, divers ofwhich I have view'd. This ſkin I

view'd, was flead from a prettylarge Soal, and then expanded and dry'd,

the infide of it, when dry, to the naked eye, look'd very like a piece of

Canvas,but the Microſcope diſcover'd that texture to be nothing elfe,but

the inner ends ofthofe curious Scolop'd Scales I, I, I, in the fecond Figure

oftheX X I. Scheme, namely, the part of GGGG (ofthe largerrepre

ſentation ofa ſingle Scale, in the firft Figure ofthe fame Scheme) which

on the backfide, through an ordinary fingle Magnifying Glaſs, look'd

not unlike the Tyles on an houſe.

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,

onely the edges feem'd a little to fhine, the finger being rubb'd from the

tail-wards towards the head, the Scales feem'd to ſtay and raze it ; But

through an ordinary Magnifying glafs, it exhibited a moſt curiouſly

carvedand adorned furface, fuch as is visible in the ſecond Figure, each

of thofe (formerly almoſt imperceptible) Scales appearing much ofthe

fhape I, I, I, that is, they were round, and protuberant, and fomewhat

fhap'd like aScolop, thewhole Scale beingcreas d with curioufly way'd

andindented ridges,with proportionable furrows between;each ofwhich

wasterminated with a very fharp tranſparent bony ſubſtance,which, like

fomanyfmallTurnpikes, feem'd to arm the edges.

The back part KKK was the fkin into which each of theſe Scales

wereverydeeply fix'd, inthe curious regular order, viſible in the ſecond

Figure.
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Figure. The length and ſhape ofthe part of the Scale which was buried

bythe ſkin,is evidenced by the firft Figure; which is the reprefentation of

one of them pluck'd out and view'd through a good Microscope, namely,

thepart LFG GFL, wherein is aifo more plainly to befeen,the manner

ofcarving ofthe fcclopt part ofevery particular Scale,how eachridge or

barrEEE is alternately hollowed or engraven, and howeverygutter

between them is terminated with very tranfparent and hard pointed

fpikes, and how every other of theſe, as AAAA, are much longer then

the interjacent ones, DDD.

The texture or form alfo of the hidden part appears, namely, the

middle part, GGG, feems to confift ofa great number offmall quills

or pipes, bywhich, perhaps, the whole may be nouriſhed ; and the fide

parts FF confift of a more fibrous texture, though indeed the whole

Scale feem'dto be of a very tough grilly ſubſtance,like the larger Scales

ofother Fishes.

The Scales of the ſkin ofa Dog-fiſh (which is us'd by fuch as workin

Wood,forthefmoothing oftheir work,and confifts plainly enough tothe

naked eye, ofa great number offmall horny points)through the Microſcope

appear'd each ofthem curioufly ridg'd, and very neatly carved ; and in

deed, you canhardlylook on the fcales ofany Fiſh, but you may diſcover

abundance ofcuriofity and beautifying; and not only in theſe Fiſhes,but in

the ſhells and crufts or armour ofmoft forts of Marine Animals ſo inveſted.

Obferv. XXXIV. Ofthe Sting ofa Bee.

He Sting ofa Bee, delineated in the ſecond Figure of the XVI.Scheme,

Nature did realy intend revenge as any, and that firſt, becauſe there

ſeems tobe no other ufe ofit. Secondly, by reaſon of its admirable ſhape,

feeming to be purpoſely fhap'd for that very end. Thirdly,from thevi

rulency of the liquor it ejects, and the fad effects and ſymptoms that fol

low it.

Butwhateverbe the uſe of it,certain it is,that the ſtructure ofit is very

admirable ; what it appears to the naked eye, I need not deſcribe, the

thing beingknown almoſt to every one,but it appears throughthe Micro

Scope, to confift of two parts, the one a fheath, without a chape or top,

fhap'd almoft like the Holfter of a Piſtol, 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 poiſonous liqnor that cauſes the

pain. The ſheath or cafefeemd tohave feveral joints or fettings together,

marked byfgbiklmno, it was arm'd moreover neer the top, withfe

veral crooks or forks (pqrft) on one fide, and (pqrstu) on the other,

cach ofwhich feem'd like fo manyThorns growing on abriar, or rather

likeſo many Cat's Claws; for the crooks themſelves feem'd to be little

ſharp transparent points or claws, growing out of little protuberancies on

Z 2 the
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the fide ofthe ſheath, which, by obſerving the Figure diligently, is eafie

enough to be perceiv'd ; and from ſeveral particulars, I fuppofe the Ani

mal has a power of diſplaying them, and ſhutting them in again as it

pleaſes, 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 1 may fo call it, which

isſheath'd, as it were,in it, the top ofwhich ab appears quite through at

theſmaller end, juſt as ifthe chape ofthe fheath ofa Sword were loft,

and the end of it appear'd beyond the Scabbard ; the end ofthis Dart(a)

wasvery ſharp, and it was arm'd likewife with the like Tenterhooks or

claws with thoſe ofthe ſheath, fuch as ( vxy, xyzz) theſe crooks, I am

very apt to think, can be clos'd up alfo, or laid flat tothe fides ofthe

Swordwhen it is drawn into the Scabbard,as I have ſeveral times obſerv'd

it to be, and can be ſpred again or extended when ever the Animal

pleaſes.

The confideration ofwhich very prettyſtructure,has hinted to me,that

certainly the uſe of theſe claws feems to be very confiderable, as to the

main end ofthis Inftrument, for the drawing in, and holding the fting in

the flesh ; for the point being very ſharp, the top ofthe Sting or Dagger

(ab) isvery eafily thruft into an Animal'sbody,which being once entred,

the Bee, by endeavouring to pull it into the fheath, draws (by reafon of

thecrooks ( vxy ) and (xyzz ) which lay hold ofthe ſkin on either

fide) the top ofthefheath ( fr ) 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 fting out ofthe ſheath again, they lay hold ofthe fkin 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 fucceffive retracting and

emitting oftheSting in and out of the ſheath, the little enraged creature

by degrees makes his revengfull weapon pierce the tougheſt and thickeſt

Hides ofhis enemies, in fo much that fome few oftheſe ſtout and refo

lute foldiers with theſe little engines, do often put toflight ahuge maſty

Bear, one oftheir deadly enemies, and thereby fhew the world how

much more confiderable in Warr a few ſkilfull Engineers and refolute

foldiers politickly order'd, that know howtomanage fuch engines, are,

then a vaſt unweildy rude force, that confides in, and acts onely by, its

ftrength. But (to proceed) thathe thus gets in his Sting into the fkin,

I conjecture, becauſe, 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 poiſonous liquor, and make it

hang at the end of the fheath about b in a drop. The crooks, I fuppofe

alfo to be the cauſe why theſe angry creatures, haftily removing them

felves from their revenge, do often leave thefe weapons behind them,

fheath'd, as ' twere, in the flesh, and, by that means, caufe the painfull

fymptomsto begreater,and more lafting,which are very probably caus'd,

partly bythe piercing and tearing of the fkin bythe Sting, but chiefly

bythe corrofive and poiſonous liquor that isby this Syringe-pipe con

vey'd among the fenfitive parts thereofand thereby more easily gnaws

and

1
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and corrodes thofe tender fibres : As I have ſhewed in the deſcription

ofa Nettle and of Cowhage.

Obferv. XXXV. Of the contexture and ſhape of the particles of

Feathers.

Xamining feveral forts ofFeathers, I took notice of theſe particulars

in all forts ofwing-Feathers, eſpecially in thoſe which ſerv'd for the

beating ofthe air in the action of flying.

Ε

That theoutward furface ofthe Quill and Stemwas ofa very hard,ſtiff,

and horny ſubſtance, which is obvious enough, and that the part above

the Quill was fill'd with a very white and light pith, and,with the Micro

fcope, I found this pith to be nothing elfe, but a kind of natural congeries

of mall bubbles,the films ofwhich ſeem to be ofthe fame fubftance with

that of the Quill, that is, of a ſtiff tranſparent hornyſubſtance.

Whichparticular feemstome,very worthy a moreſerious confideration;

For herewemay obferve Nature,as 'twere,put to its fhifts, tomake afub

ftauce,whichſhall be both light enough,and veryſtiffand ſtrong, without

varying from its own cftabliſh d principles, which wemay obferveto be

fuch, that very ſtrong bodies are forthe moſt part very heavie alſo, a

ftrength of the parts uſually requiring a denfity, and a denſity a gravity ;

and therefore ſhould Naturehave made a bodyfobroad and fo ftrongas

a Feather, almoft, any otherwaythenwhat ithas taken, the gravity ofit

muſt neceflarily have many times exceeded this ; forthis pith feemsto be

like fo many ftops or cross pieces in a long optical tube, which do very

much contribute to the ftrength 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 elſewhere hinted.

But theMechaniſm of Nature is ufually fo excellent, that one and the

fame fubftance is adapted to ſerve for many ends. For the chief uſe of

this, indeed, feems to be for the fupply ofnouriſhment to the downy or

feathery part ofthe ftem ; for 'tis obvious enough in all forts ofFeathers,

that 'tis plac'd juft under the roots of the branches that grow out of ei

ther fide ofthe quill or ſtalk, and is exactly ſhap'd accordingtothe rank

ing ofthoſebranches, coming no lower into the quill, then juſt the be

ginning ofthe downybranches, and growing onely on the under fide of

of the quill where thoſe branches do fo. Now,in a ripe Feather (as one

may call it) it ſeems difficultto conceivehow the Succus nutritius ſhould

beconvey'dto this pith; for it cannot, I think, be well imagin'dto pafs

through the ſubſtance of the quill, fince, having examin'd it with the

greateſt diligence I was able, I could not find the leaſt appearance of

pores; but he that ſhall well examine an unripe or pinn'd Feather, will

plainly enough perceive the Veffel for the conveyance of it to bethe thin

filmy pith (as tis call'd) which paffes throughthe middle ofthe quill.

As forthe make and contexture of the Down it felf, it is indeed very

rare
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rareand admirable, and fuch as I can hardly believe,that the like is to be

diſcover'd in any other body inthe world ; for there is hardly a large

Feather in the wing ofa Bird,but contains neer a million ofdiſtinct parts,

and every one ofthem fhap d inamoft regular & admirable form,adapt

edto a particular Defign : For examining a middle ciz'd Goofe-quill, I

cafily enough found with my naked eye,that the main ftem ofit contain'd

about 300. longer and more Downy branchings upon one ſide, and as

many onthe other ofmore ſtiffbutſomewhatſhorter branchings. Many

of theſe long and downy branchings, examining with an ordinary Mi

croſcope, I found divers ofthem to contain neer 1200. ſmall leaves (as I

may call them, fuch as EF of the first Figure ofthe 23. Scheme) and as

many ſtalks ; onthe other fide, fuch as IK ofthe fameFigure, each of

the leaves or branchings, E F, feem'd to be divided into about fixteen or

eighteen ſmall joints, asmay be ſeen plainly enough in the Figure, out of

moſt of whichthere feemto grow ſmall long fibres, fuch as are exprefs'd

in the Figure, each of them very proportionably fhap'd according to its

pofition, or plac'd on the ſtalk E F ; thofe on the under fide of it, name

ly, 1, 2, 3 , 4, 5, 6, 7, 8, 9, &c. being much longer then thoſe directlyop

pofite tothemonthe upper ; and divers ofthem,fuch as 2,3,4,5,6,7,8,9,

c. were terminated with ſmall crooks, much reſembling thoſe ſmall

crooks,which are vifible enough to the naked eye, inthe feed-buttons of

Bur-docks. The ſtalks likewife, IK onthe other fide, ſeem'd divided into

neer as manyſmall knotted joints,but without any appearance ofſtrings

or crooks,each ofthem about the middle K,feem'd divided intotwo parts

by akind of fork, one fide of which, namely, KL, was extended neer

the length of KI, the other, M, was very fhort.

The tranfverfe Sections ofthe ftems of theſe branchings, manifefted

the ſhape or figure of it to be much like INO E, which confifted ofa

hornyfkin or covering, and a white ſeemingly frothy pith, muchlikethe

make ofthe main ſtem of a Feather.

Theuſe ofthisſtrange kind ofform,is indeed more admirable thenall

the reſt, and ſuch as deferves to be much more ſeriouſly examin'd and

confider'd, thenI havehithertofound time or ability to do ; for certain

ly, it mayvery much inftruct usin the nature ofthe Air, eſpecially as to

fome properties ofit.

The ſtems ofthe Downybranches INOE, being rang'd in theorder

viſible enough to the naked eye, at the diſtance of I F, orfomewhat

more, the collateral ſtalks and leaves (if I may fo call thoſe bodies I new

ly deſcribed) are ſo rang'd, that the leaves or hairy ſtalks of the one fide

lie at top, or are incumbent on the ſtalks ofthe other, and croſs cach

other, much after the manner exprefs'd in the ſecond Figure ofthe

23. Scheme, bywhich means every of thofe little hooked fibres of the

leaved ftalk get between the naked ſtalks, and the ſtalks being full of

knots, and a prety way dif-join'd fo as that thefibres can easily get be

tween them, the two parts are ſocloſely and admirably woven together,

that it is able to impede,for the greateſt part, the tranfcurfion ofthe Air ;

and though they are fo exceeding fmall, as that the thickness of one of

thefe
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theſe ſtalks amounts not to a 500. part ofan Inch, yet do they compoſe

ſo ſtrong a texture, as, notwithſtanding the exceeding quick and violent

beating of themagainst the Air, by the ftrength ofthe Birds wing, they

firmly hold together. And it argues an admirable providence ofNature

in the contrivance and fabrick ofthem ; for their texture is fuch, that

though byany external injurythe parts of themare violently dif-joyn'd,

fo as that the leaves and ftalks touch not one another, and confequently

feveral of theſe rents would impede the Bird's flying ; yet, for the mont

part, of themſelves they readily re-join and re-contex themſelves,and are

eafily bythe Birds ſtroking the Feather, or drawing it through its Bill, all

ofthem fettled and woven into their former and natural poſture ; for

there are fuch an infinite company of thofe fmall fibres in the under fide

of the leaves, and moſt of them have fuch little crooks at their ends,that

they readily catch and hold the ſtalks they touch.

From whichſtrange contexture,it ſeems rational to fuppofe that there

is a certain kind ofmesh or hole fo fmall, that the Air will not very eaſily

pafs through it, as I hinted alfo in thefixth Obfervation about ſmall Glafs

Canes, for otherwiſe it ſeems probable, that Nature would have drawn

over fome kind of thin film which ſhould have covered all thoſe almoſt

fquare meshes or holes, there feemingthroughthe Microscope to be more

then half ofthefurface ofthe Feather which is open and vifibly pervi

ous ; which conjecture will yet feem more probable from the texture of

the brufhie wings of the Tinea argentea, or white Feather wing'd moth,

which I fhall anone defcribe. But Nature, that knows beſt its own laws,

and theſeveral properties ofbodies,knows alſo beft how to adapt and fit

themtoher defigned ends,and whofo would know thoſe properties, muſt

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 Schematiſms and Structures ofAnimate bodies will afford the dili

gent enquirer, namely, moft fure and excellent inftructions, both as to

the practical part of Mechanicks and to the Theory and knowledge ofthe

nature ofthebodies and motions.

Obferv. XXXVI. Of Peacoks, Ducks, and other Feathers of

changeable colours.

The parts of the Feathers of this glorious Bird appear, throughthe

Microfcope, no lefs gaudy thendo the whole Feathers ; for, as to the

naked eye ' tis evident that the ftem or quill of each Feather in thetail

fends out multitudes of Lateral branches, fuch as AB inthe third Figure

ofthe 23. Scheme repreſents a ſmall part of about part ofanInch long,

and each ofthe lateral branches emit multitudes of little fprigs, threads

or hairs on either fide ofthem, fuch as CD, CD, CD, fo eachofthoſe

threads inthe Microſcope appears a large long body,conſiſting of a multi

32
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tude ofbright reflecting parts, whofe Figure 'tis no eafie matter to de

termine, ashe that examines it ſhall find ; for every new polition of it to

the light makes it perfectly feemofanother form and ſhape,and nothing

what it appear'd a little before ; nay, it appear'd very differingoft

times from fo ſeemingly inconfiderable a circumſtance, that the inter

pofing ofoneshand between the light and it,makes a very great change,

and the opening or ſhutting a Caſement and the like, verymuch diverfi

fies the appearance. And though, by examiningthe form ofit very many

ways, which would be tedious here to enumerate, I fuppofe I have dif

cover'dthe true Figure of it, yet oftentimes, upon looking on it in ano

ther poſture, I have almoſt thought my former obfervations deficient,

though indeed, upon further examination, I have found even thofe alfo

to confirm them.

Theſe threads therefore I find to be a congeries of fmall Lamine or

plates, as e e e e e, &c. each ofthem fhap'd much like this of a b c d, in

the fourth Figure,the part a c being a ridge, prominency, orſtem, and

band d the corners of two fmall thin Plates that grow unto the fmall

ſtalk in the middle,ſo that they make a kind of little feather; eachoftheſe

Plates lie one cloſe to another,almoſt like acompany offloping ridge or

gutter Tyles; they growon eachfide ofthe ſtalk oppofiteto one another,

by two and two, from top to bottom, in the manner exprefs'd in the

fifth Figure, the tops of the lower covering the roots of the next above

them ; the under fide of each oftheſe laminated bodies, is ofa very dark

and opacousfubftance, and fuffers very fewRaysto be trajected, but re

flects themall toward that fide from whence they come, muchlike the

foil of a Looking-glass ; but their upper fides feem to me to confiſt of

a multitude of thin plated bodies, which are exceeding thin, and lie ve

rycloſe together, and thereby, like mother of Pearl thells, do not one

ly reflect a very brifk light, but tinge that light in a moſt curious man

ner ; and by means ofvarious pofitions, in reſpect ofthelight, theyre

flect back now one colour , and then another , and thoſe moſt vi

vidly.

Now, that theſe colours are onelyfantasticalones, that is, ſuch as ariſe

immediately from the refractions of the light, I found by this, thatwater

wetting theſe colour'd parts,deftroy'd their colours,which feem'd topro

ceed from the alteration of the reflection and refraction. Now, though

I was not able to fee thoſe hairs at all tranſparent by a commonlight, yet

by looking on them againſt the Sun, I found them to be ting'd with a

darkiſhred colour, nothing a-kin to the curious and lovely greens and

blues they exhibited.

What the reaſon of colour feems to be in fuch thin plated bodies, I

have elſewhere fhewn. Buthow water caft upon thoſe threads deftroys

their colours, I fuppofe to be perform'd thus ; The water falling upon

theſe plated bodies from its having a greater congruity to Feathersthen

theAir,infinuates it felfbetween thofe Plates,andfo extrudes theſtrong

reflecting Air, whenceboththeſe parts growmore tranfparent,as theMi

croſcope informs, and colourless alfo, at beſt retaining a very faintand

dull
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dull colour. But this wet being wafted away bythe continual evapora

tions and ſteams that pass through themfrom the Peacock, whil'ft that

Bird is yet alive, the colours again appear in their former lufter, the in

terftitia ofthele Plates being fill'd with the ftrongly reflecting Air.

The beauteous and vivid colours ofthe Feathers of this Bird, being

found to proceed fromthe curious and exceeding fmalnefs and finenes

ofthe reflecting parts,we have here the reafon given us of all thofe gau

deries inthe apparel of otherBirds alfo, and howthey come to exceed

the colours of all other kindsof Animals, befides Infects ; for fince (as we

here and elſewhere alfo fhew) the vividneſs of a colour, depends upon

the fineness and tranfparency ofthe reflecting and refracting parts ; and

fince our Microscope difcovers to us, that the component parts offeathers

are fuch, and that the hairs ofAnimals are otherwife ; and fince we find

alfo by the Experiment ofthat Noble and moft Excellent Perfon I former

ly named ; that the difference between Silk and Flax, as to its colour, is

nothing elſe (for Flax reduc'd to a very great fineness of parts, both

white and colour'd, appears as white and as vivid as any Silk, but lofes

that brightneſs and its Silken afpect as ſoon as it is twiſted into thread,by

reaſon that thecomponent parts, though very ſmall and fine, are yet pli

able flakes, and not cylinders, and thence,by twiſting, become unitedin

to one opacous body, whereas the threads of Silk and Feathers retain

their luftre, by preferving their cylindrical form intire without mix

ing; fo that each reflected and refracted beam that compoſes theglofs

of Silk, preferves its own property of modulating the light intire) ; And

fince we find the fame confirm'd by many other Experiments elsewhere

mentioned, I think we may fafely conclude this for an Axiome, that

wherefoever we meet with tranſparent bodies, fpun out into very fine

parts, either cleer, or any ways ting'd, the colours refulting fromfuch a

compofition must neceflarily be very glorious, vivid, and cleer, like thoſe

ofSilk and Feathers. This may perhaps hint fome ufefull way ofmaking

other bodies, befides Silk, be ſuſceptible of bright tinctures, but of this

onely by the by.

The changeable colour'd Feathers alfo of Ducks, and feveral other

Birds, I have found by examination withmy Microfcope, to proceed from

muchthe fame caufesand textures.

Obferv. XXXVII . Of the Feet of Flies, and ſeveral other In

fects.

TH

He foot of a Fly (delineated in the firſt Figure ofthe 23.Scheme,

whichreprefentsthree joints, the two Tallons, and the twoPattens

in a flat poſture ; and in thefecond Figure of the fame Scheme, whichre

prefents onely one joint, the Tallons and Pattens in another pofture) is

ofa moft admirable and curious contrivance, for by this the Flies are in

abled towalk againſt the ſides of Glaſs , perpendicularly upwards, and to

A a contain
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contain themſelves in that poſture as long asthey pleafe;nay,to walk and

fufpend themſelves againſt the under furface ofmany bodies,as the ceiling

ofa room, or the like, and this with as great a ſeeming facility and firm

neſs, as ifthey were akind ofAntipodes, andhad a tendency upwards, as

wearefure they have the contrary, which they alfo evidently diſcover,

inthat they cannot make themſelves fo light, as to stick or fufpend them

felves on the under furface of a Glass well polifh'd and cleans'd ; their

fufpenfion therefore is wholly to be afcrib'd to fomeMechanical contri

vance in their feet ; which, what it is, we fhall in brief explain, byfhew

ing, that its Mechaniſm confifts principally in two parts, that is, firſt its

twoClaws, orTallons, 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 Atodd, is all hairy, or brifled, but to

ward the top, at CandB fmooth, the tops or points, which feem very

fharp turning downwards and inwards, are each ofthem mov'd ona joint

atA, by which the Fly is able to open or ſhut themat pleaſure, ſothat

the points B and Cbeing entered in any pores, and the Fly endeavouring

to ſhut them,the Claws not onely draw one againſt another,and ſo faſten

each other, but they drawthe whole foot, GGADD forward, fothat

ona foft footing, the tenters or pointsGGGG, (whereofa Fly has about

tenineach foot, to wit,two in every joint)run into the pores,if they find

any, or at leaſt make their way; and this is fenfibleto the naked eye, in

the feet ofa Chafer, which, ifhe be fuffer'd to creep over the hand, or

any otherpart ofthe ſkin ofones body, does make his ſteps as fenfible to

the touch as the fight.

But this contrivance,as it often fails the Chafer, when he walks onhard

and cloſe bodies, fo would it alfo our Fly, though he be a much leffer,

and nimbler creature, and therefore Nature has furniſh'd his foot with

another additament much more curious and admirable, and that is, with

a couple ofPalms, Pattens or Soles DD, the ſtructure ofwhich is this :

From the bottom orunder part of the laſt joint of his foot, K, ariſe

twoſmall thin plated horny ſubſtances, each conſiſting oftwo flat pieces,

DD, whichfeem to be flexible,like the covers ofa Book, about F F, by

which means,the plains ofthe two fides E Eldo not always lie inthefame

plain, but may be fometimes fhut clofer, and fo each of them may take a

little hold themſelves on a body; but that is not all,for the under fides of

theſe Soles are all befet with ſmall brifles, or tenters, like theWire teeth

ofa Card uſed for working Wool, the points of all which tend for

wards, hence the two Tallons drawing the feet forwards, as I before

hinted, and theſe being applied tothe furface of the body with all the

points looking the contrary way,that is, forwardsand outwards, ifthere

beany irregularity or yielding in the furface ofthe body, the Fly fu

fpends it felfvery firmly and cafily,without the acceſs or need ofanyfuch

Spongesfill'd with an imaginary gluten, as many have, for want ofgood

Glaffes, perhaps, or a troubleſome and diligent examination, fuppos'd.

Now, that the Fly is able to walk on Glafs, proceeds partlyfromfome

ruggedness

1
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ruggedness of thefurface ; and chiefly from a kind oftarnish, or dirty

fmoakyfubftance, which adheres tothe furface ofthat veryhard body;

and though the pointed parts cannot penetrate the ſubſtance of Glafs,yet

may they find porcs enough inthe tarnish, or at leaft make them.

This Structure I fomewhat the more diligently furvey'd, becauſe I

could not well comprehend, how, if there were fuch a glutinous matter

in thofe fuppofed Sponges, as moft (that have obferv'd that Object in a

Microfcope) have hitherto believ'd,how, I fay,the Fly could fo readilyun

glew and loofen its feet : and, becauſe I have not found any other crea

ture to have a contrivance any ways like it ; and chiefly, that wemight

notbe caft upon unintelligible explications ofthe Phanomena ofNature,

at leaſt others thenthe true ones, where our fenfes were ableto furnish

uswithan intelligible, rationall and true one.

Somewhat a like contrivance to this of Flies fhall wefind in moft other

Animals, fuch as all kinds ofFlies and cafe-wing'd creatures ; nay, in a

Flea, an Animal abundantly ſmaller then this Fly. Other creatures, as

Mites, the Land-Crab, &c. have onely one fmall very fharp Tallon

at the end ofeach of their legs, which all drawing towards the center or

middle oftheirbody, inable thefe exceeding light bodies to ſuſpend and

faſten themſelves to almoſt any furface.

Whichhow they are able to do, will not ſeem ſtrange, ifwe confider,

firft, how little body there is in one of thefe creatures compar'd to their

fuperficies, or outfide,their thickness, perhaps, oftentimes,not amounting

to the hundredth part of an Inch : Next, the ftrength and agility ofthefe

creatures compar'd to their bulk, being, proportionable to their bulk,

perhaps, an hundred times ſtronger then an Horfe or Man. And thirdly,

ifwe confider that Nature does always appropriate the inftruments, fo

asthey are the moſt fit and convenient to perform their offices, and the

moft fimple and plain that poffibly canbe ; this we may fee further veri

fy'd alfointhe foot of aLoufe which is very much differing from thoſe I

havebeendefcribing, but more convenient and neceflary for the place

ofits habitation, each ofhis leggs being footed with a couple of fmall

claws whichhe can open orfhut at pleaſure, fhap'd almoſt like the claws

of a Lobſter or Crab,but with appropriated contrivances for his peculiar

ufe, whichbeing tomove its body toand fro upon the hairs of the crea

ture it inhabits, Nature has furnish'd one of its claws with joints, almoſt

like thejoints of a man's fingers, fo as thereby it is able to encompaſs or

grafp a hair as firmly as a man can a ſtick or rope.

Nor, is there a lefs admirable and wonderfull Mechanism in the foot

of a Spider, whereby he is able to ſpin, weave, and climb, or run on his

curious tranfparent clew, ofwhich I fhall fay more in the deſcription of

that Animal.

And to conclude, we fhall in all things find, that Nature does not

onely work Mechanically, but by fuch excellent and moſt compendi

ous, as well as ftupendious contrivances, that it were impoffible for all

the reaſon in the world tofind out any contrivance to do the fame thing

that ſhould have more convenient properties. And can any beſo fottish,

A a 2 as
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as to think all thofe things the productions of chance ? Certainly, ci

ther their Ratiocination muſt be extremely depraved, or they did never

attentively confider and contemplate the Works of the Al-mighty.

Obferv. XXXVIII. Of the Structure andmotion oftheWings

ofFlies.

He

The Wings of all kinds of Infects , are , for the moſt part , very

beautifull Objects, and afford no lefs pleafing an Object tothe mind

to ſpeculate upon,then tothe eye to behold. This oftheblue Fly,among

the reft, wants not its peculiar ornaments and contrivances ; it grows

out ofthe Thorax, or middle part of the body ofa Fly, and is ſeated a

little beyond the center ofgravity in the body towards the head, but

that Excentricly is curioufly 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 oftheir vibration is much more backwards to

wards the tail of the Fly then the root of the wing is. What the vibra

tive motion ofthe wings is, and after what manner they are moved, I

have endeavoured by many trials to find out : And forthefirſt manner

oftheir motion, I endeavoured to obſerve ſeveral ofthoſe kind ofſmall

fpinning Flies, which will naturally fufpend themſelves, as it were, pois'd

and ſteady inone place ofthe air, without rifing or falling, or moving

forwards orbackwards ; forby looking down on thofe, I couldbya kind

of faint fhadow, perceive the utmoſt extremes of the vibrative moti

onof their wings, which fhadow, whil'ft they fo endeavouredtofufpend

themſelves, was not very long, but when they endeavour'd to flie for

wards,it was ſomewhat longer ; next, I tried it,by fixing the leggs ofa Fly

uponthe top ofthe ſtalk of a feather, with Glew, Wax, &c. and then

making it endeavour to flie away; for being thereby able to view it in

any poſture, I collected that the motion ofthe wing was afterthis man

ner. The extreme limits of the vibrations were ufually fomewhat about

the length ofthe body diftant from one another, oftentimes ſhorter,and

fometimes alfo longer ; that the formoft limit was ufually a little above

the back,and the hinder fomwhat beneaththe belly ;between whichtwo

limits, ifone may ghefs bythefound, the wing feem'd to bemov'd for

wards and backwardswithan equal velocity : And if one may(from the

fhadow or faint reprefentation the wings afforded, andfrom the confide

ration of the nature of the thing ) ghefs at the poſture or manner

ofthe wings moving betweeen them, it ſeem'd to be this : The wing

being fuppos'd placed in the upmoſt limit, ſeems to be put fo that the

plain of it lies almoſt horizontal, but onely the forepart does dip a little,

or is ſomewhat more depreft ; in this pofition is the wing vibrated

or mov'd to the lower limit , being almoſt arrived at the lower li

mit, the hinder part of the wing moving fomewhat faſter then the

former,
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former, the Area of the wing begins to dipbehind, and in that pofture

feems it to be mov'd to the upper limit back again, and thence back

againin thefirſt poſture,the former part ofthe Area dipping again,as it is

moved downwards by means ofthe quicker motion of the main ftem

which terminates or edges the forepart of the wing. And thefe vibrati

ons or motionsto and fro between the two limits feem fo fwift, that 'tis

very probable (from the found it affords, if it be compar'd withthe vis

bration ofa muſical ſtring, tun'd unifon to it) it makes many hundreds,

ifnot fomethouſands of vibrations in a fecond minute of time. And, if

wemaybeallow'd to ghefs by the found, the wing of a Bee is yet more

fwift, forthe tone is much more acute, and that, in all likelihood, pro

ceeds from the exceeding ſwift beating ofthe air by the ſmall wing.

