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By the Council of the Rovar Sociery
of London for Imprownor of Natural

Knowledge.

Ordered, 7hat the Book written by Robert Hooke, M. A. Fellow of this
Society, Entitled, Micrographia, or fome Phyfiological Defcriptions of
Minute Bodies, made by Magnifying Glafles, with Obfervations and
Inquiries thereupon, Be Printedby John Martyn ,and James Alleftry,
Printers to the faid Society.

Novem. 23. , :
1664, brouncker. P. K. 5.

a‘a’ﬁ%@%% GEBEREBRORERNE DEVBEED



MICROGRAPHIA.:

R 5 a kL

Phyfiological - Defcriptions

"MINUTE BODIE

MADE BY ‘
MAGNIFYING GLASSES
W ilEtH
Ospservatrons and INquir1Es thereupon.

By R. HOOKE, Fellow of the Rovyar Society
Non poffis oculo quantum contendere Lincens,
Non tamen idcirco conteranas Lippus inungi. Horat. Ep. Lib. 1.

LONDON, Printed for Fobn Mart}n; Printer tor' the Ro x Aw{‘,
Socrie Ty, andareto be fold at his Shop at the Bell alittle
without Zemple Barr, M DCLXVII,

/



ﬁ_ ’ - L " ‘-‘ ,
W } i)fi.‘[:} YO _I__VT'i\ v

1!]

m ?‘51 9%~ “ 1{3!30

%“}H el

t\'.\l.




@ o> Do here moft humbly lay

=\l this (mall Prefenc ac Tour

SZ Majefties Royal feet. And
OSSR though ie comes accompa-
ny'd with two difadvantages,the meanne(s
of the Author, and of the Subjec; yer
inboth 1 am incouraged by the greatnefs
of your Mercy and your Knowledpe.
By the oz¢l am taught, thar you can
A forgive




T Erisere

forgive the moft prefumptnons Offendors :
And by the other, that you will not e-
Jteem the lealtwork of Nature, or Art,
unworthy your Obfervation. Amidft the
many felicities that have accompani’d
your Majefties happy Reftauration and
Government, it 1s none of theleaft confi-
derable, chac Philofophy and Experimental
Learning have profperd under your Royal
Patronage.  And as the calm profperity
of your Reign has given us theleifure
vo follow thefe Studies of guiet and re-
tirement, {o it is juft, chacthe Fruits of
them thould , by way of ackpowledpe-
ment , be rewurn'd to your Majefly.
There are, Sir, feveral other of your
Subje&s, of your Royal Society, now
bufie about Nobler matters : The In-
provement of Manufatiures and Agricul-
ture, the Increafe of Commerce , the Ad-
vantage of Navigation: In all which
chey are afsifted by your Majefties Incon-
ragement and Example. Amidft all chofe

gr‘edter
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greater Defigns, | here prefume to bring
in that which is more proportionable vo
the fmalnes of my Abilities, and to
offer fome of the lkaft of all vifihle
things,to that Mighty King, that has efta-
blifbor an Empire over the beft of ali [-

vifible things of this World, the Minds
of Men.

Your Majefties moft bumble

and moft obedjent

Subject and Servant,

RoserT Hooke.
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281529 Frer my Addref to our Great Founder and Pa-

Qizsmr tron, I could not but think my felf oblig’d,
% in confideration of thofe many Ingagements
- you have laid upon me , to offer thefe my
NEACEIR. poor Labours to this MOST ILLU-
STRIOUS " SASSEMBL Y, YOU have been
pleas’d formerly to accept of thefe rude Draughts. 1 have fince
added to them fome Deferiptions, and fome Comjeciures of my
own. Andtherefore, together with YOUR Acceptance, 1 muft
QAo beg YOUR pardon. The Rules YOU have prefcribd YOUR
felves in YOUR Philofophical Progrefs do feem the beft that
have everyet been prattis'd.’ And particularly that of avoiding
Dogmatizing , and the efpoufal of any Hypathefis not fufficiently
grounded and confirm'd by Experiments.  This way feems the
moft excellent, ‘and may preferve both Philofophy and Natural
Hiftory from its former Corruptions.In faying which, I may feem
to condemn my own Courfe in this Treatife ; in which there
may perhaps be fome Expreffions, which may feem more pofitive
then YOUR Prefcriptions will permit: And thoughl defire
to have them underftood only as Conjeétures and Queeries (which
YOUR Method does not altogether difallow yet if even in thofe
I have exceeded, ’tis fit that Ifhould declare, thatit was not
done by YOUR Direétions. For it is moft unreafonable, that
YOU fthould undergo the imputation of the faults of my Con-
jébiures, feeing YOU can receive {o fmall advantage of reputa-
tion by the [leioht Obfervations of.

TOUR  moft bumble and
moft faithful Servant

ROBERT HOOKE,




SO 7 72 the great prerogative of Mankind abive other
N 75 Creatures, that we are not only able tobehold the
<o works of Nature, or barely tofuftein our. lives by
) them, but we bave alfo the power of confidering,
s S8 comparing, altering, aflifting, and improving
them to variows ufes. And as this is the peculiar priviledge of humane
Nature in general, [0 1 it capable of being fo.far advanced by the belps
of Art, and Experience, a5 to make fome Men excel others in thein
Obfervations, and Deduttions,almoft as much as they do Beafs. By the
addition of fuch artificial Inftruments and methods,there may be,in

Jome manner, a reparation made for the mifchiefs, and imperfeciion,

mankind bas drawn upon it [elf, by negligence,and intemperance, and a
wilful and fuperfiitions deferting the Prefcripts and Rules of Nature,
whereby everyman, both froma deriv'd cortuption, innate and born
with bim, and from bis breeding and comverfe with men,is very fubjeét
to flipinto all forts of errors.

The only waywhich now remains for us to recover fome degree of
thofe former perfeliions, feems to be,by refiifying the operations of the
Senfe,the Memory,and Reafon, fince upon the evidence,the ftrength,
the integrity,and the right correfpondence of all thefe,all the light,
by which our attions are to be guided, s to be renewed, and all our com-
mand over things i to be eftablifbt.

It is therefore moft worthy of our confideration, to recolleé? their fe-
[everal defecis, that fo we may the better underfiand bow to fupply them,
and by what affiftances we may inlarge their power,and {ecure them in
performing their particular duties.

As for the attions of our Senfes, we cannot but obferve them to be in

a many
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many particulars much outdone by thofe of other Creatures, and when
at befl,to be far [bort of the perfeciion they feem capable of : And thefe
infirmities of the Senfes arife from a double caufe, either from the dif-
proportion of the Objet to the Organ,whereby aninfinite number of
things can never enter into them.or' elfe from error in the Perception,
that many things, which come within their reach, arenot received ina
right manner.
The like frailties are to be found in the Memory 5 we often let many
things {lip away from us, which deferve tobe retain'd ; and of thofe
which we treafure up, a great part is either frivolous or falfe ; and if
good, and' fubftantial, eitber in traliof time obliterated, or at beft fo
overwhelmed and buried under more frothy notions, that when there is
need of them, they are in vain fought for.
7he two main foundations being [0 deceivable, it is nowonder, that
all the fucceeding works which we build upon thein,of arguing, conclu-
ding,defining,judging, and allthe other degrees of Reafon, are lyable to
the [ame imperfettion, being, at befl, either vain, or uncertain: Sothat
the errors of the underftanding are anfwerable tothe two other, being
defeciive both in the quantity and goodnefs of its knowledge 5 for the li-
mits. to which our thoughts are confi nd, are finall in refpectof the vafl
extent of Natureit [elf ; fome parts of it are too.large to be compreben-
ded, and fome too little to beperceived.  And from thence it muft fal-
low,that not having a full fenfation of the Objeci, we muft be very lame
and imperfet in onr conceptions about it , andin all the propofitions
which we build uponit 5 hence we often take the thadow of things for
the fubftance, fmall appearances for good fimilicudes, fimilicudes
for definitions; and even many of thofe, whichwe think. to be the moft
folid definitions, are ratber expreffions of our own mifguided appreben-
fions then of the true nature of the things themfelves.
The effeéts of thefe imperfections are manifefledin different ways,ac-
 eording to the temper and diffofstion of the feveral minds of men, fome
they incline to grols ignorance and flupidity, and others toa pre-
fumptuous impofing o other mens Opinions, and a confident dog-
matizing on matters, whereof there is no affurance to be given,
'S ' ‘ Zhus
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Thus all the uncertainty, and miflakes of humane aétions, proceed
either from the narrownefs and wandring of our Senfes, from the flippe-
rinef3 or delufion of our Memory, from the confinement or rafbmef3 of
our Underftanding, (0 that tis no wonder, that our power over natu-
ral caufes and effecis is fo flowly improu d, fecing we are not only to
contend witb the obfeurity and ditficulty of the chingswhereon me work
and think but even the forces of our own minds confpire to betray us.
 Zhefe being the dangers in the procef3 of humane Reafon, the remedies
of them all can only proceed from the real, the mechanical, ke ex-
perimental Philofophy;which bas this advantage over the Philofophy of
difcourfe and difputation,that whereas that cliefly aims at the fubtilty
of its Dedutiions and Conclufions , without much regard to the ferft
ground-work., which ought to be well laid on the Senfe and Memory
fo this intends the right ordering of them allyand the making them fer-

viceable to each other. &

The firft thing to be undertaken in this weighty wark., is & watch-

fulnefs over the failings and an inlargement of the dominion, of

the Senfes.

7o which end it is requifite, firft, Thatthere fbould be a ferupu-
lous choice,and a {tri€t examination, of the reality, conflancy, and
certainty of the Particulars that we admit:This is the firfl rife where-
on truth is to begin, and here the moft fevere, and moft impartial dili-
gence, muft be imployed 5 the floring up of all, without any regard to
evidence or ufe, will only tend to darknefs and confufion.  We muft
not therefore efieem the rices of our Philofophical treafure by the num-
ber only, but chiefly by the weight;the moft vulgar Inflances arenot to
be negleCied put above all, the moft inftruéive are to be entertain'd s
the footfieps of Nature are to betrac dnot only in ber ordinary courfe,
but when [be feems to be put to ber. fbifts,to make many doublings and
turnings, and to ufe fomekind of art, in indeavvouring to avoid our
difeovery.

The niext care to be taken, in refpeéi of the Senfes, i a [upplying of
their infirmities with Inftruments, and, as it were, the adding of arti=
ficial Organs to the natural ; this in one of them bas been of late years

dccor=
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dccomplifbt with prodigions benefit to all forts of ufeful knowledge , by
the invention of Optical Glaffes. Bythe means of Telefcopes, there i
sothing fo far difant but may be reprefented toour view and by the
belp of Microfcopes, there is nothing fo {mall, as to efcape our,inqui-
1y 3 hence there is a new vifible World difcovered to the underflanding.
By this means the Heavens are open'd, and a vaft number of new Stars,
and new Motions, and new Productions appear in them.,, to which all the
antient Aftronomerswere utterly Strangers. By this the Earth it felf,
which lyes (o neer us, under our feet, fbews quite a new thing to us, and
in every little particle of its matter, senow bebold almoft as great a
wariety of Créatures, s we were able before to reckon up in the whole
Univerfe it felf.

It feems not improbable , but thas by thefe belps the fubtilty of the
compofition of Bodies, the firuiure of their parts, the various texture
of their matter, the inflruments and manner of their inward motions,
and all the other poffible appearances of things, may cometo be more
fully difeovered 5 all which the antient Peripateticks were content to
comprebend intwo general and ( unlef3 further explaind ) ufelef3
words of Matter and Form.From whence there may arife many admi-
rable advantages,towards the increafe of the Operative, and the Me-
chanick Knowledge, to which this Age feems fo much inclined, becaufe
we may perhaps be inabled to difeern all the fecret workings of Nature,
almoft in'the fame manner as we do thofe that are the produiions of
Art, and are manag'd by Wheels, and Engines, and Springs, that were
devifed by bumane Wit.

Inthis kind I bere prefent to the World my imperfect Indeavours ;
which though they fball prove no other way confiderable,yet, I bope, they
may be in fome meafure ufeful to the main Defign of a reformation
in Philofophy,if it be onlyby [bewing, that there is not fo muchrequir'd
towards it,any firength of Imagination,or exaétnefs of Method,or depth
of Contemplation(though the addition of thefe,where they can be bad,
muft needs produce a much more perfeéi compofure)as a fincere Hand,
and a faithful Eye, to examine, and to record, the things themfelves

asthey appear.
And
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And I beg my Reader, to let me take the boldnef3 to affure bin,
that in this prefent condition of knowledge , a man [o qualified ,; as I
bave indeavoured to be, only with refolution, and integrity, and plain

intentions of imploying bis Senfes aright may ventureto compare the re-
ality and the ufefulnef3 of bis fervices, towards the true Philofophy, with

thofe of other men, that are of much fironger,and more acute {pecula-

tions,that fballnot make ufe of the fame method by the Senfes.
The truth is, the Science of Nature bas been already too bong made
only a work_of the Brain and the Fancy : It is now bigh time that it
fhould return to the plainnef3 and foundnef3 of Obfervations on ma-
terial and obvious things. It is faid of great Empires, That the beft
way to preferve them from decay, isto bring them back to the
firft Principles, and Arts, on which they did begin.  Zhe fame
is undoubtedly true in Philofophy,that by wandring far away into inyi-
fible Notions,has almoft quite deftroy d it [elf,and it can never be re-
covered, or continued, butby returning into the fame fenfible paths,
in which it did at firft proceed.
- Ifthercfore the Reader expecls fromme any infallible Dedutions,
or certainty of Axioms, [amto fay for my [elf; that thofe fironger
Works of Wit and Imagination are above my weak_ Abilities ; or if
they bad not been [0, Iwould not have made ufe of them in this pre-
fent Subject before me : Whereever be findsthat T have ventur'd at
any fmall ConjeCiures, at the caufes of the things that I bave obferved,
Thefeech bim to look_upon them only as doubtful Problems,and uncer-
tain ghefles, and not as unqueflionable Conclufions, or matters of un-
confutable Science’; 1have produced nothing here, with intent to bind
bis underftanding to an \mplicit confent 3 I am [o far from that, that
I defire bim, not abfolutely to rely upon thefe Obfervations of my eyes,
if be findsthem contradicted by the future Ocular Experiments of [o-
ber and impartial Difcoverers. | '
As for iny part, Ihave obtained my end, if thefe my fmall Labours
fhall be thought fit to take up fome place inthe large flock of natural
Obfervations, which fo many hands are bufie in providing. If Thave
contributed the meaneft foundations whereon others may raife nobler
| Super=
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Superftruttures, [am abundantly fatisfied ; and all my ambition 1,
that Imay ferve o the great Philofophers of this Age s the makers
and the grinders of my Glaffes didtome ; that I mayprepare and fur-
nifb them with fome Materials, which they may afterwards order and
manage with better skill, and to far greater advantage.

7he next remedies in this univerfal cure of the Mind are to be ap-
plyed to the Memory, andthey are to confift of fuch Direttions as may
inform ws, what things arebeft to be fror’d up for our purpofe, and
which isthe beft way of [o difpofing them, that they may not only be
kept in fafety, but ready and convenient,to be at any time produc'd for
ufe, as occafion fhall require. But I will not bereprevent my felf in
what I may fay in another Difcourfe , wherein 1 fball make an -at-
tempt to propofe fome Confiderations of the manner of compiling a Na-
sural and Artificial Hiflory, and of fo ranging and regifiring its
Particulars into Philofophical Tables, as may make them moft ufeful
for the raifing of Axioms and Theories.

The laft indeed isthe moft hazardous Enterprize, and yet the moft
neceflary 3 and that is, totake fiuch carethat the Judgment.and the
Reafon of Man ( which is the third Faculty to be repair'd and im-
provd ) fhould receive fuch affifiance, as to avoid the dangersto
which it s by nature moft fubjeéi.  The Imperfections, which 1 have al-
ready mention'd, to which it is lyable, do either belong to the extent,
or the goodnefs of its knowledge 5 and bere the difficulty is the grea-
ver, leaft that which may be thought a remedy for the one Should
prove deftruétive to the other, leaft by [eeking to inlarge our Fnow-
ledge, we [hould render it weak  and uncertain ; and leaft by being
too [crupulous and exaét about every Circumfiance of it, we fhould
confine and fireighten it too much.

In boththefe the middle wayes areto be taken, mothing isto be
omitted, and yet every thing to pafs a mature deliberation: No
Intelligence from Men of all Profeffions, and quarters of the World, |
1o beflighted,andyet all to be fo feverely examin'd,that there remain
no room . for doubt or inflability 5 much vigour in admitting, much

ftri@nefs in comparing,and above all, much Qlownefs in debating, and
. thynefs
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thynefs in determining, s to be prallifed. The Underﬁandingiﬂo-
order all the inferiour fervices of the lower Faculties; but yet it isty
do this only as alawtul Mafter, andnot as a Tyrant. ftmuft not in-
croach upon their Offices, nor take upon it felf the employments which
belong to either of them. It muft warch the irregularities of the Sem-
Jes, but it muft not go before them, or prevent their information. It
muft examine, range, and difpoleof the bank. which is laid up in the
Memory « but it muftbe fure to make diftintion between the {ober and
well colletted heap , and the extravagant Idea’s, and miftaken
Ymages , which there it may fometimes light upon. So many are the
Vinks,upon which the true Philofophy depends, of which,if any one be loofe,
orweak , the whole chainis in danger of being diffolv'd ; it is to be-
ginwith the Hands and Eyes, and to proceed on through the Memory,
to be continued by the Reafon 5 mor is it to fiop there, but tocome aboug
to the Hands and Eyes again, and o, by a continual paffage round
fromone Facultyto anotber , itisto be maintained in life and firength,
as much asthe body of man is by the circulation of the blood through the
Jeveralparts of the body, the Arms, the F at, the Lungs, the Heart, and the
Head, '

I once this method were followed with diligence and attention, there is
nothing that lyes within the power of buman Wit (or which is far more
effectual ) of buman Induflry , which we might not compaf3 ; we might
not only bope for Inventions to equalize thofe of Copernicus, Galileo,
Gilbert Harvy, and of others, whofe Names are almoft loft, that were the
Irrventors of Gun-powder, the Seamans Compafs, Printing, Etching,
Graving, Microfcopes, &c. but multitudes that may far exceed them :
for even thofe difcoveries feem to bave beenthe producis of fome [uch me-
thod, though but imperfeéi 5 What maynot be therefore expected from it if
thoroughly profecuted 2 Talking and contention of Arguments would
foon be turri dinto \abours ; all the fine dreams of Opinions, and uni-
verfal metaphyfical natures, which the luxuryof fubtil Brains bas de-
vis'd, would quickly vanifh., and giveplace to folid Hiftories, Experi-
ments and Works.  And as at firfl, mankindtell by cafting of the
forbidden Tree of Enowledge,fo we, their Pofterity, may be mpart reftor'd

| by
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by the fame way, ot only by beholding and contemplating, but by ta-
f¥ing too thofe fruits of Natural knowledge, that were never yet forbidden.

From bence the World may be affyfied with variety of Inventions, new
matter for Sciences may be colle@ted, the old improv'd, and their rufk
rabb'daway; and as it is by the benefit of Senfes that we receive all our
Skill in theworks of Nature,fo they alfo may be wonderfully benefited by
it, and maybe guided to an eafier and more exact performance of their
Offices 5 "tis not unlikely, but that we may find out wherein our Senfes are
deficient, and as eaftly find wayes of repairing them.

The Indeavours of Skilful men bave been moft converfant about the
affifiance of the Eye, andmany noble Productions have followed upon it
and from bence we may conclude, that there is away open'd for advancing
the aperations, not only of all the other Senfes,but even of the Eye it felf;that
which bas been already done ought not to content us,but rather to incourage
ws to proceed further, andto attempt greater things in the fame and diffe-
rent wayes. |

Zis not unlikely, but that there may be yet invented feveral -other
belps for the eye,as much exceeding thofe already found,asthofe do the bare
eyexfiuch as by which we may perbaps be able to difcover living Creatures in
the Moon, or other Planets, thefigures of the compounding Particles of
matter, and the particular Schematifms and Textures of Bodies.

And as Glafles have bighly promoted our {eeing, fo *tis not improba-
bleput that there may be found many Mechanical Inventions to improve
our other Senfes, of hearing, {melling, tafting, touching. *Zisnot
impoffible to hear awhifper a furlongs difiance, it baving been already
done 5 and perbaps the nature of the thing would not make it more im-
poffible, though that furlong fbould be ten times multiply d. And though
fome: famous Authors bave affirm d it impoffible to bear through the thin- -

neft plate of Mufcovy-glafs 5 yet [Ruow away,bywhich tis eafie enough
to hear one [peak_ through o wall a yard thick. It has not been yet
thoroughly examin’d;pow far Otocoufticons may be improo’d, nor what
ather wayes there may be of quickning our hearing, or conveying found
through other bodies then the Air: for that that i not the only medium,
1 can affure the Reader  that I have by the help of a diftended wire,propa-
X | gated
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gated the found to a very confiderable diftancein an infrant, or with 4
Jeemingly quick. a motion s that of light, at leafl, incomparably fvifier
thenthat, which at the fame time was propagated through the Air 5 and
thisnot only in a firaight line , or direlt, but in one bénded in many
angles. | | : |
Nor are the other three fo perfeét, but that diligence, attention, and
many mechanical contrivances, may alfo bighly improvethem. — For
Jincethe fenfe of felling feents tobe made by the fwitt patfage of the
Air ( impregnated with the fleams and efftuvia of feveral odorous
Bodies ) through the grifly meanders of the Nofe whofe furfaces are
coverd with a wvery fenfible nerve , and moiftned by a tranfuda-
tion from the procellus mamillares of the Brain ., and fome ad-
joming glandules, and by the moift fteam of the Lungs, with a Liguor
convenient for the reception of thofe effluvia and by the adbefion and
mixing of thofe fleams with that liquor,and thereby affecting the nerve, or
perbaps by infinuating themfelves into the juices of the brain, after the
fame manner, as I have in the following Obfervations intimated, the parts
of Salt topafs through the skins of Effs, and Frogs. Since, I fay, [melling
feems to be made by fome fuch way, “tis not improbable, but that fome con-
trivance, for making agreat quantity of Air paf quick.throughthe Nofe,
might as much promote the [enfe of finelling, a1 the any wayes bindring that
paffage does dull and defiroyit. ~ Several tryals I have made , both of
bindring and promoting this fenfe.and bave fucceeded in fome according to

‘expeCiation 5 and indeed to me it feems capable of being improv'd , for the

Judging of the conflitutions of many Bodies. ~ Perbaps we may thereby
alfo judge (as other Creatures feem to do) what is wholfome,what poyfon ;
and in a word, what are the [pecifick. properties of Bodies.

There may be allo fome other mechanical wayes found ont , of fenfibly

 perceiving theeffluvia of Bodies ; [everal Inflances of which, were it bere

proper, I could give of Mineral fleams and exbalations 5 and it feems not
impoffeble, but that by fome fuch wayes improved, maybe difeovered, what

- Mimerals e buried under the Earth, without the trouble to dig for them 5

fomne things to confirm this Conjeéiure may be found in Agricola, and other
Writersof Minerals, [peaking of the Vegetables that are apt to thrive, or
pine, inthofe fleams. ¢ Whether
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Whether alfo thofe fleams, which feem to iffue out of the Earth, and
mix with the Air ( and [o to precipitate fome aqueous Exbalations;where-
with *tis impregnated ) maynot be by fome way detected before they produce
the effedd, feems bard to determine 5 yet fomething of this kind Lam able to
difeover,by an Inflrument I contriv'd to fbew all the minute variations in
thepreffure of the Air 5 bywhich Iconflantly find,that before, and during
the time of rainy weather, thepreffure of the Air s lef3, andin dry wea-
ther , but efpecially when an Ealtern Wind ( which baving paft over
vaft traéis of Land is beavy with Earthy Particles ) blows, it is much

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

The Inftrument isthis. I prepare a pretty capaccous Bolt-head A B, with
a fmall frem about two foot and a half long D C; upon the end of this D
1 put on a fmall bended Glafs,or brazen Syphon DEF (openat D,E and F,
but to be clofed with cement at F and E, asoccafion ferves) whofe ftem I
fhould be about fix or eight incheslong, but the bore of it not above halfan
inch diameter,and very even 5 thefe I fix very ftrongly together by the help
of very hard Cement, and then fit the whole Glafs ABCDEF into a long
Board,or Frame,in fuch manner,that almoft half the head AB may lye buri-
ed in a concave Hemifphere cut into the Board RS 5 then I placeit foon
the Board R S, asis expreft inthe firft Figure of the firft Scheme 5 and fix
it very firm and fteady in that pofture, foas that the weight of the Mercury
that is afterwards to be put intoit,may not in the leaft fhake or ftir it 5 then
drawing a line XY on the Frame R T, fo thatit may divide the ball into
two equal parts, or that it may pafs, as ‘twere, throughthe center of the
ball. 1 begin from that, and divide all thereft of the Board towards UT
into inches, and the inches between the 25 and the end E(which need not be
above two or three and thirty inches diftant from the line X Y) I fubdivide
into Decimals 3 then ftopping the end F with foft Cement,or foft Wax, Iin-
vert the Frame, placing the head downwards, and the Orifice E upwards 5
and by it, with afmall Funnel, I fill the whole Glafs with Quickfilver 3 then
by ftopping the fmall Orifice E with my finger, I oftentimes erect and invert
the whole Glafs and Frame,and thereby free the Quickfilver and Glafs from
all the bubbles or parcels of lurking Air 5 theninverting it as before, fill it
top full with clear and well ftrain’d Quickfilver, and having made ready a
{mall ball of pretty hard Cement, by heat made very foft, I prefs it into the
hole E, and thereby ftop it very faft; and tofecure this Cement from flying
out afterward,I bind over it a piece of Leather, thatisfpread over in the in-
fide with Cement, and wound about it whilft the Cement is hot: Having
thus faftned it, 1 gently erect again the Glafs after this manner : I firft lct the
Frame down edge-wayes, till the edge R V touch the Floor, or ly horizon-
tal 5 and thenin that edging pofture raife the end R S3 this Ido, that if
there chance tobe any Air hidden in the fmall Pipe E, it may afcend into the
Pipe F, and notintothe Pipe D C : Having thus erected it, and hung it by

the hole Q, or fixt it perpendicularly by any other means, [ openthe endF,
and
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and by a fmall $ypher I draw out the Aercury fo long,till I find the furface of
it AB in the head to touch exaltly theline X Y3 at which time I immedi=
atcly take away the Syphoz, and if by chance it be run fomewhat below
the line X Y, by pouring in gently a little dercury atF, Traife it again to
its defired height , by this contrivance I make all the fenfible rifing and fal-
ling of the Afercury tobe vifible inthe furface of the Mercury in the Pipe F,
- and fcarceany in the head A B. But becaufe there really is fome {mall
change of the upper furface alfo, Ifind by feveral Obfervations how much
it rifes in the Ball, and fallsin the Pipe F, to make the diftance between the
awo furfaces an inch greater then it was before 5 and the meafure that it
falls in the Pipe is the length of theinch by whichI am to mark the parts of
the Tube F, orthe Board onwhich it lyes, intoinches and Decimals: Ha-
ving thus juftned and divided it, I have a large Wheel M N O P, whofe
outmoft limb is divided into two hundred equal parts; this by certain {mall
Pillars 1s fixt on the Frame R T, inthe manner expreft in the Figure. In
the middle of this, on the back fide, in a convenient frame, isplaced a fmall
Cylinder, whofe circumference is equal to twice the length of one of thofe
divilions, whichT find anfwer to an inch of afcent, or defcent, of Mercury :
This Cylinder I is movable on a very fmall Needle, on the end of which is
fixt a very lightIndex K L, all which are fo pois’d on the Axis, or Needle,
that no part is heavier then another : Then about this Cylinder is wound a
{mall Clew of Silk, with two fmall fteel Bullets at eachend of it G H3 one
of thefe, which isfomewhat the heavier, ought to be fo big, as freely to
move to and fro in the PipeF ;5 by means of which contrivance , every the
lea(t variation of the height of the Aercury will be made exceeding vifible
by the motion to and fro of the fmall Index K L.

But this is but one way of difcovering the effluvia of the Earthmixt
with the Air ; there may be perbaps many others,pitnef3 the Hygrofcope,
an Infirument whereby the watery feams volatile in the Air are difcerned,
whichthe Nefeit felf is not able to find.  This I bave deferibid in the
following Traéi in the Defcription of the Beard of a wild Oat.” Otbersthere
areynay be difcovered both bythe Nofe , and by other wayes alfo.  Thus
the {moak of burning Wood is fimelt, feen, and fufficiently felt by the
eyes : Zhe fumes of burning Brimftone are fmelt and difcovered alfo
by the defiroying the Colours of Bodies , asby the whitening of a red
Rofe » Andwho knows, but that the Induftry of man, following this me-
thodymay find out wayes of improving this Jenfe to as great a degree of per-
fellion as it is in any Animal, and perbaps yet bigher.

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

paring
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paring Bodies for our taft; as the diffolving of Metals with acid Liquors,
make them taftable, which were before altogetber infipid ; thus Lead be-
comes {weeter then Sugar, and Silver more bitter then Gall, Copper
and Ivon of moft loathfome tafts.  And indeed the bufinefs of this fenfe
being to difcover the prefence of diffolved Bodies in  Liquors put on the
Tongue,oringeneral to difcover that a fluid body bas fome folid body diffoly’'d
in it, and what they are; whatever contrivance makes this difcovery
improves this fenfe. In this kind the mixtures of Chymical Liguors af-
ford many Inflances 5 a5 the [weet Vinegar that is impregnated with
Lead may be difzovered tobe fo by the affufion of a little of an Alcalizate
folution : 7he bitter liquor of Aqua fortis and Silver may be difcover'd
t0 be charg'd with that Metal, by laying in it fome plates of Copper =
"Zss not improbable alfo,but there maybe multitudes of other wayes of difeo-
vering theparts diffolv d, or diffoluble in liguors 5 and what is this difco-
wvery but a kind of {fecundary tafting.

"Tss not improbable alfo,but that the fenfe of fecling may be bighly im-
prov'd, for that being a fenfe that judges of the more grofs and robuft .
motions of the Particles of Bodies, feems capable of being improv'd and
afftfied very many wayes. Thus for the diftinguifbing of Heat and Cold the
Weather-glals and Thermometer, which 1have deferib dinthis follow- -
ing Treatife, do exceedingly perfeéi it 5 byeach of whichthe leaft varia-
tions of beat or cold, which the moft Acure fenfe is not able to diftinouifb,are
manifefled  This is oftentimes further promoted alfo by the belp of Burn.
ing-glafles,and the like, which colleét and unite the radiating fﬁeat Thus
the roughnefs and fmoothnefs of a Body is made much more  fenfible by
the /J'elp of @ Microfcope, then by the moft tender and delicate Hﬂmd
Perbaps, a Phyfitian might, by feveral other tangible proprieties, difeover
the confiitution of @ Body as well a5 bythe Pulfe.  Idbbut infiance in
thefe,to fhew what poffe bility theremay be of many otbers, and what proba-
 bility and hopes there were of finding them,if this method were folfowed 5
for the Offices of the five Senfes being to deteli either the fubtil and curi-
ous Motions propagated through all pellucid or perfeéily homogeneous
Bodies ; Or the moregrols. and vibrative Pulfe communicated through
tbeAm and allother convenient mediums,whether fluid or folid : Or tbe

effluvia
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effluvia of Bodies diffolv'd in the Air ; Or the particles of bodies dif=
folv’d or diffoluble in Liquors, or the more quick and violent thy-
king motion of heat in all or any of thefe: whatfoever does any wayes pro.-
mote any of thefe kinds of critcria, does afford a way of improving  fome
one fenfe.  And what a multitude of thefewould a diligent Man meet
with in bis inquiries® Andthis for the belping and promoting the fenfi
tive faculty only. |

Next,as for the Memory, or retentive faculty, we may be fu ufficiently
infirutied from the written Hiftories of civil actions, what great affi-

flance maybe afforded the Memory, in the committing to writing things ob
Jervable innatural operations. If a Phyfitian be therefore accounted the
more able in bis Faculty, becaufe be bas bad long experience and practice,
the remembrance of which, though perbaps very imperfet, does regulate all
bis after aftions : What ought tobe thought of that man, that has not only
a perfeci regifter of his own experience,but is grown old with the experience
of many bundreds of years, and many thoufands of men.

And though of late , ‘men, beginning to be fenfible of this convenience,
bave here and there regifired and printed fome few Centuries, yet for the
moft part they are [et down very lamely and imperfecily, and, Ifear, many
times not fo truly, they feeming, feveral of them, to be defign’'d more for
Oftentation then publique ufe : For,not toinflance;that they dofor the
moft part,omit thofe Experiences they bavemade , wherein their Patients
bave mifcarried,it is very eafie to be perceiv’d,that they do all along hyper-
bolically extol their own Prefcriptions, and vilifie thofe of others.  Not-
withflanding all which, thefe kinds of Hiflories are generally efteent d ufe-
ful, even to the ableft Phyfitian.

What may not be expecied from the rational or - deduive Faculty
that is furnifbt with fiuch Materials, and thofe fo readilyadapted, and
rang'd for ufe,that in a moment. as "twere, thoufands of Inflances, ferving
for the illuftration,determination, or invention, of almoft any inquiry,

may be reprefented even tothe fight ¢ How neer the nature of Axioms
muft allthofe Propofitions be which are examin’d before fo many Wit-
nefles?  And bow difficult will it be for any, though never [o fubtil an er-
ror in Philofophy, to fcape from being difcover'd, after it basindurd the
touch, and [o many other tryals ? d What
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What kind of mechanicalway, andphyfical invention alfo  there re-
quir'dythat might not thisway be found out 2 The Invention of awayto
find the Longitude of places is eafily perform'd, and that to @ great per-
feetion as isdefird,, or to as great anaccuratenefs as the Latitude of
places can be found at Sea; and perhaps yet alfo to a greater certaimty
shen that has been bitherto found, as 1 [ballvery [peedily freely manifeft o
sheworld  The way of fiying in the Air [eems principally unpraéiicable,
by reafon of the want of ftrength iz humane mufcles ; if therefore
that could be [uppli d,it were, I think., eafie to make twenty cortrivancesto
perform the office of Wings : What Attempts alfo I have made for the
fupplying that Defeét, andmy fucceffes therein, which, I think., arewholly

new,and not inconfiderable, 1 [hallin another place relate.

*Zis not unlikely alfo, but that Chymifts, if they followed this method,
 might find out their fomuch fought for Alkahett.  What an univerfal
Menftruum , which diffolves all fortsof Sulphureous Bodies, Ihave
difeoverd ( which bas not. been before taken noticeof as fuch ) Ibave
fbewninthe [ixteenth Obfervation.

What a prodigions variety of Inventions in Anatomy bas this latter
Age afforded, even in our own Bodies,in the wery Heart, by which we live,
and the Brainwbhich is the feat of our knowledge of other things 2 witnef3
allthe excellent Works. of Pecquet, Bartholinus, Billius, and many
others 3 and at home, of Doior Harvy,Doftor Ent,Doflor Willis,Doctor
Gliffon. InCeleftial Obfervations we have far exceeded all the An-
tients.even the Chaldeans and Egyptians themfelves, whofe vaft Plains,
high Towers,and clear Air, did not give them [o great advantages over
ws., a5 we bave over them by our Glafles. By the belp of which, they bave
been wery much outdone bythe famous Galileo, Hevelius, Zulichem ;
and our own Countrymen, Mr. Rook, Doltor Wren, and the great Orna-
ment of our Church and Nation,the Lord Bifhop of Exeter. And to fay
nomore in Aerial Dilcoveries, there has been a wonderful progre(s made
by the Noble Engine of the moft Illuftrious Mr. Boyle,whom it becomes
me to mention with all honour, not only as my particular Patron,but asthe.
Patron of Philofophy it felf; which be every day increafes by his La-
bours, and adorns by bis Example.

Zhe
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The good fuccef3 of all thefe great Men,and many others, and the ngw
feemingly great obvioulnels of moft of their and divers other Inventions,
which from the beginning of the world bave been, as "twere, trodon, and
yet mot minded till thefe lafl inquifitive Ages ( an Argument that there
may be yet bebind multitudes of the like ) puts me in mind to recommend
fuch Studies,and the profecution of them by fuch methods, to the Gentlemen
of our Nation,whofe leifure makesthem fit to undercake, and the plenty
of their fortunes toaccomplith, extraordinary thingsin this way. And I
do not onlypropofe this kind of Experimental Philofophy s amatter of
high rapture and delight of the mind, but even as a material and {enfi-
ble Pleafure.  Sovaft is the variety of Objeéts which will come under
their Infpeciions, fo many different wayes there are of handling them, fo
great s the {atistaction of finding ot new things, that I dare compare
the contentment which they will injoy,not only to that of contemplation,
but evento that which moft men prefer of the very Senfes themfelves,

And if they will pleafe to take any incouragement from fo mean
and [o imperfeci endeavours as mine, upon my own experience, I can
affure them,without arrogance, That there bas not been any inquiry or Pro-
blem in Mechanicks, that I have bithertopropounded to my [elf, but by a
certain method ( which I'may on fome other opportunity explain ) I have

been able prefently to examine the poffibility of it 5 and if o, as eafilyto ex-
 cogitate divers wayesof performing it :  And indeed it is poffible todo as
much by this method in Mechanicks, asby Algebra can be perform'din
Geometry.  Nor can I at all doubt, but that the fame method is as ap-
plicableto Phyfical Enquiries , and as likely to find and reap theuce s
plentiful a crop of Inrventions 5 and indeed there feems tobe no fubjeét fo
barren,but may with this good busbandrybe bighly improv'd.

Toward the profecution of this method in Phyfical Inquiries, I have
hbere and there gleaned up an handful of Obfervations, in the colleion of
moft of which Imade ufe of Microfcopes, and fore other Glafles and In-
fruments that improve the fenfe 5 which way I bave herein taken , not
that there are not multitudes of ufeful and pleafant Obfervables, yet uncsl-
leéted obvious enough without the belps of Art , but only to promote the ufe
of Mechanical helps for the Senfes,both in the Jurveying the already vifible

World,
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World, and for the difcovery of many athers bithesto unknown, and to make
ws.with the great Conqueror,to be affeéied that we bave not yet overcome one
World when there are (6 many others to be difcovered, every confiderable
improvement of Telefcopes or Microfcopes producing new Worlds and
Terra-Incognita’s to our view. :
The Glaffes Lufed were of our Englifh make,but though very good of the
- kind, yet far bort of what might be expetied, couldwe once find a way of
making Glaffes Elliptical, or of fomemore true fbape 5 for though both
Microfcopes, and Telelcopes, astheynow are, will magnifiean Object
about a thoufand thoufand times bigger then it appears to the naked eye ;
yet the Apertures of the Objeci-glaffes are fo very fimall,that very few Rays
are admitted, and even of thofe few there are fomany falfe, that the Objeéi
appears dark and indiftiné : And indeed thefe inconveniences are fuch,as
feem infeparable from Spherical Glaffes, even when moft exaltly made;but
the way we bave bitherto made ufe of for that purpofe is (o imperfectthat there
may be perhaps ten wrought before one be made tolerably good, and moft of
thofe ten perhaps every one differing in goodnefS one from anotber, which is
an Argument that the way bitherto ufed is,at leaftvery uncertain. So that
thefe Glaffes have a double defect;the omethat very few of them arc exalily
true wrought 5 theotber, that even of thofe that are beft among them, none
will admit a fufficient number of Rayes to magnifie the Objeét beyond a
determinate bignef.  Againft which Inconveniences the only Remedies I
have bitherto met with are thefe.

Firft, for Microfcepes ( where the Object we view is near and within our
power)the beft way of making it appear bright in the Glafs,isto caft a great
quantity of light on it by means of cenvex glaffés.for thereby,though the aper-
ture be very fmall,yet there will throng in through it fuch multicudes,that an
Objeét will by this meansindure to be magnifi'd as much again as it would
be without it. The way for doing whichis this. Imake choice of fome
Room that has only one window open to the South , and at about three or
four foot diftance f}r'0m this Window,on a Table, I place my Acrofcope, and
thenfo place either a round Globe of Water, or a very deep clear plaro con-
wex Glafs ( whofe convex fide is turn'd towards the Window ) that there
is a great quantity of Rayescolletted and thrown upon the Object: Orif
the Sun fhine, 1 place a fmall piece of oyly Paper very near the Objet, be-
tween that and the light 5 thenwitha good large Burning-Glafs I {o collec
and throw the Rayes on the Paper,that there may bea very great quantity

_of light pafs througlt'it to the Object 5 yetI fo proportien that light, that i¢
may
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may not finge or burnthe Paper. Inftead of which Paper there may be
made ufe of a fmall piece of Looking-glafs plate, one of whofe fides is made
rough by being rubb’d on aflac Tool with very fine fand, thiswill, if ¢the
heat be leifurcly caften it, indure amuch greater degree of heat, and con-
fequently very much augment a conveniene light. By all which means the
light of the Sun, or of a Window, may be fo caft on an Object, asto makeit
twice aslight as it would otherwife be without it, and that without any in-
- convenience of glaring, which the immediate light of the Sun is ver apt to

create in moft Objects; for by this means the light isfo e nally diffufed,
that all partsare alike inlightned 5 but when the immcdiate(}l'ght of theSun
fallsonit, thereflexionsfrom fome few partsare fa vivid, that they drown
the appearance of all the other, and are themfelves alfo, by reafon of the in-
equality of light, indiftinct, and appear enly radiant fpots.