And it ſeems themore likely too, becauſe the wing of a Bee is lefs in pro

portion to itsbody,thenthe other wingto the body ofa Fly; fo that for

ought I know, it may be one ofthe quickeſt vibrating Spontaneous 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

molt probable that the quickeſt vibratingſpontaneous motion is to be

found in the wing of fome creature. Now, ifwe confider the exceeding

quickness ofthefe Animal fpirits that muſtcauſe theſe motions, we cannot

chufe but admire the exceeding vividness of the governing faculty or

Anima ofthe Infect, which is able to difpofe and regulate fothe the mo

tive faculties, as to caufe every peculiar organ, not onely to move or act

fo quick, butto do it alfo fo regularly.

Whil'ft I was examining and confideringthe curious Mechanism ofthe

wings, I obferv'd that under the wings of moſt kind of Flies, Bees, &c.

there were plac'd certain pendulums or extended drops (as I mayfo call

them fromtheir refembling motion and figure) for they much reſembled

a long hanging drop offome tranfparent viscous liquor ; and I obferved

them conftantly tomove juſt before the wings ofthe Fly begantomove,

ſo that at the firſt fight I could not but ghefs, that there was fome excel

lent ufe, asto theregulation ofthe motion ofthewing, and did phancy,

that it might be fomething like the handle of a Cock, which by vibra

ting to and fro,might,as 'twere,open and ſhut the Cock,and thereby give

a paffage tothe determinate influences into theMuſcles ; afterwards,up

onfome other trials,Ifuppos'd that they might be for fome ufe in refpira

tion, which for many reafons I fuppofe thoſe Animals to uſe, and, me

thought, it was not very improbable, but that they might have conve

nient paffages under the wings for the emitting, at leaſt,ofthe air, ifnot

admitting, as inthe gills ofFishes is moſt evident ; or, perhaps, this Pen

dulum might be fomewhat like the ſtaffto a Pump, whereby theſe crea

tures might exerciſe their Analogus lungs, and not only draw in, but force

out,the air they live by : but theſe were butconjectures,and uponfurther

examinationfeem'd lefs probable.

The fabrick ofthe wing,as it appears through a moderately magnify

ingMicroſcope,feems to be a body confifting oftwo parts,as is visiblein the

4.Figure ofthe 23.Scheme;and bythe 2.Figure ofthe 26.Scheme; the one is

aquilly
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a quilly or finnyfubftance,confifting offeveral long,flender and variouſly

bended quills or wires, fomething reſembling the veins of leaves ; thefe

are, as 'twere,the finns or quills which ſtiffen the whole Arca, and keep

the other part diftended, which is a very thin tranſparent ſkin or mem

brane variouſly folded, and platted, but not very regularly, and is be

fides exceeding thickly beſtuck with innumerable fmall brifles, which

are onely perceptible by the bigger magnifying Microſcope, and not

with that neither , but with a very convenient augmentation of fky

light projected on the Object with a burning Glaſs, as I have elſewhere

fhewd, or by looking through it againſt the light.

In fteed ofthefe ſmall hairs, in ſeveral other Flies, there are infinite of

fmall Feathers, which cover boththe under and upper fides of this thin

film asinalmoft all the forts ofButterflies and Moths: and thofe ſmall parts

are not onely fhap'd very much like the feathers of Birds, but like thoſe

variegated with all the variety of curious bright and vivid colours ima

ginable ; and thoſe feathers are likewife fo admirably and delicately

rang'd,as to compofe very fine flouriſhings and ornamental paintings, like

Turkie and Perfian Carpets,but offar morefurpaffing beauty, as is evident

enough to the naked eye, inthe painted wings of Butterflies, but much

more through anordinary Microscope.

Intermingled likewife with thefe hairs, may be perceived multitudes

oflittle pits, or black ſpots,in the exended membrane, which ſeemto be

the root of the hairs that grow onthe other fide ; theſe two bodies ſeem

difpers'd over thewhole furface ofthe wing.

The hairs are beft perceiv'd, by looking through it againſt the light,

or, by layingthewing upon a very white piece of Paper, in a conve

nient light , for thereby every little hair moft manifeftly appears ; a

Specimens of which you may obferve drawn in the fourth Figure of

the 23. Scheme, A B, CD, EF whereof reprefent fome parts ofthe

bones or quills of the wing, each of which you may perceive to be

cover'd over with a multitude of ſcales, or brifles , the former A B,

is the biggeſt ſtem of all the wing, andmay be properly enoughcall'd

the cut-air, it being that which terminates and ſtiffens 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 ſtanding regular and in order, in

others not ; all the points of which are directed from the body 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 ſmall fringe,

confifting of fhort and more flender brifles.

This Subject, had I time, would afford excellent matter for the con

templation of the nature of wings and of flying ; but, becauſe I may,

perhaps, get a more convenient time to profecute that ſpeculation, and

recollect feveral Obfervations that I have made of that particular. I ſhall

at preſent proceed to

Obferv.
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Obferv. XXXIX. Ofthe Eyes and Head of a Grey drone-Fly,

and offeveral other creatures.

took a large grey Drone-Fly, that had a large head, but a ſmall and

cutting I ix'dI

theforepart or face upwards upon my Object Plate (this I made choice

ofrather thenthe head ofa great blue Fly,becaufe my enquirybeing now

about the eyes,I found this Fly to have, fiftthe biggeſt clusters ofeyes

in proportion to his head, ofany fmall kind of Fly that I have yet ſeen, it

being fomewhat inclining towards the make ofthe large Dragon-Flies.

Next, becauſe there is a greater variety in the knobs or balls of each

cluſter,then is ofany fmall Fly) Then examining it accordingtomy ufual

manner, by varying the degreesoflight, and altering its poſition toeach

kinde oflight, I drew that repreſentation of it which is delineated in

the 24. Scheme, and found theſe things to be as plain and evident, as

notable and pleaſant.

First, that the greateſt part ofthe face,nay,ofthe head,was nothing else

but two large andprotuberant bunches,orprominentparts,ABCDEA,the

furface ofeach of which was all cover'd over, or fhap'd into a multitude

offmall Hemispheres,plac'd in atriagonal order,that being the cloſeſt and

moft compacted, and in that order, rang'd over the whole furface ofthe

eye in very lovely rows between each ofwhich, as is neceffary, were left

longand regular trenches,the bottoms of every ofwhich, were perfectly

intire and not at all perforated or drill'd through, which I most certainly

was affured of, bythe regularly reflected Image of certain Objects which

I mov'd to and frobetween the head and the light. And by examining

the Cornea or outward ſkin, after I had ſtript it offfrom the ſeveral ſub

ſtancesthat lay within it,and by looking both upon the inſide and againſt

the light.

Next, that of thoſe multitudes of Hemispheres, there were obſervable

twodegrees ofbignefs,the halfofthem that were lowermoft,and look'd

toward the ground or their own leggs, namely, CDE, CDE beinga

pretty deal ſmaller then the other, namely, ABCE, ABCE, that look'd

upward, and fide-ways,or foreright,and backward, which variety I have

not foundin any otherſmall Fly.

Thirdly, that every one oftheſe Hemispheres,as theyfeem'd to be pret

ty neer the true ſhape of a Hemisphere, fo was the furface exceeding

fmooth and regular, reflecting as exact, regular, and perfect an Image of

anyObjectfrom the furface ofthem, as a fmall Ball of Quick-filver of

that bigness would do, but nothing neer fo vivid, the reflection from theſe

being very languid, much like the reflection from the outſide ofWater,

Glafs, Cryftal, &c. In fo much that in each oftheſe Hemispheres, I have

been able to diſcover a Land-ſcape ofthoſe things which lay before my

window,
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window, onething ofwhich was a large Tree, whofe trunk and top I

could plainly diſcover, as I could alfo the parts ofmywindow, and my

hand 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 ofthe two windows of my Chamber,

are delineated in the third Figure ofthe 23. Scheme.

Fourthly, that theſe rows were fo difpos'd, that there was noquarter

vifiblefrom his head that there was notfome oftheſe Hemispheres directed

againſt ; ſo that a Flymaybe truly faid to have an eye every way,

and to

be reallycircumspect . And it was further obfervable, that that waywhere

the trunk of his body did hinder his profpect backward, thefe protube

rances were elevated, as it were, above the plain of his ſhoulders and

back, fo thathe was able to fee backwards alfo over his back.

Fifthly, in living Flies, I have obferv'd, that when any ſmall mote or

duft,which flies up and down the air, chances to light upon any part of

thefe knobs, as it is fure to ſtick firmly to it and not fall, though through

the Microſcope it appears like a large ftone or ſtick (which one would ad

mire,efpecially fince it is no ways probable that there is any wet or gluti

nous matterupon theſe Hemispheres,but I hope I fhall render the reafon in

another place) fothe Fly preſently makes ufe ofhistwo fore-feet in fead

ofeye-lids, with which , as with two Brooms or Bruſhes, they being

all beſtuck with Brifles, he often ſweeps or bruſhes offwhat ever hinders

the profpect of any of his Hemispheres, and then, to free his leggs from

that dirt,he rubs them one againſt another,the pointed Brifles or Tenters

ofwhich looking both oneway, the rubbing ofthem to and fro one

againſt another, does cleanſe them in the famemanner as I have obferv'd

thoſe that CardWool, to cleanſe their Cards, by placing their Cards, fo

asthe teethofboth lookthe fame way,and then rubbingthem one againſt

another. In the very fame manner do they bruſh and cleanſe their bodies

and wings, as I fhall by and byfhew ; other creatures have other contri

vances for the cleanfing and cleering their eyes.

Sixthly, that the number ofthe Pearls or Hemiſpheres in the cluſters

of this Fly, was neer 14000. which I judged by numbering certain rows

of them ſeveral ways, and cafting up the whole content , accounting

each cluſter to contain about feven thouſand Pearls, three thoufand

of which were ofa cize, and confequently the rows not ſo thick, and

the foure thouſand I accounted to be the number of the ſmaller 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

much less company, as an Ant, &c. and ſeveral other ſmall Flies and

Infects.

Seventhly,that the order ofthefe eies or Hemispheres wasaltogether curi

ous and admirable,they being plac'd inall kind ofFlies, and aerialanimals,

in amoſt curious and regular ordination of triangular rows, in which or

derthey are rang'd the neereft together that poflibly they can, and con

fequently leave the leaft pits or trenches between them. But in Shrimps,

Crawfishes, Lobfters, and fuch kinds of Crustaceous water Animals, I have

yet
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yet obferv'dthemrang'd in a quadrangular order, the rows cuttingeach

other at right angles,which as it admits of a lefs number ofPearls in equal

furfaces ; to have thofe creatures a recompence madethem, 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 Diſpenſations in

Nature, that certainly Epicurus, and his followers, muft very little have

confider'd them, who afcrib'd thoſe things to the production ofchance,

that wil,to a more attentive confiderer,appear the products ofthe higheſt

Wiſdomand Providence.

Uponthe Anatomy or Diffection ofthe Head, I obſerv'd theſe par

ticulars :

Firſt, that this outward fkin, like the Cornea ofthe eyes ofthe greater

Animals, was both flexible and tranſparent, and feem'd, through theMi

croscope, perfectly to reſemble the very fubftance oftheCorneaofa man's

eye ; for having cut out the cluſter, and remov'd the dark and mucous

ftuff that isfubjacent to it, I could fee it tranfparent like a thin piece of

fkin, having as manycavities in the infide of it, and rang'd in the fame

order as it hadprotuberances on the outſide,and this propriety, I found the

fame in all theAnimals that had it, whether Flies or Shell-Fiſh.

Secondly, I found that all Animals that I have obferv'd with thoſe kind

ofeyes, havewithin this Cornea, a certain cleer liquor orjuice, thoughin

a very little quantity, and,

I obferv'd thirdly, that within that cleer liquor, they had a kind of

dark mucous lining, which was all fpread round within the cavity ofthe

cluſter, and feem'd very neer adjoining to it, the colour of which, in

fome Flies,was grey ; in others, black; in others red ; in others,ofa mix'd

colour ; in others,fpotted ; and that the whole cluſters, when look'd on

whilſt the Animal was living, or but newly kill'd, appear'd ofthefame

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 ofthe cluſters was infome, as

in DragonFlies,&c. hollow, or empty ; in others fill'd with fome kind

offubftance ; in blue Flies,with a reddiſh mufculous ſubſtance, withfibres

tending from the center or bottom outwards ; and divers other,with va

rious and differing kinds offubftances.

That this curious contrivance is the organ of fight to all thoſe various

Crustaceous Animals, which are furniſh'd with it, I think we need not

doubt, ifwe confider but the feveral congruities it has withthe eyes of

greater creatures.

Asfirst, that it is furnish'd with a Cornea,with a transparenthumour,and

with auvea or retina, that the Figure of each ofthe fmall Hemispheres are

very spherical, exactly polish'd, and moſt vivid, lively and plump,when

the Animal is living,as in greater Animals,and in like manner dull,flaccid,

and irregular, or fhrunk,whenthe Animal is dead.

Next, that thoſe creatures that are furniſh'd with it , have no

other organs that have any reſemblance to the known eyes of other

creatures.

B b
Thirdly,
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Thirdly,that thoſe whichthey call the eyes ofCrabs,Lobſters,Shrimps,

and the like, and are really fo, are Hemifpher'd, almoft in the fame man

neras theſe ofFlies are. And that they really are fo, I have very often

try'd, by cutting offtheſe 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 before, but would often hit it felf againſt the rocks or

ftones ; and though I put my hand juſt before its head, it would not at

all ſtart orfly back till I touch'd it, whereas whil'ft thoſe were remain

ing, it would ſtart back,and avoid myhand or a ſtick at a good diſtance

before it touch'd it. And ifin cruftaceous Sea-animals, then it ſeems very

probable alfo,that theſe knobs arethe eyes in crustaceousInfects, whichare

alfo ofthefame kind, onely in a higher and more active Element ; this the

conformityor congruity ofmany other parts common to either ofthem,

willſtrongly argue,their cruftaceous armour,their number of leggs,which

are fix, befide the two great claws, which answer to the wings inInfects ;

and in all kind ofSpiders, as alfo in many other Infects that want wings,

weſhall find the compleat number ofthem, and not onely the number,

but the veryſhape, figure, joints, and claws ofLobſters and Crabs, as is

evident in Scorpions and Spiders, as is viſible in the fecond Figure ofthe

31.Scheme,and in the little Mite-worm,which I call a Land-crab,defcrib'd

in the ſecond 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

veralſtates ofcruftaceous water-animals, as there is in feveral forts ofIn

fects ; for if fuch could be met with,the progreſs of the variations would

be much more confpicuous in thoſe larger Animals, then they can be in

kind ofInfects our colder Climate affords.any

Theſe being their eyes, it affords us a very pretty Speculation tocon

template their manner of vifion, which, as it is very differing from that of

biocular Animals, fo is it not lefs admirable.

That each ofthefe Pearls or Hemispheres is a perfect eye, I think we

need not doubt, ifwe confider onely the outfide or figure ofany one of

them, for they being each ofthem cover'd with a tranſparent protube

rant Cornea, and containing a liquor within them, reſembling the watry

or glaffie humours ofthe eye, muſt neceffarily refract all the parallel

Raysthat fall onthem out ofthe air, into a point not farr diftant within

them, where (in all probability) the Retina ofthe 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 cluſter is very likely to be that tu

nicle or coat, it appearing through the Microscope to be plac'd a little

more than a Diameter ofthofe Pearlsbelow or within the tunica cornea.

And if ſo, then is there in all probability, a little Picture or Image ofthe

objects without, painted or made at the bottom of the Reta againſt

every one ofthofe Pearls, fo that there are as many impref ons on the

Retina or opacous ſkin, as there are Pearls or Hemispheres the cluſter.

Butbecauſe it is impoffible for any protuberant ſurfacewh foever, whe

ther fphærial or other, fo to refract the Raysthat come from farr remote

lateral
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lateral points ofany Object as to collect them again,and unite them each

in a diftinct point,and that onely thoſe Rays whichcomefromſome point

that lies in the Axis of the Figure produc'd , are fo accurately re

fracted toone and the fame point again, and that the lateralRays,thefur

ther they are remov'd, the more imperfect is their refracted confluence ;

It follows therefore, that onely the Picture of thoſe parts ofthe external

objects that lie in, or neer,the Axis of each Hemisphere, are difcernably

painted or made on the Retina ofeach Hemisphere, and that therefore

each ofthem can diftinctlyfenfate or fee onely thoſe parts whicharevery

neer perpendicularly oppos'd to it, or lie in or neer its optick Axis.

Now, though there may beby each of thefe eye-pearls,a repreſentation

to the Animal ofa whole Hemisphere in the fame manner as in a man's eye

there is a picture orfenfation in the Retina of all the objects lying almoſt

in an Hemisphere ; yet, as in a man's eye alſo, there are but fome very

few points which liyng in, or neer, the optick Axis are diftinctly dif

cern'd : So there may be multitudes of Pictures made of an Object in

the feveral Pearls, and yet but one, or fome veryfewthat are diſtinct ;

The repreſentation 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 diſtinct vifion.

So that we fee, that though it has pleas'd the All-wife Creator, to in

due this creature with fuch multitudes of eyes, yet has he not indued it

with the faculty of feeing more then another creature ; for whereas this

cannot move his head,at leaſt can move itvery little,without moving his

whole body, biocular creatures can in an inſtant (orthe twinkling ofan

eye, which, being very quick, is vulgarly ufed in the fame fignification)

move their eyes fo as to direct the optick Axis to any point ; nor is it

probable, that they are able to ſee attentively at one time more then one

Phyfical point; for though there be a diſtinct Image made in every eye,

yet 'tis very likely,that the obferving faculty is only imploy'd about fome

oneobject for which they have moſt concern.

Now, as we accurately diſtinguiſh the ſite or pofition of an Object

bythe motion of the Mufcles of the eye requifite to put the optick Line

in a direct pofition,and confuſedly by the pofition ofthe imperfect Picture

ofthe object at thebottom of the eye ; fo are thefe crustaceous creatures

able to judge confuſedly of the pofition of objects by the Picture or im

preffion made at the bottom of the oppofite Pearl, and diſtinctly bythe

removal ofthe attentive or obſerving faculty, from one Pearl to another,

but what this faculty is,as it requires another place, fo a much deeper fpe

culation. Now,becauſeit were impoffible,even with this multitude ofeye

balls,tofee any object diftinct(for as I hinted before,onely thoſe parts that

lay in,orveryneer,the optick Lines could befo)the Infinitely wife Creator

has not left the creature without a power ofmoving the head a little in

Aerialcruftaceous animals,and the very eyes alfo in cruftaceous Sea-animals;

fo that bytheſe meansthey are inabled to direct fome optick line or other

againſt any object,and by that means they have the vifive faculty as com

pleat as any Animal that can move its eyes.

B b 2 Diſtances
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Diſtances ofObjects alfo, 'tis very likely they diſtinguiſh, partly by

theconfonant impreffions made in fome two convenient Pearls, one in

each cluſter ; for, according as thoſe congruous impreffions affect, two

Pearls neerer approach'd to each other, the neerer is the Object, and

thefarther they are diftant, the more diſtant is the Object : partly allo

by the alteration of each Pearl, requifite to makethe Senfation or Picture

perfect ; for 'tis impoffible that the Pictures of two Objects, variouſly

diftant, can be perfectly painted, or made onthefame Retina or bottom

ofthe eye not altered, as will be very evident to any one that shall atten

tively confider the nature of refraction. Now, whether this alteration

may be inthe Figure ofthe Cornea,in the motion of acceſs or recess ofthe

Retina towardsthe Cornea, or in the alteration of a cruſtaline humour, if

fuchthere be, I pretend not to determine ; though I think we need not

doubt, but that there may be as much curiofity of contrivance and ſtru

&turein every one oftheſe Pearls, as in the eye of a Whale or Elephant,

and the almighty's Fiat could as cafily cauſe the exiſtence ofthe one as

the other; and as one day and a thouſand years arethe ſamewith him,ſo

mayone eye and ten thousand.

This we may be fure of, that the filaments or fenfative parts ofthe

Retina muſt be moſt exceedingly curious and minute, fince the whole

Picture it ſelfis fuch ; what muſt needs the component parts be of that

Retina which diſtinguiſhes the part of an object's Picture that muſt be

many millions ofmillions less then that in a man's eye ? And how exceed

ing curious and fubtile muft the component parts of the medium that

conveys light be, whenwe find the inftrument made for its reception or

refractionto be fo exceedinglyſmall?wemay,I think, from this fpecula

tion be fufficiently difcouraged from hoping to diſcover by any optickor

other inſtrument the determinate bulk ofthe parts of the medium that

conveys the pulse of light, fince we find that there is not lefs accurate

nefsfhewnintheFigure and poliſh of thoſe exceedingly minute lenti

cular ſurfaces, then in thoſe more large and confpicuous furfaces ofour

own eyes. And yetcan I not doubt, but that there is a determinate bulk

of thofe parts, fince I find them unable to enter between the parts of

Mercury, whichbeing in motion, muft neceffarily have pores, as I fhall

elſewhere fhew, and here pafs by, as being a digreffion.

Asconcerning the horns FF, the feelers or fmellers, GG, the Pro

bafcis HH, and I, the hairs and brifles, KK, I ſhall indeavour to de

fcribe inthe 42. Obſervation.

Obferv. XL. Ofthe Teeth ofaSnail.

I

Have little more to add ofthe Teeth of a Snail, befides the Picture

that his bended body, ABCDEF, whichfeem'd faſhioned very much

like a row ofſmall teeth, orderly plac'd in the Gums, and looks as ifit

were
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were divided into ſeveral ſmaller and greater black teeth, was nothing

but one ſmall bended hard bone,which was plac'd inthe upperjaw ofthe

mouthofa Houſe-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 halfround

bits, not unlike the Figure of a (C ) nor very much differingfrom it in

bigness, the upper part ABCD ofthis bone,I found to bemuch whiter,

and to growout of the upper chap ofthe Snail GGG,and not to be any

thing neer fo much creas'd asthe lower and blacker part ofit HIIHKKH

which was exactly fhap'd like teeth, the bone growing thinner, ortaper

ingto anedge towards KK K. It ſeem'd to have nine teeth, or prominent

parts IK, IK, IF c. which were join'd together bythe thinner inter

pos'd parts ofthe bone. The Animal to which theſe teeth belong, is a

very anomalous creature, and feems of a kind quite diftinct from

other terreftrial Animal or Infect, the Anatomy whereof exceedingly dif

feringfrom what has been hitherto given of it I ſhould have inſerted,but

that it willbe more proper in another place. I have never met with any

kind ofAnimal whofe teeth are all join'd in one, fave onely that I lately

obferv'd, that all the teeth ofa Rhinocerot, which growon either fide

ofits mouth, are join'd into one large bone, the weight ofone ofwhich

Ifound to be neer eleven pound Haverdupois. So that it ſeems one of

the biggeſt fort of terreſtrial Animals, as well as one ofthe ſmalleſt,

has his teeth thus ſhap'd.

any

Obferv. XLI. Ofthe Eggs ofSilk-worms,and other Infects.

TH

He Eggs of Silk-worms(one ofwhich I have deſcrib'd inthe ſecond

Figure of25. Scheme) afford a pretty Object for a Microſcope that

magnifies very much, especially if it be bright weather, and the light ofa

windowbe cast or collected on it by a deep Convex-glass, orWater-ball.

For thenthe whole furface ofthe Shell maybe perceiv'd all cover'd over

with exceeding ſmall pits or cavities withinterpofed edges, almoft in the

manner ofthe furface of a Poppy-feed,but that theſe holes are not anhun

dredth part ſcarce of their bigness , the Shell,when the young ones were

hatch'd (which I found an eafie thing to do, ifthe Eggs were kept in a

warm place) appear'd no thicker in proportion to its bulk,then that of

anHen's or Goos's Egg is to its bulk,and all the Shell appear'dvery white

(which feem'd to proceed from its tranfparency) whence all thoſe pit

tings did almoſt vanifh, fothatthey could not, without much difficulty,

be difcern'd, the infide ofthe Shell feem'd to be lin'd alſo with a kind of

thin film,not unlike (keeping the proportion to its Shell)that withwhich

the ſhell of an Hen-egg is lin'd ; and the ſhell it ſelffeem'd like common

Egg-fhells, very brittle, and crack'd. In divers other ofthefe Eggs I

could plainly enough, through the fhell, perceive the fmall Infect lie

coyled round the edges ofthe fhell. The fhape of the Eggit felf, the

Figure pretty well repreſents (though by default of the Graver it does

not
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not appear fo rounded, and lying above the Paper, as it were,as it ought

to do) that is, it was for the moſt part pretty oval end-ways, fomewhat

like an Egg,but the other way it was a little flatted on two oppofite fides.

Divers of theſe Eggs, as is common to moſt others, I found to be bar

ren, or addle, for they never afforded any young ones. And thoſe I

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 ſo many Globules, ofthis fort I have obferv'dfome

forts ofSpiders Eggs ; and chancing the laſt Summer to incloſe a very

large and curiouſly painted Butterfly in a Box, intending to examine its

gauderywith my Microfcope, I found within a day or two after I inclos'd

her, almoſt all the inner furface ofthe Box cover'd over withan infinite

of exactly round Eggs, which were ſtuck very faftto the fides of it, and

in fo exactly regular and cloſe an order, that made me call to mindmy

Hypothefis, which I had formerlythought on forthe makingout ofall the

regular Figures ofSalt,which I have elſewhere hinted ; for here I found

allofthemrang'd into amoſt exact triagonal order, much aftertheman

ner as the Hemispheres are place on the eye of a Fly; all which Eggs I

found after a little time to be hatch'd, and out of them to come a multi

tude offmall Worms, very much refembling young Silk-worms, leaving

all their thin hollow fhells behind them, ſticking on theBox in their tri

agonal poſture ; theſe I found withthe Microscope to have much fuch a

fubftance as the Silk-worms Eggs, but could not perceive them pitted.

And indeed, there is as great a variety in the ſhape oftheEggs ofOvi

parous Infects as among thoſe of Birds.

Ofthefe Eggs, a large and lufty Fly will at one time lay neer four or

five hundred, fo that the increaſe oftheſe kind of Infects muſt needs be

very prodigious, were they not prey'd onby multitudes ofBirds, and de

ftroy'd byFrofts and Rains ; and hence 'tis thoſe hotter Climatesbetween

the Tropicks are infeſted with fuch multitudes of Locufts, and fuch other

Vermine.

Obferv. XLII. Of a blue Fly.

T

Hiskind of Fly,whereofa Microſcopical Picture is delineated in the

first Figure ofthe 26. Scheme, is a very beautifull creature, and has

many things about it very notable ; divers ofwhich I have already partly

defcrib'd, namely, the feet, wings, eyes, and head, in the preceding

Obfervations.

And though thehead before defcrib'd be that of a grey Drone-Fly,

yet for the main it is very agreeable to this. The things wherein they

differ moft, will be eafily enough found by the following particulars :

First, the clusters ofeyes ofthis Fly, are very much ſmaller thenthofe

ofthe Dron-Fly, in proportion to the head.

And
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And next, all the eyes of each cluſter ſeem'd much ofthe fame bigness

one with another, not differing as the other, but rang'd in the fame tri

agonal order.

Thirdly, between theſe two cluſters, there was a fcaly prominent

front B, which was arm'd and adorn'd with large tapering ſharp black

brifles, which growing out in rows on either fide, were fobent toward

each other neer the top, as to make a kind ofarched arbour ofBrifles,

which almoſt cover'dthe formerfront.

Fourthly, at the end ofthis Arch, about the middle ofthe face, on a

prominent part C, grewtwo fmall oblong bodies, DD, which through

a Microſcope look'd not unlike the Pendants in Lillies, theſe feem'd to be

jointed on to twoſmall parts at C, each ofwhich ſeem'd again jointed

into the front.

Fifthly, out ofthe upper part and outfides oftheſe horns (as I may

call them, from the Figure they are of, in the 24. Scheme, where they

are marked with FF) there grows aſingle feather, or brushy Brifle, EE,

ſomewhat ofthe fame kind with the tufts of a Gnat, which I havebefore

defcribed.

What the uſe oftheſe kind ofhorned and tufted bodies ſhouldbe, I

cannot well imagine,unless they ſerve for fmelling or hearing,though how

they are adapted for either, it ſeems very difficult to defcribe they are

in almoſt every ſeveral kind of Flies offovarious a fhape; though certain

ly they are fome very eſſential part of the head, and have ſome very

notable office affign'd them byNature, fince in all Infects they aretobe

found in one or otherform.

Sixthly, at the under part ofthe face FF, were feveral ofthe former

fort ofbended Brifles ; and below all, the mouth, out of the middle of

which, grewtheprobofcis G H I, which,by means offeveral joints,where

of it ſeem'd to confift, the Fly was able to moveto and fro, and thruſt it

inand out as it pleas'd ; the end ofthis hollowbody (which was all over

cover'd with ſmall ſhort hairs or brifles) was, as 'twere, bent at H, and

the outer or formoft fide ofthe bended part HI, flit, as it were, into

twochaps, HI, HI, all the outfide ofwhich where cover'd with hairs,

and pretty large brifles ; thefe he could, like two chaps, very readily

open and fhut, andwhen he feem'd to fuck anything from the furface of

a body,hewould ſpread abroad thoſe chaps, and apply the hollow part

ofthemvery cloſe to it.

From either fide of the Probofcis, within the mouth, grewtwo other

fmall horns, or fingers, K K, which were hairy, but ſmall in this Figure 3

but ofanotherſhape, and bigger in proportion, in the 24. Scheme, where

they are marked withGG, which two indeed feem'd a kind of ſmellers,

but whether fo or not, I cannot pofitively determine.

The Thorax or middle part of this Fly, wascas'd, both above and be

neath, with a very firm cruft ofarmour, the upper part more round, and

coveredoverwithlong conical brifles,all whofe ends pointed backwards;

out of the hinder and under part ofthis grewout in a cluſter fix leggs,

three ofwhichare apparent intheFigure,the other three were hidbythe

body
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body plac'd in that pofture. The leggs were all much ofthe fame make,

being all ofthem cover'd with aſtrong hairyfcale or fhel,juſt likethe legs

of a Crabb or Lobſter,and the contrivance of the joints feem'd much the

fame ; each legg feem'd made up of eight parts, 1 , 2 , 3 , 4, 5; 6, 7, 8, to

the eighth or laſt ofwhich, grew the foles and claws, defcribed before

inthe 38. Obfervation.