But becaute the light of the Sun, and alfo that of a Window, isina conti-
nual variation, and {0 many Objects cannot be view'd long enough by them
to be throughly examin'd s befides that, oftentimesthe Weather is fo dark
and cloudy, that for many dayes together nothing can be view'd : And be-
caufe alfo there are many Objects ta be met with in the night, which cannot
fo convenicntly be kept perhapstill the day, therefore to procure and cafta
fufficient quantity of light onan Objeétin the night, I thought of, and often
ufed this, Expedient,

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

None of all which ways (though much beyond any other hitherto made
ufe of by any I know ) do afford a fufficient help, but after a certain
degree of magnifying,they leave usagain in the lurch. Hence it were very
defirable, that fome way ‘were thought of for making the Object-glafs of
fuch a Figure aswould conveniently bear a large Aperture.

4s for Telelcopes, the only improvement they feem capable of, s the

increafing of their length 5 for the Objeéi being remote, there is no thought

of giving it agreater light then it bas 5 and therefore to augment the

Aperture, the Glaf3 muft be ground of a very large [bhere 5 for, by that
(4

mears.,,
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means,the longer the Glaf3 be, the bigger aperturenill it bearif the Glaffes
be of an equal goodwefs in their kind. ~ Therefore a fix will indure a
much larger Aperturethen athree foot Glafs; and a fixty foot Glaf$ will
proportionably bear a greater Aperture then a thirty,and will as much ex-
cel it alfo as a [ix foot does athree foot, as 1 bave experimentally obferv'd
in one of that length madeby Mr. Richard Reives here at London,
which will bear an Aperture above three inches over , and yet make
the Objet proportionably big and diftinét; whereas there are very
few thirty foot Glaffesthat will indurc an Aperture of more then twoin-
chesover.  So that for Telefcopes , fuppofing we bad a veryready way
of making their Objeét Glaffes of exaétly fpherical Surfaces, we might, by
increafing the length of the Glaf3, magnifie the Objeét to any affignable big-
nef.  And for performing both thefe, Icanmot imagine any way more ea-

fie.and more exaéi, then by this following Engine,by means of which, any
Glaffes,of what length foevermay be [peedily made.It feems the moft eafe,
becaufe with one and the [ame Tool may be with care ground an Objei
Glafs, of any length or breadthrequifite, and that with wery little or no
trouble in fitting the Engine , and without much skill in the Grinder.

It feems to be the moft exali, forto the very laft flroke the Glaf3 does

regulate and reciifie the Tool toits exaét Figures andtbe longer or more
the Zool and Glaf3 are wrought together, the more exalt will both of them
be of the defir'd Figure.  Further, the motions of the Glafs and Zool do

fo crof3 each other , that there is not one point of eithers Surfacebut bas
thoufands of crof$ motions thwartingit, fo that there can be no kind of
Rings or Gutters made either in the Tool or Glafs.

The contrivance of the Engine is, only to make the ends of two large
Mandrils fo tomove , that the Centers of them may be at any convenient
diftance afunder , and that the Awxis of the Mandrils lying both in the fame
plain produc’d, may meet each other inany affignable Angle 5 both which
requifites may be ve?r well perform’d by the Engine deferib'd in the third
Figure of the firft Schewme : where A B fignifies the Beam of a Lath fixt per-
pendicularly or Horizontally, CD the two Poppet heads, fixt at about two
foot diftance, EF an Iron Mandril,whofe tapering neck F runs in an adapt-
ed tapering brafs Collar; the other end Eruns on the point of a Screw G5
ina convenient place of thisis faftned H a pully Wheel, and into the end of
it,that comes through the Poppet head C, is fcrewed a Ring of a hollow
Cylinder K, or fome other conveniently fhap'd Tool, of what widenefs fhall

be
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b= thought molt proper for the cize of Glafles , about which it is to be im-
ploy'd : As, for Objet glafies, ‘between twelve foot and an hundred foot
long , the Ring may be about fix inches over, or indeed {omewhat
more for thofe longer Glaffes. It would be convenient dlfo, and not
very chargeable, to have four or five feveral Tools; asone for all Glafies
betweenaninchand a foot, one for all Glafles bggween a foot and ten foot
long, another for all between ten and anhundred,a fourth for all between =
hundred and a thoufand foot long; andif Curiofity fhall ever proceed fo
far,one for all lengths between a thoufand and ten thoufand foot long 5 for
indeed the principle is fuch,that fuppofing the ALandrils well made,and of a
good length, and fuppofing great carebe ufed in working and polifhing
them,I fee no reafon but that a Glafs of a thoufand,nay of ten thoufand foot
long, may be as well madeasone of tens for the reafonis the fame,fuppofing
the Mandrils and Tools be made fufficiently ftrong, fo that they cannot
bend ; and fuppofing the Glafs, out of which they are wrought, be capable
of fo great a regularity in its parts asto refraction: this hollow Cylinder K
isto contain the Sand, and by being drove round very quick to and fro by
means of a fmall Wheel,which may be mov'd with ones foot, ferves to grind
the Glafs : The other Aandril is thap'd like this, butit hasan even neck in-
ftead of a taper one,and runs in a Collar, that by the help of a Screw, and a
joynt made like M in the Figure, it can be ftill adjuftned to the wearing or
wafting neck : intothe end of this Mandril is fcrewed a Chock N, on which
with Cement or Glew is faftned the piece of Glafs Q_that isto be form'd ;
the middle of whichGlafs is tobe plac’d juft onthe edge of the Ring, and
theLath O P isto befet and fixt (by means of certain pieces and {crews,
the manner whereof will be fufficiently evidenc'd by the Figure ) in fuch
an Angle asis requifite to the forming of fucha Sphereas the Glafs is de-
fign'd to be of 5 the geometrical ground of which being fufficiently plain,
though not heeded befare, I fhall, for brevities fake, pafs over. This laft
Mandrilis to be made ( by means of the former, or fome other Wheel ) to
run round very fwift alfo, by which two crofs motions the Glafs cannot
chufe (if care be usd ) but be wrought into a moft exactly fpherical
Surface.

But becaufewe are certain, from the Laws of refration ( which I

1 bave experimentally foundtobe fo.by an Infirument I [ball prefently de-
feribe ) that thelines of the angles of Incidence are proportio-
nate tothe lines of the angles of Refraction, thereforeif Glaffes could
be made of thofe kind of Figures,or fome other, fuch asthe moft incompa-

rable Des Cartes bas invented, and demonfirated in his Philofophical and

Mathematical Works,we might bope for a much greater perfeCtion of Opticks

then can be rationally expected from [pherical ones; for though.cteris pa-

ribus, we find, that the larger the Telefcope Objeéi Glaffes are, and the

fhborter thofe of the Microfeope, the better they magnifie, yet bosh of them,
befidz
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befids fich determinate dimenfions , are by certain inconveniences rendred
unufeful 5 for it willbe exceeding difficule 1o make and manage a Zube
above an hundred foot long, and it will be as difficult to inlighten an
Objeét lef3 then an bundred part of an inch difiant from the Objeéi Glaf3.

T have not as yet made any attempts of that kind, though I kiow two or
three wayes, which, as far as I have yet confidered, feem ey probable,and
may invite me to make a tryal s foon as Ibave an opportunity, “of which I
may bereafter perbaps acquaint the world. Inthe Interim, I [ball defcribe
the Inflrument 1even now mention'd, by which the refrattion of all kinds
of Liguors may be moft exactly meafur'd, thereby to give the curious an
opportunity of making what furtber tryals of that kind they fball think
requifite to any of their intended tryals ; andto let them fee that the laws

of Refraciion are not only notional.

The Infrrument confifted of five Rulers, or long pieces placed together,
after the manner expreft in the fecond Figure of the firft Scheme, where
A B denotes a ftraight piece of wood about fix foot and two inches long,
about three inches over, and an inch and half thick , on the back fide of
which washung afmall plummet by a line firetcht from top to bottom, by
which this piece was fet exactly upright,and fo very firmly gxt 5 in the mid-
dle of this was made a hole or center, into which one end of a hollow cy-
lindrical brafs Box CC, fathion'd asIfhallby and by defcribe, was plac'd,
and could very eafily and truly be mov'd to and fro 5 theother end of this
Box being put into, and moving in, a hole made in a{mall arm D D3 into

- this box was faftned the long Ruler EF, about three foot and three or four
inches long, and at three foot from the above mention’d Centers P P was
a hole E, cut through, and crofs'd with two {mall threads, and atthe end of
it was fixt a fmall fight G, and on the back fide of it was fixt a fmall Arm H,
with a Screw to fix it in any place on the Ruler L M 5 thisRuler LM was
mov'd onthe Center B (which was exactly three foot diftance from the
middle Center P ) and a line drawn through the middle of it LM, was
divided by a Line of cordsintofome (ixty degrees,and each degree was fub-
divided into minutes, fothat puttinithe crofs of the threads in E upon any
partof this divided line, T prefently knew what Angle the two Rules AB
and E F made with each other, and by turning the Screw inH, I could fix
them in any pofition. The other Ruler alfo RS was made much after the
{fame manner, only it was not fixt to the hollow cylindrical Box, but,by means
of tweo fmall brafs Armes or Ears, it mov'd on the Centers of it 3 thisalfo,
by means of the crofs threads in the hole S, and by a Screw in K, could be
faltned on any divifion of another line of cords of the fame radius drawn on
NO. Andfo by that means, the Angle made by the twoRulers, AB and
R S, was alfo known. The Brafs box CC in the middle was fhap'd very
much like the Figure X, that is, it wasacylindrical Box {topp'd clofe at ci-
ther end,off of whicha part both of the fides antd bottomes was cut out, fo

that
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that the Box, when the Pipe and that was joyne d toit, would contain the
Water when fill'd half full, and would likewife, without running over, in-"
dure to beinclin'd to an Angle , equal to that of the greateft refraction of
Water, and no more,without running over. The RulerE F was fixt very faft
to the Pipe V, fo that the Pipe V directed the length of  the RulerE F,and
the Box and Ruler were mov'd on the Pin TT, o 4s to make any defi-
rable Angle with the Ruler AB. The bottom of this Pipe V. was ftop’d
with a fmall 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
allo TT weredrill'd with fmall holes through the Axis and through thofe
holes was ftretcht and faftned afmall Wire. . There was likewife a {mall
Pipe of Tin loclly put onupon the end of V, and reaching downto the
fight G5 the ufeof which was only to keep any falfe Rayes of light from
pafling through the bottom of V, and only admitting fuch to pafs as pier-
ced throughthe fight G: All things being placed together in the manner
deferib'd in the Figure s thatis, the Ruler AR being fixt perpendicular, I
fill’d the Box C C with Water, or any other Liquor, whofe refractionI in-
tended to try, tillthe Wire paffing through the middle of it were juft co-
vered : then I moved and fixt the Ruler F E at any aflignable Angle, and
placed the flame of a Candle juft againit the fight G 5 and looking through
the fight I, I moved the Ruler R S to and fro, till I perceived the light paf-
fing through G tobe covered, as ‘twere, or divided by the dark Wire paf-
fing through PP: then turning the Screw inK, I fixt it in that pofture :
And through the hole S, Tobferved what degree and part of it was cut by
the crafs threadsin S.  And thisgave me the Argle of Inclination, APS
anfwering to the Angle of Refraftion 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 meafure, or be the
Angle of Inclination in the Liquor 5 next E PB muftbe the Angleof Re-
fraction,for the Ray that pafies through the fight G, pafies alfo perpendicu-
larly through the Glafs Diaplragme at F, and confequently alfo perpendi-
cularly through the lower furface of the Liquor contiguous to the Glafs., and
thercfore fuffersno refraction till it meet with the horizontal furface of the
Liquor in C C, whichis determined by the two Angles.

By means of this Inflrument I can withlictle trouble, and avery
Jmall quantity of any Liquor, examine, moft accurately, the refraltion
of it , notonly for one inclination, but for all; and thereby am inabled
to make very accurate Zables ; feveral of which Ihave alfo experimentally
made,and find, that Oyl of Turpentine has amuch greater Refrattion
then Spirit of Wine,, thoughit belighter ; and that Spirit of Wine
bas a greater Refrattion then Water, though it be lighter alfo § but that
fale Water alfo has a greater Refraction then frefh, though it be heavier :
but Allum water bas a bf8 refrattion then common Water; though bea-
vier alfo.So that it feems,as to the refraftion made in a Liguor the fpeci-

f fiels
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fick gravity i of mo efficacy.By this I bave alfo found,that look what pro-
portion the Sine of the Angle of oneInclination has to the Sine of the
A}zgle of Refraction, correfpondent toit, the fame proportion have all
she Sines of otber Inclinations to the Sines of their appropriate Refractions,

My way for meafuring how mucha Glafs magpnifiesan Object, plac’'d ata
convenient diftance frommy eye,is this. Having re(tifi'd the Microfcope, to
fee the defir'd Object through it very diftinctly, at the {fame time that I look
upon the Object through the Glafs with one eye, 1 look-upon other Objects
at the fame diftance with my other bare eyes by which meansIam able,
by the help of a Ruler divided into inches and fmall parts, and laid on the
Pedeftal of the Microfcope,to caft,asit were, the magnifi'd appearance of the
Obje¢t upon the Ruler,and thereby exadtly to meafure the Diameter it ap-
pears of through the Glafs, which being compar’d with the Diameter it ap-
pears of to the naked eye, will eafily afford the quantity of its magnify-
ing.
gThe Microfeape, which for the moft part I made ufe of, was fhap'd much
like thatin the fixth Figure of the firft Scheme, the Tube being for the moft
part not above fix or feven inches long,though, by reafon it had four Draw-
ers, it could very much be lengthened, as occafionrequired 5 this was con-
triv'd with three Glaflessafmall Object Glafs at A,a thinner Eye Glafs about
B, and a very deep one about C: this Imade ufe of only when I had oc-
cafion to fee much of an Objelt at once; the middle Glafs conveying a
very great company, of radiating Pencils, which would go another way, and
throwing them upon the deepEye Glafs. But when ever I had occafionto
examine the fmall parts of a Body more accurately, I took out the middle
Glafs,and only made ufe of one Eye Glafs with the Objett 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 makea Aficrofcope to
have one only refration, it would, ceteris paribus, far excel any other that
had agreater number. And henceitis, thatif you takea very clear piece
of abroken Venice Glafs, and ina Lamp draw it out into very {mall hairs or
threads, then holding the endsof thefe threads inthe flame; till they melt
and run into a fmall round Globnl, or drop, which will hangat the end of
the thread ; and if further you ftick feveral of thefe uponthe end of a ftick
with a little fealing Wax, fo as that the threads {rand upwards, and thenon
a Whetftone firft grind off a good part of them, and afterward ona fmooth
Metal plate, with a little Tripoly, rub them till they come to be very
fmooth; if ‘oficof thefe be fixt with a little foft Wax againft a {mall needle
hole,prick'd through a thin Plate of Brafs, Lead, Pewter, or any other Me-
tal, and an Object, plac’d very near, be look'd at through it, irwill both
magpnifie and make fome Objects more diftinct then any of the great icro-
Jeapes.  But becaufe thefe, though exceeding eafily made, are yet very trou-
blefome to be us'd,becaufe of their fmalnefs,and the nearnefsof the Object 5
therefore to prevent both thefe, and yet bave only two Refractions, I pro-
vided me a Tube of Brafs, fhap'd much like that in the fourth Figure of the
firft Schemes into the fmaller end of thisk fixt with Waxagood plano con-
vex
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vex Object Glafi,with the convex fide towards the Obje, and into the
bigger end I fixt alfo with wax a pretty large plano Convex Glafs, with
the convex fide towards my eye, then by means of the fmal] hole
by thefide, I fill'd the intermediate fpace between thefe two Glafles
with very clear Water, and with a Screw ftopp'd itin; then putting
ona Cell forthe Eye, I could perceive an Objelt more bright then I could
when the intermediate {fpace wasonly fill'd with Air,but this, for other in-
conveniences, I made but little ufe of. ;

My way for fixing both the Glafs and Object to the Pedeftal moft conve-
niently was thus : Lpon one fide of a round Pedeftal A B, in the fixth Fi-
gure of the firft Schesze,was fixt a fmall Pillar C C, on this was fitted a fmall
Iron Arm D, which could be mov'd up and down; and fixt in any part of the
Pillar,by means of a {mall Screw E 3 onthe end of this Arm was a fmall Ball
fitted intoa kind of focket F,made in the fide of the Brafi Ring G, through
which the fmall end of the Tube wasfcrew'd s by means of which contri-
vance I could place and fix the Tube in what pofture I defir'd (which for
many Obfervations was exceeding neceffary ). and adjuften it moft exactly
to any Object. :

For placing the Objeét,I made this contrivance 5 upon the énd of a fall
brafs Link or Staple i H, I fofaftned a round Platel I, that it might be
turn'd round upon its Center K, and going pretty fHff, would ftand
fixt in any pofture it wasfet 5 onthe fide of this was fixt a {ndall Pillar P,
about three¢ quarters of aninch high, and through the top of this was thruft
a fmall Iron pin M, whofetop juft ftood overthe Center of the Plate 3 on
this top I fixt a {mall Object, and by means of thefe contrivances I was able
to turnit into all kind of pofitions, both to my Eye and the Light 5 forby
moving round the fmall Plate onits center, I could move it one way, and by
turning the PinM, 1 could move it another way , and this without ftirring
the Glafs at all , or at lcaft bue very little : the Plate likewife I conld meve
to and fro to any part of the Pedeftal ( which in many cafes was very con-
venient ) and fix it alfo in any Pofition, by meansof a Nut N, which was
fcrew'd on upon the lower part of the Pillar CC. All the other Con-
trivances are obvious enough from the draught,and will need no defcription

Now though this were the Infirument Imade moft ufe of, yet I bave
made feveral other 7ryals with other kindsof Microfcopes, mhich both
for matter and formwere wery different from common (pherical Glaffes.
Ihawe made a Microfcope with one piece of Glafs, both whofe furfaces
wereplains. I have made another only with & plano coccave, without
any kind of reflection, divers alfo by means of tefle€tion.  Thuve made
others of Waters, Gums, Refins, Salts, Arfenick, Oyls, and with
divers other mixtures of watery and oyly Liquors. — Andindeed the
fubjeti s capable of o greatvariety; but I find generally nonemore ufe-
fultbenthat which ismade withvwo Glafles, fuch sl have alréady de-
ferib d. What
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What the things are I abferv'd, the following defcriptions will manifeft ;
in brief, they were either exceeding fmall Bodies, or exceeding fmall
Pores, or exceeding fmall Motions, fome of each of whichthe Reader
will find in the following Notes.and fuch, as Iprefume, ( many of them
at leaft) will be new, and perbaps not lef3 ftrange : Some {pecimen of
each of which Heads the Reader will find in the fubfequent delineations,
and indeed of fome more then I was willing there fbould be; which was
occafioned by my firft Intentions to print a much greater number then I
have fince found time to compleat.  Of fuch therefore as Ihad, I feleéi-
ed only fome few of every Head, which for fome particulars feem'd moft ob-
fervable, rejecting thereft as fuperfluons to the prefent Defign. |

What each of the delineated Subjelis are,the following defcriptions an-
next to each will inform.of which I fball bere, only once for all, add,” That
" in divers of them the Gravers bave prettywell follow d'my direétions and
draughts ; and that in making o them, I indeavoured ( a5 far as Iwas
able ) firfito difcover the true appearance , and next to make a plain re-
prefentation of it.  This Imention the rather , becaufe of thefe kind of
Objeéts there is much more difficulty to difcover the true fhape., then of
thofe vifible to the naked eye, the fame Objeét feeming quite differing, in
one pofition tothe Light, from what it really i3, and may be difcoverd
in another.  Andtherefore I never began to make any draught before by
many examinations in [everal lights, and in feveral pofitions to thofe
lights, I bad difcover'd the true form. — For it is exceeding difficult in
[fome Objecis , to diflinguifb between a prominency and adepreffion,
between o Thadow and a black ftain, or a refleftion and awhitenefs
in the colour.  Befides, thetranfparency of moft Objeéts renders them
yet much more difficult then if they were opacous. ke Eyes of a Flyin
one Rind of light appear almoft like a Lattice, drill d through with abup-
dance of fmall holes 5 which probably may be the Reafon, why the Ingeni-
ouws Dr. Power feems to fuppofe them fuch.  In the Sunfbine  they look,
like a Surface cover'd with golden Nails 5 in another pofiure,like a. Sur-
face cover'd with Pyramids 5 in anotber with Cones; and in‘o'zb‘é\r‘ po-
flures of quite other [bapes 5 but that which exhibits the beft, is the Light
colleSted onthe Objeci, by thofe means I have already deferibd, - -

« And
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And this was undertaken in profecution of the Defign which the ROY-
AL SOCIETY basproposdto it felf. For the Members of the Affembly ha-
ving before their eys fo many fatal Inflances of the errors and falfboods,inwhich
the greateft part of mankind bas fo long wandred, becaufe they rely dupon the
firength of bumane Reafon alone, have begun anew to correét all Hy-
pothefes by fenfe, as Seamen do their dead Reckonings by Ceeleftial
Obfervations;and to this purpofe it has been their principal indeavorir to en-
large ¢o ftrengthen the Senfes by Medicine,and by fuch outward Inftru=
ments @ are proper for their particular works. By this means they find fome
reafon to fuffelt,that thofe effecis of Bodies,which have been commonly attri-
buted to Qualities, and thofe confef3'd to be occult, are perform'd by the
fmall Machines of Nature, which are not to be difeern’'d without thefe helps,
Jeeming the meer producis of Motion,Figure,and Magnitude; and that the
Natural Texcures, which fome call the Plaftick faculty, may be made in
Looms,nbich a greater perfection of Opticks may make difcernable by thefe
Glaffes:fo as now they are no more puzzled about themthen the wulgar are to
concerve,bowTapeftry or tiowred Stuffs are woven. And the ends of il thefe
Inquiries they intend to be the Pleafure of Contemplative minds, but above

all,the cale and difpatch of the Laboursiof mens hands. They do indeed neg-
lect no opportunity to bring all the rare things of Remote Countries within the
compafS of their knowledge and praciice. But they flill ac knowledy their moft
uleful Informations to arife from common things, - and from divetfifying
their moft ordinary eperations upon them. They donot wholly rejeéi Experi-
ments of meer light and theory ; but they principally aim at fuch, whofe
Applications will improve and facilitate the prefent way of Manual Ares,
Andthough fome men, who are perbaps taken up about lef3 honpurable Em-
ployments, arepleasdto cenfure their proceedings, yet they can’ fhew more
fruits of wheir firf? three years, wherein they have affembled, then any other
Society in Europe can for.d.much larger [pace of time. Tss true, fuch-un-
dertakings as theirs do commonly meet with fmallincouragement ,+ becaufe
men are generally rather taken with the plaufible and difcurfive, then the:
veal and the folid part of Philofophy ; yet by the good fortune of theirinflitn=
tionsin an.Age of allvthers the moft inquifitive,they bave been affifiéd by the'
contribution and prefence of very many of the chief Nobility arid Genéry{,{tf
g an



The BrtracE.

and others,who are fome of the moft confiderable in their feveral Profeffuons.
But that that yet farther convinces me of the Real efteem that the more fe-
rious part of men have of this Society,is, that feveral Merchants,mern who
ali in earnefi(whofe Objeét s meum o tuum,that great Rudder of humane
affiirs)bave adventur'd confider able fums of Money,to put in praétice what
Jome of our Members bave contrived, and bave continued {tedfaft in their
good apinions of fuch Indeavours, whennot oneof a bundred of the vuloar
bave believed their undertakings feafable. And it is alfo fit to be added,that
they bave one advantage peculiar to themfelves,that very many of their mum-
ber are men of Converfe and Tratfick ; which is a good Omens that their
attempts will bring Philofophy from words toa&ion,feeing the men of Bufi-
aef3 have had fogreat a fharein their firft foundation.

And of this kind Tought not to conceal one particu lachneroﬁty,wbzcb more
nearly concerns my [elf It is the munificence of Sir JohnCutler.in endowing
a LeSture for the promotion of Mechanick Arts,to be governed and direéted
byZhisSociety .7bisBounty Imention for the Honourablenefs of the thing it
felfand for the expeciationwhich I have of the eflicacy of the Example ; for
it cannot now be objected to them,that their Defigns will be efteemed frivolous
andvain, when they bave fuch a real Teftimony of the Approbation of
a Man that s fuch an emiment Ornament of this renowned City, and one,
who, by the Variety, and the happy Succefs, of his aegotiations, bas given
evident proofs, that heis not eafie to be deceivd. This Gentleman bas well
obfervd, that the Arts of life have been too long imprifon’din'the dark.
fhaps of Mechanicks themfelves,(> there hindred from growtl.either by ig-
norance,or Jelf-intereft:and be bas bravely freed. them from thefe inconveni-
ences:He hath not only obliged Tradefmen,but. Trade it felf:Fe has done s
work. that s worthy of London, . and bas taught.the chief Cityof Commeree
in.the world the right way how Commerce istobeimprov d. We bave already
Jeenmany other great fignsof Liberality and: alarge mind,:fromthe fame
hand:For by bis diligence about theCorporation forthe Poorsby bis hoo-
rableSubferiptions for the rebuilding of St.Paul'ssby bis chearfud B isbur{:
ment for the 7¢planting of Ireland,and by many otker fizch publ ik works,
be has. bewns by what - means be indeawours to efkablith bis‘Mehory s and
now by thi laf} gift ke bas done thatwhich becameone of the wileft Cirizens

: oF
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of our Nation to accomplifh, fecing oneiaf the wifelt of our Statefmen,the
Lord Verulam, firft propounded i,

But to return to sy Subject, from a digreffion, which, 1 bope.my Reader
will pardon me, feeing the Examples fo rare that I can make 1o more fuch
digreffions. - K thefe my firfi Labours fballbe any wayes " ufefulto ingui-
ring men, 1 nouft attribute theancouragement and promotion of them to @ ve-
7y Reverend and Leatned Perton,of svbom this ought in jufiice to be faid,
That there is' fcarce any one Invention, which this Nation has pro-
duc'd inour Age, but it has fome way or other been fet forward by
tis affiftance. My Reader dbelieve,mill guiickly ghefS, that it is Dr. Wil-
kins that I mean.He isindeed amanborn for the good of mankind,and for
the honour of his Couutry.  In the fweetnefs of whofe behavioursin the
calmnefs of Bis mind, i the unbounded goodnéfs of his heart, we have
‘an evident iftance, what the true and the primitive unpafiionate Religi-
on was, before it was {owred by particilar Factions. In @ word, bis Zedl
bas been fo confrant und cttecrunl ‘in advancing all good and profitable
Arts,that. asone of the Antient Romans faid of Scipio, That he thanked
God that he was a Roman 3 becaufe whercever Seipio had: been:born,
there had been the feavot the Empire. of the woold : Somay £ thank.
God, that D Wilkins s an Englithman, - for wherecver be had lined,
there bad beeir the chief Seat of gencrous: Knowledge amd true Philofo-
phy. 7o thetruth of thisthere are b many worthy men fizing that Will fub-
feribe, that I am confident, what 1 bave bere faidy will not be' lookdl wpon,
by any'ingenions’ Readery! a5 a Panegyrick, bt onlyl as wreal telti-
1511 By the Advice of this Excellent man [ firft fet upon this Lsnterprife, yet
“Pill came to it with mich RetuGancy pecaufe I was to follow the footfieps of
o entinent a ' Perfon'as Dr Wren ,vivbo wasthe fitft that attémpied any
thing of this nature 5 whofe original draughts do now makeonéof. the@raia-
ments of that great Collection of Rarities in theKings Clofet. ~ 7his Ho-

nor, which bis firft beginnings of this kind bave receiv d, to be admitted in-
0 the moft famous place of the world,did not fo much incourage, as the ha-
zard of coming after Dr. Wren did aftvight me 5 for of him Imuft affirm,
: 'tﬁdt,""ﬁ‘nce the time of Archimedes, there [carce ever met int one man, in fo
great

1
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great a perfeétion, fucha Mechanical Hand, and fo Philofophical a
Mind.

But at lafi,being affuredboth by Dr. Wilkins,and Dr. Wren Limfelf,
that he bad given over bisintentions of profecuting it, and not finding that
there was any elfe defign'd the purfuing of it,Ifet upon this undertaking, and
was not a little incourag'd toproceed in it,bythe Honcur the Royal Society
was pleas’d to favour me with,in approving of thofe draughts (which from
time totime as Ihad an opportunity of defcribing) Iprefented to them. And
particularly by the Incitements of divers of thofe Noble and excellent Per-
fons of it, which were my more efpecial Friends,who were not lef$ urgent with
me for the publifbing, then for the profecution of them.

After I bad almoft compleated thefe Piclures and Obfervations ( ba-
ving had divers of them ingraven , andwas ready to fend them to the
Pref3’y Iwas informd , that the Ingenious Phyfitian Dr., Henry Power
had made feveral Microf copical Obfervations,which bad Inot afterwards,
upon otir interchangably viewing each others Papers, found that they were
for the moft part differing from mine, either in the Subjeéi it [elf, or in the
particulars taken notice of 5 and that bis defign was only to primt Obfer-
vations without Piltures,I bad even then fupprefled what Ibad [o far pro-
ceededin.  But being further excited by feveral of my Friends, in comply-
ancewith their opinions, that it weuld not be unacceptable to feveral inqui-
 fitive Men, and hoping alfo, that I ﬁmuld tbereb) difcover- fomething
New tothe World, I bave at length caft in my Mite, into the vaft Treaﬁ:h
ry of A Philofophical Hiftory. ' And it is my Lhope, as well as belief; that
thefe my Labours will be no more comparable to the Productions of . many
other Natural Philofophers, who are now every where bufie about greater
things 5 then'my little Qbjelts aretobe compar'dio the greater and more
beautzful Works of Nature, A E lea a Mztc, a Gnat, toan Hodé,an Ele-
pbam ora Lyon | . .
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OR SOME

. : Phyfiological Defcriptions
MINUTE BODIES:

'MADE BY _
MAGNIFYING GLASSES:
WITH
OBSERVATIONSs and INQUIRIES thereupon.

Obferv. 1. Ofthe Point of a harp fmall Needle,

465 S in Geometry, the molt natural way of beginning is Sehess.2.
22 from a Mathematical point 5 {oisthe fame method in Fig.a,
/' Obfervations and Natural hiftory the moft genuine,fim-
ple; and inftructive. We muft firft endevour to make
letters,and draw fingle {trokes true , before we ven-
ture to write whole Sewtences, or to draw large Pis
ures. Andin Phyfical Enquiries, we muft endevour
to follow Nature in the more plaiz and eafie ways fhe
treadsin the moft fmple and uncompounded bodies, to trace her fteps, and
be acquainted with her manner of walking there, before we venture our
felves into the multitude of meanders the hasin bodies of 2 more complica-
fed naturc ; left, being unable to diftinguith and judge of our way, we
uickly lofe both Nature our Guide,and our Jelves too.and are left to wan-
ﬁer in the lebyrinth of groundlefs opinions 5 wanting both Judgment, that
light,and experience, that clew, which fhould direct our proceedings.
We will begin thefe our Inquiries therefore with the Obfervations of
Bodies of the molt fiwple nature firft,and fo gradually proceed to thofe of a
more compounded one.In profecution of which method,we fhall begin with
a Phyfical point; of which kind the Point of 2 NeedJeis commonly reckon'd
for one ; and is indeed, for the moft part, made fo fharp, thar the naked
cye cannot diltinguifh any partsof it : It very cafily pierces, and makesits
way through all kind of bodies fofter then it fel&But if view'd with a very
good Aicrofiope, we may find that the tep of a Needle (though as ui)" th{c
B enie




MicrROGRAPHIA.

fenfe very fharp ) appears a broad blunt, and very irregular end 5 not relemi-
bling a Cone, as is imagin’d, but onely a piece of a tapering body, witha
great part of the top remov'd, or deficient. The Points of Pins are yet
more Elunt, and the Points of the moft curious Mathematital Inftruments
do very feldome arrive at fo great afharpnefs ; how much therefore can
be built upon demonftraticns made onely by the productions of the Ru-
ler and Compafles, he will bebetter able to confider that fhall but view
thofe points and lines with a Microfcope.

Now though this point be commonly accounted the fharpeft (whence
when we would exprefs the fharpnefs of a point the molt fuper/atively, we
fay, Asfharpasa Needle) yet the Microfcope can afford us hundreds of In-
ftances of Points many thoufand times fharper: fuch as thofe of the hairs,
and briftles, and claws of multitudes of Fsfects s the thorns , or crooks, or
bairs of leaves, and other fmall vegetables ; nay, the ends of the ffirie or
{mall parallelipipeds of Awsiantbus, and alumen plymofum ;5 of many of
which, though the Points are {o fharp as not to be vifible, though view'd
witha Micrq%cope (which magnifies the Object, in bulk, above a million of
times) yet I doubt not, but were we able prafically to make Aicrofcopes
according to the theory of them, we might find hills,and dales,and pores,
and a fufhcient bredth, or expanfion, to give all thofe parts elbow-room,
even in the blunt top of the veryPoint of any of thefe fo very fharp bodies.
For certainly the guantity or extenfion of any body may be Diwifivle in in-

[fnitum, though perhaps not the matter.

But to proceed : The Image we have here exhibited in the
firft Figure, was the top of a fmall and very fharp Needle, whofe
point a a neverthelefs appear’d through the Microfcope above a
quarter of an inch broad, not round nor flat, but irreguler and un-
ever 5 {0 that it {eem’d to have been big enough to have afforded a
hundred armed Mites room enough to be rang’d by each other” without
endangering the breaking one anothers necks, by being thruft off on ei-
therfide. The furface of which, though appearing to the naked eye very
fmooth,could not neverthelefs hide a multitude ot holes and feratches and
ruggednefles from being difcover’d by the Aicrofeope to inveltit, {everal
of which inequalities (as A,B,C,feem’d holes made by fome fmall {pecks of
Ruft s and D fome adventitions body, that fruck very clofe to it) were ca-
JSwal. All the reft that roughen the furface, were onely fo many marks of
the rudenefs and bungling of 4r#. So unaccurate isit, in all its producti-
ons, even in thofe which feem moft neat, that if examin'd with an organ
more acute then that by which they were made, the more we fee of their
Jhape, the lefs appearance will there be of their beanty : whereas in the
works of Nature, the deepeft Difccveries fhew us the greateft Excellen-
cies. An evident Argument, that he that was the Author of all thefe
things, was no other then Om#ipotent ; being able to include as greata va-
riety of parts and contrivancesinthe yet fmalleft Difcernable Point, asin
thofe vafter bodies (which comparatively are called alfo Points) fuch as
the Earth, Sun,or Planets. Nor need it feem ftrange that the Earth it (elf
may be by anAnalogée call’d a'Phyfical Point:For as its body,though now

fo
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MiCROGRAPHIA, 2

fonear us as tofill our eysand fancies witha fenfe of the vaftnefs of it,

may by alittle Diftance, and fome convenient Dizinifhing Glafies, be

made vanifh into a fcarce vifible Speck, or Point (as I have often

try’'d on the Moo, and (when not too bright) on the suz it felf.) So,

could 2 Mechanical contrivance fuccestully anfwer our Theory, we mighe

fee the leaft fpot as big as the Earth it fclf_'; and Difcover, as Des Cartes Disp. ch.
alfo conjectures, as great a varicty of bodiesin the 420, or Planets,as in t°. § 9.
the Earth.

But leaving thefe Difcoveries to future Induftries; we fhall proceed to
add one Obfervation more of a pozzt commonly fo call’d,that is, the mark
of a full fep, or period. And for this purpofe I obferved many both printed
ones and writter s and among multicudes I found few of them more roind
or regular then this which I have delincated in the third figure of the fe-
cond Scheme, but wery many abundantly more disfigur'd; and for the
moft part if they feem’d equally round to the eye, I found thofe points
that had been made by a Copper-plate, and Roll-prefs, to be as misthapen
as thofe which had been made with Types, the moft curious and {fmothly
engraven ftrokes and points, looking but as {0 many furrews and holes, and
their printed impre[fions, but like fmntty danbings on a matt or uneven
floor with a blunt extinguifht brand orftick's end. And as for peints
made with a pex they were much more rugged and deformed. Nay,havin
view'd certain pieces of exceeding curious writing of the kind (one o%‘
whichin the bredth of a two-pence compris'd the Lords prayer, the Apoftles
Creed, the ten Commandments, and abont balf a dozen verfes befides of the
Bible, whofe lines were {0 fmall and near together, that 1 was unable to
number them with my #aked eye,a very ordinary Aicrofcope, 1 had then a-
bout me, inabled me to fee that what the Writer of it had afferted was
#rue, but withall difcover'd of what pitifull bungling fcribbles and f[erawls
it was compos'd,drabian and China charaifers being almoft as well thap'd 3
yet thus much I muft fay for the Man, that it was for the moft part legible
enough, though in fome places there wanted a good fantfy well prepofeft
to help one through. It this manner of faall writing were made eaffe and
praclicable (and T think I know fucha one, but have never yet made
tryal ofit, whereby one might be inabled to write a great deale with much
eafe, and accurately enough in avery little roome ) it might be of very
good ufe to convey fecret Intelligence without any danger of Difcovery
or mg‘[ir;ﬂiﬂg. But to come again tothe point.  The Irregularities of it
are caufed by three or four coadjutors, one of whichis, the uneven furface
of the paper, which at beft appears no fmother then a very courfe piece of
Jhag d cloth, next the irregularity of the Type or Ingraving, and a third is the
rough Dawbing of the Printing-Ink that liesupon the inftrument that makes
the impreflion, to all which, add the variation made by the Different
lights and fhadows, and youmay have {ufficient reafon to ghefs that a point
may appear much more #gly then this, which I have here prefented, which
thonjfh it appear’d through the Aicrofcope gray, like a great fplatch of
London dirt, about three inches over 3 yet to the zaked eye it was black,,
and no bigger then thatin the midft of the Circle A. And could %hav;

oun
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found Room in this Plate to have inferted an O you fhould have feen that
the Jetters were not more diftinct then the points of Diftinétion, nora
drawn circle more exactly fo,then we have now fhown a point to be a peint.

Obferv, I1. Ofthe Edge of a Razor.

He fharpeft Edge hath the fame kind of affinity to the fharpeft Point

I in Phyficks, as a /ize hath to a peint in Mathematicks 5 and therefore
the Treaty concerning this, may very properly be annexed to the for-
mer. A Razor doth appear to be a Body of a very neat and curious a-
{pect, till more clofely viewed by the Microfcope, and there we may ob-
ferve its very Edge to be of all kind of fhapes, except what it fhould be.
For examining that of a very fharp one, I could not find that any part of
it had any thing of fharpnefs in it; but it appear'd a rough furface of a
very confiderable bredth from fide to fide, the narrowei% part not feem-
ing thinner then the back of a pretty thick Knife. Nor is't likely that it
fhould appear any otherwife, fince as we juft now fhew’d that a point ap-

ear'd a circle, tis rational a line {hould be a parallelograms.

Now tor the drawing this fecond Figure(which reprefentsa part of the
Edgeabout halfa quarter of aninch long of a Razor well {et) I{o plac’d ie
between the Object-glafs & the light.that there appear’d a reflection from
the very Edge.re reénted by the white line 25 ¢ de f. In which you may
perceive it to be fomewhat tharper then elfewhere about d, to be indent-
ed or pitted about 4, to be broader and thicker about ¢, and unequal
and rugged about ¢, and pretty even between 4 b and e f. Nor wasthat
part of the Edge ¢ b7 & {o fmooth as one would imagine {o fmooth bo-
diesasa Hone and Oyl fhould leave it 5 for befides thofe multitudes of
fcratches, which appear to have raz'd the furface g 47 k, and to crofs
each other every way which are not half of them expreft in the Figure,
there were feveral great and deep fcratches, or furrows, fuch as ¢ # and
i k, which made the furface yet more rugged, caus'd perhaps by fome
fmall Duft cafually falling on the Hone, or fome harder or more flinty
part of the Hone it felf. The other part of the Razor £/, which s polifh’d
on a grinding-ftone, appear’d much rougher then the other, looking al-
moft like a plow'd field, with many parallels, ridges, and furrows, and a
cloddy, as twere, or an uneven furface : nor fhall we wonder at the
roughnefies of thofe furfaces, fince even in the moft curious wrought
Glafles for 2icrofcopes, and other Optical ufes, I have, when the Sun hasg
fhone well on them, difcover'd their furface to be varioutly raz’d or
fcratched, and to confift of an infinite of {mall broken furfaces, which re-
flecr the light of very various and differing colours. And indeed it feems
impofiible by Art tocut the furface of any hard and brittle body fmcoth,
fince Putte, or even the moft curious Powder that can be made ufe of, to
pelifh fuch a body, muft confift of little hard rough particles, and each of
them muft cut its way, and confequently leave fome kind of gutter or

furrows
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furrow behind it. And though Nature does feem to do it very readily in
all kinds of fluid bodies, yet perhaps future obfervators may difcover
even thefealfo rugged s it being very probable, as1 elfewhere fhew, that
fluid bodiesare made up of {mall {olid particles varioufly and ftrongly
mov’d, and may find reafon to think there is {carce a futface iz revume #a-
turd perfectly imooth. The black fpot 7 #, I ghefs to be fome {mall
{peck of ruft, for that I have oft obferv'd to be the manner of the working
of Corrofive Juyces. To conclude, this Edge and piece of a Razor, if it
had been really fuch as it appear’d through the A#¢rofcope, would fcarce-
ly have ferv'd to cleave wood, much lefs to have cut off the hair of beards,
unlefs it were after the manner that Lucian merrily relates Charon to have
made ufe of,when with a Carpenters Axe he chop'd off the beard of a fage
Philofopher, whofe gravity he very cautioufly fear’d would indanger the
overfetting of his Wheiry.