Out of the upper part ofthis trunck grew the two wings, which I men

tion'd in the 38. Obfervation, confifting of a film, extended on certain

ſmall ſtiffwires or bones : theſe in a blue Fly, were much longer then

the body, but in other kind ofFlies they are ofvery differing propor

tions tothe body. Theſefilms,in many Flies,werefo thin,that,like ſeveral

other plated bodies (mention'd in the ninth Obfervation) they afforded

all varieties offantaſtical or tranfient colours (the reafon ofwhich I have

here endeavoured to explain) they ſeem'd to receive their nouriſhment

from theſtalks or wires, whichfeem'd to be hollow, and neer the upper

part of the wing LL feveral ofthem feem'd jointed, the ſhape ofwhich

will fufficiently appear by the black lines in the fecond Figure ofthe

26. Scheme, which is a delineation of one of thoſe wings expanded di

rectly to the eyes.

All the hinder part ofits body is cover'd with a moſt curious blue fhi

ning armour,looking exactly like a poliſh'd piece ofsteel brought tothat

blue colour by annealing, all which armour is very thick beſtuck with

abundance of tapering brifles, fuch as grow on its back, as is viſible

enough bytheFigure.

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 Veffels, fuch as are to be found in a greater Animals, and even

in Snails exceeding manifeftly,I found,muchbeyond my expectation,that

there were abundance of branchings ofMilk-white veſſels,no leſs curious

thenthe branchings ofveins and arteries in bigger terreſtrial Animals,in

one ofwhich,I found two notable branches,joining their two main ſtocks,

asit were, into one common ductus ; now, to what veins or arteries theſe

Veffells were analogus, whether to the vena porta, or the meferaick vef

fells, orthe like, or indeed, whether they were veins and arteries, or vafa

lactea,properly fo called, I am not hitherto able to determine, having

not yet made fufficient enquiry ; but in all particulars, there ſeems not to

be any thing less of curious contrivance in theſe Infects, then in thoſe

larger terreftrial Animals, for I had never ſeen any more curiousbranch

ings of Veffells, then thoſe I obferv'd in two or three of thefe Flies thus

opened.

It is a creature active and nimble, fo as there are very fewcreatures

like it, whether bigger or fmaller, in fo much, that it will ſcape and

avoid a fmall body, though coming on it exceeding ſwiftly, and ifit fees

anythingapproaching it, which it fears, it preſently fquats down, as it

were,that it maybe 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, notwithſtanding the

1
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bitter cold of our Climate ; nay, this creature will indure to be frozen,

andyet not be deſtroy'd,for I have taken one of them out ofthe Snow

whereon it has been frozen almoſt 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 taſte of fermenting and

putrifying meat (which it often kifles,as'twere, with itsproboscis as it trips

over it) to be ſtimulated or excited to eject its Eggs or Seed on it, per

haps, fromthe fame reafon as Dogs,Cats,and many other brute creatures

are excited to their particular lufts, by the ſmell of their females, when

by Nature prepared for generation ; the males feeming by thoſe kind

of ſmells, or other incitations, to be as much neceffitated thereto, as

Aqua Regis ftrongly impregnated with a folution ofGold,is forced topre

cipitate it by the affufion of ſpirit of Urine, or a folution of Salt of

Tartar.

One of thefe put in fpirit ofWine, was very quickly feemingly kill'd,

and both its eys and mouthbegan to look very red, but upon the taking

ofit out, and fuffering it to lie three or four hours, and heating it with

theSun beams caft through a Burning- glaſs, it again reviv'd, feeming, as

it were, to have been all the intermediate time, but dead drunk, and af

ter certain hours to growfreſh again and fober.

Obferv. XLIII. Ofthe Water-Infect orGnat.

T

'His little creature, deſcribed in the first Figure ofthe 27. Scheme,

was a ſmall ſcaled or cruſted Animal, which I have often obſerv'd

tobe generated in Rain-water ; I have alfo obferv'd it both in Pond and

River-water. It is fuppos'd by fome, to deduce its firſt original from the

putrifaction ofRain-water, in which,if it haveſtood any time opentothe

air, you ſhall ſeldom miſs,all the Summer long, of ſtore ofthem friſking

too and fro.

"Tisa creature, wholly differing in fhape from any I ever obferv'd ; nor

is its motion leſs ſtrange : It has a very large head, in proportion toits

body, all covered with a fhell, like other teftaceous Animals, but it dif

fers in this, that it has, up and down feveralparts of it, ſeveral tufts of

hairs, or brifles, plac'd in the order exprefs'd in the Figure ; It has two

horns,whichfeem'd almoſt like the horns ofan Oxe,inverted,and, as neer

as I could ghefs,were hollow,with tufts ofbrifles,likewiſe at the top;theſe

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 ofCrabs and Lobſters,by which, I have often obferv'd themto

feed on water, orfome imperceptible nutritive fubftance in it .

I could perceive, through the tranſparent fhell,while the Animal fur

viv'd, ſeveral motions in the head, thorax, and belly, very diſtinctly,

C c of
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ofdiffering kinds which I may, perhaps, elſewhere endeavour more ac

curately to examine, and to fhew ofhow great benefit the ufe ofa Mi

croscopemaybe for the diſcovery ofNature'scourfe in the operations per

form'd in Animal bodies, by which wehave the opportunity ofobferving

her through theſe delicate and pellucid teguments ofthe bodies ofInfects

acting according to her ufual courfe and way, undiſturbed, whereas,

when we endeavour to pry into her fecrets by breaking openthe doors

upon her, and diffecting and mangling creatures whil'ft there is life yet

within them, wefind her indeed at work, but put into fuch diforder by

the violence offer'd, as it may eaſily be imagin'd,how differing a thingwe

ſhould find,ifwe could,as we canwitha Microfcope,in theſe ſmaller crea

tures, quietly peep in atthe windows, without frighting her out ofher

ufuai byas.

Theform ofthe whole creature, as it appear'din the Microſcope, may,

without troubling you with more deſcriptions, be plainly enough per

ceiv'd bythe scheme, the hinder part or belly confifting of eightſeveral

jointed parts, namely, ABCDEFGH, of the first Figure, from the

midſt ofeach ofwhich,on either fide,iffued out three orfour ſmall brifles

or hairs, I, I , I, I, I , the tail was divided into two parts ofvery differing

make ; one ofthem, namely, K, having many tufts ofhair or brilles, which

feem'd to ferve both forthe finns and tail, for the Oars and Ruder ofthis

little creature, wherewith it was able, by friſking and bending its body

nimblyto andfro,to move himſelf any whither,and to ſkull and ſteer him

felfashe pleas'd;the other part, L, feem'd to be,as 'twere,the ninth divifi

on ofhis belly,and had manyfingle brifles on either fide. From the end V,

ofwhich, through the whole belly, there was a kind of Gut of a darker

colour,MMM, wherein, by certain Peristaltickmotions there was akind

ofblack fubftance mov'd upwards and downwards through it from the

orbicular partof it, N,(which feem'd the Ventricle,or ftomach)to the tail

V,and fo back again, whichperistaltick motion I have obferv'd alſo in a

Loufe, a Gnat, and feveral other kinds of tranſparent body'd Flies. The

Thorax or cheft of this creature O000, wasthick and ſhort, and pret

ty transparent, for throughit I could fee the white heart (which is the

colour alfo ofthe bloud in thefe, and moſt other Infects) to beat, and

ſeveral other kind of motions. It was beſtuck and adorn'd upand down

with ſeveral tufts ofbrifles, fuch as are pointed out by P, P, P, P, the

head Qwas likewiſe beſtuck with feveral of thofe tufts, SSS ; it was

broad and ſhort, had two black eyes, TT, which I could not perceive at

all pearl'd, as they afterwards appear'd, and two ſmall horns, RR, fuch

as I formerly defcrib'd.

Both its motion and reſt is very ſtrange, and pleaſant, and differing

from thoſe ofmoſt other creatures I have obferv'd ; for, where it ceaſes

from moving its body, the tail of it ſeeming much lighter thenthe reſt

of its body,and a little lighter then the water it fwims in, preſently boys

it up to the top ofthe water, where it hangs fufpended with theheadal

waysdownward; and like our Antipodes, if they do by a friſk get be

low that fuperficies, they prefently afcend again unto it, if they ceaſe

moving,
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moving, until they tread, as it were, under that fuperficies with their

tails ; the hanging of thefe in this poſture, put me in mind of a cer

tain creature I have feen in London, that was brought out ofAmerica,

which would very firmlyfufpend it felfby the tail, with the head down

wards,andwas faid to fleep in that poſture, with her young ones in her

falfe belly, which is a Purfe, provided by Nature for the production,

nutrition, and prefervation of her young ones, which is deſcribed byPifo

in the 24. Chapter of the fifth Book of his Natural Hiſtory ofBrafil.

Themotionofit was with the tail forwards,drawing its felfbackwards,

bythe friſking to and fro of that tuft which grew out ofone of the

ftumps of its tail. It had another motion,whichwas more futable to that

ofother creatures, and that is, withthe headforward ; for bythe moving

ofhis chaps (ifI may fo callthe parts of his mouth) it was abletomove

it felf downwards very gently towards the bottom, and did,as twere,eat

up its way through the water.

But that which was moft obfervable in this creature, was, its Meta

morphofis or change;for having kept feveral oftheſe Animalsin a Glaſs of

Rain-water,in whichthey were produc'd, I found,after about a fortnight

or three weeks keeping, that ſeveral ofthemflew awayin Gnats,leaving

their hufks behind them in the water floating under the furface, the

place where theſe Animals were wont to refide, whil'ft they were in

habitants ofthe water : this made me more diligently towatchthem, to

fee ifI could find them at the timeoftheir transformation ; and not long

after, I obferv'd feveral ofthem to be changed into an unuſual ſhape,

wholly differing from that they were ofbefore, their head and bodybe

ing grown much bigger and deeper, but not broader, and their belly, or

hinder part ſmaller, and coyl'd , about this great body much ofthe faſhi

onreprefented bythe prick'd line in thefecond Figure ofthe 27. Scheme,

the head and hornsnow fwam uppermoft, and the whole bulk of thebo

dyfeem'd tobe grown much lighter ; for when by my frighting ofit, it

would byfrifking out of its tail (in the manner express'd in the Figure

byB C) fink it felf belowthe furface towards the bottom ; the body

would moreſwiftly re-afcend, then when it was in its former ſhape.

I ftill marked its progrefs from timeto time,and found its body ſtill to

growbigger and bigger, Nature, as it were, fitting and accoutring it

for the lighter Element, ofwhich it was nowgoing to be an inhabitant;

for,byobferving one oftheſe with my Microſcope, I found the eyes ofit

tobe altogether differing from what they feem'd before, appearingnow

all over pearl'd or knobb'd, like the eyes of Gnats. as is vifible in

the fecong Figure by A. At length, I faw part ofthis creature to ſwim

above, and part beneaththe furface of the water, below which though

it would quickly plunge it felfifIbyany means frighted it,and preſently

re-afcend into its former pofture ; after a little longer expectation, I

found that thehead and body ofa Gnat,began to appear and ſtand cleer

above the furface, and by degrees it drewout its leggs, firſt the two for

moft,thenthe other,at length its wholebody perfect and entire appear'd

out of the hufk (which it left inthe water)ftanding on its leggs upon

Cc 2 the
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the topofthe water, and by degrees it began to move, and after flew

about the Glaſs a perfect Gnat.

I havebeenthe more particular, and large in the relation ofthe tranf

formation of divers oftheſe little Animals which I obferv'd, becauſe I

have not found that any Authour has obferv'd the like ; and becauſe the

thing it felfis ſo ſtrange and heterogeneous from the ufual progreſs of

other Animals, that I judge it may not onely be pleasant, but very

ufefull and neceflary towardsthe compleating ofNatural Hiſtory.

There is indeed in Pifo, a very odd Hiſtory, which this relation may

make the more probable ; and that is in the 2. Chapter ofthe 4. Bookof

his Natural Hiſtory ofBrafil, where he fays,Porro præter tot documentafer

tilitatis circa vegetabilia&fenfitiva marina telluris æmula,accidit& illud,

quodpaucis à Paranambucenfi milliaribus piscatoris uncum citra intentionem

contingat infigi vadispetrofis,& loco pifcis fpongia, coralla,aliafque arbusculas

marinas capi. Inter hæc inufitataformeprodit fpongiofa arbuscula,fefquipedis

longitudinis, brevioribus radicibus, lapideis nitens vadis, & rupibus infixa,

erigiturque incorpusfpongiofum molle oblongum rotundumturbinatum: intus

miris cancellis& alveisfabricatum, extus autem tenaci glutine inftar Apum

propolis undique veftitum, oftiofatis patulo & profundo infummitate relido,

ficut ex altera iconumprobe depicta videre licet (fee the third and fourth

Figures of the 27. Scheme.) Ita ut Apiarium marinum vere dixeris ; primo

enim intuitu è Mare ad Terram delatum,vermiculisfcatebat cæruleisparvis,

qui moxà calorefolis inMufcas, vel Apespotius,eafq; exiguas& nigras tranf

formebantur, circumvolantefque evanefcebant,ita ut de eorum mellificatione

nihilcerti confpici datumfuerit, cum tamen carofa materiapropolis Apum

que celle manifefte apparerent,atque ipfa mellis qualifcunquefubftantiaprocul

dubio urinatoribus patebit, ubi curiofius inquifiverint hæc apiaria, eaque in

natali folo& falo diverfis temporibuspenitius luftrarint.

Which Hiſtory contains things fufficiently ftrange to be confider'd, as

whether the hulk were a Plant, growing at the bottomof the Seabefore,

ofit felf, out ofwhofe putrifaction might be generated theſe ſtrange kind

ofMagots ; 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 ofthat Plant,whereby

it might ripenor form its vegetable juice into an Animal ſubſtance ; or,

whether it may not be of the nature of a Sponge, or rather a Sponge of

the nature ofthis, accordingto fome ofthofe relations and conjectures I

formerly made ofthat body, is a matter very difficult to be determined.

But indeed,in this defcription,the Excellent Pifo has not been fufficiently

particular inthe ſetting downthe whole procefs, as it were to bewiſh'd :

Thereare indeed veryodd progreffes in the production of ſeveral kinds

ofInfects, which are not lefs inftructive then pleaſant, ſeveral of which,

the diligent Goedartius has carefully obferv'd and recorded, but among

all his Obfervations, he has none like this, though that ofthe Hemerobius

be fomewhat ofthis kind , which is added as an Appendix by Johannes

Mey.

1
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I have, formy own particular, befides ſeveral of thoſe mention'd by

him, obferv'd divers other circumſtances,perhaps, not much taken notice

of,thoughvery common, whichdo indeed afford us a very coercive argu

ment to admirethe goodneſs and providence ofthe infinitely wife Crea

tor in his moſt excellent contrivances and difpenfations.I have obferv'd,at

ſeveral times ofthe Summer,that many ofthe leaves ofdivers Plants have

been ſpotted, or, as it were fcabbed, and looking on the underfides of

thofe ofthem that have been but a litte irregular, I have perceiv'dthem

to beſprinkled with diversforts of little Eggs,which letting alone, I have

found by degrees to grow bigger, and become little Worms with leggs,

but ſtill to keep their former places,and thoſe places ofthe leaves,oftheir

ownaccords, to be grown very protuberant upwards, and very hollow,

and arched underneath, wherebythofe young creatures are, as it were,

ſhelter'd and houfed from external injury ; divers leaves I have obferv'd

to growandſwell fo farr, as at length perfectly to incloſe the Animal,

which, by other obfervations I havemade, I ghefs to contain it, and be

come, as it were a womb to it, fo long, till it be fit and prepar'dto be

tranflated into another ſtate, at what time, like (what they fay of) Vi

pers, they gnaw their way through the womb that bred them ; divers of

thefe kinds I have met with upon Goofberry leaves, Roſe-tree leaves,

Willow leaves, and many other kinds.

There are oftento be found upon Roſe-trees and Brier buſhes, little

red tufts,which are certain knobs or excrefcencies,growing, out fromthe

Rind, or barks of thofe kinds of Plants, they are cover'd with strange

kinds ofthreads or red hairs, which feel very foft, and look not unplea

fantly. Inmoſt oftheſe, ifit has no hole in it, you ſhall find certain little

Worms, which I fuppofe to bethe cauſes of their production ; for when

that Wormhas eat its waythrough, they, having performed what they

were defign'd by Nature to do, bydegrees die and wither away.

Now,the manner oftheir production,I fuppofe to be thus ; that the Al

wife Creatorhas as well implanted in every creature a faculty ofknow

ingwhat place is convenient for the hatching, nutrition, and prefervati

on of their Eggs and of-fprings,whereby they are ſtimulated and directed

to convenient places, whichbecom, as 'twere the wombs that perform

thofe offices : Ashe has alfo fuited and adapted a property to thoſe

places wherbythey grow and incloſe thoſe feeds, and having incloſed

them, provide a convenient nouriſhment for them, but as ſoon as they

have done the office ofa womb, they die and wither.

The progress of incloſure I have often obferv'd in leaves, which in

thofe places where thoſe feeds have been caft, have by degrees fwell'd

and inclos'd them, fo perfectly round, as not to leave any perceptible

paffage out.

From this fame caufe, I fuppofe that Galls, Oak-apples, and ſeveral

other productions ofthat kind, upon the branches and leaves ofTrees,

have their original ; for ifyou open any ofthem, when almoſtripe, you

ſhall find a little Wormin them. Thus, ifyou open never ſo many dry

Galls, youſhall find either a hole whereby the Wormhas eat its pallage

out,
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out, or ifyou find no paffage, you may,by breaking or cutting the Gall,

find inthe middle of it a ſmall cavity, and in it a ſmall body, which does

plainly enough yet retain a fhape, to manifeft it once to have been a

Worm, though it dy'd by atoo early feparation from the Oak on which

it grew,its navel-ſtring,as 'twere,beingbroken offfromthe leafor branch

by whichthe Globular body that invelop'd it, received its nouriſhment

from the Oak.

And indeed,ifwe confider the great care of the Creator in the difpen

fations of his providences for the propagation and increaſe ofthe race,not

onely ofall kind ofAnimals, but even of Vegetables, we cannot chufe

but admire and adore him for his Excellencies, but we ſhall leave offto

admire the creature, or to wonder at the ſtrange kind of acting in ſeveral

Animals, which ſeem to favour fo much of reafon ; it ſeeming to memoft

manifeft,that thofe are but actings according to their ſtructures, and fuch

operations as fuch bodies, fo compos'd, muft neceflarily, when there are

fuch and fuch circumſtances concurring, perform : thus,whenwe find Flies

fwarming,about any piece offleshthat does begin a little to ferment;But

terflies about Colworts,and ſeveral other leaves,which will ſerve to hatch

and nouriſh their young ; Gnats, and ſeveral other Flies about the Wa

ters, and mariſhy places,or any other creatures, feeking and placingtheir

Seeds in convenient repofitories, we may, ifwe attentively confider and

examine it, find that there are circumſtances fufficient,upon the fuppofals

ofthe excellent contrivance oftheir machine,to excite and force them to

act after fuch or ſuch a manner ; thoſe ſteams that riſe from theſe ſeveral

places may, perhaps, fet feveral parts oftheſe little Animals at work,even

asin the contrivance ofkilling a Fox orWolf with a Gun, the moving

ofa ſtring, is the death ofthe Animal ; for the Beaſt, by movingthe flesh

that is laidto entraphim, pulls the ſtring which moves the trigger, and

that lets go the Cock which on the ſteel ſtrikes certain fparks offire

which kindle the powder in the pann, and that preſently flies intothe

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 ingeniouſneſs of the contriver.

But to return to the more immediate confideration ofour Gnat :

Wehavein it an Inſtance, not uſual or common,ofa very ſtange amphi

bious creature, that being a creature that inhabits the Air, does yet pro

duce a creature, thatforfome time lives in the water as a Fish, though

afterward (which is as ſtrange) it becomes an inhabitant of the Air, like

its Sire,intheform of aFly. And this, methinks, does promptmetopro

pofe certain conjectures, as Queries, having not yet had fufficient oppor

tunity and leiſure to anſwer them my ſelf from my own Experiments

orObfervations.

And the firſt is, Whether all thoſe things that we fuppofe to be bred

from corruption and putrifaction, may not be rationally fuppos'd tohave

their origination as natural as thefe Gnats , who, ' tis very probable,

were firſt dropt into thisWater, in the form of Eggs. Thofe Seeds or

Eggs

¦
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Eggs muſtcertainly be veryſmall, which fo fmall a creature as a Gnat

yields, and therefore: we need not wonder that we find not the Eggs

themſelves, fome ofthe younger of them, which I have obferv'd, having

not exceeded a tenth part ofthe bulk they have afterwards cometo ; and

next,I have obferved fome ofthofe little oneswhich must have been gene

rated afterthe Water was inclofed in the Bottle, and therefore moft pro

bably from Eggs, whereas thofe creatures have beenfuppos'd tobe bred

ofthe corruption ofthe Water, there being not formerly known any

probable wayhow they fhould begenerated.

A fecond is, whether thefe Eggs are immediately dropt into the Water

bythe Gnats themſelves, or, mediately, are brought down by the falling

rain; for itſeems not very improbable,but that thoſe ſmall feeds ofGnats

may (being, perhaps, of fo light a nature, and having fo great a propor

tion of furface to fo fmall a bulk of body) be ejected into the Air, and

fo, perhaps, carried for agood while too and fro in it, till bythe drops

ofRainit be waſh'd out ofit.

Athird is, whether multitudes ofthoſe other little creatures that are

found to inhabit the Water for fome time, do not, at certain times, take

wing and fly into the Air, others dive and hide themſelves in the Earth,

and fo contribute to the increaſe both ofthe one and the other Element.

Poftfcript.

Agood while fince the writing ofthis Defcription, I was prefented by

Doctor Peter Ball, an ingenious Member ofthe Royal Society,with a little

Paper ofNuts, whichhe told me was fent him from a Brother of his out

ofthe Countrey,from Mamhead in Devonshire, ſome ofthem were looſe,

havingbeen, as I fuppofe, broken off, others were ftill growing faft on

upon the fides of a ſtick, whichſeem'd by thebark, pliableness of it, and

by certain ſtrings that grew out of it, to be fome piece of the root of

aTree ; theywere all of them dry'd , and a little fhrivell'd, others more

round, ofa brown colour ; their fhape was much like a Figg, but very

muchſmaller,fome being about the bignefs ofa Bay-berry others,and the

biggeſt, of a Hazel-Nut. Some of theſe that had no hole in them, I care

fully opened with my Knife, and found in them a good large round white

Maggot, almoſt as bigg as a ſmall Pea, which feem'd fhap'd like other

Maggots, but ſhorter. I could not find them tomove, though I ghefs'd

them tobe alive, becauſe upon fricking them witha Pinn, there would if

fue out a great deal ofwhite mucous matter,which feem'd tobe from avo

luntary contraction of their fkin ; their hufk or matrix confifted of three

Coats,like thebarks ofTrees, the outermoft being more rough and fpon

gie, and the thickeſt, the middlemoſt more cloſe, hard, white, and thin,

the innermoft very thin,feeming almoft like the ſkin within an Egg's fhell.

Thetwo outermoſt had root in the branch or ftick, but the innermoſt

had no ftem or proceſs, but was onely a fkin that cover'd the cavity of

theNut. All the Nuts that had no holes eaten in them, I found to con

tain theſe Maggots, but all that had holes, I found empty, the Maggots,

it
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it ſeems, having eaten their way through, taken wings and flownaway,

as this following account (which I receiv'd in writing from the fame per

fon, as it was fent him by his Brother) manifefts. In a moorish black

Peaty mould, with ſomeſmall veins ofwhitish yellow Sands, upon occafion

of digging ahole two or three foot deep, at the head of a Pond or Pool, to

Jet a Tree in, at that depth; werefound, about the end ofOctober 1663. in

thofe very veins of Sand, thofe Buttons or Nuts, fticking to a little loofe

Stick, that is, not belonging to any live Tree, andſome of them also free by

themselves.

Four orfive of which being then open'd, fome were found to contvin

live Infects come to perfection, moft like to flying Ants, ifnot thefame ; in

others, Infects,yet imperfect, having but thehead and wingsform d, the reft

remaining afoft white pulpyfubftance.

Now,as this furniſhes us withone odd Hiſtory more,very agreeable to

what I before hinted , ſo I doubt not, but were men diligent obfervers,

they might meet withmultitudes ofthe fame kind, both inthe Earthand

in the Water, and in the Air, on Trees, Plants, and other Vegetables, all

places andthings being,as it were,animarum plena. And I have often,with

wonder and pleaſure,in the Spring and Summer-time, look'd cloſe to,and

diligentlyon, common Garden mould, and in a very fmall parcel of it,

foundfuch multitudes and diverfities of little reptiles,fome inhufks,others

onely creepers, many wing'd, and ready forthe Air ; divers huſks or ha

bitations left behind empty. Now, ifthe Earth ofour cold Climate be fo

fertile of animate bodies, what may wethink ofthe fat Earth of hotter

Climates? Certainly,the Sun may there, by its activity, caufe as great a

parcel ofEarth to fly on wings in the Air, as it does of Water in fteams

and vapours. And what ſwarms muſt we ſuppoſe to be ſent out ofthoſe

plentifull inundations of water which are poured down by the fluces of

Raininfuchvaftquantities ? So that we need not muchwonder at thoſe

innumerable clouds of Locufts with which Africa, and other hot coun

tries are ſo peftred, fince in thoſe places are found all the convenient

cauſes of their production, namely, genitors, or Parents, concurrent re

ceptacles or matrixes,and a fufficient degree ofnatural heat and moiſture.

I was going to annex a little draught ofthe Figure ofthoſe Nutsfent

out of Devonshire , but chancing to examine Mr. Parkinson's Herbal

forfomething elſe, and particularly about Galls and Oak-apples, I found

among no leſs then 24. ſeveral kinds ofexcrefcencies of the Oak, which I

doubt not,but upon examination,will be all found to be the matrixes of

fomanyfeveral kinds of Infects ; I having obferv'd many ofthemmyfelf

tobe fo,among 24. feveral kinds, I fay,I found one defcribed and Figur'd

directly like that which I had by me,the scheme is there to be ſeen,the de

fcription, becauſe but ſhort, Ihave here adjoin'd Theatri Botanici trib.16.

Chap. 2. Theregroweth at the roots of old Oaks in the spring-time, and

femetimes alfo in the very heat of Summer, apeculiar kind ofMuſhrom or

Excrefcence, call'd Uva Quercina,Swelling ont of the Earth, manygrowing

one clofe unto another , of the fashion of a Grape , and therefore took

the name , the Oak-Grape , and is of a Purplish colour on the outside,

end
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and 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 ſeems not to take notice of the hollowness orWorm, for

which 'tis moſt obfervable. And therefore ' tis very likely, if men

did but take notice, they might find very many differing Species of thefe

Nuts, Ovaries, or Matrixes , and all of them to have much the fame

defignation and office. And I havevery lately foundfeveral kinds ofEx

creſcencies on Irees and Shrubs, which having endured theWinter, up

on opening them, I found most ofthem to contain little Worms, but

dead, thoſe things that contain'd them being wither'd and dry.

Obferv. XLIV. Of the tufted or Brufb-born'd Gnat.

TH

His little creature was one ofthofe multitudes that fill our English

air all the time that warmweather lafts, and is exactly oftheſhape

ofthat I obferv'd to be generated and hatch'd out of thoſe little Infects

that wriggle up anddown in Rain-water. But,thoughmany were ofthis

form, yet I obferv❜d others to be of quite other kinds ; nor were all

of this or the other kind generated out ofWater Infects ; for whereas I

obſerv'd that thoſe that proceeded from thoſe Infects were at their full

growth, I have also found multitudes ofthe ſame ſhape,but much ſmaller

and tenderer feeming tobe very young ones, creep up and downupon

the leaves ofTrees, and flying up and down in fmall cluſters, in places

very remote from water ; andthis Spring, I obferv'd one day, whenthe

Wind was very calm, and the afternoon very fair, and pretty warm,

though it had for a long time been very cold weather, and the wind con

tinued ſtill in the Eaſt, ſeveral ſmall fwarms ofthem playing to and fro

in little clouds in the Sun, each ofwhich were not a tenth part ofthe

bigness of one oftheſe I here have delineated, though very much ofthe

ſameſhape, which makes me ghefs, that each of theſe fwarms mightbe

the of-fpringofone onely Gnat, whichhad been hoorded up in fome fafe

repofitory all this Winter by fome provident Parent, and were now, by

the warmth ofthe Spring-air, hatch'd into little Flies.

And indeed, fo various, and ſeemingly irregular are the generations or

productions of Infects, that he that ſhall carefully and diligently obſerve

the feveral methods of Nature therein, will have infinitely cauſe further

toadmirethe wisdom and providence ofthe Creator ; for not onelythe

fame kind of creature may be produc'd from ſeveral kinds ofways, but

the veryfame creature may produce ſeveral kinds : For,as diversWatches

maybe made out of feveral materials, which may yet have all the fame

appearance,and move after thefame manner,that is,fhewthe hour equally

true, the one as the other, and out ofthe fame kind of matter, like

Watches,maybe wrought differing ways; and,as one and thefameWatch

Dd
may,



194

MICROGRAPHIA
.

may, by being diverfly agitated, or mov'd,by this or that agent, or after

this or that manner, produce a quite contrary effect : So mayit be with

theſe moſt curious Engines of Infect's bodies; the All-wife God ofNature,

mayhave ſo ordered and difpofed the little Automatons, that when nou

rifhed, acted, or enlivened by this caufe, they produce one kind ofeffect,

or animate ſhape, 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 ofmethods, produce fimilar Automatons.

But to cometo the Deſcription ofthis Infect,as it appearsthrough aMi

croſcope,ofwhich a repreſentation is made inthe 28.scheme. Its headA, is

exceeding fmall, in proportion to its body, confifting of two cluſters of

pearl'd eyes B B, on each fide of its head, whofe pearls or eye-balls are

curiously rang'd like thofe of other Flies ; between theſe,in the forehead

ofit, there are plac'd upon two fmall black balls, CC, two long jointed

horns, tapering towards the top, much reſembling the long horns of

Lobſters, each ofwhofe ftems or quills, DD, were brifled or brushed

with multitudes offmall ſtiff hairs, illuing out every way fromthe feve

ral joints, like the ſtrings or ſproutings of theherb Horſe-tail, which is

oft obferv'd to grow among Corn, and for the wholefhape, it does very

muchreſemble thoſe brushy Vegetables ; befides theſe, there are two other

jointed and brifled horns, or feelers, E E, in the forepart ofthe head, and

a probofcis, F, underneath,which in fome Gnats are very long, ſtreight

hollow pipes, by which theſe creatures are able to drill and penetrate

the ſkin, and thence, through thoſe pipes fuck fo much bloud as to ſtuff

their bellies fo full till they be readytoburſt.

This fmall head,with its appurtenances, is faftned on bya ſhort neck,G,

to the middle ofthe thorax, whichis large, and feems cafed with a ſtrong

black ſhel,HIK, out ofthe under part ofwhich, iffue fix long and flender

legs, LLLLLL, fhap'd juſt like the legs ofFlies, but fpun or drawn out

longer and flenderer,which could notbe exprefs'd in the Figure,becauſe

of their great length; andfromtheupper part, two oblong, but flender

tranfparent wings, MM, fhaped fomewhat like thofe of a Fly,underneath

each ofwhich, as I have obferv'd alfo in divers forts of Flies, and other

kinds of Gnats, was placed a ſmall body, N, much reſembling a drop

offome tranſparent glutinous ſubſtance, hardned or cool'd, as it was al

moſt ready to fall, for it has a round knob at the end, which by degrees

growsflenderer into a ſmall ſtem,and neer the inſertion under the wing,

this ſtemagaingrows bigger ; theſe little Pendulums,as I may fo call them,

the litle creature vibrates to and fro very quick when it movesits wings,

and Ihaveſometimes obferv'd it to move themalfo, whil'ftthe wing lay

ftill, but always their motion feem'd to furtherthe motion ofthe wing

ready to follow; ofwhat uſe they are, asto the moving ofthe wing, or

otherwiſe, I have not now time to examine.

Its belly was large,as it is ufually in all Infects, and extended into nine

lengths or partitions, each of whichwas cover'd with round armed rings

or fhells ; fix ofwhich, OPQRST were tranſparent, and divers kinds

ofPeristaltick motions might be very eaſily perceiv'd, whil'ft the Animal

was
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Was alive, but eſpecially a fmall cleer white partV, feemed to beat like

the heart of a larger Animal. The laft three divifios,WXY, 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 largeſt Animal upon the Earth. Nor doth the Alwife Creator

feem tohave fhewn lefscare and providence in the fabrick of it, thenit

thoſe whichfeem moft confiderable.

Obferv. XLV. Ofthegreat Belly'd Gnat or female Gnat.

T

Hefecond Gnat , delineated in the twenty ninth Scheme, is ofa

verydiffering fhape fromthe former;but yet of this fort alio,I found

feveralof the Gnats, that were generated out of the Water Infect : the

wings ofthis, were much larger then thofe of the other, and the belly

much bigger, fhorter and ofan other fhape ; and, from ſeveral particu

lars, I gheft it tobe the Female Gnat, and the former to bethe Male.

The thorax ofthis was much like that ofthe other,having a veryſtrong

and ridged back-piece, which went alfo on either fide of its leggs; about

the wings there were feveral joynted pieces ofArmor, whichfeem'd cu

rioully and conveniently contriv'd, for the promoting and ſtrengthning

the notion ofthe wings:its head was muchdiffering from the other,being

much bigger and neater fhap'd, and the horns that grew out betweenhis

eyes ontwo little balls, were of a very differing fhape from the tufts of

the other Gnat, thefe having but a few knots or joynts, and each of

thoſe but a few, and thoſe ſhort and ſtrong, brilles. The formoft horns

or feelers, were like thofe ofthe former Gnat.

One of theſe Gnats I have fuffer'd to pierce the ſkin ofmy hand, with

itsprobofcis, and thence to draw out as much blood as to fill its belly

as full as it could hold , making it appear very red and transparent ; and

this without anyfurther pain, then whil ft it was finking in its probofcis, as

it is alſo in theſtinging of Fleas : a good argument, that theſe creatures

do not wound the ſkin, and fuck the blood out of enmity and revenge,

but for meer neceffity, and to fatisfy their hunger. By what means this

creature is able to fuck, we fhall fhew in another place.

Obferv. XLVI. Of the white featherwing'
d
Moth or Tinca

Argentea.

His white long wing'd Moth, which is delineated inthe 30.Schemez

afforded a lovely object bothtothe naked Eye,and through a Mi

croſcope tothe Eye it appear'd a ſmall Milk white Fly with four white

D d 2
Wings
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Wings , the two formoft ſomewhat longer thenthe two hindermoft, and

the two ſhorter about halfan Inch long, each ofwhich four Wingsfeem'd

to confiſt oftwoſmall long Feathers, very curiouſly tufted , or haired on

each fide, with purely white, and exceedingly fine and fmall Haires, pro

portion'd to the ſtalks or ſtems, out ofwhich they grew, much likethe

tufts ofa long wing-feather offome Bird, and their ſtalks or ftems were,

likethose, bended backwards and downwards, as may be plainlyfeen by

the draughts ofthem in the Figure.

Obferving one oftheſe in my Microscope,I found,in the firſt place, that

all the Body,Legs, Horns andthe Stalks of theWings, were covered over

with various kinds of curious white Feathers, which did, withhandling

ortouching, eaſily rubb offand fly about, in fomuch that lookingonmy

Fingers, withwhich I had handled this Moth, and perceiving on them lit

tle white ſpecks, I found by my Microſcope, that they were feveral ofthe

fmall Feathers of this little creature, that ftuck up and downin the ru

gofities ofmy Skin.

Next, I found that underneath theſe Feathers, the pretty Infect wasco

vered all over with a crufted Shell, like other ofthofe Animals, but with

one much thinner and tenderer.

Thirdly, I found, as in Birds alfo is notable, it had differing and ap

propriate kinds of Feathers, that covered ſeveral parts ofits body.

Fourthly, furveying the parts of its body, with amore accurate and

better Magnifying Microſcope, I found that the tufts or hairesofitsWings

were nothing else but a congeries, or thick fet cluſter ofſmall vimina or

twiggs, reſembling a ſmall twigg of Birch, ftript or whitned, withwhich

Bruſhes are uſually made, tobeat out or brush off the duft from Cloth

and Hangings. Every one ofthe twiggs or branches that compofedthe

Bruſh of the Feathers, appeared in this bigger Magnifying Glafs (of which

EF which repreſents part ofan Inch, is the fcale, asG is of the leffer,

which is only ) like the figure D. The Feathers alfo that covered a

part of his Body, and were interfperfed among the bruſh of his Wings, I

found,in the bigger Magnifying Glafs, ofthe ſhape A, confifting of aſtalk

or ftem in the middle, and a feeming tuftedness or brushy part on each

fide. The Feathers that cover'd moft part of his Body and the ſtalk of

his wings, were,in thefame Microſcope, much ofthe figure B, appearing of

theſhape ofa ſmall Feather, and feemed tufted : thoſe which covered

theHornsand ſmall parts ofthe Leggs, through the fame Microſcope, ap

pear'd ofthe ſhape C. Whether the tufts of any or all of theſe ſmall

Feathers, confifted offuch component particles as the Feathers ofBirds,

I much doubt, becauſe 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.

Forwhereas, in Birds of all kinds , it compofes each oftheFeathers of

which itsWing confifts, offuch an exceeding curious and moſt admirable

and ftupendious texture, as I elfe wherefhew, in the Obſervations on a

Feather ; we find it to alter its method quite, in the fabrick oftheWings

oftheſe minute creatures, compoſing ſome of thin extended membranes
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or fkins, fuch as the Wings of Dragon-flys ; in others, thofe fkins are all

over-grown, or pretty thick beftuck, with fhort brifles, as in Fleſh-flies ;

in others, thofe filmes are covered, both on the upper and under fide,

with ſmall Feathers, plac'd almoft like the tyles on a Houſe, and are

curiouſly rang'd and adorn'd with moft lively colours, as is ob

fervable in Butter-flies, and ſeveral kinds ofMoths ; In others, inſtead of

their films, Nature has provided nothing, but a matter of half a ſcore

ftalks(if I wellrememberthe number; for I have not lately met with any

oftheſe flys, and did not,when I firſt obferv'd them, take fufficient notice

of divers particulars) and each of thefe ftalks, with afew finglebranch

ings on eachfide, refembling much thebranched back-bone of a Herring

or the like Fish , or a thin hair'd Peacocks feather, the top orthe eye

beingbroken off. With afew ofthefe on either fide(which it was able to

fhutupor expand at pleasure, muchlike 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

greyMoth (for fuch was the creature I obferv'd , thus wing'd) could ve

ry nimbly, and as it feem'd very calily move its corpufcle , through the

Air,from place to place. Other Infects have their wings cas'd, or cover'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 most of thofe creatures refide, but whilft theyfly, ferves as a

help to fuftain and bearthem up. And theſe are obfervable in Scarabees

and a multitude of other terreftrial crustaceous Infects ; inwhichwemay

yet further obferve a particular providence ofNature.

Nowin all theſe kinds ofwings, we obferve this particular, as a thing

moſt worthy remark ; that where ever a wing confifts of difcontinued

parts, thePores or interftitia between thofe parts are very ſeldom, either

much bigger,or muchfmaller, then theſe whichwehere find between the

particles of these bruſhes, fo that it ſhould ſeem to intimate, that the

parts of the Air arefuch, that they will not eafily or readily, if at all, pafs

throughtheſe Pores, fo that they feem tobe ftrainers fine enough to hin

derthe particles of the Air (whether hinder'd by theirbulk, or by their

agitation, circulation, rotation or undulation , I fhall not here determine)

from getting throughthem,and,by that means,fervethe Animal as well,if

not better, thenifthey were little films. I fay, if not better, becauſe I

have obferv'd that all thofe creatures, that have film'd wings, movethem

aboundantly quicker and more ſtrongly,fuch as all kind ofFlies and Sca

rabees and Batts, thenfuch as havetheir wings covered with feathers, as

Butter-fiies and Birds, or twiggs, as Moths, which have each of them a

muchflower motion of their wings ; That little ruggedness perhaps of

their wings helping themfomewhat by taking better hold ofthe parts of

the Air, or not fuftering them fo cafily to pass by, any other way then one.

Butwhat ever be the reafon ofit, tis meft evident, that the fmooth

wing'd Infects have the ſtrongeſt Muſcles or movent parts of theirwings,

and the other muchweaker; and this very Infect, we are now defcribing,

had
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had a veryſmall thorax or middle part of his body, if compar'd to the

length and number of his wings ; which therefore, as he mov'd them ve

ryflowly,fo muſt he move them very weakly. And this laft propriety do

we find fomewhat cbferv'd alfo in biggerkind ofFlying creatures,Birds ;

ſo that we ſeethat the Wiſdomand Providence of the All-wife Creator,

is not leſs ſhewn in theſe ſmall despicable creatures, Flies and Moths,

which we have branded with a name ofignominy, calling them Vermine,

then in thoſe greater and more remakable animate bodies, Birds.

I cannot here ſtand to add any thing about the nature of flying,

though, perhaps, on another occafion, I may fay fomething on thatfub

ject, it beingfuch as may delerve a muchmore accurate examination and

fcrutiny then it has hitherte met with; For tome there ſeems nothing

wantingto make a man ableto fly, but what may be cafily enoughfup

ply'd from the Mechanicks hitherto known , fave onely the want of

ftrength, which the Muſcles of a man ſeem utterly uncapable of, byrea

fon of theirfmalnefs and texture, but howeven ſtrength alfo maybeme

chanically made, an artificial Muſcle ſo contriv d,that thereby a man ſhall

be able to exert what ſtrength he pleaſes, and to regulate it alſo to his

own mind, I may elſewhere endeavour to manifeft.

Obferv. XLVII. Of the Shepherd Spider , or long legg'd

Spider.

THe
'He Carter,Shepherd Spider, or long-legg'd Spider,has, fortwo parti

cularities, very fewfimilar creatures that I have met with ; the firft,

which is diſcoverable onely by the Microscope, and is in the firſt and fe

cond Figures ofthe 31. Scheme, plainly defcrib'd , is the curious contri

vance of his eyes, ofwhich (differing from moft other Spiders) he has

onely two, and thoſe plac'd upon the top of a ſmall pillar or hillock,rifing

out ofthe middle of the top of its back, or rather the crown ofits head,

for they were fix'd on the very top of this pillar (which is about the

heighth of one of the tranfverfe Diameters of the eye, and look'd on in

another poſture,appear d much ofthe ſhape, BCD) The two eyes, BB,

were placedback to back, with the tranfparent parts,or the pupils, look

ingtowards either fide, but fomewhat more forward then backwards.

C was the columnor neck on which they ſtood, and D the crown ofthe

head out ofwhich that neck ſprung.

Theſe eyes,to appearance, feem'd to be ofthe very fame ftructure with

that oflarger binocular creatures, feeming tohave a very
fmoothandve

ry protuberant Cornea,and in the midſt of it to have a very black pupil,

incompaffed about with a kind of grey Iris, as appears by the Figure;

whether it were ableto move theſe eyes to and fro, I have not obferv'd,

but 'tis not very likely he ſhould,the pillar or neck C, feeming to beco

ver'd and ſtiffen'd with a crufty fhell ; but Nature,in probability,hasfup

ply'd
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ply'd that defect, by making the Cornea fo very protuberant, andfetting

it fo cleer above the fhadowing or obftructing of its profpect bythebody,

that 'tis likely each eye may perceive,though not fee diftinctly, almoſt a

Hemisphere, whence having fo fmall and round a bodyplac'd upon fuch

long leggs, it is quickly able fo to wind, and turn it, as to fee any thing

diftinct. This creature, as do all other Spiders I have yet examin'd, does

very much differ from most other Infects in the Figure of its eyes ; for

I cannot, with my beſt Microſcope, difcover its eyes to be any ways

knobb'd or pearl'd like thofe of other Infects.

The fecond Peculiarity which is obvious to the eye, is alſo very re

markable, and that is the prodigious length of its leggs, in proportion to

its fmall round body, each legg ofthis I drew, being above fixteen times

the length of its whole body, andthere are fome which have them yet

longer, and others that feem of the fame kind,that havethem a great deal

fhorter ; the eight leggs are each ofthem jointed, juſt like thoſe of a

Crab, but every of the parts are fpun out prodigioufly longer in pro

portion; each ofthefe leggs are terminated in a ſmall cafe or thell,fhap'd

almoft like that ofa Mufle-fhell, as is evident in the third Figure ofthe

fameScheme (that reprefents the appearance ofthe underpart orbelly

ofthe creature) by the fhape ofthe protuberant conical body, IIII, &c.

Theſe are as 'twere plac'd or faften'd on to the protuberant body ofthe

Infect,which is to be fuppos'd very high atM,making a kind ofblunt cone

whereofM is to be furpos'd the Apex, about which greater cone ofthe

body,the ſmaller cones ofthe leggs are plac'd,each of them almoſt reach

ingtothe top info admirable a manner, as does not a little manifeft the

wildom ofNature in the contrivance ; for thefe long Leavers ( as I mayfo

call them)ofthe legs,havingnot the advantage ofa long end onthe other

fide ofthe hypomochlion or centers on which the parts ofthe leggs move,

muſt neceflarily require a vaſt ſtrength to move them , and keep the

body ballanc'd and fufpended, in fo much, that if we ſhould fuppofe a

man's body fufpended by fuch a contrivance, an hundred and fifty

times theſtrength of a man would not keepthebody from falling onthe

breaft. Tofupplytherefore each oftheſe leggs with its proper ſtrength,

Nature has allow'd to eacha large Cheſt or Cell, in which is included a

very large and ſtrong Mufcle, and thereby this little Animal is not onely

able tofufpend its body upon lefs then theſe eight, but to move it very

ſwiftly over the tops ofgrafs and leaves.

Nor are theſe eight leggs fo prodigiously long, but the ninth, and

tenth, which are thetwo claws, K K, are as ſhort, and ſerve in ſteed ofa

probofcis, forthofe feem'd very little longer then his mouth; each ofthem

had three parts , but very short , the joints K K, which repreſented

the third, being longer then both the other. This creature, feems

(which I have ſeveral times with pleaſure obferv'd) to throw its body

upon the prey, infteed of itshands, not unlike a hunting Spider, which

leapslike a Cat at a Moufe. The whole Fabrick was a very pretty one,

andcould I have diffected it,I doubt not but I ſhould have found as ma

nyfingularities within it as without,perhaps, for the moſt part,not unlike

the
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the
parts of a Crab, which this little creature does in manythings, very

much reſemble; the curiofityofwhofe contrivance,I have inanother place

examin'd. I omit the defcription of the horns, AA, of the mouth, LL,

which feem'd like that of a Crab ; the fpeckledneſs of his ſhell, which

proceeded from a kind offeathers or hairs, and the hairiness of his leggs,

his large thorax and little belly, and the like, they being manifefted by

the Figure ; and fhall onely take notice that the three parts ofthe body,

namely, the head,breaſt,and belly,are in this creature ftrangely confus'd,

fo that 'tis difficult to determine which is which,as they are alfo in a Crab ;

and indeed, this feems to be nothing else, but an Air-crab, being made

more light and nimble, proportionable to the medium wherin it refides ;

and as Air ſeems to havebut one thouſandth part ofthe bodyofWater,fo

does this Spiderfeem not to be a thouſandth part of the bulk of a Crab.

Obferv. XLVIII. Ofthe hunting Spider,andſeveral other forts

of Spiders.

THe
'He hunting Spider is a ſmall grey Spider, prettily befpeck'd with

black spots all over its body, which the Microfcope difcovers to be a

kind of feathers like thofe on Butterflies wings, or the body ofthe

white Moth I lately defcrib'd. Its gate is very nimble by fits, fometimes

running, and ſometimes leaping, like a Grafhoppe
r
almoſt,then ſtanding

ftill, and fetting it ſelf on its hinder leggs, it will very nimbly turn its

body, and look round it felf every way : It has fix very confpicuou
s

eyes, two looking directly forwards, plac'd juſt before ; two other, on

either fide of thofe, looking forward and fide-ways;and two other about

the middle of the topof its back or head, which look backwards and

fide-wards ; theſe ſeem'd to bethe biggeft. The furface ofthem all was

very black,fphærical, purely polifh'd, reflecting a very cleer and diftin&t

Image ofall the ambient objects, fuch as a window,a man's hand,a white

Paper, orthe like. Some other properties ofthis Spider, obferv'd bythe

moſt accompliſh
'd

Mr. Evelyn, in his travels in Italy, are moft empha

tically ſet forth in the Hiſtory hereunto annexed, which hewas pleas'd

upon my deſire to fend me in writing.

Of all the forts of Infects, there is none has afforded me

more divertiſements then the Venatores, which are a ſort ofLupi,

that have their Denns in the rugged walls, and crevices ofour

houſes ; a ſmall brown and delicately ſpotted kind ofSpiders,

whoſe hinder leggs are longer then the reſt.

Such I did frequently obſerve at Rome, which eſpying a Fly

at three orfour yards diftance,upon the Balcony (where I ſtood)

would

•
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would not make directly to her, but craul under the Rail, till

being arriv'd tothe Antipodes, it would ſteal up, ſeldom 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 within a compe

tent leap, then would this Infect move ſo ſoftly, as the very

fhadow ofthe Gnomon feem'd not to be more imperceptible,

unleſs the Fly mov'd ; and then would the Spider move alſo in

the fame proportion, keeping that juſt time with her motion,as

ifthe 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 Horſe : But, if

the capricious Fly took wing, and pitch'd upon another place

behind our Huntreſs, then would the Spider whirle its body fo

nimbly about, as nothing could be imagin'd more ſwift ; by

which means,ſhe always kept thehead towards her prey,though

to appearance, as immovable, as if it had been a Nail driven

into the Wood, till by that indifcernable progreſs (being ar

riv'd within the ſphere ofher reach) fhe made a fatal leap

(ſwift as Lightning) upon the Fly, catching him in the pole,

where ſhe never quitted hold till her belly was full, and then

carried the remainder home. I have beheld them inſtructing

their young ones, how to hunt, which they would fometimes

diſcipline for not well obferving ; but, when any of the old

ones did (as fometimes) miſs a leap, they would run out of

the field, and hide them in their crannies, as afham'd, and

haply not be ſeen abroad for four or five hours after ; for ſo

long have I watched the nature of this ſtrange Infect, the con

templation of whofe fo wonderfull fagacity and addreſs has

amaz'd me ; nor do I find in any chaſe whatſoever, more cun

ning and Stratagem obferv'd : I have found ſome ofthefe Spi

ders in my Garden, when the weather (towards the Spring)

E e is
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is very hot, but they are nothing fo eager of hunting as they

are in Italy.

There are multitudes ofother forts of Spiders, whofe eyes, and moſt

other parts and properties, are fo exceedingly different both from thoſe

I have deſcrib d, and from one another, that it would be almoſt endleſs,

at leaſt too long for my prefent Effay, to defcribe the m,as fome withfix

eyes, plac'd in quite another crder ; others with eight eyes ; others with

fewer, and fome with more. They all feem tobe creatures ofprey, and

tofeed on other ſmall Infects, but their ways ofcatching them feem very

differing : the Shepherd Spider by running on his prey ; the HuntingSpi

der byleaping on it,other forts weave Nets, or Cobwebs, wherebythey

enfnarethem, Nature havingboth fitted them with materials andtools,

and taught them how to work and weave their Nets, and to lie per

due, and to watch diligently to run on any Fly, as ſoon as ever en

tangled.

Their thread or web feems to be ſpun out offome viſcous kind of

excrement, lying in their belly, which, though foft when drawn out, is,

preſentlyby reafon of its fmalnefs, hardned and dried by the ambient

Air. Examiningfeveral ofwhich with my Microscope,I found them to ap

pear much like white Horf-hair, or fomefuch tranſparenthornyſubſtance,

and to be ofvery differing magnitudes ; fome appearing as bigg as a

Pigg'sbrifle, others equal to a Horfs-hair ; other no bigger then a man's

hair; others yet ſmaller and finer. I obferv'd further, that the radia

ting chords ofthe web were much bigger, and ſmoother thenthoſe that

werewovenround, whichfeem'd ſmaller,and all over knotted or pearl'd,

with ſmall tranſparent Globules, not unlikeſmall Cryſtal Beads or feed

Pearls, thin ftrung on a Clew ofSilk ; which, whether they were fo fpun

bythe Spider, or by the adventitious moiſture ofa fogg (which Ihave

obferv❜d to cover all theſe filaments with ſuch Cryſtalline Beads) I will

notnow diſpute.

Theſe threads wereſome ofthem fo fmall, that I could veryplainly,

with the Microscope, diſcover the fame confecutions of colours as in a

Prifme, and they feem'd to proceed from the fame cauſe with thofe co

lourswhich I have already defcrib'd in thin plated bodies.

Much reſembling a Cobweb , or a confus'd lock of theſe Cylin

ders, is a certain white fubftance which, after a fogg, may be obferv'd

to fly up
and down the Air ; catching feveral of thefe, and examining

them with my Microfcope, I found them to be much ofthe fameform,

looking moſt like to a flake ofWorfted prepar'd to be spun, though

bywhat means they fhould be generated, or produc'd, is not cafily

imagined: they were ofthe fame weight, or very little heavier then the

Air ; and 'tis not unlikely, but that thofe great white clouds, that appear

all the Summer time, may be of the ſame ſubſtance.

Obferv.
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Obferv. XLIX. Of an Ant or Pifmire.

His was a creature, more troubleſom to be drawn, then any of the

not,for a good while, of awayto it

fuffer its body to ly quiet in a natural poſture ; but whil'ft it was alive,

ifits feet werefetter'd in Wax or Glew , it would fo twiſt and wind its

body, that I could not any wayes get a good view of it ; and if I killed

it, its body was fo little, that I did often ſpoile the fhape of it, before I

could throughly view it : for this is the nature oftheſe minute Bodies ,

that as foon,almoft, as ever their life is deftroy'd, their parts immediate

ly fhrivel, and loſe their beauty ; and fois it alfo with ſmall Plants, as I

inſtanced before, in the defcription ofMofs. And thence alfo is the rea

fon of the variations inthe beards of wild Oats, and in thoſe of Muſk

grafs feed, that their bodies, being exceedingſmall , thoſe ſmall variations

which are made in the furfaces of all bodies, almoſt upon every change

of Air, efpecially if thebodybe porous, do here become fenfible, where

thewhole body is fofmall, that it is almoſtnothing but furface ; for asin

vegetable ſubſtances, I fee no great reaſon to think, that the moiſture of

the Aire(that, ſticking to a wreath'd beard, does make it untwiſt thould

evaporate, or exhale away, any faſter thenthe moiſture of other bodies,

but rather that the avolation from, or access of moiſture to, the ſurfaces

ofbodies being much thefame , thofe bodies become moſt ſenſible of it,

which have the leaft proportion of body to their furface. So is it alſo

with Animal ſubſtances ; the dead body ofan Ant, or fuch little creature,

does almoſt inſtantly ſhrivel and dry, and your object ſhall be quite an

otherthing, beforeyou can halfdelineate it, which proceeds not fromthe

extraordinary exhalation, but from the ſmall proportion ofbody and jui

ces, to theufual drying of bodies in the Air, eſpecially if warm. For

whichinconvenience, where I could not otherwife remove it, I thought

ofthis expedient.

I took thecreature, I had defign'd to delineate, and put it into a drop

ofvery well rectified fpirit ofWine,this I found wouldprefently diſpatch,

as it were, the Animal, and being taken out of it, and lay'd ona paper,

the ſpirit of Wine would immediately flyaway, and leave the Animal

dry, in its natural poſture, or at leaſt, in a conftitution, that it might eafi

lywitha pin be plac'd, in what poſture you defired to drawit, andthe

limbs would fo remain, without either moving, orfhriveling. And thus I

dealt with this Ant, which I have here delineated, whichwas one of ma

ny, ofa very large kind, that inhabited under the Roots ofa Tree, from

whence theywould fally out in great parties, and make moſt grievous

havock ofthe Flowers and Fruits, in the ambient Garden, and return

backagain very expertly,bythe fame wayes and paths they went.

It wasmorethen half the bigness of an Earwig, of a dark brown, or

reddiſh colour, with long legs, onthe hinder ofwhich it would ſtand

E e 2
up,
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up,andraiſe its head as high as it could above the ground, that it might

ftarethe further about it, juſt after the fame manner as I have alfo ob

ferv'd a hunting Spider to do : and putting my finger towards them,

they have at firſt all run towardsit,till almoft at it ; and thenthey would

ſtandround about it, at a certain diftance, and fmell, as it were, and con

fider whether they ſhould any ofthem venture any further, till one more

bold thenthe reft venturing to climb it,all the reft, if I would have fuffer

ed them, would have immediately followed : many fuch other ſeeming

ly rational actions I have obferv'd in this little Vermine with much plea

fure,whichwould be too longto be here related ; thofe that defire more

ofthem mayfatisfie their curiofity in Ligons Hiftory of the Barbadoes.

Havinginfnar'd ſeveral oftheſe into aſmallBox, I made choice ofthe

talleftgrownamongthem, and feparating it from the reſt,I gave it a Gill

ofBrandy, or Spirit of Wine, which after a while e'en knock'd him down

dead drunk, fo that he became moveleſs, though at firſt putting in he

ſtruggled for a pretty while very much, till at last, certain bubbles iffu

ing out of its mouth, it ceafed to move ; this (becauſe I had before

found them quickly to recover again, iftheywere taken out preſently )

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 polture, remained move

lefs about an hour ; but then , upon a fudden, as if it had been awa

ken out of a drunken fleep, it fuddenly reviv'd and ran away ; be

ing caught, andferv'd as before, he for a while continued ſtrugglingand

ftriving,till at laft there iffued ſeveral bubbles out of its mouth,and then,

tanquam animam expiraſſet, heremained moveleſs for a good while ; but

at length again recovering, it was again redipt, and fuffered to lye fome

hours in the Spirit ; notwithſtanding which, after it had layen dry

fome three or four hours, it again recovered life and motion : Which

kind ofExperiments, if profecuted, which they highly deferve, feem

to me ofno inconfiderable uſe towards the invention of the Latent

Scheme, (as the Noble Verulam calls it) or the hidden, unknown Texture

ofBodies.

Ofwhat Figure this Creature appear'd throughthe Microſcope , the

32. Scheme (though not fo carefully graven as it ought ) will repre

fent to the eye, namely , That it had a large head AA, at the upper

end of which were two protuberant eyes, pearl'd like thoſe of a Fly,

butſmallerB B ; out of the Nofe,or foremoſt part, iffued twohornsCC,

of aſhape fufficiently differingfrom thofe of a blewFly, though indeed

theyfeem tobe both the fame kind of Organ, and to ſerve for a kind

of fmelling ; beyond theſe were two indented jawsDD, whichheo

pen'd fide-wayes, and was able togape them afunder very wide ; and

the endsof thembeing armed with teeth, whichmeeting went between

each other, it was ableto grafp and hold aheavybody , three or four

times the bulkand weight of its ownbody : It had only fix legs, fhap'd

like thofe ofaFly, which, as I fhewed before, is an Argument that it is a

winged Infect, and though I could not perceive any fign of them inthe

middle part of its body ( which ſeem'dto confift ofthree joints or pie

ces
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ces EF G, out ofwhich fprung two legs, yet ' tis known that there are

of themthathave long wings, and fly up and down in the air.

The third and laft part of its body III was bigger and larger then

the other two , unto which it was joyn'd by a very ſmall middle , and

had a kind of looſe ſhell, or another diftinct part of its bodyH, which

feem'dto be interpos'd, and to keep the thorax and belly from touch

ing.

The whole body was cas'd over with a veryſtrong armour, and the

belly III was covered likewife with multitudes of fmall white ſhining

brifles ; the legs, horns, head, and middle parts of its body were beſtuck

with hairs alfo, but ſmaller and darker.

Obferv. L. Ofthe wandringMite.

N

to several of theſe
little pretty Creatures to wander toand fro,and often to travel over

the plains of myWindow. And in September and October. 1663. I ob

ferv'd likewifefeveral of theſe veryfame Creatures traverfing a window

at London, and looking without the window uponthe fubjacent wall, I

found whole flocks of the fame kind running to and fro among the ſmall

grovesand thickets of greenmofs, and uponthe curiouſlyſpreading ve

getable blew or yellow mofs , which is a kind of a Muſhrome or Jews

ear.

Theſe Creatures to the naked eye feemed to be a kind of black Mite,

but much nimbler and ſtronger then the ordinary Cheefe-Mites ; but

examining themin a Microscope , I found themto be a very fine cruſted

or fhell'd Infect, much like that repreſented in the firſt Figure ofthe

three and thirtieth Scheme, with a protuberant oval ſhell Ä, indented

or pitted withan abundance of ſmall pits , all covered over with little

white brifles, whofe points all directed backwards.

It had eight legs, each ofthem provided with a very ſharp tallon, or

claw at the end, which this little Animal, inits going, faftned into the

pores of thebodyover which it went. Each of thefe legs werebeſtuck

in every joynt of themwith multitudes of fmall hairs, or ifwe re

fpect the proportion they bore tothe bigness of the leg ) turnpikes, all

pointing towards the claws.

The Thorax,ormiddle parts of the body of this Creature,was exceed

ing fmall, in refpect bothof the head and belly , it being nothing but

that part which wascovered by the two fhells BB, though it ſeem'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 fmall pro

portion ofthis Thorax, nor at the vafter bulk of the belly, for could

we exactly anatomiſe this little Creature, and obferve the particular de

figns of each part, we ſhould doubtless, as we do in all her more ma

nageable
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nageable and tractable fabricks , find much more reaſon to admire the

excellency of her contrivance and workmanſhip, thento wonder, it was

not made otherwiſe.