Obferv. 111. Offine Lawn, or Linnen Cloth.

His is another product of Art, A piece of the fineft Lawn I was able

to get, fo curiousthat the threads were fcarce difcernable by the na-
ked eye,and yet through an ordinary 2ficroféope you may perceive what
a goodly picce of coarfc Matting it is s what proportionable cords each of
its threads are, being not unlike, both. in thape and fize, the bigger and
coarfer kind of fingle Rope-yarn,wherewith they ufually make Cables. That
which makes the Lawn {o tranfparent, is by the aficrofiope, nay by the
naked eye, if attentively viewed, plainly enough evidenced to bethe
multitude of {quare hges which are left between the threads, appearing
to have much more hale inrefpect of the intercurrent partsthenis for the
moft part leftin a lattice-windew, whichit does a little refemble, onely
the crofling parts are round and not flat.

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

The reafon of which odd Phemomenon feems no other then this; that
though the curioufly dreft Flax has its parts fo exceedingly fmall, asto
equallize, if not to be much fmaller then the clew of the Silk-worm, efpe-
cially in thinnefs, yet the differences between the figures of the confti-
tuting filaments are {0 great, and their fubftances fo various, that wheﬁcaﬁ:
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thofe'of the silk are fmall,round, bard, tranfparent, and to theirbignefs
proportionably fiff, fo as each filament prefervesits proper Figure, and
confequently its vivid refleition intire, though twifted into a thiread,if
not too hard ; thofe of Flax are flat, limber, fofter,and lef tranfparent, and
intwifting into a thread they joyn,and lie {o clofe together,as to Tofé theit
own, and deftroy each othersparticular refle€tions. There feems theres
fore three Particulars very requifite to make the fo dreft Flax appear Silk
alfo when fpun into threads. ' Firft, that the fubftance of it thould be
mademore clear and tranfparent, Flax retaining in ita kind of opacating
brown, or yellow ; and the parts of the whiteft kind I have yetobférv'd
with the Microfcope appearing white, like flaw’d Horn or Glafk; rather
then'clear; like clear Horn or Glafs.  Next that, the filaments fhould each
of them be rounded, if that could be done,which yetis not (o very necef:
fary, if the firft be perform’d, and this third, which is, that each’ of the
{mall filaments be ffifized 5 for though they be {quare, or flat, provided
they be tranfparent and ftiff, much the fame appearances muft neceffarily
follow. Now, though I have not yet made trial, yet I doubt not, but that
both thefe propricties may be alfo induc’d upor ¥he Flax,and perhaps too
by one and the fame Expedient, which fome trials may quickly inform any
ingenious attempter of, who from the ufe and profit of fuch ari Invention,
may find {ufficient argument to be prompted to fuch Inquiries: - As for
the tenacity of the fubftance of Flax, out of which the thread is made, it
feems much inferiour to that of Silk, the one being a wvegetable, the
other an animal fubftance. And whether it proceed from the better con-
coftion, or the more homogeneous conftitution of awimal fubftances
above thofe of wvegetables, I do not here determines; yet fince I ge«
nerally find, that vegetable fubftances do not equalize the tenacity of ani-
meal, nor thele the #énacity of fome purified mineral fubftancess T am
very apt tothink, that the tenacity of bodies does not proceed from the
banous, or booked particles, asthe Epicureans, and fome modern Philofo-
phers have imagin'd; but from the more exatt congruity of the coniti-
tuent parts, which are contiguous to each other, and fo bulky, asnot o
be ealily feparated, or fhatter’d, by any fmall pulls or concuffion of
heat. ../

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

His is the appearance of a piece of very fine Taffety-riband in the
 'bigger magnitying Glafs, which you fee exhibits it like a very con-
venient fubftance to make Bed-matts,or Door-matts of,or to ferve for Bee-
hives, Corn-{cuttles,Chairs, or Corn-tubs,it being not unlike that kind of
work, wherewith in many parts in England, they make fuch Utenfils of
Straw,a little wreathed,and bound together with thongs of Brambles. For
in this Contexture, each little filament, fiber, or clew of the Silk-worm,
feem’d about the bignefs of an ordiriary Straw, as appears by the little ir-

regular
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regular pieces,a b,c d,and efs The Warp,or the thread that ran croffing the
Ri%)and,appear'd like a fingle Rope of an Inch Diameter 3 but the Woof,
or the thread that ran the _lqugéh of the Riband, appear’d not half 1o
big. EachInchof &Epen_yg-b\da .Ribaﬁd‘_\)ppearing“nﬁi lek then a piece
of Matting Inch and halt thick, and twelve foot fquare 5 a few yardsof
this; would be!enough te:floor the long Gallery. of the ' Loureat Prwr;
But to return to our piece of Riband : It affords s 'a mot unpleafant ob-
ject, appearing like a bundle, or wreath, of very clear and tranfparene
Cylinders jif the Silk be white, and curioufly ting’d 5if it be colour'd,each
of thofe fmall horney Cylinders affording in fome place or other of them,
as vivid a reflection; as it it had been fent from a Cylimder of Glafs or Horn,

In-fo-much, that the reflcCtions of Red, appear'd as if coming. from foy

many Granates, or Rubies.. ' The lovelinéfs of the colours of Silks abaye

thofe of hairy Stuffs,or Linnen,confifting asTelfe-where intimate,chiefly in

the tranfparency, and vivid reflections from the Concaze or inner furface

of the tranfparent Cylinder, as are alfo the colouts:of Precions Stoness

for moft of the refletions from each of thefe Cylimders, comé fromthe

Concave {urface of the air, whichisas ‘twere the foil that incompafles the

Cylinder. The colours with which each of thefe Cylindeérs are ting’d, fcem

partly to be {uperficial, and fticking to the out-fides of them s and. partly,

to be imbib’d, or funck into the fubftance of them : for Silk, feeming to

be little elfe then a dried thread of Glew, may be fuppos'd to be very

eafily relaxt.and foftened, by being fteeped in warm, nay in cold, if pene-

trant, juyces or liquors. ; And thereby thofe tinctures, though they tinge

perhaps but afmall part of the {ubftance, yet being {0 highly impregnated

with the colour, asto be almoft black with it, may leave an imprefiion

ftrong enough to exhibite the defir’d colour. A pretty kinde of artifi-

cial Stuff I have feen, looking almoft like tranfparent Parchment, Horn,

or Ifing-glafs, and perhaps fome {uch thing it may be made of, which be=

ing tranfparent, and of a glutinous nature, and eafily mollified by keep-

ing in water, as I found upon trial, had imbib'd, and did remain ting’'d

with a great variety of very vivid colours, and to the naked eye, it look'd

very like the fubftance of the Silk. AndIhave oftenthought, thatpro-

bably there might be away found out, to make an artificial glutinous

compofition, much refembling, if not full as good, nay better, then that

Excrement,or whatever other {ubftance it be out of which, the Silk-worm

wire-draws his clew. If fuch a compofition were found, it were certain-

ly an eaflie matter to find very quick ways of drawing: it out into fmall
wires for ufe. I need not mention the ufe of fuch an Invention,nor the be-

nefit that is likely to accrue to the finder,they being fufficiently obvious.
This hint therefore, may, Thope, give fome Ingenious inquifitive Perfon
anoccafion of making {fome trials, which if fuccefsfull, I have my aim, and
I fuppofe he will have no occafion to be difpleas’d.

Ob.rCfV- Vo
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Obferv. V. Of watered Silks, or Stuffs.

Here are but few drtificial things that are worth obferving with a
Microfcope s and theretore I fhall fpeak but briefly concerning them.

For the Produétions of art are fuch rude mif-fhapen things, that when
view'd with a Microfeape there islittle elfe obfervable,but their deformity.
The moft curious Carvings appearing no better then thofe rude Ruffian
Images we find mention'd in Purchas, where three notches at the end of a
Stick, ftood for a face. And the moft fmooth and burnifh’d furfaces appear
moft rough and unpolifht : So that my firft Reafon why Ifhalladd but a
few obfervations of them, is, their mif-fhapen form ;and the next, is their
ufelefinefs. For why fhould we trouble our felvesin the examination of
that form or fhape (which is all we are able to reach with a Microféope)
which we know was defign’d for no higher a ufe, then what we were able
to view with our naked eye? Why fhould we endeavour to difcover
myfteriesin that which hasno fuch thing in it? And like Rabbins find out
Caballifms, and enigmésinthe Figure, and placing of Letters, whereno
fuch thing lies hid : whereas in naturalformsthere are fome fo fmall, and
fo curious,and their defign’d bufinefs fo far remov’d beyond the reach of
our fight,that the more we magnify the object, the more excellenciesand
myfteries do appears And the more we difcover the imperfections of our
fenfes, and the Omnipotency and Infinite perfections of the great Crea-
tour. I fhall therefore onely add one or two Obfervations more of artifi-
cial things, and then come to the Treaty concerning fuch matters as are
the Productions of a more curious Workman. One of thefe,{hall be that
of a piece of water'd Silk, reprefentedin thefecond Figure of the third
Scheme,asit appear'd through the leaft magnifying Glafs. 4 B. fignifying
the long way of the Stuff;and ¢ 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 of brigh-
ter and darker parts, thatit adds no fmall gracefulnefs to the Glofs of it.
It is fo known a propriety, that it needs but little explication, but it is ob-
fervable, which perhaps every one has not confidered, that thofe parts
which appear the darker part ofthe wave, in one pofition to the light, in
another appears the lighter,and the contraryjand by this means the undu-
lations become tranfient,and in a continual change,according as the po-
fition of the partsin refpet of the incident beams of light is varied. The
reafon of which odd phenomena, to one that has but diligently examin’d
it even with his naked ¢ye, will be obvious enough. But he that obferves
it with a Micrefcepe, may more eafily perceive what this Profeus is, and
how it comes to change its fhape. He may very eafily perceive, that it
roceeds onely from the variety of the Refleifions of light, whichis caus'd
gy the varlous fba{e of the Particles, or little protuberant parts of the
thread that compofe the furface ;and that thofe parts of the waves that

appcar
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appear the briﬁhter_throw towards the eye a multitude of fmall reflecti-
ons of light, whereas the darker fcarce afford amy. The reafon of which
reflection, the Microfcope plainly difcovers, as appears by the Figute, In
which you may Ferceive, that the brighter pares of the furface confiit of
an abundance of large and ftrong reflections,denoted by 4,4, 4, 4, 4, &c.
for the furfaces of thofc threads that run the /org way, are by the Mecha-
nical procefs of watcring, creas’d or angled in another kind of pofture
then they were by the weaving : for by the weaving they are onely bext
round the warping threads 5 but by the watering, they are bent with an
angle, or elborr, that is in {tead of lying, or being bent round the threads,

as in the third Figure, 4,4, 4,4,4, are about b,b b (b,b.b reprefenting the

ends,as ‘twere, of the crofsthreads,they are bent about) they are creas’d

onthe top of thofe threads, with an a#gle, as in the fourth Figure, and

that with all imaginable varicty 3 fo that,whereas before they reflected

the light onely from one point of the round furface, as about ¢, ¢, ¢ they

now when water’d, reflect the beams from more then half the whole fur-

face,as de, de, de, and in other poftures they returnno reflettions at all

from thofe furfaces. Hence in one pofture they compofe the brighter

parts of the waves,inanother the darker. And thefe reflections are allo

varied, according as the particular parts are varioufly bent. The reafon

of which creafing we fhall next examine s and here we muft fetch ourin-

formation from the Mechanifn or manner of proceeding in thisoperation 3

which, as I have beeninform’d, is no other then this,

They double all the Stuft that is to be water'd, that is,they creafe it juft
through the middle of it, the whole length of the piece, leaving the right
fide of the Stuff inward, and placing the two edges, or filvages juft upon
one another,and as near as they can,place the wale {o in the doubling offt,
that the wale of the one fide may lie very near parallel, or even with the
wale of the other ; for the nearer that pofture they lie, the greater will
the watering appear 3 and the more obliquely,or acrofs to each other they
lie,the fmaller are the waves. Their way for folding it for a great wale
is thus : they take a Pin,and begin at one fide of the piece inany wale,and
fo moving it towards the other fide, thereby direét their hands to the op-
pofite ends of the wale, and then, as near asthey can, place the two op-
pofite ends of the fame wale together, and fo double, or fold the whole
piece, repeating this enquiry with a Pin at every yard or two’s diftance
through the whole length ; then they fprinkle it with water,and fold it the
longways, placing between every fold a piece of Paftboard, by which
means all the wrong {ide of the water’d Stuff becomesflat, and with little
wales, and the wales on the other fide become the more protuberant 3
whence the creafings or angular bendings of the wales become the more
perfpicuous. Having folded it in this manner,they place it with an inter-
jacent Paftboard into an hot Prefs, whereit is kept very violently preft,
till itbe dry and ftiff 5 by which means, the wales of either contiguous
fides leave their own impreflions upon each other, as is very mani-
feft by the fecond Figure. where ’tis obvious enough, that the wale of the
piece 4 B C D runs parallel between the pricked lines e f, e f; ef; and as
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manifeft to difcern the impreffions upen thefe wales, left by thofe that
were preft upon them,which lying not exactly parallel with them,but a lit-
tle athwart them, as is denoted by the lines of,0 0.0 0, gh. gh.gh, between
which the other wales did lie parallelsthey are fo varioufly,and irregular-
ly creas'd that being put into that fhape when wet,and kept {o till they be
t{rie, they fo fet each others threads, that the Moldings remain almoft as
long as the Stuff lafts.

Hence it may appear to any one that attentively confiders the Figure,
why the partsof the wale 4,4,4,4,4, 4, fhould appear bright 5 and why
the parts b,b, b,b,b,b, fhould appear fhadowed, or darks why fome, as
d.d,d,d.d,d, fhould appear partly light,and partly dark : the varieties of
which refletions and fhadows are the only caufe of the appearance of wa-
tering in Silks, or any other kind of Stuffs.

From the variety of refletion, may alfo be deduc’d the caufe why a
fmall breez or gale of wind ruffling the furface of a fmooth water, makes
it appear black; asalfo,on the other fide, why the fmoothing or burnifh-
ing the furface of whitened Silver makes it look black 3 and multitudes of

other phznomena might hereby be folv’d, which are too many to be here
infifted on.

Obferv. VI. Of fmall Glafs Canes.

Hat I might be fatisfid, whether it were not poffible to make an
I Artificial pore as fmall asany Natural 1 had yet found, I made fe-
veral attemps with fmall glafs pipes, melted inthe flame of a Lamp, and
then very fuddenly drawn outinto a great length.  And, by that means,
without much difficulty, I was able to draw fome almoft as fmall as a
Cobweb, which yet, with the Microfcope, T could plainly perceive to be
perforated, both by looking onthe exds of it, and by looking onit againft
the light 5 which was much the eaffer way to determine whether it were
folid or perforateds for, taking a fmall pipe of glafs, and clofing one
end of it, thenfillingit half full of water, and holding it againft the ligh,
I cculd, by thismeans, very eafily find what was the differing afpect of a
Jolid and a perforated piece of glafs 5 and {o eafily diftinguifh, without
feeing either end, whether any Cylinder of glafs 11ook’d on, werea folid
ftick , or a hollow cane. And by this means,I could alfo prefently judge of
any {mall fllament of glafs, whether it were hollow or not, which would
have been exceeding tedious to examine by looking ontheend. And
many fuch like ways I was fain tomake ule of, in the examining of di-
wvers other particulars related in this Book, which would have been no
eafie task to have determined meerly by the more common way of look-
ing on, orviewing the Object. For, if we confider firft, the very faint
light wherewith the objett is enlightened, whence many particles ap-
pear opacons, which when more enlightned, appearvery tranfparent, fo
that 1 was fain to determineits tranfparency by one glafs, and its texture
by another Next, the unmanageablenefs of moft Objects, by reafon
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of their fmalnefs, 3. The diffieuity of finding the defired poinit, ‘and of
placing it {og:as to reflet the light conveniently for the Inquiry, " Laftly,
ones being able to view it but with oze eye at once, they will appear ho
{mall obftrugizons, nor arethey eafily remov'd without many contrivas-
ces. Buotoproceed, Icould not find that water; or fome deeply ting'd
liquors would in fmall ones rife fo high as one would expects’ and: the
higheft T have found it yet rife in any of the pipes I have try'd, ‘was to
21 inches above the level of the water in' the vefiel: for though I found
thatin the fmall pipes it would wimbly enter at firft, and run about 6 or
7 inckes upwards; yet I found it thento move upwards o flom, that I
have not yet had the patience to obferve it above that height of 21 in-
ches (and that was in a pretty /arge Pipe, in comparifon of thofe I for-
merly mentioned 5 for 1 could obferve the proerefs of a very deep tingd
liquor in it with my saeked ege, without much trouble; whereas many of
the otber pipes were {overy fmall, thatunlefs in a convenient pefture to the
light, T could not perceive them :) But 'tis very probable, that a greater
patience and affzduity may difcover the liquors torife, at leaft to remain
J#fpended, at heights that I fhould be loath now evento ghefF at, if at
leaft there be any proportion kept between the height of the afcending
liquor, and the bignefs of the holes of the pipes.

An Attempt for the Explication of this Experimen.

My ConijeCrure, That the nnequal height of the furfaces of the water,
proceeded fidm the greater preffre made upon the water by the Aip
without the Pipes A B C, then by that within thems 1 fhall endeavour to
confirm from the truth of the two following Propofitions :

The firlt of which is, That anunequalpreffure of the incumbent dir,
will canfe an unequal height in the water s Surfaces.

And the {econd is, That in this experiment there is fuch an unequal
preffure.

That the firftis true, the following Experiment will evince. For if
you takeany Veflel fo contrived, as that you canat pleafure either iz-
creafe or diminifh the preffure of the Air upon this or that part of the Sx-
perficies of the water, the equality of the height of thofe parts will pre-
fently be /oft 5 and that part of the Superficies that fuftains the greater pref:
Jure. will beinferior to that which undergoesthe /efi. A fit Veffel for
this purpole, will be an inverted Glafs Syphor, fuch an one as is defcri-
bed in the sixth Figure. Forifinto it you put Water enough to fill itas
high as 4 B, and gently blow in at D, youthall deprefi the Superficies B,
and thercby raifethe oppofite Superficies 4 to a confiderable height, and
by gently fucking youmay produce clean contrary effects.

Next, That there is fuch an wnequal prefure, T fhall prove from this,
That there is a much greater incongruity of Air to Glafs and | fomme other Bodies,
then thereis of Water to the fame,
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By Congruity, I mean a property of a fluid Body, whereby any part of it
is veadily ynited with any other part, either of it [elf, or of any other Sinmi-
lar, fiuid, or [olid body : And by Incongruity a property of a fluid, by which
it is hindred fromuniting with any dilfimilar, fluid,or (ol;d Body.

This laft property, any one that hath been obfervingly converfant
about fluid Bodies, cannot be ignorant of. For (not now to mention
feveral Chymical Spirits and Oyls, which will very hardly, if at all, be
brought to mix with one another; infomuch that there may be found
fome 8 or 9, or more, feveral diftinct Liquors, which wirsming one up-
onanother, will not prefently #ix) weneed feek no further for Exam-
ples of thiskind in flwids, then to obferve the drops of rain fallin g through
the air, and the bubbles of air which are by any means conveyed under
the furface of the water 5 or a drop of common sallet 0yl fwimming upon
water. In all which, and many more examples of this kind that might
be enumerated, the incongruity of two fluids is eafily difcernable. And
as for the Congruity or Incongruity of Liquids, with feveral kinds of firne
Bodies, they have long fince been taken notice of, and called by the
Names of Drinefs and Moifture (though thefe two names are not compre=
henfive enough, being commonly ufed to fignifie only the adhering or
not adhering of water to fome other folid Bodzes)of this kind we may ob-
ferve that water will more readily wet forze woods then others 5 and that
water, let fall upon a Feather, the whiter fideof a Colwort, and fome
otherleaves, or uponalmoftany dufty, unctuons, or refinous fuperficies,
will not a# all adhere to them, but ealily tunzble off from the i ikke'a Sl
Bowls whereas, if droptupon Linuen, Paper, Clay, green Wood, &c. it will
not be taken off, without leaving fome part of it behind adbering to them,
So Quickfilver, which will very hardly be brought to flick to any wvegeta-
ble body, will readily adkere to, and mingle with, {everal clean wetalline
badies.