Thehead of this little Infect was ſhap'd ſomewhat like a Mite's, that

is,it had a long fnout , in the manner of a Hogs, with a knobbed ridge

running along the middle of it, which was beſtuck on eitherfide with

many fmall brifles, all pointing forward, and two very large pikes or

horns, which rofe from thetop ofthe head, juſt over each eye, and

pointed forward alfo. It had two pretty large black eyes on either fide

of the head EE, from one of which I couldfee a very bright reflection

ofthe window, whichmade me ghefs, that the Cornea of it wasfmooth,

like thoſe of bigger Infects. Its motion was pretty quick and ſtrong,

it being able very eaſily to tumble a ſtone or clod four times as big as its

whole body.

At the fame time and place, and diverstimes fince, Ihave obferved

withmy Microſcope , anotherlittle Infect , which, though I havenot an

nexed the picture of, maybe worth noting, for its exceeding nimbleneſs

as well as fmalnefs ; it was as ſmall as a Mite, with a body deep and

ridged, almoſt like a Flea ; it had eight blood-red legs, not very long,

but flender ; and two horns or feelers before. Its motion wasfoexceed

ing quick, that I have often loft fight of one I have obferved with my

naked eye ; andthough, when it was not frighted, I was abletofollow

the motionsof fome with my Microscope ; yet if it vvere neverfo little

ftartled, it poſted avvay vvithfuch ſpeed, andturn'd and vvinded it felf

fo quick, that I fhould prefently lofe fight ofit.

When I first obferv'd the former of theſe Infects, orMites, I began to

conjecture, that certainly I had found out thevagabond Parents of thoſe

Miteswefind in Cheefes, Meal, Corn, Seeds, mufty Barrels, mufty Lea

ther,&c. these little Creatures, vvandring to and fro every vvhither,

might perhaps, as they vvere invited hither and thither by the muſty

fteams of feveral putrifying bodies, make their invafions uponthoſe new

and pleafing territories , and there ſpending the remainder of their life,

which might be perhaps a day, or thereabouts, in very plentiful and rio

tous living, might leave their off-fpring behind them, which bythe

change of the foil and Country they now inhabite, might be quite al

ter'd from the hew of theirprimogenitors, and, like Mores tranflated into

Northern European Climates, after a little time, change both their skin

and fhape. And this feems yet more probable intheſe Infects , becaufſe

that the foil orbody they inhabit, ſeems to be almoſt half their parent,

forit notonly hatches and brings thofe little eggs, or feminal principles,

to perfection, but feems to augment and nourish them alfo beforethey

are hatch'd orſhaped ; forit is obvious enoughto be obſerv'd, that the

eggs of many other Infects, and particularly ofMites, are increas'd in

bulk after they are laid out of the bodies ofthe Infects, and plump'd

fometimes intomany times their former bigness , fo that the bodies they

are laid in being, as it were, half their mothers, we shall not wonder that

it ſhould have fuch an active power to change their forms. Wefindby

relations,
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relations how much the Negro Women do befmeer the of-fpring of the

Spaniard, bringing forth neither white-ſkinn'd nor black, but tawny

hided Mulattos.

Now, though I propound this as probable, I have not yet been ſo farr

certify'dby Obfervations as to conclude any thing, either pofitively or

negatively,concerning it. Perhaps,fomemore lucky diligence may pleaſe

the curious Inquirer with the difcovery ofthis,to be a truth,which I now

conjecture, and may thereby givehim a fatisfactory account ofthe cauſe

ofthoſe creatures,whofe original feems yet ſo obfcure, and may give him

caufe to believe,that many other animate beings, that feem alfo to bethe

mere product of putrifaction, may be innobled with a Pedigree as anci

ent as the firft creation, and farr exceed the greateſt beings intheir nu

merous Genealogies. But on the other fide, if it ſhould be found that

thefe,or any other animate body,have no immediate fimilar Parent,I have

in another place fet down a conjectural Hypothesis whereby thofe Pha

nomena may likely enough be folv'd, wherein the infinite wisdom and

providence ofthe Creator is no lefs rare and wonderfull.

Obferv. LI. Ofthe Crab-like Infect.

Eading one day in Septemb. I chanced to obferve a veryfmal creature

a

upon

by me,I obferv'd it to be a creature ofa very unuſual form,and that not

lefs notable ; fuch as is defcrib'd in the ſecond Figure ofthe 33. Scheme. It

was about the bigness ofa large Mite,orfomewhat longer, it had ten legs,

eight ofwhich, Ă AAA, were topt withveryfharp claws, and were thofe

whichhe walk'd, feeming fhap'd much like thofe ofa Crab, which

in many other things alfo this little creature reſembled ; for the two

other claws,BB, whichwere the formoft ofall the ten,and feem'd to grow

out ofhis head,like the horns of other Animals,were exactly form'd in the

manner of Crabs or Lobſters claws, for they were fhap'd and jointed

much like thoſe repreſened in the Scheme andthe ends ofthem were fur

nish'd with a pair ofclaws or pincers,CC,which this little animal did open

and ſhut at pleaſure : It feem'd to make ufe of thoſetwo horns or claws

bothfor feelers and holders ; for in its motion it carried theſe aloft ex

tended before, moving them to and fro, juſt as a man blindfolded

would do hishands when he is fearfull of running againſt a wall, and if I

put a hair to it, it would readily take hold of it with thefe claws,

and ſeem to hold it faft. Now, though theſe horns feem'd to ferve him

for twouſes,namely,for feeling and holding ; yet he feem'd neither blind,

havingtwo ſmall black ſpots, DD, which bythe make ofthem, and the

bright reflection from themfeem'd to be his eyes ; nor did it want other

hands, having another pair ofclaws, EE, very neer plac'd to its mouth,

and feem'd adjoiningtoit.

The whole bodywas caſed over with armour-fhells, as is ufuall in all

thoſe
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thofe kinds of crustaceous creatures, eſpecially about their bellies, and

feem'd of three kinds ; the head F feem'd cover'd with a kind ofſcaly

fhell, the thorax with two ſmooth ſhells, or Rings, G G, and the belly

with eight knobb'd ones. I could not certainly find whether it had under

theſe laſt ſhells any wings, but I fuffect the contrary ; for I have not found

any wing'd Infect with eight leggs, two ofthofe leggs being always con

verted into wings, and, for the moſt part, thoſe that have but fix, have

wings.

This creature, though I could never meet with more then one of

them, and fo could not make ſo many examinations of it as otherwiſe I

would,Idid notwithſtanding,by reafon ofthe great curiofity that appear'd

to me in its ſhape, 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 a very large Crab, which exceeds it in

bulk,perhaps,fome Millions of times ; for as to all the apparent parts,there

is a greater rather then a lefs multiplicity of parts,each legg has as many

parts, and as many joints as a Crabs, nay,and asmany hairs or brifles ; and

the like may bein all the other vifible parts ; and 'tis very likely,that the

internal curiofities are not lefs excellent : It being a general rule in Na

ture's proceedings, that where the begins to diſplay any excellency, if

the fubject be further fearch'd into, it will manifeft, that there is not lefs

curiofity in thoſe parts which our ſingle eye cannot reach, then in thoſe

which are more obvious.

Obferv. LII. Of the fmall Silver-colour'd Book-worm.

S amonggreater Animals there are many that are ſcaled, both for

ornament and defence, fo are there not wantingſuch alſoamongthe

leffer bodies of Infects, whereof this little creature gives usan Inftance.

It is a ſmall white Silver-fhiningWormorMoth,which I found muchcon

verfant among Books and Papers, and is fuppos'd to be that which cor

rodes and eats holes through the leaves and covers ; it appears tothe

naked eye, afmall gliftering Pearl-colour'd Moth,which upon the remov

ing ofBooks and Papers in the Summer, is often obferv'd very nimblyto

fcud, and pack away to fome lurking cranney, where it may the better

protect it felffrom any appearing dangers. Its head appears bigg and

blunt, and its body tapers from it towads the tail, ſmaller and ſmaller,be

ing fhap'd almoſt like a Carret.

This the Microfcopicalappearance will more plainlymanifeft,which ex

hibits,inthe third Figure of the 33. Scheme, a conical body, divided into

fourteenfeveral partitions,beingthe appearance offo manyfeveral fhels,

or fhields that cover the whole body, every of theſe fhells are again co

ver'd ortiled over with a multitude of thin tranſparent ſcales, which,

fromthe multiplicity of their reflecting ſurfaces,make the whole Animal

appear of a perfect Pearl-colour.

Which
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Which,bythe way,may hint usthe reafon of that fo much admired ap

pearance of thoſe ſo highly eſteem'd bodies, as alſo of the like in mother

ofPearl-fhells, and in multitudes ofother fhelly Sea-fubftances ; for they

each ofthem confifting of an infinite number ofvery thin fhells orla

minated orbiculations, caufe fuch multitudes ofreflections, thatthe com

pofitions ofthem together withthe reflections of others that are fo thin

as to afford colours (ofwhich I elſewhere give the reaſon) gives a ve

rypleaſant reflection of light. And that this is the true caufe,feems likely,

firſt, becauſe all thofe fo appearingbodies are compounded ofmultitudes

ofplated fubftances. And next that,by ordering any trafparent ſubſtance

after this manner,the like Phanomenamay be produc'd ; this will be made

very obvious by the blowing of Glafs into exceeding thin ſhells, and

thenbreaking them into ſcales,which any lamp-worker will preſently do;

for a goodquantity of theſe ſcales,laid in a heap together,have much the

fame refemblance of Pearls. Another way, not lefs inftructive and plea

fant, is a waywhich I have feveral times done, which is by working and

toffing,as 'twere, a parcel ofpure cryftalline glass whilft it is kept glowing

hotin the blown flame ofa Lamp for,by that means,that purely tranfpa

rent body will be fo divided into an infinite number of plates, or fmall

ftrings, with interpos'd aerial plates andfibres, that from the multiplicity

of the reflections from each of thoſe internal furfaces, it may be drawn

out into curious Pearl-like or Silver wire, which though fmall, will yet

be opacous ; the ſame thing I have done with a compofition of red Colo

phon and Turpentine, and a little Bee's Wax, and maybe done likewife

with Birdlime, and fuch like glutinous and tranfparent bodies : But tore

turn to our defcription.

The ſmall blunt head ofthis Infect was furnish'd on either fide ofit

witha cluſter of eyes, each of which feem'd to contain but a very few, in

compariſon ofwhat I had obferv'd the cluſters of other Infects to abound

with ; each of theſe cluſters were beſet with a row ofſmall brifles, much

like the cilia or hairs onthe eye-lids, and, perhaps, they ferv'd for the

fame purpoſe. It had two long horns before, which were ftreight, and

taperingtowards the top, curioully ring d or knobb'd, and brifled much

like the MarſhWeed, call'd Horfe-tail, or Cats-tail, having at eachknot

a fring'd Girdle,as I mayfo call it, ofſmaller hairs, and ſeveral bigger and

larger brilles,here and there difpers'd amongthem : befides thefe, it had

two fhorterhorns, or feelers, which wereknotted and fring'd , juſt as the

former, but wanted brilles, and were blunt at the ends ; the hinder part

ofthe creature was terminated with three tails, in every particular re

fembling the twolonger horns that grew out of thehead: The leggs of

it werefcal'd and hair'd much like the reft, but are not exprefs'd in this

Figure, theMoth being intangled all in Glew, and fo the leggs ofthis

appear'd not through the Glafs which looked perpendicularly upon

the back.

This Animal probably feeds upon the Paper and covers ofBooks, and

perforates inthemſeveral ſmall round holes, finding, perhaps, a conve

nient nouriſhment in thoſe huſks ofHemp and Flax, whichhave pafs'd

Ff
through
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throughſo manyſcourings, wafhings,dreffings and dryings, " as the parts

ofold Paper muſt neceflarily have fuffer'd ; the digeftive faculty,it feems,

oftheſe little creatures being able yet further to work uponthoſe ſtub

born parts, and'reduce them into anotherform.

And indeed, when I confider what a heap ofSaw-duft or chips this

little creature (which is one ofthe teeth of Time) conveys into its in

trals. I cannot chufe but remember and admire the excellent contrivance

ofNature, in placing in Animals fuch a fire, as is continually nouriſhed and

fupply'dbythematerials convey'd into the ftomach, andfomentedbythe

bellows of the lungs ; and in fo contriving themoſt admirable fabrick of

Animals, as to make the very ſpending and wafting of that fire, to be

inftrumental to the procuring and collecting more materials to augment

and cheriſh it ſelf, which indeed feems to be the principal end of all the

contrivances obfervable in bruit Animals.

Obferv. LIII. Ofa Flea.

THe ſtrength and beauty of this ſmall creature, had it no other rela

tion at all to man, would deſerve a deſcription.

For its ſtrength, the Microſcope is able to make no greater diſcoveries

ofit thenthenaked eye, but onely the curious contrivance of its leggs

and joints, for the exerting that ſtrength, is very plainly manifeſted, ſuch

as no other creature, I have yet obferv'd, has any thing like it ; for the

joints of it are ſo adapted,that he can,as 'twere,fold them ſhort one with

in another,and fuddenly ſtretch,or ſpring themoutto their whole length,

that is, ofthe fore-leggs, the part A, ofthe 34. Scheme, lies within B,

and B within C, parallel to, or fide by fide each other ; but the parts

ofthe twonext, lie quite contrary, that is, D without E, and E with

out F, but parallel alfo ; butthe parts ofthe hinder leggs, G, H and I,

bend one within another, like the parts of a double jointed Ruler, or

like the foot, legg and thigh ofa man ; theſe fix leggs he clitches up al

together, and whenhe leaps, fprings them all out, and thereby exerts

his wholeſtrength at once.

But, asforthe beauty ofit, the Microfcope manifefts it to be all over

adorn'd with a curioully polifh'd fuit of fable Armour, neatly jointed,

and befet with multitudes of fharp pinns, fhap'd almoſt like Porcupine's

Quills, or bright conical Steel-bodkins ; the head is on eitherfidebeau

tify'd with a quick and round black eye K, behind each of which alſo

appears a ſmall cavity, L, in which he ſeems to move to and fro a cer

tain thin film beſet with manyfmall tranſparent hairs,which probablymay

behis ears ; inthe forepart of his head, between the two fore- leggs, he

hastwoſmall long jointed feelers, or rather ſmellers, MM, which have

four joints,and are hairy, like thoſe ofſeveral other creatures ; between

theſe, it has a ſmall probofcis, or probe, NNO, that ſeems to conſiſt ofa

tube,
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tube NN, and a tongue orfuckerO, which I have perceiv'd him to flip

in and out. Beſides theſe, it has alfo two chaps or bitersPP, which are

ſomewhat like thofe of an Ant , but I could not perceive them tooth'd ;

theſe were ſhap'd very likethe blades of a pair of round top'd Scizers,

and were opened and ſhut juft after the fame manner ; with theſe Inftru

ments does this little bufie Creature bite and pierce the ſkin , and fuck

out the blood of an Animal,leaving the ſkin inflamed with a ſmall round

red fpot. Theſe parts are very difficult to be diſcovered, becauſe, for

the moſt part, they lye coveredbetween 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 tothe Fi

gurc.

Obferv. LIV.
Of a Louſe.

T

His is a Creature fo officious , that 'twill beknown to every one at

one time or other, fo bufie, and ſo impudent, that it will be intru

ding it ſelf in every ones company, and ſo proud and aſpiring withall,

that it fears not to trample on the beſt, and affects nothing fo much as a

Crown; feeds and lives very high, and that makes it fofaucy, as to pull

anyone bythe cars that comes in its way, and will never be quiet till it

has drawn blood : it is troubled at nothing fo much as at a man that

fcratches hishead, as knowing that man is plotting and contriving fome

miſchief againſt it, and that makes it oftentime fculk into ſome meaner

and lower place, and run behind a mans back, though it go very much

againſt the hair; which ill conditions of it having made it better known

then trufted, would exempt mefrom making any further deſcription of

it, did not myfaithful Mercury, my Microscope, bring me other infor

mation of it. For this has difcovered tome, bymeans of a very bright

light caft on it, that it is a Creature of a very odd fhape ; it has a head

fhap'dlikethat expreft in 35. Scheme marked with A, which feems al

moft Conical, but is a little flatted on the upper and under fides, at the

biggeſt part of which, on either fide behind the head ( as it were, be

ingthe place where other Creatures ears ſtand) are placed its two black

fhining goggle eyes BB, looking backwards, and fenced round with fe

veral mall cilia or hairs that incompaſs it,fo that it ſeems this Creature

has noverygood forefight : It does not feemto have any eye-lids , and

therefore perhaps its eyes were fo placed, that it might the better cleanſe

them with its fore-legs ; and perhaps this maybe thereaſon, why they

ſo much avoid and run from the light behind them , for being made to

live in the ſhady and dark receſſes of the hair, and thence probablytheir

eye having a great aperture, the open and clear light, eſpecially that

of the Sun, muft needs very much offend them; to fecure thefe eyes

from receiving any injury from the hairs through which it paſſes , it has

Ff2 two
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two hornsthat grow before it, in the place where one would have

thought the eyes ſhould be ; each of thefe CC hath fourjoynts, which

are fringed, as 'twere, with ſmall brilles, from which to the tip of its

fnout D, the head feems very round and tapering, ending in a very

ſharp nofe D, which feems tohave a ſmall hole, and to be the paffage

through which hefucks the blood. Now whereas if itbe plac'd on its

back, with its belly upwards, as it is in the 35. Scheme, it feems in feve

ral Pofitions to have a reſemblance of chaps, or jaws, as is repreſented

in the Figure byEE, yet in other poftures thoſe dark ſtrokes diſappear ;

and having kept feveral ofthemin a boxfor two orthree dayes, fothat

for all that timetheyhad nothing to feed on , Ifound , upon letting one

creep onmy hand , that it immediately fell to fucking, and did neither

feem to thrust its nofe very deep into the ſkin, nor to open any
kind of

mouth, but I could plainly perceive a ſmall current of blood, which

came directly from its fnout, and paft into its belly ; and about A there

ſeem'd a contrivance, fomewhat refembling a Pump, pair of Bellows, or

Heart, for by a very fwift fyftole and diastole the blood feem'd drawn

from the nofe, and forced into the body. It did not feem at all,though

I viewed it a goodwhile as it was fucking, tothrust more of its nofe in

to the ſkinthenthe very inout D, nor did it cauſe the leaſt difcernable

pain, and yet the bloodfeem'd to run through its head very quick and

freely, fo that it ſeems there is no part of the fkin but the blood is di

fpers'd into, nay, even into the cuticula ; for had it thruſt its whole noſe

infrom D to CC, it would not have amounted to the ſuppoſed thick

neſs ofthat tegument,the length ofthe noſe being not morethen athree

hundredthpart of an inch. It has fix legs, covered with a very tranſpa

rent ſhell , and joynted exactly like a Crab's , or Lobſter's ; each leg is

divided into fix parts by theſe joynts , and thoſe have here and there

ſeveral ſmall hairs ; and at the end of each leg it has two claws, very

properly adapted for its peculiar ufe, being thereby inabled to walk

veryfecurelyboth on the fkin and hair ; and indeed this contrivance of

the feet is very curious, and could not bemademore commodiouſly and

compendiouſly, for performing both theſe requifite motions, ofwalking

and climbing upthe hair of a mans head, then it is : for, by having the

leffer claw (a) ſet ſo muchſhort of the bigger (b) when it walks on

the ſkin the ſhorter touches not, and then the feet are the ſame with

thoſe of a Mite, and ſeveral other ſmall Infects, but by means of the

fmall joynts of the longer claw it can bend it round, andfo with both

claws take hold of a hair, inthe manner repreſented in the Figure, the

longtranſparent Cylinder FFF, being a Man'shair held by it.

The Thoraxfeem'd cas'd with another kind ofſubſtance then the bel

ly, namely, witha thin tranſparent_horny ſubſtance, which upon the

fafting of theCreature did not growflaccid ; through this I could plain

lyfee the blood, fuck'd from my hand, to be varioully diftributed, and

mov'd to and fro; and about G there feem'd a pretty bigwhite 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 breaſt

between

¦
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between the legs, out of which, on either fide, were many fmall bran

chings,theſe feem'dto bethe veins and arteries,for that which is analogus

tobloodin all Infects is milk-white.

very

The belly is covered with a tranſparent fubftance likewiſe, but more

refembling a ſkinthen a fhell , for 'tis grain'd all overthe belly juſt like

the skin inthe palms ofaman's hand, and when the belly is empty,grows

flaccid and wrinkled ; at the upper end of this is placed the fro

machH Hi,and perhaps alfo the white fpot II maybe the liver orpancreas,

which bythe peristaltick motion of the guts, is a little mov'd to and fro,

not with a fyftole and diastole, but rather with a thronging or juſtling

motion. Viewing one of thefe Creatures, after it had fafted two dayes,

all the hinder part was lank and flaccid , and the white ſpot II hardly

mov'd, moſt of the white branchings diſappear'd , and moſtalſo ofthe

redness or fucked blood in the guts , the peristaltick motion of which

wasscarce difcernable ; but upon the fuffering it to fuck , it preſently

fill'd the ſkin of thebelly, and of the fix fcolop'd emboſments on either

fide, as full as it could be ftuft ; the ftomach and guts were as full as

they could hold ; the peristaltick motion of the gut grew quick,andthe

juftling motion ofII accordingly ; multitudes of milk-white veflels

feem'd quickly filled, and turgid, which were perhaps the veins and ar

teries, and the Creaturewas fo greedy, that though it could not contain

more, yet it continued fucking as faft as ever, and asfaft emptying it ſelf

behind : the digeftion of this Creature muſt needs be very quick, for

though I perceiv'd the blood thicker and blacker when fuck'd , yet,

partwhen in the guts, it was of a very lovely ruby colour, and that of

it, whichwasdigefted into the veins, feemed white ; whence it appears,

that a further digeftion of blood may make it milk, at leaſt of arefem

blingcolour : What is elfe obfervable inthe figure ofthis Creature, may

be ſeenby the 35. Scheme.

Obferv. LV. Of Mites.

fo veryfmall ,

'He leaft of Reptiles I have hitherto met with, is a Mite, a Creature

un

affifted with Glaffes, is not able to difcern them, though, being white of

themſelves, they move on a black and ſmooth furface ; and the Eggs,

out of which theſe Creatures ſeem to be hatch'd, are yet ſmaller, thoſe

being uſually not above a four or five hundredth part of a well grown

Mite, and thoſe well grown Mites not much above one hundredth

of aninchin thickneſs ; fo that according to this reckoning there maybe

no leſs thena million of well grownMites contain'd in a cubick inch, and

five hundred times as many Eggs.

Notwithſtand
ing which minuteness agood Microfcope difcovers thoſe

fmall movable ſpecks to be very prettily fhap'd Infects, each ofthemfur

nifh'd
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niſh'd with eight well fhap'd and proportion'd legs, which are each of

them joynted or bendable in eight feveral places, or joynts, each of

whichis covered, for the moſt part, with a very tranſparent ſhell, and

the lower end of the fhell of each joynt is fringed with ſeveral ſmall

hairs ; the contrivance of the joynts feems the very fame with that of

Crabs and Lobſters legs, and like thofe alfo, they are each of them ter

minated with a very ſharp claw or point ; four oftheſe legs arefo pla

ced, that they ſeem to drawforwards, the other four are placed in a

quite contrary poſition , thereby to keep the body backwards when

there is occafion.

Fig. 1. The body, as in other larger Infects , confifts of three regions or

Schem. 36. parts ; the hinder or bellyA, feems covered with one intire ſhell , the

middle, or cheft, feems divided into two fhells B C. which running one

within the other, the Mite is able to ſhrink in and thruft out as it finds

occafion, as it can alſo the fnout D. The whole body is pretty tranfpa

rent, fothatbeing look'd on againſt the light, divers motionswithin its

bodymaybe perceived ; as alfo all the parts are much more plainly de

lineable, then in other poſtures, tothe light. The fhell, especially that

which covers the back, is curiouſly polifht, fo that 'tis eafie tofee, asina

convex Looking-glafs, or foliated Glafs-ball, the picture ofall the ob

jects round about ; up and down, in ſeveral parts of itsbody, it has fe

veral fmall long white hairs growing out of its fhell , which are often

longer thenthe whole body, and are reprefented too ſhort inthe first

andſecond Figures ; theyfeemall pretty ſtraight and plyable, fave only

twoupon the fore-part of its body, whichfeemto be the horns, as may

be ſeeninthe Figures ; the firſt whereof is a profpect of a ſmallerfort of

Mites ( which are ufually more plump) as it was paffant to andfro ; the

fecond is the profpect of one fixt on its tail ( by means of a little mouth

glew rub'd onthe object plate) exhibiting the manner ofthe growingof

the legs, together withtheir ſeveral joynts.

This Creature is very much diverſify'd in ſhape, colour, and divers

other properties, according to the nature ofthe ſubſtance out ofwhich

it feems to be ingendred and nouriſhed,being in one fubſtance more long,

in another more round, in fome more hairy, in others more ſmooth, in

this nimble, in that flow, here pale and whiter, therebrowner, blacker,

more tranfparent, &c. I have obſerved it to be refident almoſt on all

kinds of fubftances that are mouldy, or putrifying, andhavefeen it very

nimbly meſhing through the thickets of mould, and fometimes to lye

dormant underneath them ; and 'tis not unlikely, but that it may feed on

that vegetating ſubſtance , ſpontaneous Vegetables ſeeming a food proper

enoughfor fpontaneous Animals,

But whether indeed this Creature, or any other, be fuch or not, I can

not pofitively, from any Experiment, or Obfervation, I have yet made,

determine. But,as I formerly hinted, it ſeems probable, that fome kind

ofwandringMite mayfow, as 'twere, the firft feeds, or lay the first eggs,

inthoſe places , which Nature has inftructed them to knowconvenient

for the hatching and nouriſhing their young ; and though perhaps the

prime
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prime Parent might be of a fhape very differing from what the off

Ipring, after a little while, by reafon ofthe ſubſtance they feed on, or

the Region ( as 'twere ) they inhabite ; yet perhaps even one oftheſe

alter'd progeny, wandering again from its native foil, and lighting onby

chance the fame placefrom whence its prime Parent came, and thereſet

tling, and planting, may produce a generation of Mites of the famd

fhapes and properties with the first wandring Mite : And from fome fuchi

accidents astheſe, I amvery apt tothink, themoſtforts of Animals, ge

nerally accounted fpontaneous , have their origination , and allthofe va

rious forts ofMites, that are to be met withup anddown in divers pu→

trifying ſubſtances, may perhapsbe all of the famekind, and havesprung

fromone andthe fame fort of Mites at the firſt.

Obferv. LVI. Of a ſmallOf a fmall Creature hatch'd on a Vine.

'Here is, almoſt allthe Spring and Summer time, a certain ſmall,

the of a

ſticks very cloſe and faft to the ſtocks ofVines nayl'd againſt a warm

wall beingattentively viewed,they ſeemcover'd, uponthe upperfide

of them, witha ſmall husk, not unlike the ſcale, or ſhell of a Wood

louſe, or Hog-louſe , a fmall Infect uſually found about rotten wood,

which upon touching preſently rouls it felf into the form of a pepper

corn: Separating feveral of thefe from the ſtock , I found them, with

myMicroscope, toconfift of a fhell, whichnowfeemed more likely tobe

the hufk of one of theſe Infects : And the fur feem'd a kind of cobweb,

confifting of abundance offmall filaments, or fleaves of cobwebs. In

the midſt ofthis, if they were not hatch'd,and run away before,the time

of which hatching was ufually about the latter endof June, or begin

ning of July, Ihave oftenfound abundance of ſmall brownEggs, fuch

as AandB in the ſecond Figure ofthe 36. Scheme, much about the big

nefs of Mites Eggs ; and at other times, multitudes of fmall Infects , fha

ped exactly like that inthethird Figure marked with X. Its head large,

almoſt halfthe bigness of its body , which is uſual in thefetus of moſt

Creatures. Ithad twoſmall black eyes a a, andtwofmall long joynted

andbrifled horns bb. Thehinder partof its bodyfeem'd to conſiſt of

nine ſcales, andthe laſt ended in a forked tayl , much like that of a Cu

tio, or Wood-loufe, out of which grewtwo long hairs ; they ran to

andfro veryſwiftly, and were much of the bigness of a common Mite,

but fome ofthem lefs : The longeſt ofthem feem'd not the hundredth

part of an inch, and the Eggs ufually not abovehalf asmuch. They

feemed tohave fix legs, which were not visible in this I have here deline

ated, by reaſon they were drawn under its body.

Ifthefe Minute creatureswereWood-lice(as indeed from their ownſhape

and frame, the ſkin,or fhell,that grows onthem,one may withgreat pro

bability
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bability ghefs) it affords us an Infrance, whereof perhapsthere are not

many like in Nature,and that is,ofthe prodigious increaſe of theſe Crea

tures,after they are hatch'd and run about for a commonWood-loufe, of

about half an inch long, is no less then a hundred and twenty five thou

fand times bigger then one ofthefe, which though indeed it ſeems very

ſtrange, yet I have obferved the young ones of fome Spiders have almoft

kept the fame proportion to their Dam.

This, methinks, if it be ſo, does in the next place hint a Quary,which

may perhaps deſerve a little further examination : And that is,Whether

there be not many of thoſe minute Creatures,fuch as Mites, and the like,

which, though they are commonly thought of otherwife , are onlythe

pully, or young ones, of much bigger Infects, and not the generating,

or parent Infect, that has layd thoſe Eggs ; for having many times ob

ferv'd thofe Eggs, which ufually are found in great abundance where

Mites are found , it ſeems fomething ſtrange , that ſo fmall an Animai

fhould havean Egg fo big in proportion to its body. Though onthe

other fide, I muſt confefs, that having kept divers ofthoſe Mites incloſed

ina box fora good while, I did not find themvery muchaugmented be

yond their uſual bigness.

What the husk and cobweb of this little white ſubſtance ſhould be, I

cannot imagine, unless it be, that the oldone, whenimpregnated with

Eggs, fhould there ſtay, and fix it ſelf onthe Vine, and dye, and all the

bodyby degrees fhould rot, fave only the husk, and the Eggs inthe bo

dy: And the heat, orfire, as it were, of the approaching Sun-beams

fhould vivifie thofe Relicts of the corrupted Parent , and out of the

aſhes, as 'twere, ( as it is fabled of the Phenix ) fhould raiſe a new off

fpringfor the perpetuation of the fpecies. Nor will the cobweb , as it

were, in whichtheſe Eggs are inclos'd, make much againſt this Conje

cture ; for we may, bythofe cobwebs that are carried up and downthe

Airafter a Fog (which withmy Microſcope I have diſcovered to be made

upof an infinite company offmall filaments or threads ) learn , that

fuch a texture of body maybe otherwiſe made thenby the ſpinning of

aWorm.

Obferv. LVII. Of the Eels in Vinegar.

OF

F thefe fmall Eels, which are to be found in divers forts of Vine

gar, I have little to add beſides their Picture, which you may

find drawn in the third Figure of the 25. Scheme : That is, they were

ſhaped 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 ſharper, and

longer, inproportion to their body, and the wrigling motion of their

bodyfeem'd to be onely upwards and downwards , whereas that of

Eels is onelyfide wayes : They feem'd to have a more opacous part

about
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about B, which might, perhaps,betheir Gills ; it feeming always thefame

proportionate diftant from their nofe, from which, to the tip of their

tail, C, their bodyfeem'd to taper.

Taking feveral ofthefe out oftheir Pond ofVinegar, bythe net ofa

fmall piece of filtring Paper, and laying them on a black fmooth Glafs

plate, I foundthat they could wriggle and winde their body, as much

almoſt as a Snake, whichmade me doubt, whether they were a kind of

Eal or Leech.

I ſhall add no other obfervations made on this minute Animal, being

prevented herein by many excellent ones already publish'd bythe inge

nious, Doctor Power, among his Microſcopical Obfervations, fave onely

that a quantity of Vinegar repleat with them being included in a ſmall

Viol, andſtop'd very clofe from the ambient air, all the included Worms

in a very ſhort time died, as ifthey had been ſtifled.

And that their motion feems (contrary to what we may obſerve in the

motion ofall other Infects) exceeding flow. But the reaſon of it ſeems

plain, for being to moveto andfro after that manner which they do, by

waving onely, or wrigling their body; the tenacity, or glutinouſneſs,

and the denfity or refiftance ofthe fluid medium becomes ſo exceeding

fenfible to their extremely minute bodies,that it is to me indeed a greater

wonder that theymove themſofaſt as they do,then that they movethem

no faſter.. Forwhat a vaftly greater proportion have they oftheir ſuper

ficies to their bulk, then Eels or other larger Fiſhes, and next, the tena

city and dentity ofthe liquor being much thefame tobemoved,both by

the one and the other, the refiftance or impediment thence arifing to

the motions made through it, muſt be almoſt infinitely greater to the

ſmall one then to the great. This we find experimentally verify'd inthe

Air, whichthough a medium a thouſand times more rarify'd then the wa

ter,the reſiſtance ofit to motions made through it,is yetfo ſenſible to ve

ryminute bodies,that aDown-feather(the leaft of whofe parts feem yet

biggerthen theſe Eels, and many ofthem almoſt incomparablybigger,

fuch asthe quill and ſtalk) is fufpended by it, and carried to and fro as if

it had no weight.

Obferv. LVIII. Ofa newProperty in the Air, andſeveral other

transparent Mediums nam'd Inflection, whereby very many con

fiderable Phænomena are attemptedto befolv'd, and divers other

ufes are binted.

Since

Ince the Invention (and perfecting in fome meaſure) of Teleſcopes, 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,

whichthey are obferv'd to have when fituated neerer the Zenith) and

are bounded with an edge every way (eſpeciallyupon the right andleft

G g fides)
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fides) ragged and indented like a Saw : which inequality oftheir limbs, I

havefurther obferv d, not to remain always the fame, but to be conti

nually chang'd by a kind of fluctuating motion, not unlike that ofthe

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 preſentlybefinking

again ; neitheris this all butthe wholebody ofthe Luminaries, do inthe

Teleſcope, feem to be deprefs'd and flatted, the upper,and more eſpecially

the under fide appearing neerer to the middlethen really they are,andthe

right and left appearing more remote:whence the whole Areafeems tobe

terminated by a kind of Oval.It is further obſerv'd,that the body,for the

moft part, appears red, or offome colour approaching neer unto it, as

fome kind of yellow; and this I have alwaysmark'd, that the morethe

limb is flatted 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 tothe Horizon, the more red and dull

they look, and the more they are obferv'd to twinkle ; in fo much, that

I have ſeen the Dog-ſtarr to vibrate fo ftrong and bright a radiation of

light, as almoſt to dazle my eyes, and preſently, almoſt to diſappear.

It is alſo obfervable, that thoſe bright fcintillations neer the Horizon, are

not by muchſo quick and fudden in their confecutions ofone another, as

the nimbler twinklings of Stars neerer the Zenith. This is alſo notable,

that the Starrs neer the Horizon, are twinkled with ſeveral colours ; ſo as

fometimes to appear red,fometimes more yellow,and fometimes blue,and

this whenthe Starr is a pretty way elevated above the Horizon. I have

further, very often feen fome ofthe ſmall Starrs ofthe fifth or fixth ma

gnitude, at certain times to diſappear for a ſmall moment of time, and

againappearmore confpicuous, and with a greater lufter. I haveſeveral

times,withmy naked eye, feen many fmaller Starrs, fuch as maybe call'd

of the feventh or eighth magnitudeto appear for a ſhort ſpace, and then

vaniſh, which, by directing a ſmall Telescope towards that part they ap

pear'd and diſappeard in ; I could preſently find to be indeed ſmall Starrs

fo fituate,as I had feen them withmy naked eye, and to appear twinkling

like the ordinary viſible Stars ; nay, in examining fome very notable parts

ofthe Heaven,with a three foot Tube , me thought Inow and then, in

feveral parts of the conftellation, could perceive little twinklingsof

Starrs, making a very fhort kind of apparition,and prefently vanishing,

but noting diligently the places wherethey thus feem'd to play at boe

peep, I made uſe of a very good twelve foot Tube, and withthat it was

not uneafie to ſee thofe, and feveral other degrees offmaller Starrs, and

fomeſmaller yet, that feem'd again to appear and difappear, and theſe

alfo by giving the fame Object-glafs a much bigger aperture, I could

plainly and conftantly fee appear in their former places ; ſo that I have

obferv'dfome twelve ſeveral magnitudes of Starrs less then thoſe ofthe

fix magnitudes commonly recounted inthe Globes.

It has been obferv'd and confirm'd by the accurateſt Obſervati

ons ofthe beſt of our modern Aftronomers, that all the Luminous bodies

appear above the Horizon, when they really are below it. So that the

Sun

I
I
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Sun and Moon have bothbeenſeen above the Horizon, whilſt theMoon

has been in an Eclipfe. I fhall not here inftance in the great refractions,

that the tops ofhigh mountains, ſeen at a diſtance, have been found to

have ; all which feem to argue the Horizontal refraction, much greater

then it is hitherto generally believ'd.

I have further taken notice, that not onely the Sun, Moon and Starrs,

and high tops ofmountains have fuffer'd theſe kinds of refraction, but

Trees, and ſeveral bright Objects on theground : I have often taken no

tice of the twinkling of the reflections ofthe Sun from a Glass-window

at a good diſtance, and ofa Candle in the night, but that is not focon

fpicuous,and in obferving the fetting Sun,I have often taken notice ofthe

tremulation of the Trees and Buſhes, as well as ofthe edges ofthe Sun.

Divers oftheſe Phanomena have been taken notice of by feveral, who

have given ſeveral reafons ofthem, but I have not yet met with any alto

gether fatisfactory, though fome oftheir conjectures have been partly

true,but parly alfofalfe.Setting myfelftherfore upon the inquiry of thefe

Phænomena, I firſt endeavour'd to be very diligent in taking notice of

the feveral particulars and circumſtances obfervable in them ; and next,

in making divers particular Experiments, that might cleer fome doubts,

and ferve to determine, confirm, and illuftrate the true and adæquate

cauſe of each ; and upon the whole, I find much reaſon to think, that

the true cauſe of all thefe Phanomena is from the inflection, or multi

plicate refraction ofthofe Rays oflight within the body of the Atmosphere,

and that it does not proceed froma refraction caus'd by any terminating

fuperficies ofthe Air above, nor from any fuch exactly defind fuperficies

within the body of the Atmosphere.

This Conclufion is grounded upon theſe two Propofitions :

Firſt, that a medrum, whofe parts are unequally denfe, and mov'd by

various motions and tranfpofitions as to one another, will produce all

theſe viſible effects upon the Rays of light, without any other coefficient

cauſe.

Secondly, that there is in the Air or Atmosphere, fuch a variety in the

conſtituent parts ofit, both as to their density and rarity, and as totheir

divers mutations and pofitions oneto another.

By Density and Rarity, I underſtand a property of a tranſparent body,

that does either more or less refract a Ray oflight (coming obliquely

uponits fuperficies out ofa third medium) toward its perpendicular : As

I call Glafs a more denſe body then Water, andWater a more rare body

thenGlaſs, becauſe ofthe refractions (more or less deflecting towards the

perpendicular) that are made in them, ofa Ray of light out ofthe Air

that has thefame inclination upon either of their fuperficies.

Soas to the buſineſs ofRefraction, ſpirit ofWine is a more denfe body

then Water,it having beenfound by an accurate Inftrument that meaſures

the angles ofRefractions to Minutesthat forthe fame refracted angle of

30:00' in both thoſe Mediums, the angle of incidence in Water was

but 41°. 3'5 . but the angle ofthe incidence in the trial with fpirit of

Wine was 42° 45' . But as to gravity, Water is a more denfe bodythen

Gg 2 fpiric
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veryfpirit ofWine, for the proportion ofthe fame Water, to the ſame

well rectify'd ſpirit ofWine was, as 21. to 19.

So as to Refraction,Water is more Denfe then Ice ; for I have found

bya moſtcertain Experiment, which I exhibited before divers illuftrious

Perfons ofthe Royal Society, that the Refraction ofWater was greater

then that ofIce, thoughfome confiderable Authors have affirm'd the con

trary, and though the Icebe avery hard, and the Water a very fluid

body.

That the former of the two preceding Propofitions is true,maybema

nifefted byfeveral Experiments:As firft,if you take any two liquors differ

ingfromone another in denfity,but yet fuch as will readily mix:as SaltWa

ter,or Brine,& Freſh;almoſt any kind ofSalt diffolv'd in Water,and filtra

ted, fo that it be cleer,ſpirit ofWine and Water ; nay, ſpirit ofWine,and

fpirit ofWine, one more highly rectify'dthen the other, and verymany

other liquors ; if(I fay) you take any two of thefe liquors, and mixing

them in a Glafs Viol, againſt one fide ofwhich you have fix'd or glued a

fmall round piece ofPaper, and ſhaking them well together (ſo thatthe

parts of themmaybe fomewhat difturb'd and move up and down you

endeavourto 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 ofthe Sun through a Teleſcope

feemsto be,fave onely that the mutationshere,are much quicker. And if,

infteed ofthis bigger Circle, you take a very ſmall ſpot, and faften and

view it as theformer, you will find it to appear much like thetwinkling

of the Starrs, though much quicker : which two Phenomena (for I fhall

take notice ofno more at prefent, though I could inftancein multitudes

ofothers) muſt neceffarily be caus d by an inflection of the Rays within

the terminatingfuperficies of the compounded medium, fince the furfaces

ofthe tranfparent body through which the Rays pafs to the eye, are not

at all altered or chang'd.

This inflection (ifI may fo call it) I imagine to be nothing else, but a

multiplicate refraction, cauſed by the unequal density of the conftituent

parts of the medium , wherebythe motion, action or progrefs ofthe Ray

of light is hindred from proceeding in a ftreight line, and inflected orde

flectedby a curve. Now, that it is a curve line is manifeft bythis Expe

riment : I took a Box,fuch as AD GE, in the firſt Figure ofthe 37.Scheme,

whofe fides ABCD, and EF GH, were made of two ſmooth flat

plates of Glafs, then filling it half full with avery ſtrong ſolution of

Salt, I filled the other half with very fair fresh water, then expofing

the opacousfide,DHGC, tothe Sun, I obferv'd both the refraction and

inflection ofthe Sun beams, I D& KH, and marking as exactly as I could,

the points, P, N, O, M, bywhich the Ray, KH, paffed throughthe com

pounded medium, I found them to bein a curve line ; for the partsofthe

medium beingcontinually more denſe the neerer they were tothebot

tom, theRay pf was continually more and more deffected downwards

from the ftreight line.

This Inflection may be mechanically explained, either byMonfieur
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Des Cartes principles,by conceiving the Globuls of the third Element to

find less and less refiftance againſt that fide ofthem which is downwards,

orby a way, which I have further explicated in the Inquifition about Co

lours, to be from an obliquation ofthe pulfe of light, whence the ruder

part is continually promoted, and confequently 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 fhall not

now ftand to examine, efpecially fince there maybe fomany forts ofit as

there maybe varieties of the Poſitions of the intermediat degrees ofden

fity and raritybetween the bottom and the top of the inflecting Medium.

I could produce many more Examples and Experiments, to illuftrate

and prove thisfirſt Propofition, viz. that there is fuch a conſtitution of

fome bodies as will caule inflection. As not to mention thoſe I haveob

ferv'd in Horn, Tortoise-fhell, transparent Gums, and refinous Subftances :

The veins of Glafs, nay, of melted Crystal, found, and much complained

of by Glafs-grinders, and others, might fufficiently demonſtrate the

truth of itto any diligent Obfervator.

But that, I prefume, I 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 call'd inflection, differing

both from reflection, and refraction ( fince they are bothmade in the fu

perficies, this only in the middle ) ; and likewiſe, that this is able orfuf

ficient to produce the effects I have afcribedto it.

It remains therefore to thew , that there is ſuch a property in the Air,

and that it is fufficient to produce all the above mentioned Phanomena,

and thereforemay be the principal, if not the only cauſe ofthem.

Firſt, That there is fuch a property, may beproved fromthis, that the

partsof the Air are fome ofthemmore condens'd, others more rarified,

either by the differing heat, or differing preffure it fuftains, orbythe

fomewhat heterogeneous vapours interfpers'd through it. For as the Air

is more or leſs rarified, fodoesit more or less refract a rayof light ( that

comes out of a denfer medium) from the perpendicular. This you may

find true, if you maketryal of this Experiment.

Take a fmall Glaſs-bubble , made in the form of that in the ſecond

Figure ofthe 37. Scheme, and by heatingthe Glafs very hot, and there

by very much rarifying the included Air, or, which is better, by rarify

ing a fmall quantity of water, included in it, into vapours, which will

expel the moſt part, if not all the Air , and thenfealing up the ſmall

neck of it, and letting it cool, you may find, if you place it in a conve

nient Inftrument, that there will be a manifeft difference, as tothe refra

Єtion.

As if inthis fecond Figure you fuppoſe A to repreſent a ſmall fight or

hole, through which the eye looks upon an object, as C, through the

Glaſs-bubble B, and the fecond fight L ; all which remain exactly fixt

in theirſeveral places, the object C being fo cized and placed, that it

may juft ſeemto touch the upper and under edge ofthe hole L : and

fo allof it be feen through the ſmall Glaſs-ball of rarified Air ; thenby

breaking
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Fig. 3.

breaking offthe ſmall feal'd neck of the Bubble ( without at all ſtirring

the fights, object, or glafs ) and admitting the external Air, you will

find your felf unable to feethe utmoſt ends ofthe object ; butthetermi

nating rayes AE and AD (which were before refracted to G andF

bythe rarified Air ) will proceed almoſt directly to I and H ; which al

teration of the rayes ( ſeeing there is no other alteration made in the

Organ by whichthe Experiment istryed, fave onlythe admiffion, or ex

clufion of the condens'd Air ) muſt neceffarily be cauſed bythe variation

ofthe medium contain'd in the Glaſs B; the greateſt difficulty in the ma

king of which Experiment, is from the uneven furfaces of the bubble,

which will repreſent an uneven image of the object.

Now,that thereis fuch a difference of the upper and under parts ofthe

Air is clear enough evinc'd from the late improvement ofthe Torricellian

Experiment, which has been tryed at the tops and feet of Mountains;

and may be further illuftrated , and inquired into, by a means , which

ſome whiles fince I thought of, and us'd, for the finding bywhat degrees

theAir paſſes fromfuch a degree of Denfity tofuch a degree of Rarity.

And another, for the finding what preflure was requifite tomake it pafs

from fuch a degree of Rarefaction to a determinate Denſity : Which

Experiments, becauſe they maybe uſeful to illuſtrate the preſent Inqui

ry, Ifhall briefly deſcribe.

I took then a ſmall Glaſs-pipe A B, about the bigness of a Swans quill,

and about four foot long, which was very equally drawn, ſothat, as far

as I could perceive , no one part was bigger then another : ThisTube

(being open at both ends ) I fitted into another ſmall TubeDE, that

had asmall bore juſt big enough to contain the ſmall Pipe, and this was

feal'd up at one, and open at the other, end ; about which open end I

faftned a ſmall wooden box C with cement, fo that filling the bigger

Tube, and part of the box, with Quickfilver, I could thruft the ſmaller

Tube into it, till it were all covered with the Quickfilver : Having thus

done, I faftnedmy biggerTube againſt thefide of a wall , that it might

ſtand the ſteadier , and plunging the fmall Tube cleer under the Mercu

ry in the box, I ftopt the upper end of it very faft with cement, then

lifting up the ſmall Tube, I drew it upby a ſmall pully, and a ſtring that

I had faftned to the top of the Room, and found the height of the Mer

curialCylinderto be about twenty nine inches.

Then letting downthe Tube again, I openedthe top, and then thruſt

downtheſmall Tube, till I perceived the Quickfilver to rife within it to

a markthat I had plac'd juſt an inch from the top;and immediately clap

ping on aſmall peice of cement that I had kept warm, I witha hot Iron

feal'd up the top very faft, then letting it cool (that both the cement

might growhard , and more eſpecially, 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.

Hereyou are to take notice, that after the Air is feal'd up, thetop of

the Tube is not to be elevated above the ſuperficies ofthe Quickſilver

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 elſewhere prov'd ) being more heterogene

ous to the Glafs then the Air, will not naturally rile up fo highwithin

theſmall Pipe,as the fuperficies ofthe Mercury in the box ; and therefore

youare to obferve , how much below the outward fuperficies of the

Mercury inthe box, that ofthe fame in the Tube does ftand, when the

top beingopen, freeingrefs is admitted to the outward Air.

Having thus done, I permitted the Cylinder, or fmall Pipe, to rife out

ofthe box, till I foundthe furface of the Quickfilverin the Pipe to be

two inches above that inthebox, and found the Air to have expanded

it felfbut one fixteenth part of an inch ; then drawing up the ſmall

pipe , till Ifound the height of the Quickfilver within tobefour inches

above that without, I oblerved the Air to be expanded only of aninch

morethen it was at firft , and to take up the room of 1 inch : then I

raiſed the Tubetill the Cylinder was fix inches high, and found the Air

to take up 1 inches of room in the Pipe ; then to 8, 10, 12. &c.

the expanſion of the Air that I found to each of which Cylinders are

fet down in the following Table ; where the first row fignifies the

height ofthe Mercurial Cylinder ; the next, the expanſion of the Air ;

the third, the preffure of the Atmosphere , or the higheſt Cylinder of

Mercury, which was then neer thirty inches : The laft fignifies the force

of the Air fo expanded , which is found by fubftracting the first rowof

numbers outofthe third ; for having found, that the outward Air would

then keep up the Quickfilver to thirty inches, look whatever of that

height is wanting muſt be attributed to the Elater of the Air depreffing.

And therefore having the Expanſion in the fecond row,and the heightof

the fubjacent Cylinder of Mercury inthe firſt, and the greateſt height of

the Cylinder of Mercury, which of it felf counterballances the whole

preffure of the Atmosphere ; by fubftracting the numbers ofthe first row

out of the numbers of the third, you will have the meaſure ofthe Cylin

ders fo depreft, and confequentlythe force of the Air,in the ſeveral Ex

panfions, regiſtred.

The
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The height ofthe The Expan- The height of The ſtrength
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I had feveral other Tables of my Obfervations , and Calculations,

which I then made ; but it being above a twelve month fince I made

them ; and by that means having forgot many circumftances and par

ticulars , I was refolved to make them over once again , which I'did

Auguft the fecond 1661. withthe very fame Tube which I uſed the year

before , when I first made the Experiment ( for it being a very good

one, I had carefully preferv'd it:) And after havingtryed it over and

over again ; and being not well fatisfied of fome particulars, I, at laſt,

having put all things in very good order, and being as attentive, and

obfervant, as poffibly I could, of every circumftance requifite to beta

ken notice of, did regifter my feveral Obfervations in this following

Table. In the makingof which, I did not exactly follow the method

that I had uſed at firft ; but, having lately heard of Mr. Townly's Hypo

thefis, Ifhap'd my courfe infuch fort, as would be moft convenient for

the examination of that Hypothefis ; the event of which you havein the

latter part of the laſt Table.

The otherExperiment was, to find what degreesof forcewere requi

fite to comprefs, or condenfe, the Air into fuch or fuch a bulk.

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

of a Syphon , much like that reprefented in the fourth Figure ofthe

37. Scheme, one fide whereof AD, that was open at A, was about fifty

inches long, the other fide BC, ſhut at B, was not much above leven in

ches long; then placing it exictly perpendicular , I pour'd in a little

Quickfilver, and found that the Air BC was inches, or very nearto

feven ; then pouring in Quickſilver at the longer Tube, I continued

filling of it till the Air inthe fhorter part of it was contracted into half

the former dimenſions, and found the height exa&ly nine and twentyin

ches ; and by making ſeveral other tryals, in feveral other degrees of

condenfation ofthe Air, I found them exactly answer the former Hypo

thefis.

But having (by reafon it was a good while fince I first made) forgot

ten many particulars,and being much unfatisfied in others, I madetheEx

periment over again, and, from the feveral tryals, collected the former

part of the following Table : Where in the row next the left hand 24.

fignifies the dimenfions ofthe Air, fuftaining only the preflure of the At

mosphere, which at that time was equal to a Cylinder of Mercury of nine

and twenty inches : The next Figure above it ( 20 ) was the dimenſi

ons of the Air induring the first compreffion, made by a Cylinder ofMer

cury 5 % high, to which the preflure of the Atmosphere nine and twenty

inches being added , the elaftick ftrength of the Airfo compreft willbe

found 341%, &c.

Hh A
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A Table of the Elaftick, power ofthe Air,

both Experimentally and Hypothetically calculated,

according to its various Dimenfions.
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So

From which Experiments, I think, wemay fafely conclude, that the

Elaterof the Air is reciprocal to its extenfion, or at leaſt very neer.

that to apply it to our prefent purpoſe ( which was indeed the chief

cauſe of inventing theſe wayes oftryal ) wewill fuppofe a Cylinder in

definitely extended upwards, [ I fay a Cylinder, not a piece of a Cone,

becauſe, as I may elſewhere fhewin the Explication of Gravity, that tri

plicate proportion of the fhels of a Sphere, to their refpective diameters,

I fuppofetobe removed in this cafebythe decreaſe ofthe power ofGra

vity and the preffure of the Air at the bottom of this Cylinder to be

ftrong enoughtokeep up a Cylinder of Mercury of thirty inches : Now

becauſe bythe moft accurate tryals of the moft illuftrious and incompa

rable Mr. Boyle, publiſhed in his deſervedly famous PneumatickBook,

the weight of Quickſilver, to that of the Air here below, is found neer

about as fourteen thousand to one : If we fuppofe the parts ofthe Cy

linder of the Atmosphere to be every where of an equal dentity, wefhall

as he there deduces ) find it extended to the height of thirty five

thouſand feet, or feven miles : But becauſe bythele Experiments we have

ſomewhat confirm'd the hypotheſis ofthe reciprocal proportion ofthe

Elaters to the Extenfions we fhall find, that by fuppofing thisCylinderof

the Atmoſphere divided into a thouſand parts, eachof which being equi

valent to thirtyfive feet, or ſeven geometrical paces,that is,each of theſe

divilions containing as much Air as is fuppos'd in a Cylinder neer the

earth ofequal diameter,and thirty five foot high, we fhall find the lower

moſt to preſs againſt the furface of the Earth with the whole weight of

the above mentioned thouſand parts ; the preflure of the bottom of the

fecond againſt the top of the first to be 1000-1999. of the third

againſt the ſecond to be 1000-2998. of thefourth againſt the third

tobe 1000-3997. ofthe uppermoſt againſt the 999. or that next be

low it, to be 1c00-999—1. fo that the extenfion ofthe lowermoſt

next the Earth, will be tothe extenſion of the next below the upper

moft, as 1. to 999. for as the preilure fuftained by the 999. is to the

pretture fuftain'd by the firft , fo is the extenfion ofthe firft to the ex

tenfion of the 999. fo that,from this hypothetical calculation, we ſhall

find the Air tobe indefinitely extended : For if we fuppofe the whole

thickness of the Air to be divided, as I juſt now inſtanced, into a thou

fand parts, and eachof thoſe under differing Dimenfions, or Altitudes,

tocontainan equall quantity ofAir, we fhallfind, that the first Cylinder,

whofe Bafe is fuppofed to lean on the Earth, will be found to be exten

ded 359 , foot ; the fecond equal Divifion, or Cylinder, whoſe baſis is

fuppofed to leanonthe top of the firft,fhall have its top extended higher

by 3599 ; the third 359 ; the fourth 35,4% ; and fo onward, each e

qual quantity of Air having its dimentions meaſured by 35. and fome

additional number expreft alwayes in the manner of a fraction , whoſe

numerator is alway the number of the place multipli'd by 35. and

whofe denominator is alwayes the preffure of the Atmosphere fuftain'd by

that part,
fo that bythis meanswe may eafily calculate the height of999.

divifions ofthofe 1000. divifions, I fuppos'd ; whereas the uppermoſt

Hh2

70 140

may
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may extend it felf more then as high again,nay, perhaps indefinitely, or

beyond the Moon ; for the Elaters and Expanfions being in reciprocal

proportions, fince we cannot yet find theplus ultra, beyondwhichthe Air

willnot expand it felf, we cannot determine the height of the Air : for

fince, as we have fhewn, the proportion will be alway as the preffure

fuftain'd by any part is to 35. fo 1000. to the expanfionof that part ;

the multiplication or product therefore of the preffure, and expanſion,

that is, of the two extream proportionals, beingalwayes equal to the

product ofthe means , or 35000. it follows , fince that Rectangle or

Product may bemade up of the multiplication of infinite diverfities of

numbers, that the height oftheAir is alfo indefinite ; for fince (asfar as

I have yet been able to try) the Air feems capable of an indefinite Ex

panfion, the preffure maybe decreaſed in infinitum, and conſequently its

expanſion upwards indefinite alſo.

There being therefore fuch a difference of denſity, and no Experi

mentyet known to prove a Saltus, orſkipping from one degree of rari

tyto another muchdifferingfrom it, that is, that an upper part of the

Air fhould fo much differ from that immediately fubjacent to it, as to

make a diſtinct fuperficies, fuch as we obferve between the Air andWa

ter, &c. Butit being morelikely, that there is a continual increaſe of

rarity inthe parts of the Air, the further they are removed from the

furface of theEarth : It will hence neceffarily follow, that ( as in the

Experiment of the falt and freſh Water ) the ray of Light paffingob

liquely through the Air alfo, which is of very different density, will be

continually, and infinitely inflected, or bended, from a ſtreight, or direct

motion.

This granted , the reafon of all the above recited Phanomena, con

cerningthe appearance of the Celeſtial Bodies, will very eaſily be de

duced. As,

Firft, The redness of the Sun, Moon, and Stars, will be found to be

cauſed by the inflection of the rays within the Atmosphere. That it is

not really in ornear the luminous bodies, will, I fuppofe, be very eafily

granted, feeing that this redneſs 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 moſt part red :

And fecondly, That it is not meerlythe colour of theAir interpos'd,

will, I fuppofe, without much more difficulty be yielded, feeingthat we

may obſerve a 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.

Butthirdly, That it proceeds fromthe refraction,or inflection, ofthe

raysbythe Atmosphere, this following Experiment will, I fuppofe, fuffici

ently manifeft.

Take a fphærical Cryſtalline Viol, fuch as is defcrib'd in the fifthFi

gure ABCD, and, havingfill'd it with pure clear Water, expofe itto

the Sun beams; then taking a piece of very fine Venice Paper, apply it

againſt that fide of theGlobe that is oppofite totheSun, as against the

fide
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fide BC, and you fhall perceive abright red Ring to appear, caus'd by

the refraction ofthe Rays, A A A A, which is made bythe Globe ; in

which Experiment, ifthe Glafs and Water be very cleer, fo that there be

no Sands nor bubbles in the Glaſs, nor dirt in the Water, you ſhall not

perceive any appearance ofany other colour. To applywhich Experi

ment, wemay imagine the Atmosphere to be a great tranfparent Globe,

which being of a fubftance more denfe 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 direct paflage towards the center of

the Globe, whence, according to the laws ofrefractions made in a trian

gularPrism , and the generation ofcolour fet down in the deſcription of

Mufcovi-glafs,there muſt neceflarily appear a red colour in the tranfitus

or paffage of thofe tangent Rays. To make this more plain, wewillfup

pofe (in the fixth Figure) ABCD, to reprefent the Globe of the At

mosphere, EFGH to reprefent the opacous Globe of the Earth, lying

in the midſt of it, neer to which, the parts ofthe Air, fuftaining a very

great preffure, are thereby very much condens'd, from whence thoſe

Rays that are by inflection made rangents to the Globe of the Earth,and

thoſe without them, that paſs through the more condens'd part ofthe At

mosphere, as fuppofe between A and E, areby reafon ofthe inequality

of the medium, inflected towards the center, whereby there must necef

farily be generated a red colour, as is more plainly thewn inthe former

cited place ; hence whatsoever opacous bodies (as vapours,or the like)

ſhall chance to be elevated into thoſe parts,will reflect a red towards the

eye ; andtherefore thoſe evenings andmornings appear reddeft,that have

the moſt ſtore of vapours and halituous fubftances exhaled to a conve

nient diſtance from the Earth ; for thereby the inflection is made the

greater,and thereby the colour alfo the more intenfesand feveral ofthoſe

exhalations being opacous, reflect feveral ofthoſe Rays, which, through

anHomogeneous tranfparentmedium would pafs unfeen; and therefore we

fee, that when there chances to be any clouds fituated in thoſeRegions

they reflect a ſtrong and vivid red. Now, though one great cauſe of

the redneſs may bethis inflection,yet I cannot wholly exclude the colour

ofthe vapoursthemſelves, whichmayhavefomething of redness in them,

they beingpartly nitrous,and partly fuliginous ; both whichſteams tinge

the Raysthat pafs throughthem, as ismade evident by looking at bodies

through the fumes ofAquafortis, or ſpirit of Nitre [ as the newly menti

oned Illuftrious Perfon hasdemonftrated] and alſo through the fmoak of

aFire or Chimney.

Having therefore made it probable at leaft, that the morning and

evening redneſs may partly proceed from this inflection or refraction of

theRays,we fhall next fhew, how the Oval Figure will be likewife cafily

deduced.