And that we may the better finde what the canfe of Comgruity and
Incongrnity in bodiesis, it will be requifite to confider, Firft, what isthe
canfe of fluidnefs 5 And this, I conceive, to be nothing elfe but a certain
pulfé ox fhake ot beat 5 for Heat being nothing elfe buta very briskand ve-
hement agitation of the partsof abody (as Ihave elfwhere made proba-
bable) the parts of a body are thereby made fo /oofé from one another,
that they eafily move any way, and become fluid. ~ That | may explain
this a lictle by a grofs Similitude, let us fuppofe adifh of fand fet upon
fome body that isvery much agitated, and fhaken with fome guick and
[firong vibrating motion as on a Milftone turn’d round upon the under {tone
very violently whilft it is emptysor on a very {tift Drame-head,which is ve-
hemently or very nimbly beaten with the Drumfticks. By e tachink
the fand in the difh, which before lay like a dx#and unactive body, be-
comes a perfeltfluid 5 and ye cannofooner make a hole in it with your
finger, but itis immediately filed up again, and the upper furface of it
levelld.  Nor can you bury a light body, asa piece of Cork under it, but
it prefently emerges or fwims as ‘twere on the tops nor can youlay a
heavier onthe top of it, asa picce of Lead, but it 1s immediately buied
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in Sand, and (as ‘twere) finks to the bottom.  Nor can you make a hole
in the fide of the Difh, but the fand fhall rux oxt of it to a level, not an
obuious property of afluid body, as fuch, but this dossmitate 5 and all
this meerly caufed by the vehement agitation of the conteining vefie] 5
forby this means, each fand becomes to have a wibrative or dancing mo-
tion, {0 asnoother heavier body can r¢f on it, unlefs Jufteind by lome
otheron either fide : Nor will it fuffer any Body to be ‘bexeath it, unlefs
it be a heavier then it felf. Another Inftance of the {trange loofening
nature of a violent jarring Motion, or a ftrong and nimble vibrative
one, we may have from a piece of irox grated onvery ftrongly with a
file : forifinto that a pin be ftrew’d fo firm and hard, that though it has
aconvenient head toit, yet it canby no means be wnfcrew'd by the fins
gers; if, Iy, youattempt to unfcrew this whilft grated on by the file, it
will be found to undoc and turn very eafily.  The firft of thefe Examples
manifefts, how a body actually divided into fmall patts, becomes a fluid,
And the latter manifelts by what means the agitation of heat fo eafily
logfens and wnties the partsof folid and firm bodies. Nor need we fup-
pole heat to beany thing elfe, befides{uch amotion 3 for {uppofing we
could Mechanically produce fuch a one guick and ffrong enough, we need
not fpend fisel to melt a body. Now, thatI do not fpeak this altogether
groundlefs, I'muft refer the Readerto the Obfervations I have made up:
on the fhining fparks of Steel, for there he fhall find that the fame effects
are produced upon fmall chips or parcels of Steel by the flawe, and by 4
quick and violent motion s and if the body of ffeel may be thus melted
(as I there fhew itmay) I think we have little reafon to doubr that al-

molt azy other may not alfo. Every Smith can inform one how quickl

both his File and the Iron grows hot with filing, and if you rub almo
any two hardbodies together, they will do the fame : And we know,
that a {ufficient degree of heat caufes fluidity, in fome bodies much foon-
er, and in otherslater; that is, the partsof the body of fome are {0 /aofé
from one another, and {ounapt to cobere, and fo minute and little, that a
very fmall degree of agitation keeps them always in the flate of fluidity.
Of this kind, I fuppofe, the Zther, that is the medinn or fluid body, in
which all other bodiesdo asit were fiwim and moves and particularly,
the 4ir, which feems nothing elfe but a kind of tinéfure or folution of ter
reftrial and aqueous particles difolv'dinto it, and agitated by it, juftas
the tiniture of Cochencelis nothing but fome finer diffoluble parts of that
Concrete lick'd up or diffolv'd by the fiuid water. And from this Notion
of it, we may eafily give a more Intelligible reafon how the Air becomes
fo capable of Rarefaition and Condenfation. For, as in tinclures.one grain
of fome firongly tinging fubftance may fenfibly colour fome bundred thou-
Jand grains of appropriated Liquors,{o as every drap of it has its proportio-
nate fhare, and be fenfibly ting'd, as I have try’d both with Legmwood
and Cocheneel : And as fome few grains of sa/t is able to infet as
great aquantity,as may be found by precipitations, though not fo eafily
y the fight or affe 5 {o the Air. which feems to be but as twere a tiniture
or faline fubftance, diffolv'd and agitated by the [fuid and agil &ther,may dlif}
perfe
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perfe and expand it {elf into a waft fpace, if it have room enough, and
infect,as it were,every part of that fpace. But,as on the other fide,if there
be but fome few grains of the liquor, it may extraét all the colour of the
tinging fubftance, and may difolve all the Salt, and thereby become
much more impregnated with thole fubftances, {o may all the air that fuf-
ficedina rarifyd flateto fill fome hundred thoufand {paces of Ather, be
compris'd in only oe,but ina pofition proportionable desfe, And though
we have not yet found out fuch ftrainers for Tinctures and Salts aswe
have for the Air, being yet unableto feparate them from their diflolving
liquors by any kind of filtre, without pracipitation, aswe are able to fe-
parate the Air from the Zther by G/afs, and feveral other bodies. And
though we are yet unable and ignorant of the ways of precipitating Air
out of the Ather as we can Tinctures, and Salts out of feveral diffolvents;
yet neither of thefe {eeming impolfible from the nature of the things, nor
{oimprobable but that fome happy future induftry may find out ways to
effect them 5 nay, further, fince we ﬁnd.that Nature does really perform
(though by what means we arenot certain) both thefe actions, namely,
by precipitating the Air in Rain and Dews, and by fupplying the Streams
and Rivers of the World with frefh water, ftrain'd through fecret fub-
terrancous Caverns:  And fince, thatin very many other proprieties they
do fo exaltly feem of the fame nature 5 till further obfervations or
tryalsdo inform us of the contrary, wemay fafely enough conclude them of
the fame kind. For it feldom happens that any two natures have fo ma-
ny properties coincident or the fame, as I have obferv'd Solutions and
Air to have, and to be different in the reft.  And therefore I think it nei-
ther impoffible, irrational, nay nor diffieult to be able to prediét what is
likely to happen in other particularsalfo, befidesthofe which Obfervation
or Experiment have declared thus or thus; efpecially, if the circum-

flances that do often very much conduce to the variation of the effeéts be

duly weigh'd and confider'd. And indeed, were therenot a probability of
this, our #nguiries would be endlefs, our tryals vain, and our greateft in-
ventions would be nothing but the meer products of chance, and not of
Reafon 5 and, like Mariners in an Ocean, deftitute both of a Compafi and
the fight of the Celeftial gnids, we might indeed, by chance, Steer directly
towards our defired Port, but 'tis a thoufand to one but we mifs our aim.
But to proceed, we may hence alfo give a plain reafon, how the Air comes
to be darkped by clouds,&c. which are nothing but a kind of precipitati-
on, and how thofe precipitations fall down in Showrs. Hence alfo could
[ very eafily, and I think truly, deduce the caufe of the curious fixangu-
lar figures of Snow, and the appearances of Haloes, @ c. and the fudden
thickning of the Sky with Clouds, and the vanifling and difappearing of
thofe Clouds again 5 for all thefe things may be very eafily 7mitated in a
glafs of liguor,with fome llight Chymical preparations as I have often try’'d,
and may fomewhere elfe more largely relate, but have not now time to
{et themdown. But to proceed, there are otherbodies that confift of
particles more Grofs, and of a more apt figure for cobefion, and this re-
quiresa fomewhat greater agitation 5 fuch, 1 fuppofe 3. fermented virous
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Spirits, feveral Chymical 0ils, which are much of kin to thofe Spirits, &¢:
Others yet require a greater, as water, and fo others much greater, for )=
moftinfinite degrees: For, I fuppofe there are very few bodies in the
world that may not be made aliguatenns fuid, by fore or other degree of
agitation or heat. : LD : ‘
Having thereforein fhort fet down my Notion of a Fluid body,Tcome:
inthe next place to confider what Congruity is; and this, as Ifaid before,
being a Relative property of a fluid, whereby it may be faid to be fike or
anlike to this or that other body, whereby it does or does not mix with
this or that body. We will againhave recourfe to our former Experi=
ment, thoughbut arude ones and here if we mix in the difh fevera/ kinds
of fands, fome ofbigger, others of lefs and finer bulks, we fhall find that
by the agitation the fine fand will ejet and throw out of it felf all thofe
bigger bulks of fmall ffores and the like, and thofe will be gathered toge-
ther allinto oxe place 5 and if there be other bedies in it of other natures,
thofe alfo will be feparated into a place by themfelves, and wnited or tum-
bled up together.  And though this do not come up to the highef? proper-
ty of Congruity, whichis a Cobafion of the parts of the fluid together, or
a kind of attralfion and tenacity, yet this does as ‘twere fhadew it out,
and fomewhat refemble it; for juft after the fame manner, I fuppofe
the pulfe of heat to agitate the fmall parcels of matter, and thofe that are
of a like bignefs, and fignre, and matter, will hold, or dance together, and
thofe which are of a differing kind will be thruft or fhov'd out frombe-
tween them for particles that are all fimilar, will, like fo many equal
mufical ftrings equally [tretcht, vibrate together in a kind of Harmony ox
mnifor 5 whereas others that are diffimilar, upon what account foever,un-
lefs the difproportion be otherwife counter-ballanc’d, will, like fo many
ftrings out of tune to thofe unifons, though they have the fame agitating
pulfe, yet make quite differing kinds of vibrations and repercuffions, (o that
though they may be both mov’'d,yet are their vibrationsf{o different,and
fo untun'd, as ‘twere to each other, that they croff and jar againft each
other, and confequently, cannot agree together, but fly back from each
other to their fimilar particles. Now, to give you an inftance how the
difproportion of fome bodiesin one refpect, may be counter-ballunc'd by
a contrary difproportion of the fame body in another refpet, whence we
find that the fubtil vinous fpirit is congruons, or does readily mix with wa-
ter, whichinmany propertiesis of avery differing nature, we may con+
fider that a unifon may be made either by two firings of the fame bignefs,
length, and tenfion, or by two firings of the fame bignefs, but of differing
length,and a contrary differing tenfion 5 ox 3ly. by two ﬁrinis of #nequal
length and bignefs, and of a differing tenfion, or of egual length, and diffe-
ring bignels and tenfion, and ieveral other fuch varietics. To which three
properties in firings, will correfpond three proprieties alfo in fand, or the
particles of bodies, their Aatier or Subftance, their Figure or Shape, and
their Body or Bulk. And from the varieties of thefe three, may arife 7n-
finite varieties intiuid bodies, though all agitated by the fasme pulfé or vi-
brative motion.  And there may be as many ways of making Harmonies
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and Difcords with thefe, as there may be with mufieal firings. - Having
therefore feen what is the caufe of Congruity or Incongruity, thofe rela-
tive properties of fluids, we may, from what has been faid, very eafily
collet, what isthe reafor of thofe Relative proprictiesal{o between fu-
#d bodies and folid 5 for {ince all bodies confift of particles of fuch a Sub-
ance, Figure,and Bulk; butinfome they are anited together more firnz-
ly then to be loofcrred from each other by every vibrative motion (though
I imagine'that there is nobody in the world, but that fome degree of a-
gitation may, as Lhinted before, agitate and loofen the particles o as to
make them fluid) thofe cobering particles may wibrate in the fame man-
ner almoft as thofe that are /oofe and become wrifons or difcords, as k
may fo fpeak,to them. Now that the parts of all bodies, though never
{o folid, do yet vibrate, I think we need go o forther for proof, then
that a#/bodies have fome degrees of heat in them, and that there has not
beenyet found any thing perfeély cold: Nor canIbelieve indeed that there
is any fuch thing in Nature, as abody whofe particles are at resZ, or lazy
and wnaflive in the great Theatre of the World, itbeing quite contrary to
the grand Oeconomy of the Univerfe. We fee therefore what is the rea-
fon of the fympathy or uniting of fome bodies together, and of the azti-
pathy or flight of others from each other : For Congruity feems nothing
elfe but a Sympathy, and Incongruity an Antipathy of bodies; hence fimi~
lar bodies once united will not eafily part, and diffzmilar bodies once dif-
joy#' d will not eafily unite again; from hence may be very eafily deduc’'d
the reafon of the fufpenfion of water and Quick-filver above their ufual fPa-
tion,as] fhall more at large anon fhew.
Thefe properties thercfore (alwayes the concomitants of fluid bodies)
produce thefe following vifible Effects
Firft, They unite the parts of a fluid to its fimilar Solid, or keep them
Jeparate from its diffimilar.  Hence Quick:filver will (aswe noted before)
Stick to Gold, Silver, Tin, Lead.&c. and unite with them : but roxl off from
Waood, Stone, Glafs, &c. if never o little fcituated out of its berizontal le-
vels and water that will wet (alt and diffolve it, will flip off from Tallow,
or the like, without at all adherings as it may likewife be obferved to
do upon a dufly fuperficies. And next they caufe the parts of homogene-
al fluid bodies readily to adhere togetherand mix, and of heterogenealto
be exceeding averfe thereunto. Hence we find, that two fmall drops of
water, omany fuperficies they can roul on, will, if they chance to touch
cach other, readily unite and mix into one 3¢ drop : The like may be ob-
fexrved with two fmall Bow/s of Quick-filver upon a Table or Glafs, pro-
vided their furfaces be not dufly; and with two drops of 0y/ upon fair
water, & ¢. And further, water put unto wine, falt water, vinegar, [pirit
of wine, or thelike, doesimmediately (cfpecially if they be fhaken to-
gether) difperfeit felf all over them. Hence, on the contrary, we alfo
find, that Oyl of Tartar poured upon Quick-filver, and Spirit of Wine on
that Oy, and 0y/ of Turpentine on that spirit,and Air upon that Oyl though
they beftopt clofely upinto a Bottle, and fhaker never fo much, they
will by no means long fuffer any of their bigger partsto be united or in-
: cluded
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cluded within any of the other Liquors(by which recited Liquors,tiay be
plainly enough reprefented the four Peripatetical Elements, and the more
fubtil Zther aboveall.) From this property’tis, that a drop of water does
not mingle with, or vanithinto Air, but is driven (by that Fluid equall
protruding it on every fide) and forct into as little a {pace as it can poii:
fibly be contained in, namely, into a Round Globule. So likewife a lit=
tle Air blown under the water, is wnited or thruft into 2 Bubble by the
ambient water. And a parcel of @rick-filver enclofed with Air, Wate,
or almoft any other Liguor, is formed into a round Ball,

Now the caufe why all thele included Fluids, newly mentioned, or a5
many others as are wholly included within a heterogeneous fluid, are
not exaltly of a Spherical Figure (fecing that if caufed by thefe Principles
- cnly, itcould be of no other) muft proceed from forie other kind of
| preffure againft the two oppofite flatted fides.  This adventitions or areis
dental prefure may Froceed trom divers canfes, and accordingly maft i
verfific the Figure of the included heterogeneous fluid : For {eeing thata
- body may be included either with a fluid only, or only with a folid, or
- partly with a fluid, and partly witha folid, or partly with one fluid, and
- partly with anothers there will be found a very great variety of the ter-
- minating furfaces, much differing from a Spherical, according to the vari-
- ous reﬁﬁance or preflure that belongs to each of thefe enconipafling bo<
-~ dies.

. Which Properties may i general be deduced from two heads, viz.
- Motion,and Re§f. For, either this Globular F igureis altered by a zaty
- ral Motion, fuch asis Gravity s or a violent, fuch asis any accidental motion
- of the fluids, aswe fee in the wind rufifing up the water,and the purlings
 of Streams, and foaming of Catarrals, and the like. Or thirdly, By the

Reft, Firmnefi and Stability of the ambient Solid. Forifthe including
Solid be of an angular or any other irregular Form, the included fuid wiﬁ
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 Form be depreft into an Elliptico-fpherical s
- Asif, for example, we fuppofe the Circle 4 B ¢ D, in the Jourth Figure,

to reprefent a drop of water, Quick-filver, or the like, included wich the
A orthe like , which fuppofing there were no grawity at allin either of
the fluids, or that the contained and containing were of the Jameweight,
would be egually compreit into anexaltly fpherical body ( the ambient
fluid forcing equally againft every fide of it. ) But fuppofing either a
greater gravity in theincluded, by reafon whereof the parts of it bein§
preftfrom 4 towardsB, and therebythe whole put into motion , an
that motion being hindred by the rdl}}a.ﬁce of the fubjacent parts of the

ambient, the globular Figure' 4 D B ¢ will be depreft into the Elliptico-
Jpherical, E G F H. Forthe fide 4 is detruded to E by the Gravity, and
B to F by the refiffance of the fubjacent medium : and therefore ¢ muft
neceflarily be thruft to 6;and D to H, Or elfe, fuppofing a greater gravi-
1y inthe ambient, by whofe more then ordinary preffure agamft the under
fide of the included globule 5 B will be forced to F,and by its refiftance }(:ef

E ' the
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the motion #pwards, the fide 4 will be deprefé to E, and therefore € being
thruft to G and D to H 5 the globular Figure by this meansalfo will be
made an Elliptico-fpherical. Next if a fluid be included partly with one,
and partly with another fluid, it will be found to be fhaped diverfly, ac-
cording to the proportion of the gravity and incongrusty of the 3 fluids
one to another : As in the fecond Figure, let the upper 24 1124 be Air,the
middle Z 4/ N 0 be common0yl, the lower O 0 0 be#ater, the 0yl
willbe form'd, notintoa jpherical Figure , {uchas isreprefented by the
pricked Line, but into fuchaFigureas L M N O, whofe fide L M N
will be of a flatter EllipticalFigure, by reafon of the great difproportion
between the Grawity of 0yl and 4ir, and thefide L O M of arounder,
becaufe of the {maller difference between the weight of 0y and water,
Laftly,The globular Figure will be changed,if the ambicut be partly fluid
and partly folid. And here the termination of the incompafled fiwid to-
wards the incompafling is fhap'd according to the proportion of the con-
gruity or incongruity of the fluids to the folids,, and of the gravity and
incongruity of the flwids one to another. Asfuppofe the fubjacent nze-
dinm that hinders anincluded fluids defcent,be a fo/id , as let K 1, in the
Jourth Figure, reprefent the fmooth fuperficies of aTable; E G F H,a
parcel of running Mercurys the fide G F H will bemore flatted , ac-
cording.tothe proportion of the incongruity of the Aercury and Air to
the #Wood,and of the gravity of Mercuryand 4ir one to another 5 The fide
G E H will likewife be a little more depreft by reafon the fubjacent
partsare now at reft,which were before in motion.

Or further in the third Figure, let A 1L ID reprefent anincluding fo-
lid medium of a cylindrical fhape (as fuppofe a fmall Glafs Far ) Let
F G E M M reprefent a contain'd fluid, as water ; this towards the bot-
tom and fides, is figured according to the concavity of the Glafs : Butits
upper Surface, ( whichby reafon of its gravity, ('not confidering at all
the Air aboveit, and fo neither the congruity or incongruity of either of
them tothe Glafs ) fhould be terminated by part of a Sphere whofe dia-
meter {hould be the fame with that of the earth, which to our fenfe'would
appear a ftraight Lize,asF G E, Or whichby reafon of its having a
greater congruity to Glafs than Air has, ( not confidering its Gravity )
would be thruft into a concave Sphere, asC H B, whofe diameter would
be the fame with that of the concavity of the Vefiel : ) Itsupper Surface,
I fay, by reafon ofits having a greater gravity then the Air, and having
likewife a greater congruity to Glafs then the Air has, is terminated, by a
concave El%’pﬁco-ﬁberiml Figure, as C K B. Forby its congruity it eafily
conforms it felf, and adheres to the Glafs, and conftitutes as it were one
containing body withit, and therefore thould thruft the contained Air on
that fide it touches it,into a fphericalFigure,asB H C, but the motion of
Gravity deprefling a little the Corners B and C, reducesit into the afore-
faid Figure C K B. Now that itisthe greater congruity of one of the
two contignons fluids,then of the other,to the containing fo/id,that caufes
the feparating furfacesto be thus or thusfigured : And thatitis not be-
caufe this or that figurated furface is more proper, natural, or peculiar to

one
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one of thefe fluid bodics,then to the other,will appear from thiis 5 that the
fame fiuids will by being put into differing fofids , change their firrfuces,
For the fame water, which ina Glafs or wooden Veflel will have a con.
cave furface upwards,and will rife higher ina fiialler then a greater Pipe,
thefame water, 1 fay, in the fame Pipes greafed over or oyled, will pro-
duce quite contrary eflectss for it will have a protuberant and comvex fup-
face upwards, and will notrife fo high in fmall, asin bigger Pipes : Nay,
in the very fame folid Vefiel , you may make the very fame two contigu-
ous Liguids to'alter their Surfaces ; for taking a fmall Wine-glafs,or fuch
like Veflel, and pouring water gently into it, you fhall perceive the Jfur-
face of the water all the way concave, till it rife even with the top, when
you fhall find it (if you gently and carefully pour in more ) to grow
very protuberant and convex 5 the reafon of whichisplain, for that the
Jolid fides of the containing body are no longer extended , to which the
water does more readily adhere then the air; but it is henceforth to be
included with air, which would reduce it into a besifphere, but by reafon
of its gravity, itisflatted intoan Oval,  Quicksilver alfo which to Glafs
is more incongruous then 4ir ("and thereby being put intoa Glafs-pipe,
will not adhere to it, but by the more congruons air will be forced to have
a very pratuberant furface, and to rife higher in a greater then a lefler
Pipe ) this Quicksilver to clean Aetal, efpecially to Gold,silver,1 in.Lead,
&c. Irom excepted,is more congruous then 4ir , and will not only ftick to
it,but havea concave Surface like water, and rife higher inalefs, thenina
greater Pipe,

Inall thefe Examples it is evident, that thereisan extraordinary and
aduventitions force, by which the globular Figure of the contained betero=
geneous fluidis altered 5 neither canit be imagined, how it fhould other<
wife be of any other Figure then Globular : Forbeing by the heterggene-
ous fluid equally protruded every way,whatfoever part s protuberant, will
be thereby depreff. From this caufe it is, that in its efie@sit does very
much refemble a round spring (fuchasa Hoop.) Forasin a round Spring
there is required an additional preffire againft two oppofite fides, to re-
duceit into an Owal Form , orto force it in between the fides of a Hole,
whole Diameter is lefs then that of the Spring, there muft be a confideras
ble force or protrufion againft the concave or inner fide of the Spring 5 So
to alter this jpherical conflituticn of an included fluid body , there is re
quired more preflure againft oppofite fides to reduce it into an 0val, and,
to prefs it into an Hole lefs in Diameter then it felf, ic requires a greater pro-
#rufion againtt all the other fides.  What degrees of force are requifite
to reduce them into longer and longer Ozals, or to prefs them into lefs
and lefs holes, 1havenot yet experimentally calculated 5 but thus much
by experiment I find in general , that there is alwayes required a greater
Ereﬁure to clofe them into longer Ovals, or protude them into fmaller

oles. The neceffity and reafon of this, were it requifite,l could eafily ex-
plain: butbeing not fo neceflary, and requiring more room and time
thenlhave for it at prefent, T fhall here omit it 5 and proceed to {hew,
that this may be prefently found true, if Experiment be made with a
E 2 round
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round Spring ( the way of making which trials isobvions enough. ) And
with the fluid bodies of aercury, Air,&-c, the way of trying which, will
be fomewhat more difficult 5 and therefore Ifhall in briet deferibe it. He
therefore that would try with 4ir , muft firft be provided of a Glafs-pipe,
made of the thape of that inthe fifth Fignre , whereof the fide A B, re-
prefents a {traight Tube of about three foot long, C,reprefents another
part of it.which confifts of a ronnd Bubble ; fo ordered,that thereis left a
paffage or bole at the top, into which may be faftened with cement feveral
Jmall Pipes of determinate cylindrical cavities : as let the hollow of

o i’ s =
G. :
H. b
L. L be .4 % !- of an inch:
K. e
*J 3
g 4

There may beadded as many more , asthe Experimenter fhall think fit,
with holes continually decreafing by known quantities, fo far as his fenfes
are able to help him 5 I fay, {o far, becaufe there may be made Pipes {o
fmall that it will be impofiible to perceive the perforation with ones na-
ked eye,though by the help of a Adicrofcepe, it may eafily enough be per-
ceived : Nay, I have made a Pipe perforated from end to end, fo fmall,
that withmy naked eye I could very hardly {ee the body of it, infomuch
that I have been ableto knitit up intoa knot without breaking : And
more accurately examining one with my Microfcope, 1found it not fo big
as a fixteenth part of one of the fmaller hairs of my head which was of
the fmaller and finer {ort of hair, fo that {rxteen of thefe Pipes bound fag-
got-wife together, would but have equalized one fingle hair; how fmall
therefore muft its perforationbe? It appearing to me through the Azicro-
Jeope to be a proportionably thick-fided Pipe.

To proceed then, for thetrial of the Experiment, the Experimenter
muft place the Tube A B, perpendicular, and fill the Pipe F (" cemented in-
to thehole E ) with water, but leave the bubble C full of 4ir, and then
gently pouring in water into the Pipe A B, he muft obferve diligentl
how high the water will rifein it beforeit protrude the bubble of Air C,
through the narrow paflage of F, and denote exattly the height of the
Cylinder of water , then cementing in afecond PipeasG, and filling it
with water 5 he may proceed as with the former, denoting likewife the
height of the Cylinder of water, ableto protrude the bubble C through
the paffage of G, the like may he do with the next Pipe,and the next,&e.
as far ashe isable : then comparing the feveral heicfzhts of the Cylinders,
with the feveral boles through which each Cylinder did force the air (ha-
ving due regard tothe 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 4 Aole, or (to apply it to ourprefent experiment )

how
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how much of the preflure of the 4ir is taken off by its ingrefsinto {mal-
ler and fmaller boles. From the application of whichto the entring of
the 4ir into the bigger bole of the Veffel, and into the fmaller Aofe of the
Pipe, we (hall clearly find, that there isa greater preflure of the air upon
the water in the Veffel or greater pipe, then there is upon that in the leffer
pipe: For fincethe preflure of the air every way is found to be equal,
that is, as much asis able to prefs up and fuftain a Cylinder of Quicksitver
of two foot and a half high, or thercabouts; And fince of - this preflure
{fo many more degrees are required to force the Air into a fmaller then
into a greater hole that is full of a more congruousfluid. And laftly,

fince thofe degrees that are requifite to prefs it in, are thereby taken off
from the 4ir within, and the 4ir within left with {o many degrees of
preflure lefsthen the Air without 5 it will follow, that the 4irin the lefs

Tube or pipe , will have lefs prefiure againft the fuperficies of the water

therein, then the 4ir in the bigger: which was the minor Propofition to

be proved.

The Conclufion therefore will neceflarily follow, wiz. That this usnes
qual prefiure of the Air canfed byitsingrefS into unequal holes, is 4 caufe [uffr-
cient to produce this effect , without the help of any other concurrent 5 and
therefore is probably the principal (if not the only) caufe of thefe Phesno-
mena.

This therefore being thus explained , there will be divers Phenomena
explicable thereby, as, the rifing of Liguorsin a Filtre, the rifing of Spirit
of Wine,0yl, melted Tallow, G-c. inthe Week of a Lamp, ( though made
of (mall Wire, Tkreeds of Asbeftus, Strings of Glafs, or the like) therifing
of Liguorsina Spunge, piece of Bread,Sand, &-c. perhaps alfo the afcend=
ing of the Sapin Trees and Plants, through their fmall, and fome of them
imperceptible pores, (of which Ihave faid more, onanother occafion ) at
leaft the pafiing of it out of the earth into their roots. And indeed up-
on the confideration of this Principle, multitudes of other ufes of it oc=
currd tome, which I havenot yet fo well examined and digefted as to

ropound for Axioms, but only as @ueries and Conjeifures which may
]f:::'rve as hints toward fome further difcoveries.

Asfurlt, Upon the confideration of the coxgruity and incongruity of Bo«
dies,as to touch, I found alfo the like congruity and incongruity (if 1 may
foipeak ) asto the Tranfmitting of the Raies of Light: For as in this re-
gard.water (" not now to mention other Liquors) feems nearer of affini-
ty to Glafs then Air,and dir then Quicksilver © whence an oblique Ray out
of Glafs, will pafs into water withvery little refraction from the erpendi-
cular, but none out of Glafiinto gir, excepting a direét, will pals without
avery great refraction from the perpendicular, nay any oblique Ray un-
der thirty degrees, will not be admitted into the Airac all.  And Quick:

Slver will neither admit oblique or direct, but reflectsall s feeming, as to

the tranfmitting of the Raies of Light , to beof a quite differing confti-
tution,from that of dir.Water.Glafs, &c. and to refemble moft thofe opa-
cousand ftrong reflecting bodies of Metals: So alfo asto the property of
cohefion or congruity , Water feems to keep the fame order, being

more
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more congruous to Glafs then Air, and Air then Quickfilver.

A Second thing ( which was hinted to me, by the confideration of the
included fluids globular form , caufed by the protrufion of the ambient
heterogeneous fluid ) was, whether the Phenomena of gravity might not
by this means be explained,by fuppofing the Globe of Earth, Water, and
Air to be included with a fiuid , heterogencous to all and each of them,
{o {ubtil , as not only tobe every where interfperfed through the 4ir, Cor
rather the air throughit ) but to pervade the bodies of Glafs, and even
the clofeft Adetals, by which means it may endeavour to detrude all earth-
Jy bodies as far from itas it can 5 and partly thereby,and partly by other
of its properties may move them towardsthe Center of the Earth. Now
that there is fome fuch fluid,I could produce many Experimentsand Rea-
fons, thatdo feem to proveit: Butbecaufe it would ask fome time and
room to fet them down and explain them, and to confider and anfiwer all
the Objections (" many whereof I forefee ) that may be alledged againft
1t; I fhall at prefent proceed to other Queries contenting my felf to have
here only given a hint of what I may fay more elfwhere.

A Third Query thenwas , Whether the heterogeneity of the ambient
Jiuid may not be accounted a fecondary canfe of the roundnefs or globular
Jormof thegreater bodies of the world,fuch as are thofe of the sun,stars,
and Planets, the fubftance of each of which feems altogether beterogerne-
e#s to the circum-ambient fluid ather? And of thisI fhall fay more in the
Ob{ervation of the Moon.

A Fourth was, Whether the globular Sorm of the fmaller parcels of
matter here upon the Earth, asthat of Fruits, Pebbles, or Flints | e,
g which feemto have been a Lignor at firft ) may not be caufed by the

eterogeneons ambient flyid. For thus we fee that melted Glafi will be
naturally formed intoa reund Figure 5 fo likewife any fmall Parcel of any
Jufible body , if it be perfectly enclofed by the 4ir | will be driveninto a
globular Form 3 and,when cold, will be found a Jolid Ball. This is plainly
enough manifefted to us by their way of making fhot with the drops of
Lead; which being a very pretty curiofity and known but toa very few,
and having the liberty of publithing it granted me, by that Eminent Vip-
tugfo Sir Rebert Moray , who brought in this Account of it to the Royal §o-
ciety, Thave here tranfcribed and inferted,

To make fmall fhotof different fizes ; Communicated by his
Highnefs 7. R,

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

blackifb parts that fwim at top like feum, and when you  fee the co-
lour of the clear Lead to be greenifb but no fooner, frew uponit Auri-
pigmentum
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pigmentum powdered according to the quantity of Lead, about a3
much as will e upon a balf Crown picce will ferve for eighteen or
twenty pound weight of forme forts of Lead 5 otherswill require more, o
lef. After the Auripigmentum isput in, fuir the Lead well, and the
Auripigmentum will flame : when the flame 35 over, take out Jorne
of the Lead in a Ladle baving a lip or notch in the brim for conveni-
ent pouring out of the Lead,and being wellwarmed among i the melted

Lead, andwith a flick. make forne fingle drops of Lead trickle out of

the Ladle into water in a Glafs , which if they fall to be round and

<3

without tails, there is Auripigmentum enough put in, and the temper

of the beat is right, otherwife put in more. ~ 7hen lay two bars of Iron
( or fome moreproper Iron-t0:l made on purpofe ) upon a Pail of wa=
ter,and place upon them a round Plate of Copper, of the fize and figure
of an ordinary large Pewter or Silver Trencher, the bollow whereof is to
be about three inches over , the bottom lower then the brims about half
an inch, pierced with thirty, forty, or more fmall boles; the fmaller the
boles are, the fmaller the fbot willbe; and the brim is to be thicker then
the bottom,to conferve the heat the better. '

Thebottom of the Trencher being fome four inches diftant frum the
water in the Pail,lay upon it fome burning Colesto keep the Lead melt-
ed upon it.  Thenwith the bot Ladle take Lead off the Pot where it
fands melted, and pour it [oftly upon the burning Coles over the bottom
of the Trencher, and it willimmediately run through the boles into the
water in (mall round drops. ~ Thus pour on new Lead flill as faft as
itruns through the Trencher till all be done 5 blowing now and then
the Coles with hand-Bellows, when the Lead in the Trencher cools fo as
to flop from running.

Whilft onepours onthe Lead, another muft, with another Ladle,
thrufled four or frve inches under water inthe Pail , catch from time
totime fome of the [bot,as it drops down, to fee the fize of it, and whether
there be any faultsin it.  The greateft care is to keep the Lead upon

the Trencher in the right degree of beat 5 if it be too cool , it will not
run through the Trencher, though it fland melted upon it 5 and this is :a
e
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be belped by blowing the Coals a little , or pouring on new Lead that is
batter : but the cooler the Lead the larger the Shot; and the botter the
fmaller 5 when it i too hot, the drops will crack. and fys then you
muft figp pouring on new Lead,and let it cool 5 and o long a5 you ob-
ferve the right temper of the beat, the Lead will conflantly drop into very
round Shot, without fo much as one with a tail in manypounds.

When all is done, take your Shot out of the Pail of water, and put it

ina Frying-pan over the fire to dry them , which muft be done warily,
ftill fhaking them that they melt not 5 andwhen they are dry Jyou may
feparatetbe fmall from the great , in Pearl Sives made of Copper or
Lattin let into one anotber, into as many [izes as you pleafe.  But if
you would have your Shot larger then the Trencher makes them , you
may do it with a Stick , making them trickle out of the Ladle, as bath
been faid.
I theTrencher bebut toucht avery little whenthe Lead flops from
going through it, and be not too cool,it will drop again , but it is better
not totouch it at all. At the melting of the Leadtake care that there
be no kind of Oyl, Greafe, or the like, upon the Pots, or Ladles,or Tren-
cher.

The Chief caufe of this Globular Figure of the Shot, feems to be the
Auripigmentum; for, as foon as it is put in among the melted Lead,
it lofes its [bining brightnefs, contralting inflantly a grayifb filmor
skin upon it,when you fcum it to makeit clean with the Ladle.  So
that whenthe Air comes at the falling drop of the melted Lead, that
skin confiricis them everywhere equally = but upon what account, and
whether this be the true caufe, is left to further difgquifition,

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

To which may be added this other known Experiment, That if you
gently letfalla drop of waterupon{mall fazd or duft, you fhall find, asit
were, anartificial round flone quickly gencrated. Tcannot upon this oc-
cafion omit the mentioning of the ftrange kind of Grai# , which I have
obferved ina ffowe brought from Kettering in Northawnptonfhire,and there-
fore called by Mafons Kertering-stone, of which {ee the Defeription.

Which
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Which brings into my mind what I'long fince obferved in the fiery Sparks
that are ftruck out of a Steel. For having a great defire to fee what wag
left behind, after the Spark was gone out, I purpofely ftruck fire over
very white piece of Paper, and obferving diligently where fome confpi-
cuous fparks went out , I found a very little black fpot no bigger then
the point of a Pin, which through a aicrofcope appeared to be a perfect-
ly round Ball, looking much like a polifht ball of Steel, infomuch thae
I was able to {ce the Image of the window reflected from it. Icannoe
here ftay (" having doneit more fully inanother place) to examine the

articular Reeafens of it, butfhall only hint, that I imagine it to be fome
mall parcel of the Steel, which by the violence of the motion of the
ftroke ( oft of which feemstobe impreft upon thofe fmall parcels ) s
made fo glowing hot, thatitis melted into a ¥atrum, whichby the ambi-
ent Air is thruft into the form of a Ball

AFifth thing which I thought worth Examination was, Whether the
motion of all kind of Springs, might not be reduced to the Principle
whereby the included beterogeneons fluid feems to be moved 5 or to that
whereby two Solids, as Marbles, or the like,are thruft and kept together
by the ambicnt fluid.

A Sixth thing was,Whether the Rifing and Ebullition of the Water out
of Springs and Fountains ( which lie much higher fromthe Center of the
Earth then the Superficies of the Sea, from Whel?(:c it feemis to be derived)
may not be explicated by the rifing of Waterina fmaller Pipe: Forthe
Sea-water being {trained through the Pores or Crannies of the Earth, is,
asit were, included in little Pipes, where the prefiure of the Air has not
fo great a power torefift its rifing : But examining this way, and finding
in it {everal difficulties almoft irremovable, T thoughtupon away that
would much more naturally and conceivably explain it, which wasby
this following Experiment: I took a Glafs<Tube, of the form of that
defcribed in the fixth Figure, and chuling two heterogeneons finids | fuch
as Water and Oyl Tpoured 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, and B I raifed to G, which wasnot fo
high perpendicularly as the fuperficies of the Oyl F, by the fpace F I,
wherefore the proportion of the gravity of thefe two Liquors was as
GHtoFE.

This Experimient I tried with feveral other Liquors, and particularly
with frefh Water and Salt ( whichI made by diflolving Salt in warni
Water ) which two though they are nothing heterogeneous, yet before
they would perfectly mix one with another, Imade trial of the Experi-
ment: Nay, letting the Tube whereinItried the Experiment remain for
many dayes, Iobferved them not to mix 5 but the fuperficies of the frefh
was rather more then lefs elevated above that of the Sale. Now the
proportion of the gravity of Sea-water, to that of River-water, accord-
Ing to Stevinns and Varenins , and as I havefince found pretty true by
making trial my felf, isas46.to 45. thatis, 46. Ouncesof the falt Wa-

F ter
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ter will take up no more room then 45. of the frefh. Qr reciprocally
45 pints of falt-water weigh as much as 46 of frefh.

But I found the proportion of Brine to frefh Water to be near 13t0 121
Suppofing therefore G H M to reprefent the Sea, and F I the height of
the Mountain above the Superficies of the Sca, F M a Cavernin the
Earth, beginning at the bottom of the Sea, and terminated at the top of
the Mountain, L M the Sand at the bottom, through which the Water
is as it were {trained , o as that the frefher parts are only permitted o
tranfude,and the faline kept back 5 if therefore the proportion of G M
to F M beas 45 to46, then may the Cylinder of Salt-water G M make
the Cylinder of Frefh-water to rife ashigh as E, and torun overat N,
I cannot here {tand to examine or confute their Opinion , who make the
depth of the Sea, below its Superficies, tobe no'more perpendicularly
meafured then the height of the Mountains above it: "Tis enough for
me to fay, there is no one of thofe that have aflerted it , have experimen-
tally known the perpendicular of either ; nor fhall L here determine,whe-
ther there may not be many other caufes of the feparation of the frefh
water from the falt , as perhaps fome parts of the Earth through which it
is to pafs, may containa Salt, that mixing and uniting with the Sea-falt,
may precipitate it 5 much after the fame manner as the A/kalizate and
Acid Salts mix and precipitate each other in the preparation of Tarta-
rum Vitriolatu. 1 know not alfo whether the exceeding cold ( thae
muft neceflarily be ) at the bottom of the Water, may not help towards
this feparation , for we find , that warm Water is able to diflolve and
contain more Salt , then the fame cold 5 infomuch that Brines ftrong!
impregnated by heat, if let cool, dofuffer much of their Salt to fubfide
and cryftallize about the bottom and fides. 1 know not alfo whether
the exceeding preflure of the parts of the Water one againftanother,
may not keep the Saltfrom delcending to the very bottom, as finding
little or no rcom to infert it felf between thofe parts , protruded o vio-
lently together , or elfe {queeze it upwads into the fuperiour parts of the
Sea, where it may more eafily obtain room for it {elf, amongft the parts
of the Water , by reafon that there is more heat and lefs preflure. To
this Opinion I'was fomewhat the more induced by the relations have
met with in Geographical Writers, of drawing frefh Water from the bot-
tom of theSea , which is faltabove. I cannot now ftand to examine,
whether this natural perpetual motion may not artificially be imitated «
Nor can I {tand to aniwer the Objections which may be made againft this
my Suppofition : As, Fir{t, How it comes to pafs.that there are fometimes
falt Springs much higher then the Superficies of the Water? And, Se-
condly,Why Springs do not run fafter and {lower, according to the vary-
ing height made of the Cylinder of Sea-water, by the ebbing and flow-
ing of the Sea ?

As to the Firft, Infhort, I fay, the frefh Water may receive again a
faline Tincture near the Superficies of the Earth, by pafling through
fomefale Mines, or elle many of the falinc partsof the Seamay be kept
back, though not all.

And



MICROGRAPHIA.