Suppoſe we therefore, EFGH in the fixth Figure of the 37. Scheme,

to repreſent the Earth ; ABCD, the Atmofpere ; EL, and EL, two Rays

comingfrom theSun, the one from the upper,the other from the neather

Limb.
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Limb, theſe Rays, being by the Atmosphere inflected, appear to the eye

at E, as if they had come from the points, N and O ; and becauſe the

Ray L has a greater inclination upon the inequality of the Atmosphere

then I, therefore mult it fuffer a greater inflection, and confequently be

further elevated above its true place, then the Ray I, which has a lefs

inclination , will be elevated above its true place ; whence it will

follow,that the lower fide appearing neerer the upper then really it is,

andthe twolateral fides, viz. the right and left fide, fuffering no fenfible

alteration from the inflection, at leaſt what it does fuffer, does rather

increase the viſible Diameter then diminiſh it, as I fhall fhew byand by,

the Figure of the luminous body muft neceflarily appear fomewhat

Elliptical.

This will be more plain, if in the feventh Figure ofth 37. Scheme we

ſuppoſe AB to reprefent the fenfible Horizon ; CDEF, the bodyofthe

Sun really belowit ; GHIK, the fame appearing above it, elevated

bythe inflection ofthe Atmosphere : For if, according to the beſt obfer

vation, we make the viſible Diameter of the Sun to be about three or

four and thirty minutes,andthe Horizontal refraction accordingtoTicho

bethereabout,orfomewhat more,the lower limb ofthe SunE,will be ele

vated to 1; but becauſe,by his account, the point C willbe elevated but

29. minutes, as having not fogreat an inclination upon theinequality of

the Air, therefore IG, which will be the apparent refracted perpendicu

lar Diameter ofthe Sun,will be lefs then CG,which is but29. minutes,and

confequently fix or ſeven minutes ſhorterthenthe unrefracted apparent

Diameter. The parts, D and F, will be likewife elevated to H and K,

whoſe refraction, by reafon ofits inclination, will be biggerthenthat of

thepointC,though lefsthenthat ofE;therefore will the femidiameter IL,

be fhorterthenLG, and confequently the under fide of the appearing

Sun moreflat then theupper.

Now, becauſe the Raysfrom the right and left fides of the Sun, &c.

have been obferv'd by Ricciolo and Grimaldus, to appear more diſtant

onefrom another then really they are,though(byverymanyObſervations

that I havemade forthat purpoſe,with a very good Teleſcope,fitted witha

divided Ruler) I could never perceive any great alteration, yet therebe

ing reallyfome,it will not be amifs,to fhew thatthis alfo proceedsfromthe

refraction or inflection of the Atmosphere ; and this will be manifeft,ifwe

confider the Atmosphere as a transparent Globe, or at leaſt a tranſparent

fhell, encompafling an opacous Globe,which, being more denſe thenthe

medium encompaffing it, refracts or inflects all the entring parallel Rays

into a point or focus,lo that wherefoever the Obfervator is plac'd within

the Atmosphere, between the focus and the luminous body, the lateral

Rays muſt neceffarily be more converg'd towards his eye by the refracti

on or inflection, then they would have been without it ; and therefore

the Horizontal Diameter of the luminous body muſt neceflarily beaug

mented.

This might be more plainly manifeft to the eye bythe fixth Figure;

but becauſe it would be fomwhat tedious, and thething being obvious

enough
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enough to be imagin'd by any one that attentively confiders it, I fhall ra

ther omit it, and proceed tofhew, that the mafs of Air neer the furface of

theEarth,confifts,or is made up,ofparcels,which do very muchdiffer from

one another in point of density and rarity ; and confequentlythe Rays of

light that pass through them will be varioufly inflected,here one way, and

there another,according asthey pafs fo orfothrough thofe differing parts;

and thoſe parts being always in motion,eitherupwards 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 preſently that way.

This irregular,unequal and unconftant inflection ofthe Rays of light,

is the reaſon whythe limb of the Sun, Moon, Jupiter, Saturn, Mars, and

Venus, appearto wave or dance; and whythe body ofthe Starrs appear

to tremulate or twinkle, their bodies,by this means, beingfometimes ma

gnify'd,and ſometimes diminiſhed ; fometimes elevated, otherwhiles de

prefs'd ; nowthrown to the right hand, and then to the left.

And that there is fuch a property or unequal diftribution ofparts, is

manifeſt from the various degrees ofheat and cold that are found in the

Air ; from whence will follow a differing denſity and rarity, both as to

quantity and refraction ; and likewiſe from the vapours that are inter

pos'd, (which,bythe way, I imagine,as to refraction or inflection, to do

the famething, as if they were rarify'd Air ; and that thoſe vapours that

afcend,areboth lighter, and lefs denfe, then the ambient Air which boys

themup; and that thoſe which defcend, are heavier and more denfe)

The firſt of theſe may be found true, ifyou take a good thick piece of

Glaſs,and heating it pretty hot in the fire, lay it upon fuch another piece

ofGlafs, or hang it in the open Air by a piece ofWire, then looking

upon fome far diftant Object (fuch as a Steeple or Tree) fo asthe Rays

from that Object pafs directly over the Glaſs before they enter your eye,

you ſhall find fuch a tremulation and wavering ofthe remote Object, as

will very much offend your eye : The like tremulous motion you may

obferve to be caus'd by the afcending ſteams of Water, and the like.

Now, from the firſt of theſe it is manifeft, that from the rarifaction ofthe

parts of the Air,by heat,there is caus'd a differing refraction,and from the

afcenfion ofthe more rarify'd parts ofthe Air, which are thruſtup by the

colder, and therefore more condens'd and heavie, is caus'd anundula

tion or wavering ofthe Object ; 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, ſhould fend forth any of its parts in fteams or vapours, which does

notſeem tobe muchwafted bythat violent fire ofthe green Glaſs-houſe ;

but, if yet it be doubted, let Experiment be further made with that bo

dy that is accounted, by Chymifts and others, the moſt ponderous and

fix'd in the world ; forbyheating ofa piece of Gold, and proceeding in

the fame manner, you mayfind the fame effects.

This trembling and ſhaking ofthe Rays, is more fenfibly caus'd by an

actual flame, or quick fire, or any thing elſe heated glowing hot ; asby

a Candle, live Coal, red-hot Iron, or a piece of Silver, and the like :the

fame alfo appears very confpicuous , ifyou look at an Object betwixt

which
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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 oncethe opportunity to obferve,

which was, the Sun rifing to my eye juft over a Chimney that fent forth

a copious fteam offmoak ; and taking a fhort Teleſcope, which I had then

byme, I obferv'd the body ofthe Sun, though it was but juſt peep d

above the Horizon, to have its underfide, not onely flatted, and preis'd

inward, as it uſually is when neer the Earth ; but to appear more pro

tuberant downwards then if it had fuffered no refraction at all ; and

belides all this, the whole body of the Sun appear'd to tremble or dance,

and the edges or limb tobe very ragged or indented, undulating or wa

ving, much in the manner of a flag in the Wind.

This I have likewiſe often obferv'd in a hot Sunfhiny Summer's day,

that looking on an Object over a hot ftone,or dry hot earth,I have found

the Object tobeundulated or fhaken, much after the fame manner. And

ifyou look uponany remote Object through a Teleſcope (in a hot Sum

mer's day eſpecially) you fhall find it likewife to appear tremulous. And

further, ifthere chance to blow any wind, or that the air between

and the Object be in a motion or current, whereby the parts of it, both

rarify'd and condens'd, are ſwiftly remov'd towards the right or left, if

thenyou obſerve the Horizontal ridge of a Hill far diftant,through a very

goodTelescope, you ſhall find it to wave much like the Sea, and thofe

waveswill appear to pafsthe fame way with the wind.

you

From which,and many other Experiments, tis cleer that the lowerRe

gion ofthe Air,efpecially that part of it which lieth neereſt to the Earth,

has,forthe moſtpart,its conftituent parcels varioully agitated, either by

heat or winds, by the firſt ofwhich, fome ofthem are made more rare,

and fofuffer a lefs refraction ; others are interwoven, either with afcend

ing or deſcending vapours ; the former ofwhich being more light, and

fo more rarify'd,have likewiſe a lefs refraction ; the latter being more hea

vie, and confequently more denſe,have a greater.

andNow, becaufe that heat and cold are equally diffus'd every way ;

that the further it is fpread, the weaker it grows ; hence it will follow,

that the moſt part of the under Region of the Air will be made up offe

veral kinds oflentes, fome whereof will have the properties of Convex ,

others ofConcave glafjes ; which, that I may the more intelligibly make

out, we willfuppofe in the eighth Figure of the 37. Scheme, that A re

preſents an aſcending vapour, which, by reafon of its being ſomewhat

Heterogeneous to the ambient Air,is thereby thrust into a kind ofGlobular

form, not any where terminated, but gradually finified, that is, it is moſt

rarity'd in the middle about A, fomewhat more condens'd about B B,

morethen that about CC; yet further,aboutDD, almoft of the fame

denſity with the ambient Air about EE ; and laftly, incloſed with the

more denfe Air F F, fo that from A, to FF, there is a continual in

creaſe of denfity. The reafon of which will be manifeft, ifwe confider the

riting vapour to bemuch warmerthen the ambient heavie Air ; for by

the coldness of the ambient Air, the fhell EE will be more refrigerated

then D D,and that then CC,which will be yet more thenB B, and that

more

I
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more thenA ; fo that from F toA, there is a continual increaſe ofheat,

and confequently ofrarity ; from whence it will neceffarily follow, that

the Rays oflight will be inflected or refracted in it, in the fame man

ner as they wouldbe in a Concave-glafe ; for the Rays GKI, G K I will

be inflected by GKH, GKH, which will eafily followfrom what I be

fore explained concerning the inflection of the Atmosphere.

On the other fide, a defcending vapour,or any part of the air included

byan afcendingvapour,will exhibit the fame effects with a Convex lens ;

for,ifwe fuppofe,in the formerFigure,the quite contrary conſtitutionto

that laft defciib'd ; that is, the ambient Air F F being hotter then any

pari ofthat matter within any circle, therefore the coldeſt part muft

neceflarily be A, as being fartheſt remov'd from the heat , all the

intermediate paces will be gradually difcriminated by the continuall

mixture of heat and cold, fo that it will be hotter at EE, then D D, in

DD then CC in CC then BB, and in B B then A. From which, a like

retraction and condenfation will follow ; and confequently a leffer or

greater refaction,ſo that every included part will refract more then the

including by whichmeans the Rays, GKI, GK I, coming from a Starr,

orfomer: mote Object, are fo inflected, that they will again concurr and

meet, in the pointM. Bythe interpofition therefore of this defcending

vapourthe viſible body ofthe Star, or other Object, is very much aug

mented, as by the former it was diminiſhed.

From the quick confecutions of theſe two,one after another, between

the Object and your eye,cauſed by their motion upwards or downwards,

proceedingfrom their levity or gravity, or to the right or left,proceed

ing fromthe wind, a Starr mayappear, now bigger, now lefs, then really

it would otherwife without them; and this is that property ofa Starr,

whichis commonly call'd twinkling, orſcintillation.

The reaſonwhy a Starwill now appear ofone colour,nowofanother,

which for the moſt part happens when ' tis neer the Horizon, may very

eafily be deduc'd from its appearing now in the middle of the vapour,

other whiles neer the edge ; for ifyou look againſt the body of a Starr

with a Teleſcope that has a pretty deep Convex Eye-glass, and ſo order it,

that the Star may appear fometimes in one place,and fometimes in another

of it;you may perceive this or that particular colour to be predominant

in the apparent Figure ofthe Starr, according as it is more or lefs remote

from the middle of the Lens. This I had here further explain'’d, but that

it does more properly belong to another place.

Ifhall therefore onely add fome few Quaries, whichthe confideration

of theſe particulars hinted, and fo finish this Section.

And the firſt I fhall propound is, Whether there may not be made an

artificial transparent body of an exact Globular Figure that ſhall fo

inflect or refract all the Rays, that,comingfrom one point, fall upon any

Hemisphere of it ; that every one ofthem may meet on the oppofite fide,

and cross one another exactly in a point ; and that it may do the like alſo

with all the Rays that, coming from a lateral point, fall upon any other

Hemiſphere ; for iffo, therewere to be hoped a perfection ofDioptricks,

and
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and a tranſmigration into heaven, even whil'ft we remain hereupon earth

in the fleſh, and a deſcending or penetrating into the center and inner

moſt receſſes ofthe earth, and all earthly bodies ; nay, it would open not

onely a cranney, but a large window (as I mayfofpeak) into the Shopof

Nature, whereby we might be enabled to fee boththe tools and opera

tors, and the verymanner ofthe operation it felf ofNature ; this, could

it be effected, would as farr furpaſs all other kind ofperipectives asthe

vaft extent of Heaven does the fmall point of the Earth, which diſtance

it would immediately remove, and unite them, as 'twere, into one,at leaſt,

that there ſhould appear no more diſtance betweenthem then the length

ofthe Tube, into the ends of which theſe Glaſles ſhould be n ferted :

Now, whether this may not be effected with parcels of Glafs offeveral

denfities, I have fometimes proceeded fo farr as to doubt (though in

truth, as to the general, I have wholly deſpair'd of it) for I have often

obferv'd in Optical Glaffes a very great variety of the parts, which are

commonlycalled Veins ; nay, fome of them round enough (for they are

forthe moſt part, drawn out into ftrings) to conſtitute a kind of lens.

This I fhould further proceed to ope , had any one been fo in

quifitive as to have found out the way of making any tranſparent body,

either more denſe or more rare; for then it might be poffible to compofe

a Globule that ſhould be more denfe in the middle of it , then in any

other part, and to compofe the whole bulk, fo as that there ſhould be a

continual gradual tranfition from one degree ofdenſity to another ; fuch

as fhould befound requifite for the defired inflection of the transmigra

ting Rays; but ofthis enough at preſent, becauſe I may fay more of it

when I fet down myown Trials concerning the melioration of Dioptricks,

where I ſhall enumerate with howmany ſeveral ſubſtances I have made

both Microſcopes, and Telefcepes, and bywhat and how many, ways : Let

ſuch as have leiſure and opportunity farther confider it.

The next Quary fhall be, whetherby the fame collection of a more

denſe body thenthe other, or at leaft, of the denſer part of the other,

there might not be imagin'd a reaſon of the apparition offome new fix'd

Stars, as thoſe in the Swan , Caffiope's Charr, Serpentarius, Pifcis , Ce

tus, &c.

Thirdly, Whether it be poffible to define the height ofthe Atmosphere

from this inflection of the Rays, or from the Quickfilver Experiment of

the rarifaction or extenſion ofthe Air.

Fourthly, Whether the diſparity between the upper and under Air be

not ſometimesfo great, as to make a reflecting fuperficies ; I have had fe

veral Obſervations whichfeem to have proceeded from fome fuch cauſe,

but it would be too long to relate and examine them. An Experiment,

alſo ſomewhat analogous to this, I have made with Salt-water and Freſh,

whichtwo liquors,in moſt Poſitions,fcem'd thefame, and not to befepa

ratedbyany determinate fuperficies,which feparating furface yet in fome

other Pofitions did plainly appear.

And iffo, Whether the reafon ofthe 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 Reaſon of the apparition of many Suns may not be found

out, by confidering howthe Rays of the Sun may fo be reflected, as to

defcribe a pretty true Image ofthebody,as we find them from any regu

lar Superficies. Whether alfo this may not be found to cauſe the appa

rition offome of thofe Parelii, or counterfeit Suns, which appear colou

red,by refracting the Rays fo, asto make the body of the Sun appear in

quite another place then really it is. But of this more elſewhere.

5. Whether the Phanomena of the Clouds may not be made outby

this diverfity of denſity in the upper and under parts ofthe Air, by

fuppofing the Air above themto be much lighter then they themselves

are, and they themſelves to be yet lighter then that which is fubjacent

tothem, many of them feeming to be thefame fubftance with the Cob

websthat fly in the Air after a Fog.

Now that fuch a conftitution of the Airand Clouds, if ſuch there be,

may be fufficient to perform this effect, may be confirm'd bythis Expe

riment.

Make as ſtrong a Solution of Salt as you are able, then filling a Glaſs

offome depth half fullwith it, fill the other half with freſh Water, and

poyfe a little Glass-bubble, fo as that it may fink pretty quick in freſh

Water, which take and put intothe aforefaid Glaſs, and you ſhall find

it to fink till it comes towards the middle, where it will remain fixt,

without moving either upwards or downwards. And by afecond Ex

periment, ofpoifing fuch a bubble in water, whofe upper part is warmer,

and confequently lighter, then the under, which is colder and heavier ;

the manner ofwhich follows in this next Query, which is,

6. Whether the rarifaction and condenfation ofWaterbe not made

after the fame manner, as thofe effects are produc'd in the Air by heat ;

for I once pois'd a feal'd up Glaſs-bubble fo exactly, that neverfo fmall

an addition would make it fink, and as ſmall a detraction make it ſwim,

which fuffering to reſt in that Veſſel of Waterfor fome time , I alwayes

found it about noon to be at the bottom of theWater, and at night, and

in the morning, at the top : Imagining this to proceed from the Rari

faction of theWater, caus'd bythe heat , I madetryal, and found moſt

true ; for I was able at any time, either to deprefs, or raiſe it, by heat

andcold ; for if I let the Pipe ftand for fome time in cold water, I

could eaſily raiſe the Bubble from the bottom, whither I had a littlea

fore detruded it, by putting thefame Pipe intowarm Water. And this

way Ihave been able, for a very confiderabletime, to keep a Bubble fo

poys'din theWater, as that it ſhould remain in the middle, and neither

fink, norfwim : For gently heating the upper part of the Pipe with a

Candle, Coal, orhot Iron, till I perceived the Bubble begin to defcend,

thenforbearing, I have obſerved it to defcend to fuch or fuch aſtation,

and there to remain fufpended for fome hours, till the heat bydegrees

were quite vanished , when it would again afcend to its former place.

This I have alſo often obferved naturally performedby theheat of the

Air , which being able to rarifie the upper parts ofthe Water fooner

thenthe lower, byreafon of its immediate contact , the heat of the Air

Ii2 has
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has fometimesfo flowly increaſed, that I have obferved the Bubble to be

fomehours in paffing betweenthetop and bottom.

7. Whether the appearance of the Pike of Tenerif, and ſeveral other

highMountains, at fo much greater a diſtance then feems to agreewith

their reſpective heights , be not to be attributed to the Curvature ofthe

vifual Ray, that is made by its paffing 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 bythe differing density of the

partsof the Air ; and fince I have found , byfeveral Experiments made

on places comparatively not very high, andhave yet found the preffure

fuftain'd bythoſe parts of the Air at the top andbottom , and alſo their

differingExpanfions very confiderable : Infomuch that I have foundthe

preffure ofthe Atmosphere lighter at the top of St. Paul's Steeple in Lon

don (which is about two hundred foot high ) then at the bottomby a

fixtieth or fiftieth part, and the expanſion at the top greater then that at

thebottom byneer aboutfo much alfo ; for the Mercurial Cylinder at the

bottomwasabout 39. inches, and at the tophalfaninch lower ; the Air

alſo included in the Weather-glafs,that at the bottom fill d only 155. fpa

ces, at the top fill'd 158. though the heat at the top and bottom was

found exactlythe fame witha fcal'd Thermometer: I think it veryrational

to fuppofe , that the greateſt Curvature of the Raysismade neareſtthe

Earth,and that the inflection ofthe Rays, above 3. or 4. miles upwards, is

very inconfiderable, and therefore that bythis means fuch calculationsof

the height of Mountains, as are made fromthe diſtance they are viſible in

the Horizon,from thefuppofal that that Ray is a ſtraight Line (thatfrom

the top ofthe 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 reaſon of the exceedingly differing Opinions and Aflertions of

ſeveral Authors, about the height of ſeveral very high Hills.

8. Whether this Inflection ofthe Air will not very muchalter the fup

poſed diſtances of the Planets, which feemto have a very great depen

dence upon theHypothetical refraction or inflection of the Air, and that

refraction upon the hypothetical height and denfity ofthe Air: For

fince ( as I hope ) I have here fhewn the Airto be quite otherwiſe then

has beenhithertofuppos'd, by manifefting it to be, both of a vaſt , at

leaſt an uncertain, height, and of an unconftant and irregular denfity ;

It muſt neceffarily follow, that its inflection muſtbe varied accordingly :

Andtherefore we may hence learn, upon what fure grounds all the A

ftronomers hitherto have built, who have calculated the diſtance of the

Planets from their Horizontal Parallax ; for fince the Refraction and Pa

rallax are ſo nearly ally'd, that the one cannot be known without the

other, eſpecially by any wayes that have been yet attempted, howuncer

tain muftthe Parallax be,whenthe Refraction is unknown? And how eaſie

is it for Aftronomers to aflign what diſtance they pleaſe to the Planets,and

defend them,when they have fuch a curiousfubterfuge asthat of Refracti

on,wherein a very little variation will allowthem liberty enough to place

the Celeſtial Bodies at what diſtance they pleaſe.

T
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Iftherefore wewould cometo any certainty in this point, we muſtgo

other wayesto work ; and as I havehere examined the height and retra

&tive property of the Air by other wayes then are ufual , fo muft we

find the Parallax ofthe Planetsby wayes not yet practifed ; and to this

end, I cannot imagine any better way, thenthe Obfervations of themby

twoperfons at very far diftant parts of the Earth, that lye as neer as may

beunder the fame Meridian, or Degree of longitude , but differing as

muchin latitude, as there canbe places conveniently found : Theſe two

perfons, at certain appointed times, fhould ( as near as could be ) both

at thefametime , obferve the way of the Moon, Mars, Venus, Jupiter,

and Saturn, amongst the fixt Stars, with a good large Telefcope, and ma

king little Iconifmes, or pictures, of the fmall fixed Stars, that appear to

each of themto lye in or near the way ofthe Center of the Planet, and

the exact meaſure of the apparent Diameter ; from the comparing of

fuch Obfervations together, we might certainlyknowthe true diſtance,

orParallax, ofthe Planet. And having any onetrue Parallax of theſe

Planets, we might very easily have the other by their apparent Diame

ters, which theTelescope likewife affords us very accurately. Andthence

their motions might be much better known, and their Theories more ex

actly regulated. And for this purpoſe I know not any one place more

convenient for fuchan Obſervation to be made in, then in the Iſland of

St. Helena, upon the Coaſt of Africk, which lyes about fixteen degrees

to the Southwards of the Line, and is very near, accordingto the lateſt

Geographical Maps, in the fame Meridian with London ; for though

they may not perhaps lye exactly 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

thefame Meridian, it would be muchbetter.

And becauſe Obfervations may be much eaſier, and more accurately

made with good Teleſcopes, then with any other Inftruments, it will not,

Ifuppofe, feem impertinent to explain a little what wayes I judge moſt

fit and convenient for that particular. Such therefore as fhall be the

Obfervatorsfor this purpoſe, ſhould be furniſhed withthe beſt Teleſcopes

that canbehad, the longer the better and more exact will their Obfer

vations be, though they are fomewhat the more difficultly manag'd.

Theſe ſhould be fitted with a Rete, or divided Scale, plac'd atfuch a di

ſtance withinthe Eye-glass,that they maybe diftinctly feen,which thould

be the meaſures of minutes and feconds ; by this Inftrument each Ob

fervator ſhould, at certain prefixt times, obſerve the Moon, or other

Planet, in, or very near,the Meridian ; and becauſe it may be very diffi

cult to findtwo convenient ſtations that will happen to be juſt under the

fame Meridian, they fhall, each of them, obferve the way of the Planet,

bothfor an hour before, and an hour after, it arrive at the Meridian 3

and by a line, or ftroke, amongst thefmall fixed Stars, they fhall denote

out the way that each of them obferv'd the Center of the Planet to be

mov'd in for thoſe two hours : Theſe Obfervations each ofthem ſhall

repeat formany dayes together, that bothit may happen, that bothof

them
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them mayſometimes make their Obſervations together, and that from

divers Experiments we may bethe better aflured of what certainty and

exactneſs ſuch kind of Obſervations are like to prove. And becauſe ma

ny ofthe Stars which may happen to come within the compafs of fuch

an Iconifm , orMap, may be fuch as are only visible through a good Tele

Scope, whofe Pofitions perhaps have not been noted, nor their longitudes,

or latitudes, any where remarked; therefore each Obfervator fhould in

deavour to inſert fome fixt Star,whole longitude, and latitude, is known ;

or with his Telescope he fhall find the Pofition of fome notable telescopical

Star,inferted in hisMap, to fome known fixt Star, whoſe place in the Zo

diack is well defin'd.

Having bythis means found the true diſtance of the Moon , andha

vingobferved well the apparent Diameter of it at that time with a good

Telescope, it is eafie enough, by one fingle Obfervation of the apparent

Diameter ofthe Moon with a good Glafs, to determine her diſtances

in any
other part of her Orbit, or Dragon, and confequently, fomefew

Obfervations will tell us, whether ſhe be mov'd in an Ellipfis, (which, by

the way, may alſo be found, even now, though I think we are yet igno

rant of her true diſtance ) and next ( which without fuch Obfervati

ons, I think, weſhall notbe fure of) we may knowexactly the bigness of

that Ellipfis , or Circle, and her true velocity in each part, and therebybe

much the better inabled to find out the true caufe of all herMotions.

And though, even now alfo, we may, by fuch Obfervations in one ſtati

on, as here at London, obferve the apparent Diameter and motion ofthe

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'd, that

whetherit be fphærical, or elliptical, 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 diſtance of the Sun, the beſt way will be, by accu

rate Obſervations, made in both theſe forementioned ftations, offome

convenient Eclipfe of the Sun , many of whichmay fo happen , as tobe

feen byboth; for the Penumbra of the Moon may, if the befixty Semi

diameters diftant from the Earth, andthe Sun aboveſeven thouſand, ex

tend toabout ſeventy degrees on the Earth , and conſequently beſeen

by Obfervators as far diftant as London, and St. Helena, which are not

full fixty nine degrees diftant. Andthis would much more accurately,

then any way that has been yet uſed, determine the Parallax , and di

ftance, of the Sun ; for as for the Horizontal Parallax I have already

fhewn it fufficiently uncertain ; nor is thewayoffinding it by theEclipfe

of the Moonany other then hypothetical ; and that by the difference of

the true and apparent quadrature of theMoon is lefs not uncertain, wit

nefs their Deductions from it,whohave made ufe ofit ; for Vendeline puts

that difference to be but 4'. 30". whence he deduces a vaſt diſtance of

theSun, as I have before fhewn. Ricciolo makes it full 30'. 00. but Rei

noldus, and Kircher, no less then three degrees. And no wonder, for if

we examine the Theory , we ſhall find it fo complicated with uncertain

ties.
First,
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First, From the irregular furface of the Moon, and from ſeveral Paral

laxes, that unless the Dichotomy happen in the Nonagefimus ofthe Eclip

tick, and thatin the Meridian, c. all which happen fovery feldom,

that it is almoſt impoffible to make them otherwife then uncertainly.

Belides, we are not yet certain, but that there may beſomewhat about

the Moonanalogus to the Air about the Earth, which may cauſe a refra

ction of the light of the Sun, and confequently make a great difference

in the apparent dichotomy of the Moon. Their way indeed is very

rational and ingenious ; and fuch as is muchto be preferr'd before the

way bythe Horizontal Parallax, could all the uncertainties be remov'd,

and werethe true diftance of the Moonknown.

But becauſe we find by the Experiments of Vendiline, Reinoldus, &c.

that Obſervations of this kind are very uncertain alfo : It were to be

wiſht, that ſuch kind of Obfervations, made at two very diſtant ſtati

ons, were promoted. And it is fo much the more defirable, becauſe, from

what I have now fhewn ofthe nature of the Air , it is evident, that the

refraction may bevery much greater then all theAftronomers hitherto

have imagined it : And confequently, that the diſtance of the Moon, and

other Planets , may be much lefle then what they have hitherto made

it

For firſt, this Inflection, I have here propounded, will allowthe ſha

dow ofthe Earth to be much ſhorter thenit canbe made by the other

Hypothefis of refraction, and conſequently, the Moon will notſuffer an

Eclipfe, unless it comes very much nearer the Earth thenthe Aſtronomers

hitherto havefuppofed it.

Secondly, There will not in this Hypothefis be any other fhadow ofthe

Earth,fuch as Kepler fuppofes, and calls the Penumbra, which is the fha

dow ofthe refracting Atmosphere ; forthe bending ofthe Rays being al

together caus'd by Inflection, as I 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 umbra terra, does clear vaniſh ; for in

this Hypothefis there is no refracting ſurface of the Air, and confequently

there can be no fhadows , fuch as appear inthe ninth Figure ofthe 37.

Scheme, where let ABCD repreſent the Earth, and EFGH the At

moſphere,which according to Keplers ſuppoſition,is like a Sphere ofWater

terminated with an exact furface EFGH, let thelines MF, LB, ID,

KH, repreſent the Rays ofthe Sun ; ' tis manifeft, that all the Rayes be

tween LB, and ID, will be reflected by the furface of the Earth

BAD, and confequently, the conical ſpace BOD would be dark and

obfcure; but, fay the followers of Kepler, the Raysbetween MF, and

LB, and between ID, and K H, falling on the Atmoſphere , are re

fracted, both at their ingrefs and egrefs out of the Atmosphere, nearer to

wards the Axis of the fpæricalfhadowCO, and confequently, inlighten

a great part of that former darkCone, and ſhorten, and contract, its top

to N. Andbecauſe of this Reflection of theſeRays, faythey, there is

fuperinduc'd another fhell of a dark Cone FP H, whofe Apex P is yet

further diſtant from the Earth : By this Penumbra, ſay they, theMoon

is
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is Eclipfed , for it alwayes paffes between the lines 1 2, and

3 4.

Towhich Ifay, That ifthe Air befuch, as I have newly fhewn it to

be, and confequently cauſe fuch an inflection of the Rays that fall into

it, thoſedark Penumbra's FYZQ, HXVT , and ORPS, will all va

nish. For if we fuppofe the Air indefinitely extended, and to be no

where bounded with a determinate refracting furface, as I have shewn

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 belowtheApex

N, ofthe dark blunt Cone ofthe Earth'sfhadow:Now,from the fuppofi

tion, that the Sun is diſtant about ſeven thouſand Diameters, the point

N, according to calculation, being not above twenty five terreſtrial Se

midiameters from the Center of the Earth : It follows, that whenfoever

the Moon eclipfed is totally darkned, without afferding any kind of

light, it muſt be within twenty five Semidiameters of the Earth, and con

fequently muchlower then any Aftronomers have hitherto putit.

Thiswill feem muchmore confonant tothe reſt of the fecundary Pla

nets ; for the higheſt of Jupiter's Moons is between twenty and thirty

Jovial Semidiameters diftant from the Center of Jupiter ; andthe Moons

of Saturn much about the ſame number of Saturnial Semidiameters from

the Center of that Planet.

But theſe are but conjectures alfo,and muſt be determin'dby fuch kind

of Obſervations as I have newly mention'd.

Norwill it be difficult, bythis Hypothefis, tofalve allthe appearances

ofEclipfes of the Moon, for in this Hypothefis alfo, there will be,on each

fide of the fhadow ofthe Earth, a Penumbra, 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 ESQ, and

GSR,to be the Rays that terminate the fhadowfrom either fide ofthe

Earth ; ESQ comingfromthe upper limb of the Sun, and GSR from

the under ; it will follow, that the ſhadow of the Earth, within thoſe

Rays, that is, the Cone GSE, will be totally dark. But the Sunbeing

not a point, but a large area of light, there will be a ſecondary dark

Cone of fhadow EPG, which will be caus'd by the earth's hindring

part ofthe Rays ofthe Sun from falling onthe parts GPR, and EPQ.

of which halved fhadow, or Penumbra, that part will appear brighteſt

which lyes neareſt the terminating Rayes GP, and EP, and thoſe dar

kerthat lye neareſt to GS, and ES : whentherefore the Moon ap

pears quite dark in the middle of the Eclipfe,ſhe muſt be below S,that is,

between S and F ; when the appears lighter near the middle ofthe

Eclipfe, fhemuft pafs fome where between R Q and S; and when ſhe

is alike lightthrough the whole Eclypfe, ſhe muſt paſs between RQ,

and P.

Obferv.
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Obferv. LIX. Of multitudes offinall Stars difcoverable by the

Teleſcope.

HA

Aving, in the laft Obfervation, premis'd fome particulars obfervable

inthe medium,through whichwe muſt look upon CæleftialObjects,

I thall here add one Obfervation of the Bodies themſelves ; and for a

Specimen I havemade choice of the Pleiades, orſeven Stars, commonly fo

called ( though in our time and Climate there appear nomore thenfix

tothe naked eye ) and this I did the rather, becauſe the defervedly fa

mous Galileo, having publifht a Picture of this Afterisme, was able, it

feems, with his Glafs to difcover nomore thenthirty fix, whereas with a

prettygood twelve foot Telescope,by which I drewthis 38Iconifm ,I could

very plainly diſcover feventy eight, placed inthe order they are ranged

in the Figure , and of as many differing Magnitudes as the Afterisks,

wherewith they are Marked, do ſpecifie ; there being no less thenfour

teen feveral Magnitudes of thofe Stars, which are compris'd withinthe

draught, the biggeſt whereof is not accounted greater then one of the

third Magnitude ; and indeed that account is much too big,if it be com

pared with other Stars of the third Magnitude, eſpecially by the help of

a Teleſcope ; forthenby it may be perceiv'd , that its fplendor, to the na

ked eye, maybe fomewhat augmented by the three little Stars immedi.

ately above it, which are near adjoyning to it. The Telescope alfo difco.

vers a great variety, even in the bignefs of thofe, commonly reckon'd, of

the first, fecond,third, fourth, fifth, and fixth Magnitude ; fo that ſhould

theybe diftinguith'd thereby, thofefix Magnitudes would, at leaſt, af

ford no less then thrice that number ofMagnitudes, plainly enough di

ftinguishable by their Magnitude, and brightness ; fo that a good twelve

foot Glafs would afford us no less then twenty five feveral Magnitudes.

Norare theſe all, but a longer Glafs does yet further, both more nicely

diſtinguiſh the Magnitudes of thofe already noted, and alfo difcover fe

veral other of fmaller Magnitudes, not difcernable by the twelve foot

Glafs : Thus have I been able, with a good thirty fix foot Glafs, to difco

ver many more Stars in the Pleiades then are here delineated, and thoſe

of three or four diftinct Magnitudes lefs then any of thoſe ſpots ofthe

fourteenth Magnitude. Andbythe twinkling of divers other places of

this Afterifme, when the Sky was very clear, I am apt tothink, that with

longer Glaffes, or fuch as would bear a bigger aperture, theremight be

difcovered multitudes of other fmall Stars, yet inconfpicuous. And in

deed, for the diſcovery offmall Stars, the bigger the aperture be, the

better adapted is the Glafs ; forthough perhaps it does make the feveral

fpecks more radiant, and glaring, yet by that means, uniting more Rays

verynearto one point, it does make many ofthofe radiant points confpi

cuous,
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cuous, which, by putting on a lefs aperture, may be found to vanish ;

and therefore, bothfor the diſcovery of the fixt Star, and for findingthe

Satellites of Jupiter, before it be out of the day, or twilight , I alwayes

leave the Object-glafs as clear without any aperture as I can , and have

thereby been able to diſcover the Satellites a long while before ; I was

able to diſcern them, whenthe ſmaller apertures were put on ; and at o

ther times, to ſee multitudes of other ſmaller Stars, which a ſmaller aper

ture makes to diſappear.

In that notable Afterifm alſo ofthe Sword of Orion, where the ingeni

ousMonfieur Hugens van Zulichem has difcovered only three little Stars

in a cluſter, I have with a thirty fix foot Glafs,without any aperture (the

breadth ofthe Glafs being about fome three inches and a half)diſcover'd

five, and the twinkling of divers others up and down in divers parts of

that ſmall milky Cloud.

So that 'tis not unlikely, but that the meliorating of Teleſcopes will af

ford as great a variety of new Diſcoveries in the Heavens, asbetter Mi

croſcopes would among ſmall terreſtrial Bodies, and both would give us

infinite cauſe, more and more to admire the omnipotence ofthe Crea

tor.

Obferv. LX. Ofthe Moon.

HAV

Aving a pretty large corner ofthe Plate for the feven Starrs, void,

for the filling it up, I have added one fmall specimen of the ap

pearance ofthe parts ofthe Moon, by defcribing a ſmall ſpot of it,which,

thoughtaken notice of, both by the Excellent Hevelius, and called Mons

Olympus (though I thinkſomewhat improperly, being rather a vale) and

repreſented by the Figure X, ofthe 38. Scheme, and alfo bythe Learn'd

Ricciolus, who calls it Hipparchus, and deſcribes it by the Figure Y, yet

how far short both of them come of the truth, maybe fomewhat per

ceiv'd bythe draught, which I have here added of it, inthe FigureZ,

( which I drew by a thirty foot Glafs, in October 1664. just before the

Moon washalf inlightned) but much better by the Reader's diligently

obſerving it himſelf, at a convenient time, with a Glass of that length,

and muchbetter yet with one of threefcore foot long ; forthroughtheſe

it
appears a veryſpacious Vale, incompaffed with a ridge of Hills, not

very highin compariſon of many other in theMoon, nor yet veryſteep.

The Vale it felf ABCD, is much ofthe figure of a Pear, and from fe

vela ' appearances of it, feemsto befome very fruitful place, that is, to

have its furface all covered over with fome kinds of vegetable ſubſtan

ces ; for in all poſitions of the light on it, it ſeems to give a much fainter

reflection thenthe more barren tops of the incompaffing Hills, and thoſe

a muchfainter then divers other cragged, chalky, or rocky Mountains

of the Moon. So that I am not unapt to think, that the Vale mayhave

Vegetables
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Vegetables analogus to our Grafs, Shrubs, and Trees ; and moſtof theſe

incompaffing Hills maybe covered withfo thin a vegetable Coat, as we

may obferve the Hillswith us tobe,fuch as the ſhort Sheep paſture which

coversthe Hills of Salisbury Plains.

Upand down in feveral parts ofthis place here defcrib'd ( asthere

are multitudes in other places all over the furface of the Moon ) may

be perceived ſeveral kinds of pits, which are fhap'd almoft like a diſh,

fome bigger, fome lefs, fome fhallower, fome deeper, that is, theyfem

to be a hollowHemisphere, incompaffed with a round rifing bank, as if

the fubftance in the middle had been digg'd up, and thrown on either

fide. Theſe feem to metohave beenthe effects of fome motions within

the body of the Moon, analogus to our Earthquakes, by the eruption

of which, as it has thrown up a brim, or ridge,round about, higher then

theAmbient furface of the Moon, fohas it left a hole, or depreffion, in

the middle, proportionably lower ; divers places reſembling fome of

thefe, I have oblerv'd herein England, on the tops of fome Hills, which

might have been caus'd byfomeEarthquake in the younger dayes of the

world. But that whichdoes moſt incline me to this belief, is, firſt, the

generality and diverfity of the Magnitude of theſe pits all over the bo

dy of theMoon. Next, the two experimental wayes, by which I have

madearepreſentation ofthem.

The firſt was with a very foft and well temper'd mixture ofTobacco

pipe clay andWater, into which, if I let fallany heavy body, as a Bul

let, it would throw upthe mixture round the place, which for a while

would make a reprefentation, not unlike thefe ofthe Moon ; but con

fideringthe ſtate and condition of theMoon, there ſeems not any proba

bility to imagine,that it ſhould proceed from any cauſe analogus to this ;

for it would be difficult to imagine whence thoſe bodies fhould come ;

and next, how the fubftance of the Moon fhould be fo foft ; but if a

Eubble be blown under the furface of it, and ſuffer'd to riſe, and break ;

or if a Bullet, or other body, funk in it, be pull'd out from it, theſe de

Fating bodies leave an impreffion onthefurface ofthe mixture, exactly

the thefe oftheMoon, fave that theſe alſo quickly ſubſide and vaniſh.

But the fecond, and moſt notable, repreſentation was, what I obſerv'd

in a pot of boyling Alabafter, for there that powder being bythe erupti

on of vapours reduc'd to a kind of fluid confiſtence, if,whil'ft it boyls, it

be gently remov'd befides the fire , the Alabafter preſently ceafing to

boyl, the whole furface, eſpecially that where fome of the laſt Bubbles

have rifen, will appear all over covered with ſmall pits, exactly ſhap'd

like thefe of the Moon, and by holding a lighted Candle in a large dark

Room, indivers pofitions to this furface, youmay exactly repreſent all

the Phanomena of thefe pitsinthe Moon, according asthey are more or

lefs inlightned by the Sun.

And that there may have been in the Moon fome fuch motion as

this, which may have made theſe pits , will feemthe more probable,

if we fuppofe it like our Earth, for the Earthquakes here with usfeem

to proceed from fome fuch cauſe, as the boyling of the pot of Ala

Kk 2
bafter,
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bafter , there ſeeming to be generated in the Earth fromfome fubter

raneous fires, or heat, great quantities of vapours, that is, of expan

ded aerial ſubſtances, which not preſently finding a paffage through the

ambient parts of the Earth, do, as they are increaſed by the fupplying

and generating principles , and thereby ( having not fufficient roomto

expand themſelves ) extreamly condens'd , at laft overpower , with

their elastick properties, the refiftence of theincompaſſing Earth, and

lifting it up, or cleaving it, andfo fhattering ofthe parts of the Earth

above it, do at length, where theyfind the parts ofthe Earth abovethem

more looſe, make their way upwards, and carrying a great part ofthe

Earth before them, not only raiſe a imall brimround about the place,out

of which they break , but forthe moſt part confiderable high Hills and

Mountains , and when they break from under the Sea, divers times,

mountainous Inlands ; this feems confirmd by the Vulcans in ſeveral

places ofthe Earth, the mouths of which, for the moſt part, are incom

paffed witha Hill of a confiderable height, andthe tops of thofe Hills,

or Mountains, are ufually fhap'd very much like thefe pits, or diſhes, of

theMoon : Inftances of this we have in the defcriptions of Etna in Si

cily, of Hecla in Iceland, of Tenerif in the Canaries, of the feveral Vul

cansin New-Spain, defcrib'd by Gage, and more efpecially inthe erupti

onof lateyearsin one of the Canary Islands. In all ofwhich there is not

only a confiderable high Hill raiſed about the mouth of the Vulcan , but,

like the ſpots ofthe Moon, the top ofthofe Hills are like a difh, or ba

fon. And indeed, if one attentively confider the nature of the thing,

onemayfind fufficient reafon to judge , that it cannot be otherwife ; for

theſe eruptions, whether of fire, orfmoak, alwayesrayfing great quan

tities of Earth before them, muft neceffarily, bythe fall of thoſe parts

on eitherfide, raiſe very confiderable heaps.

Now, both fromthe figures of them , and from ſeveral other cir

cumſtances; theſe pits in the Moon feem to have been generated

much after the fame manner that the holes inAlabaſter, and the Vul

cans of the Earth are made. For firſt, it is not improbable, but that

the fubftance of the Moon may be very much like that of our Earth,

that is, may conſiſt of an earthy,fandy, or rocky ſubſtance, in feveral of

its fuperficial parts, which parts being agitated, undermin'd, or heav'd

up, by eruptions of vapours, may naturally be thrown into the fame

kind of figured holes, asthe ſmall duft, or powder of Alabafter. Next,

it is not improbable, but that there maybegenerated, within the body

of the Moon, divers fuch kind of internal fires and heats, asmaypro

ducefuchExhalations ; for fince we can plainly enough diſcover with a

Teleſcope , that there are multitudes offuch kind of eruptions in the

body of the Sun it felf, which is accounted the moſt noble Ætherial bo

dy, certainly we need not be much fcandaliz'd at fuch kind ofaltera

tions, or corruptions, in the body of this lower and lefs confiderable

part ofthe univerfe, the Moon, which is only fecundary, or attendant,

on the bigger, and more confiderable body ofthe Earth. Thirdly, 'tis

not unlikely, but that fuppofingfuch a fandy or mouldring ſubſtance to

be
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be there found, and fuppofing alfo a poffibility ofthe generation ofthe

internal elaftical body (whether you will call it air or vapours ) tis

not unlikely, I fay, but that there is in the Moon a principle of gravita

tion, fuch as in the Earth. And to makethis probable, I think, we need

nobetter Argument, then the roundneſs, or globular Figure of the bo

dy of the Moon it felf, whichwe may perceive very plainly by theTe

leſcope, to be (bating the fmal! inequality of the Hills and Vales in it,

which are all of them likewite fhap'd, or levelled, as it were, to anſwer

tothe centerof theMoons body ) perfectlyof a Sphærical figure, that

is, all the parts of it areforang'd ( bating the comparitively ſmall rug

gedness of the Hills and Dales ) that the outmoſt boundsof themare

equally diftant from the Center of the Moon, and confequently, it is

exceedingly probable alſo, that they are equidiftant from the Center of

gravitation; and indeed, the figure of the fuperficial parts ofthe Moon

are fo exactly fhap'd, according as they should be, fuppofing it had a

gravitating principle as the Earth has, that even the figure of thoſe

parts themſelves isof fufficient efficacy tomake the gravitation, and the

othertwo fuppofitions probable : fothat the other fuppofitions may be

rather prov'd bythis confiderable Circumftance, or Obfervation, then

this fuppos'd Explication can by them ; for he that fhall attentively

obfervewith an excellent Telefcope, how all the Circumſtances, notable in

the ſhape ofthe fuperficial parts, are, as it were, exactly adapted to

fuit withfuch a principle,will,ifhe well confiders the ufual method ofNa

ture in its other proceedings,find abundant argument to believe itto have

really there alfofuch a principle; for I could never obferve,among all the

mountainous or prominent parts ofthe Moon ( whereofthere is a huge

variety ) that any one part of it was plac'd in fuch a manner,that if there

fhould be a gravitating, or attracting principle in the body oftheMoon,

it would make that part to fall, or be mov'd out of its vifible poſture.

Next, the ſhape and pofition ofthe parts is fuch, that they all feem put

into thoſe very ſhapes they are inbya gravitating power : Forfirſt,there

are but very few clifts, or very ſteep declivities in the afcent of theſe

Mountains; for befidesthofe Mountains, whichare byHevelius call'd the

Apennine Mountains, and fome other, whichfeem to border onthe Seas

of the Moon, and thofe only upon one fide, as is common alfoin thoſe

Hills that arehere on the Earth ; there are very fewthat ſeemto have

veryſteep afcents, but, for the moft part, they are made very round,

and much reſemble the make ofthe Hills and Mountains alfo of the

Earth ; thismay be partly perceived by the Hills incompaffing this Vale,

which Ihavehere defcrib'd ; and as on the Earth alſo, the middlemoſt

of theſe Hills ſeems the higheft, fo is it obvious alfo, through a good Te

leſcope, in thoſe of the Moon ; the Vales alfo in many are much fhap'd

like thofe of the Earth, and I am apt to think, that could we look upon

the Earth from the Moon, with agood Telescope, we might eaſily enough

perceive its furface to be very much like that of the Moon.

Now whereas in this ſmall draught, (as therewould be multitudes if

the whole Moon were drawn after this manner) there are feveral little

Ebullitions,
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Ebullitions, or Diſhes, even in the Vales themſelves,and in the incompaf

fing Hills allo ; this will, fromthis fuppofition, (which I have, I think,up

on very good reafon taken) be exceeding eafily explicable ; for, as I

have ſeveral times alfo obferv'd, in the furface of Alabaſter ſo ordered,

as I before defcrib'd, fo maythe later eruptions of vapoursbe evenin the

middle, or on the edges of the former ; and other fucceeding theſe alſo

in time may
be inthe middle or edges of thefe, &c. ofwhich there are

Inftances enough in divers parts of the body of the Moon, and bya

boyling pot ofAlabafter will be fufficiently exemplifi'd.

To conclude therefore, it being very probable, that the Moon has a

principle of gravitation , it affords an excellent diftinguiſhingInſtance

in the ſearch after the cauſe of gravitation, or attraction, to hint, that it

does not depend upon the diurnal or turbinated motion of the Earth, as

fome havefomewhat inconfiderately ſuppoſed and affirmed it to do ; 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 ofthem feem as looſe as the fand onthe Earth, and that the Moon

is not mov'd about its Center ; then certainly the turbination cannot be

the cauſe of the attraction of the Earth ; and therefore ſome other

principle muſt be thought of, that will agreewith all the fecundary as

well as primary Planets. But this, I confefs, is but a probability, and

not a demonſtration, which (from anyObfervation yet made) it ſeems

hardly capable of, though howfuccessful future indeavours (promoted

by the meliorating of Glaffes, and obferving particular circumſtances)

may beinthis, or any other, kind, muſt be with patience expected .

FINIS.
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Surfaces ofLeaves. 2. Ofthedow

ny Surfaces of several others.

3. Ofthe gummous exfudation, or

tions, about the nature ofthe vege- mall transparent Pearls, discovered

tation ofMouldand Muſhromes.

142

130

Obferv. 21. Of Mofs.

with a Microſcope in feveral o

thers. An Inftance of allwhich is

afforded in aRosemary Leaf.

Thedefcription offeveralforts of

131

132

Obferv. 23. Ofthe FormofSea

weed.

Obferv. 24. Of the Surfaces of

fome Leaves.

Obferv.
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143
A defcription

ofthe Needles
and

feveral other
contrivances

in the leaf

144 ofaNettle : bore the ftinging
pain is

created : uponthisfeveral confidera

tions about poyfoning
Darts are fet

down.AnExperiment
ofkilling Effs,

and Fishes withSalt. Someconjectures

at the efficacy of Baths
; the ufe that

may be made of injecting
into the

145 Veins. A very remarkable
Hiftory

out of Bellonius
; andfome Confide

rations about ftaining and
dying of

Bodies.

Obferv. 25. Of the ftinging

Points ofa Nettle.

Obferv. 26. Of Cowage.

The defcription ofit out ofParkin

146 fon:an Experimentmade ofit : ade

fcription, andfome conjectures atthe

caufe ofthePhenomena.

153

154

147

148 The defcription of itsshape and

149 properties: the manner ofmaking

150 Hygrofcope with it ; and a Conje

151 Aure at the causes of these motions,

andofthe motions of the Mufcles.152

155

Obferv. 27. Of the Beard of a

wild Oat.

Obferv. 28. Of the Seeds ofVe

nice Looking glaſs.

The defcription of them.

Obfer. 29. Ofthe Seeds of Time.

Adefcription ofthem. Adigreffion

about Naturesmethod.

Obferv. 30. Of Poppy Seeds .

The defcription and use of

them.

Obferv. 31. Of Purane Seeds. 156

A defcription ofthese and many

other Seeds.

Obferv. 32. Of Hair.

157

The defcription offeveral forts of 158

Hair ; their Figures and Textures :

the reason oftheir colours, A defcripti- 159

on ofthe texture ofthe skin , andof 160

Spunk and Sponges by what paf- 161

fages andpores of the skintranfpira

tion feems tobe made. Experiments

to prove the porousness ofthe skin of

Vegetables.

|

Obferv. 33. Of the Scales of a 162

Soale.

A defcription of their beauteous

form.

Obferv. 34. Ofthe Sting of a Bee. 163

Adefcription of itsfhape, mechas

nifme, and uſe.

164

Obferv. 35. Of Feathers . 165

166

Adefeription oftheshape andcu- 167

rious contexture of Feathers and

fomeconjectures thereupon.

:

Obfer. 36. OfPeacocks Feathers.

A defcription oftheir curious form 168

andproprieties ; with a conjecture at 169

the cause of their variable colours.

Obfer. 37. Ofthe Feet of Flyes,

and other Infects.

Adefcription oftheir figure,parts, 170

and use ; and fome confiderations 171

thereupon.

Obferv.
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172 Obfer.38 . Of the Wings ofFlyes

After what manner,andhow(wift

173 lythe wings of Infects move. Ade.

fcription of thePendulums under the

174 wings , and their motion : the fhape

andstructure of theparts ofthe wing.

175 Obfer. 39. Of the Head ofa Fly.

1. Allthe face ofa Drone -fly is no

thingalmoft but eyes. 2. Those are

176 of two magnitudes . 3. They are

Hemispheres, andvery reflective and

fmooth. 4.Some directed towards eve

ryquarter. 5. How the Fly cleanfes

them.6 Their number. 7.Their order :

177 divers particulars obferv'd in thedif

178 fecting ahead. That these are very

probablythe eyes of the Creature ; ar

gued from feveral Obfervations and

179 Experiments, that Crabs , Lobsters,

Shrimps ,feemto be water Infects , and

to be framedmuch like Air Infects.

180 Several Confiderations about their

mannerof vifion.

greffive;andtransformation. A Hifto- 187

ry (omewhat Analogus cited out of

Pifo. Several Obfervations about the 188

various wayes of the generations of

Infects : by what means they act jo 189

feemingly wifely andprudently Seve 190

ral Queriespropounded. Poftfcript, 191

containing a relation of another

odd way ofthe generationof Infects.

An Obfervation about the fertility of

the Earth ofour Climate in producing

Infects, and of divers other wayes of193

their generation.

very 192

Obferv. 44. Ofthe tufted Gnat.

Several Obfervables about Infects,

and a more particular defcription of 194

theparts ofthis Gnat.

196

197

A defcription of the feathers and

wings of this, andfeveral other In

Obfer.40. OftheTeeth ofa Snail. fects . Divers Confiderations about the 198

rings, and the flying of Infects and

Birds.

Ob.45.Of the great belly'd Gnat. 195

Afhort defcription of it.

Obfer. 46. Of a white Moth.

181 Abriefdefeription of it.

Obferv. 41. Ofthe Eggs of Silk. Obf. 47. Ofthe Shepherd Spider.

worms.

183
42.Obferv. Of ablue Fly.

184 A defcription of its outward and

inwardparts. Its hardiness toindure

185freezing,andfreeping inSpirit ofwine.

Obferv. 43. Ofa water Infect.

Adefcription ofits Eyes : andthe

182
Several Obfervables about the fockets of its long legs : anda Conje. 199

Eggs of Infects': Eture of the mechanical reafon of its

fabrick; together with a fuppofition,

that'tis not unlikely,but Spiders may

bave the make of their inward parts

exactly like a Crab, which may be 200

call'da water Spider.

186 Adefcription ofitsshape, tranfpa

rency, motion, both internal andpro.

Obfer.48 . Of the hunting Spider.

Afhort description of it ; to which

is annext an excellent Hiftory of it,

made by Mr. Evelyn. Somefurther

Obfer
Mm

201
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202 Obfervations on other Spiders , and mation of the variety offorms in other

theirWebs , together with an exami- Mites, with a Conjecture at the rea- 215

nation of a white Subftanceflying up | fon.

and down in the Air after a Fog.

Obfer. 49. Ofan Ant.

That all fmallBodies, both Vege

tableand Animal, doquicklydryand

wither.The best remedy Ifoundtobin

der it,andto makethe Animal lyeftill

204 tobe obferv'd. Severalparticulars re

lated of the actions of this Creature ;

205 andafhort description ofitsparts.

Obf. 50. Of the wandring Mite.

Adefcription ofthis Creature, and

ofanother verysmall one , whichusu

ally bore it company. A Conjecture at

the originalofMites.

Obferv.51 . Ofa Crab- like Infect.

Abrief defeription of it.

Obferv . 52. Ofa Book-worm.

209 Adefeription of it ; where by the

way is inferted a digreffion, experi

mentallyexplicating the Phænome

210 na ofPear!. A confideration of its

digeftivefaculty.

203

206

207

208

Obferv. 53. Of a Flea,

Afhort description of it.

Obferv. 54. Of a Louſe.

212
Adefeription ofitsparts,andfome

213 notable circumftances.

211

Obferv. 55. Of Mites.

The exceeding (malnes of fome

Mites,andtheir Eggs. Adefeription

214 ofthe Mites of Cheese : andan inti

Ob, 56. Of Small Vine-Mites.

A defcription ofthem , agheß at

their original ; their exceeding (mal

nefs compar'd with that of a Wood- 216

louse ,from which theymaybe suppos'd

tocome.

Obferv. 57. Of Vinegar-worms.

Adefcription of them, withfome 217

confiderations ontheir motions.

Obf. 58. Ofthe Inflection ofthe

Rays ofLight in the Air.

Ashortrebearsal of feveral Phæ- 218

nomena. Anattempt to explicate 219

them:the fuppofition founded on two

Propofitions , both which are indea

voured to be made out by feveralEx

periments. What density andrarity

is in respect ofrefraction: the refracti

on of Spirit of Wine compared with

that ofcommon Water : the refraction

ofIce. AnExperiment of making an

Undulation ofthe Rays by the mixing

of Liquors of differing denfity. The

explication of inflection , mechani

cally andhypothetically : what Bodies

have fuch aninflection . Several Ex

periments tofhew that the Air has

thispropriety that it proceedsfrom 222

the differing density of the Air : that

the upper and under part of the Air

are of differing denfity : fome Experi

ments toprovethis. A Table of the

Strength of the fpring of the Air , an

wering to each degree ofextenfion ;

when firft made , andwhen repeated. 224

Another Experiment of compreffing 225

the Air.A Table ofthe ftrength ofthe 225

Air , answering to each compreffion

and expanfion ; from which the height

;

223

of

220

221
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231

232

227 of the Airmaybe fuppos'd indefinite ; | certain.

228 to robatdegree the Air is rarifid at
Moon

anydiftance abovethe Surface of the

Earth : bow, from this, Inflection is

229 inferr'ds and ſeveral Phænomena

230 explain'd. That the Air near the

Earthis compos'd of parts of differing

denfity; made probable by feveral

Experiments and Obfervations ; how

this propriety produces the effects of

the waving and dancing of Bodies

and of the twinkling of the Stars.

233 Several Phænomena explicated.

Some Quaries added.

1. Whether this Principle may not

be made ufe of, for perfecting Optiek

234 Glaſſes ? What might be hopedfrom

it ifit were to be done ?

2. Whether from this Principle

the apparition offome new Stars may

not be explicated?

3. Whether the height of the Air

maybe defin'd by it ?

4. Whether there may not fome

times be fo great a disparity of den.

fity between the upperandunderparts

of the Air , as to make a reflecting

Surface?

5. Whether, iffo, this will not ex

plicate the Phenomena of the

Clouds. AnExperiment to thispur

pofe?

7. Whether the Rayes from the

top ofMountains are not bended into

Curve-lines by inflection ? An Argu.

mentfor it,takenfrom an Experiment

madeon St. Paul's Steeple.

8. Whether the distance of the

Planets will not be more difficult to

237 befound? What wayes are most like

ly torectifie the distance of the Moon:

the

235

236

238

That the distance of the

may be less then it has been

bithertofuppos'd. Kepler's Suppofiti

on not fo probable : the explication of140

the Phænomenaby another Hypo

thefis.

739

Obferv. 59. Ofthe fixt Stars.

Ofthe multitudes of Stars difco

verable by the Telescope , and the

variety of their magnitudes: 78.Stars

diftinguifht inthe Pleiades:that there

aredegrees ofbigness even in theStars

accountedofthe fame magnitude : the

longer the Glaßes are, and the bigger

apertures they will indure , the more

fit they are for thefedifcoveries : that

tis probable, longer Glaffes wouldyet

makegreater difcoveries. 5. Stars

discover'din the Galaxie ofOrion's

Sword.

way of fitting Telescopes for

fuch Obfervations. How tomake the

Obfervations , andhow fromthemto

find thetrue diftance of the Moon at

time. Howthe diftance of the Sun

maybefoundby two Obfervators.The

wayby the Dicotomy of the Aloon una

any

241

242

243

Obferv. 60. Ofthe Moon.

A defcription of a Vale in the

Moon ; what call'd by Hevelius and

Ricciolus,andhow defcrib'dbythem:

with what fubftances the hills of the

Moon may
maybecover'd. A defcription

ofthepits of theMcon , andaconje

Яure at their caufe : two Experiments

that make itprobable, that ofthefur

face ofboyl'd Alabaster duft feeming 244

the most likely tobe refembledby eru

ptions ofvapours out ofthebody ofthe

Moon : that Earthquakes feem to be

generated much the fame way, and

their effects feem veryfimilar. An Ar

gument that there maybe fuch varia

tions in the Moon , because greater

have been obferv'd in the Sun because

the fubftance ofthe Moon andEarth

feemmuch alike : andbecause ' tispro

bable the Moon has a gravitating

principle : this is argued fromfeveral

particulars. Thereafon why feveral
245

pits are one within another. The use

that may bemade of this Inftance of

gravity in the Moon.

245

ERRATA.
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ERRAT A.

19229

TN the Preface, Page7. line 18. readfeet:line 14, readGilbers,Harvy.Page13.line ult. read tafte : p.34.1.18.r.fmall lens : 1. penult. r, thatproceedsfrom : p.40.1.44.r.whenyou:

p.48.1.34. r. broadeft : p.57.1 39.dele be:p. 61. 1.36. r. water- drop : p.64.1.9.r.duction ofGACH: 1.35.1. im

pressions : p.96.1. 33. 1. compoſe : p. 100. 1. 11. r. Merfennus : p.106 1.8.r.extreamly : p. tto18.. : 1.13.

r.tbofe: p.112.1.32.1.Aldronandus,Wormius : p.121.1.9.dele of: p.118.1.43 , dele from : p. 129.1.18.r.fifthplace :

p.130.1.19.t. Aerial menftruum : p. 136.1.39.1. knew bow : p. 144.1. a. r. parts ofthe : p. 147,1.36 . r. look'd on:

P. 161. 1.1 3.r. body : p . 162.1.17. dele only : p. 166.1.11.1.22 : 1. 11. dele the Semicolon: L. 17.1, place :

p.167.1.40.1.12 :p.171.1.18.1. and firft for the : p. 198.1.17.1.and an artific. p. 215. l. ult. r. andfromthe:

p. 221,1. 4. r. whence the under : p.234.1.1 8.x.to hope . p.238.1.42.1.is not leſs : p. 240.1.19.1.M004.
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