Andasto the Second , The fame 8prizg may be fed and fupplyed by
divers Caverns, coming from very far diftant partsof the ez, 1o asthat
it may inone place be bigh , inanother low water; and {o by that means
the Spring may be equally fupply’d atall times. ~ Or elfe the Caverz may
be fo (traight and narrow , that the water not having foready and free
paflage through it, cannot upon fo fhort and quick mutations of preflure,
be able to produce any fenfible effect at fucha diftance.  Befides that,
to confirm this Aypothefis, there are many Exazmples found in Natural Hiflo-
rians,of Springsthat do ebband flow like the Sea : As particularly,thofe
recorded by the Learned Camden, and after him by Speed, to be found in
this Ifland : One of which,they relate to be on the Topof a Mountain,
by the fmall Village Kilken in Flintfhive , Maris amulws qui [Fafis tempos
ribus fuas evomit & reforbet Aquas 5 Which at certain times rifeth and
falleth after the manner of the Sea. A Second in Cacrmardenhire,
near Caermarden, ata place called Cantred Bichan Qui (ut feribit Gi-
raldus ) naturali die bis undis deficiens , & toties exuberans , marinas
imitatur inftabilitates 5 That twicein four and twenty hours ebbing and
flowing , refembleth the unftable motions of the Sea. The Phensmena
of which two may be eafily made out, by fuppofing the Cavern, by which
they are fed , to arilc from the bottom of the nextSca. A 'Third, isa
Well upon the River Ogmore in Glamorganfhire, and near unto Newton, of
which Camden relates himfelf to be certified,by a Letter from a Learned
Friend of his that obferved it, Fous abeft hinc, ¢c. The Letterisalittle
too long to be inferted,but the fubftance isthis 3 That this Well ebbs and
flows quite contrary to the flowing and ebbing of the Sea in thofe parts :
for "tisalmoft empty at Full Sea, but full at Low water. This may hap-
pen from the Channel by which it is fupplied , which may come from the
bottom of a Sea very remote from thofe parts , and where the Tidesare
much differing from thofe of the approximate fhores. A Fourth, liesin
Weftmorland, near the River Leder 5 Qui inftar Euripi [apins in die reci-
procantibus undis fluit & refluit , which ebbs and flows many times a day,
This may proceed fromits being fupplyed from many Channels, comin
from feveral parts of the Sea, lying fufficiently diftant afunder to have the
times of High-water differing enough one from the other 5 fo as that
whenloever it fhall be High water over any of thofe places, where thefe
f(‘Z'l_l.emm:ls begin, it fhall likewife be {o in the Well 5 but thisis but a fuppo-
ition.

A Seventh Query was, Whether the diffolution or mixing of feveral bo-
dies, whether fiuid or folid,with faline or other Liquors,might not partly
be attributed to this Principle of the congruity of thofe bodiesand their
diffolvents > Asof Salt in Water,Metals in feveral Azenftruums, Unctuous
Gums in Oyls, the mixing of Wineand Water, ¢~c. And whether preci-
pitation be not partly made from the fame Principle of Incongruity ? I
fay partly, becaufe there are in fome Difiolutions,fome other Caufes con-
current,

I fhall laftly make a much more fcemingly ftrange and unlikely @uery s
and thatis, Whether this Principle, well examined and explained, may

Fa. not
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not be found a co-efficient in the moft confiderable Operations of Na-
ture? As inthofe of Heat,and Light,and confequently.of Rarefaéfion and
Condenfation, Hardncfs, and Fluidnefs, Perfpicuity and Opacoufnefs, Refraiti-
ons and Colours, . Nay,l know not whether there may be many things
done in Nature,in which this may not ( befaid to ) have a Finger? This
I have in fome other paffages of this Treatife further enquired into and
fhewn, that aswell Light as Heat may be caufed by corrofion,which is ap-
plicable to congruity,and confequently all the reft will be but fubfeguerts:
In the mean time I would not willingly be guilty of that Errer,which the
thrice Noble and Learned Verulan juftly takes notice of, as fuch,and calls
Philofophie Genus Empiricum , quodin pancorum Experimentoruwe Anguflijs
& Obfcuritate fundatum ¢ft. For Ineither conclude from one fingle Expe-
riment,nor are the Experiments I make ufe of.all made upon one Subject :
Nor wreft Tany Experiment to make it guadrare with any preconceivd
Notion. But onthe contrary, I endeavour to be converfant in divers
kinds of Experiments, and all and every one of thofe Trials, I make the
Standards or Touchf{tones, by which I try all my former Notions, whether
they hold out in weight, and meafure,and touch, &-¢. Forasthat Body is
no other then a Counterfeit Gold, which wants any one of the Propric-
tiesof Gold, ( fuch asare the Malleablenefs, Weight, Colour. Fixtnefs
in the Fire,Indiflolublenefs in 4gua fortis,and the ke ) though it has all
the other 5 fo will all thofe Notions be found to be falfe and deceitful,
that will not undergoall the Trials and Tefts made of them by Experi-
ments. And therefore fuch as will not come up to the defired gpex of
Perfeltion, Irather wholly reject and take new, thenby piecing and

atching,endeavour toretain the old,as knowing fuch things at beft to be
gut lame and imperfet. And this courfe I learned from Nature; whom
we find negleciful of the old Body, and fuffering its Decaies and Infirmi-
ties to remain without repair , and altogether follicitous and careful of
perpetuating the Species by new Individuals. And itiscertainly the moft
likely way to erect a glorious Structure and Temple to Nature, fuch as fhe
willbe found ("by any zealons Vetary ) torefide in5 to begin tobuild a
new upon a fure Foundation of Experiments.

But to digrefs no further from the confideration of the Phenomena,
more immediately explicable by this Experiment, we (hall proceed to
fhew, That, asto the rifing of Waterina Filtre, the reafon of it will be
manifeft to him,that does take notice,that a Filtre is conftituted ofa great
number of fmall long folid bodies, which lie fo clofe tegether, that the
Airinits getting in between them, doth lofe of its preflure that it has a-
gainft the Fluid without them, by which means the Water or Liquor not
finding fo ftrong a refiftance between them as is able to counter-ballance
the prefiure on its fuperficies without, is raifed upward, till it meet with a
preffure of the Air which is able to hinderit.  And as to the Rifing of
Oyl, melted Tallow, Spirit of Wine, €. inthe Week of a Candle or
Lamp, it isevident, thatit differs innothing from the former, fave only
in this, that in a Filtre the Liquor defcends and runs away by another
part 5 and in the Week the Liquor isdifperfed and carried away by the

Flame s



MicrROGRAPHIA,

Flame 5 fomething there is aferibable to the Heat , for that it may rarifie
the more volatil and fpirituous parts of thofe combuftible Liquors, and {o
being madelighter thenthe Air, it maybe protruded upwards by that
more ponderous fluid body in the Form of Vapourss but this can be
afcribed to the afcenfion of but a very little,and moft likely of that on-
ly which afcends without the Week. As for the Rifing of it ina Spunge,
Bread,Cotton.¢dc. above the fuperficies of the fubjacent Liquor; what
has been faid abour the Filire (if confidered ) will eafily foggelt a
reafon , confidering that all thefe bodies abound with fiall holes or
ores. | :

i From this {ame Principle alfo ( viz. the unequal prefure of the Air a-
gainft theunequal fuperficies of the water ) proceedsthe caufe of the ac-
ceflion or incurfion of any floating body againft the fidesof the con-
taining Veilel, or the appropinguation of two floating bodies, as Bubbles,
Corks, Sticks, Straws, &c. one towards another.  As for inftance, Take
a Glafs-jar, fuch as AB in the feventh Figure, and filling it pretty near the
top with water , throw into it a fmallround piece of Cork , ‘as C, and
plungeitall overinwater , thatitbe wet , foas that the water may rife
up by the fides of it,then placing it any where upon the fuperficies, about
an inch,or one inchand a quarter from any fide, and you fhall perceive it
by degrees to make perpendicularly toward the neareft part of the fide,
and the nearer it approaches , the fafter to be moved s the reafon of
which Phenomenon will be found no other then this, that the Air has a
greater preflure againft the middle of the fuperficies, thenit has againt
thofe parts that approach nearer, and are comtignows to the fides. Now
that the preflureis greater , may ( aslfhewed before in the explication
of the third Figure ) be evinced from the flatting of the water in the
middle, which arifes from the gravity of theunder firid: for fince, as 1
fhewed before,if there were no gravity in the under fiwid,or that it weré
equal tothatof the upper , the terminating Surface would be Spherical,
and fince it is the additional preflure of the gravity of water that makes
it o flat, it follows, that the preflure upon the middle muft be greater then
towards the fides. Hence the Ball having a ftronger preflure againft that
fide of it whichrefpects the middleof the fiperficies , then againft that
which refpets the approximate fide , muft neceflarily move towards that
part, from whence it finds leaft refiftance, and o be accelerated, as the re-
filtance decreafes. Hence the more the water is raifed under that part
of its way it is pafling above the middle, the fafter it is moved : And
therefore you will find it to move fafter inE then in D, and inD then
inC. Netther could Ifind the floating fubftance to be moved at all , un-
tilit were placed upon fome part of the Superfivies that was fenfibly ele-
vated abovethe height of the middle part.  Now that this may be the
true caufe, you may try with a blown Bladder, and an exaltly round Ball
upon a very fmooth fide of fome pliable body , as Hors or Quicksilyer.
Forif the Ball be placed under a part of the Bladder which is upon one
fide of the middle of its preflure , and you prefs ftrongly againft the
Bladder,you fhall find the Ball moved from the middle towards the fides.

Having
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Having therefore fhewn the reafon of themotion of any float towards
the fides, the reafon of the incurfion of any two floating bodies will eafi-
ly appear: For the rifing of the water againft the fides of either of
them,is an Argument fufficient,to fhew the preflure of the Air to be there
lefs,then it is further from it,where it is not fo much elevated 5 and there-
fore the reafon of the motion of the other toward it, will be the fame as
towards the fide of the Glafs5 only here from the fame reafon, they are
mutually moved toward each other, whereasthe fide of the Glafs in the
former remains fixt. If alfo you gently fill the Jar fo full with water,
that the water isprotuberant above the fides, the fame piece of Cork that
before did haftentowardsthe fides, does now fly from it as faft towards
the middle of the Superficies; the reafon of which will be found no o-
ther then this, thatthe preflure of the Airis {tronger againft the fides of
the Superficies G and H, then againft the middlel 5 for fince, asI fhewed
before, the Principle of congruity would make the terminating Surface
Spherical , and that the flatting of the Surface in the middle isfrom the
abatement of the waters preflure outwards, by the contrary indeavour
of its gravity ; it follows that the preffure in the middle muft be lefs then
on the fides; and therefore the confecution will be the fame as in the
former. Itis very odd to one that confiders not the reafon of it , to {ee
two floating bodies of wood to approach each other,as though they were
indued with fome magnetical vigour 5 which brings into my mind what I
formerly tried witha piece of Cork orfuch likebody, which I{o order-
ed, that by putting a little ftick into the fame water, one part of the faid
Cork would approach and make toward the ftick, whereas another
would difcede and fly away,nay it would have a kind of verticity, foas
that if the Zquator (as Imay fo fpeak ) cf the Cork were placed to-
wards the ftick, if let alone, 1t would inftantly turn its appropriate Pole
toward it,and then run a-tilt atit:and this was done only by taking adry
Cork, and wetting one fide of it with one {mall {troak 5 for by this means
gently putting it upon the water, it would deprefs the fuperficies on eve-
ry fide of it that was dry , and therefore the greateft preflure of the Air,
being near thofe fides caufed it either to chafe away,or elfe to fly off from
any other floating body, whereas that {ide only, againft which the water
alcended, was thereby able to attract.

It remains only, that Ifhould determine how high the Water or other
Liquor may by this means be raifed in a fmaller 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, unlefs T could certainly know
how much of the Airs preflure istaken off by the {malnefs of fuch and
fuch a Pipe,and whether it may be wholly taken off,that is,whether there
can be a hole or pore o fmall, into which Air could not atall enter,
though water might with its whole force 5 for were there fuch, ‘tis mani-

feft, thatthe water might rife in it to{ome five or {ix and thirty Englifh

Foot high. Iknow not whether the capillary Pipes in the bodies of {mall
Trees, which we call their Microfcopical pores,may not be fuch 5 and whe-
ther the congruity of the fides of the Pore may not yetdraw the juyce

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

And this is obvious even in a drop of water fufpended under any Si:
milar or Congruousbody : 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 bodicss ﬁ%ch
as Gummous Liquors, Syrups, Pitch, and Rofin melted, &vc. Tar, Tur-
pentine, Balfom, Bird-lime,&«. for there itis evident, that the Parts
of the tenacious body, as I may fo call it, doftick and adhere o clofes
ly together, that though drawn out into long and very flender Cylin-
ders, yet they will not eafily relinquifh one another; and this, though
the bodies be aliguatenus fluid, and inmotion by one another; which,
to fuch as confider a fluid body only asits parts are in a confufed irregu-
lar motion, without taking in alfo the congruity of the parts one among
another, and incongruity to fome other bodies, does appear not alittle
ftrange. So that befides the incongruity of the ambient fhiid to it, we
are to confider alfo the congtruity of the parts of the contein’'d fluid one
with another.

And this Congruity (‘that Imay here alittle further explainit ) is both
a Tenaceous and an Artradtive power; for the Congruity, in the Vi-
brative motions,may be the caufe of all kind of attraction, not only Ele-
¢trical, but Magnetical alfo, and therefore it may be alfo of Tenacity
and Glutinoufnefs. For, from a perfe¢t congruity of the motions of two
diftant bodies, the intermediate fluid particles are feparated and dro-
ven away frombetween them, and thereby thofe congruous bodies are,
by the incompafiing mediums, compell’d and forced neerer together
wherefore that attraltivenefs muft needs be fironger, when, by anim-
mediate contact, they are forc’d to be exactly the fame: As I fhew more
at large in my Theory of the Magner.  And this hints to me the reafon of
the fufpenfion of the Azercury many inches, nay many feet, above the ufu-
al ftation of 30 inches. For the parts of @uick-filver, being fo ver
fimilar and congruous to each other, if once united, will not eafily fuffér
adivulfion: And the partsof water, that were any wayes heterogeneons,
being by exantlation or rarefaltion exhaufted, the remaining parts bein
alfo very {imilar, will not eafily part neicher. And the parts of the Gla%s
being folid, are more dithcultly gisjoyn’d; and the water, being fome-
what fimilar to both, is, as it were, amedium to unite both the Glafs and
the Aercury together.  So that all three being united, and not very dif-
fimilar, by means of this conta&, if carebe taken that the Tube ine-
recting be not fhogged, the @uicksilver will remain fufpended, notwith-
ftanding its contrary indeavour of Gravity, a great height above its or-
dinary Stations butif this immediate Conta& be removed , citherby a
meer {eparation of them one from another by the 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 5 or elfe

by
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by fome {mall heterogeneous agil part of the Water, or Air, or Quick-
filver, which appears like a bubble, and by its jumbling to and fro there is
made way for the heterggeneons Zther to obtrude it felf between the
Glafs and ecither of the other Fluids, the Gravity of Adercury precipitates
it downward with very great violence 5 and if th.e Veflel that holds the
reftagnating Mercury be convenient, the ercury will for a time wibrate to
and fro with very large reciprocations,and at laft will remain kept up by
the preflure of the external Air at the height of neer thirty inches. And
whereas it may be objected, that itcannot be, that the meer imbodyin
of the Zther between thefe bodies canbe the caufe,fince the Zther ha-
ving a free paffage alwayes , boththrough the Pores of the Glafs, and
through thofe of theFluids, thereisno reafon why it fhould not make a
feparation at all times whilft it remains fufpended, as when it is violent]
dif-joyned by a fhog. TothisI anfwer, That though the Zther paffes
between the Particles, that is, through the Pores of bodies, fo as that any
chafme or feparation being made , it has infinite paffages to admit its en-
try intoit, yet fuch is the tenacity or attractive virtue of Congruity, that
tillit be overcome by the meer ftrength of Gravity, orby a fhog affifting
that Conatus of Gravity, or by anagil Particle, that is like aleaver agi-
tated by the Z#ber 5 and thereby the partsof the congruous fubftances
are feparated fo far afunder , that the ftrength of congruityis fo far wea-
kenecEas not to be able to reunite them, the parts to be taken hold of be-
ing removed out of the attractive Sphere, asImay fo {peak, of the con-
gruity 5 fuch, Ifay, isthetenacity of congruity, thatitretains and holds
the almoft contiguous Particles of the Fluid , and fuffers them not tobe
{eparated, till by meer force that attractive or retentive faculty be over-
come: But the feparation being once made beyond the Sphere of the
attractive activity of congruity, that virtue becomes of no effect at all,
but the Azercury treely falls downwards till it meet witha refiftance from
the preflure of the ambient Air, able torefiftits gravity, and keep it for-
ced up in the Pipe to the height of about thirty inches.

Thus have I gently raifed a Steel pexndulum by aLoadftone to a great
Angle,till by the fhaking of my hand I have chanced to make a fepara-
tion between them, which is no fooner made, but as if the Loadftone had
retained no attractive virtue, the Pendulum moves freely fromit towards
the other fide. So vafta difference is there between the attra&ive vir-
tue of the Magnmet whenit acts upon a contiguous and upon a disjoyned
body: and much more muft therebe between the attractive virtues of
congruity upona contiguous and disjoyned body 3 and in truth the attra-
¢tive virtue 1s fo little upon a body disjoyned, that though I have with a
Microfcope obferved very diligently, whether there were any extraordi-
nary protuberance on the fide of a drop of water that was exceeding neer
to the end of a green {tick, but did not touchit, I could not perceive the

Jeafts thou[gh I found, that as {oon as ever it toucht it the whole drop

would prefently unite it felf with its fo thatit{eems an abfolute con-
tat is requifite to the exercifing of the tenacious faculty of congruity.

Obferv.
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Obferv. VII. Of fome Phznomena of Glafs draps.

Hefe Glafs Drops are fmall [parcelsof coarfe green Glafs taken out of

the Pots that contain the Azetal ("asthey callit ) in fufion, upon the
end of anlron Pipe 5 and being exceeding hot, and thereby of a kind of
{luggifh fluid Confiftence, are fuffered to drop from thence into 1 Bucket
of cold Water, and in it to lye till they be grown {enfibly cold.

Some of thefe I broke in the open air, by fnapping off a little of the
{mall ftem with my fingers, others by crufhing it with a fmall pair of Ply-
ers; which I had no fooner done, thenthe whole bulk of the drop flew
violently, with a very brisk noife, into multitudes of fmall pieces, fore of
which were as fmall as duft, though infome there were remaining pieces
pretty large,without any flaw at all;and others very much flaw’d, which
by rubbing between ones fingers was ealily reduccd' to duft 5 thefe di-
{perfed every way foviolently , that fome of them pierced my skin.
could not find,either with my naked Eye,or a Microfcape, that any of the
broken pieces were of a reguiar figure,nor any one likeanother , but for
the moft part thofe that Haw'd off in large pieces were prettily bran-
ched.

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

Others of thefe I tried to break, by grinding away the blunt end, and
though I took afeemingly good one, and had ground awayneer two
thirds of the Ball, yet woulditnot fly to pieces, but now and then fome
{mall rings of it would fnap and fly off, not without a brisk noife and
quick motion,leaving the Surface ot the drop whenceit flew very pretti-
ly branehed or crealed , which was eafily dilcoverable by the Azicrofcope.
Thisdrop,after I had thus 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{lender end.

Another of thefc drops I began to grind away at the {maller end , but
had not worn away on the ftone abovea quarter of aninch before the
whole drop flew with a brisk erack into fand or fmall duft 5 nor would
it have held fo long , had there not beena little flaw in the piece that
ground away, as I afterwards found.

Several others of thefe drops I covered over with a thin but very tuff
skin of Zethyocolla, which being very tough and very tranfparent,was the
moft convenient {ubftance for thcfg tryals that I could imagine, having
dipt.Ifay, feveral of thefe drops in this tranfparent Glue whilft hot, and
fuffering them to hang by a ftring tied about the end of them till they
werecold, and the skin pretty tough; then wrapping all the body of the

G -~ drop
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drop ( leaving out only the very tip ) infine fupple Kids-leather very

clofgly,l nipped off the {mall top, and found, asI expected, that notwith-

ftanding this skin of Glue, and the clofe wrapping upin Leather , upon

the breaking of the top, the drop gavea crack like the reft,and gave my.
hand a pretty brisk impulfe: but yet the skin and leather was fo {trong as
to keep the parts from flying out of their forn}f:r pofture s and, the skin
being tranfparent , I found that the drop retained exactly itsformer fi-
gure and polith, but was grown perfettly opacousand all over flaw'd, all
thofe flaws lying in the manner of rings, from the bottom or blunt end, to
the very top or{mall point. ~ And by feveral cxamimuqns.wuh a Micro-
Jeope, of feveral thus broken, I found the flaws, both w;thm the body of
the drop, and on the outward furface, to lye much in this order.

Let AB in the Figure X of the fourth Scheme reprefent the drop cafed
over with I&hyocolla or Ifinglafi,and ("by being ordered asis before pre-’
feribed ) crazed or flawed into pieces, but by the skin or cafe kept inits
former figure, and each of itsflawed parts preferved exaltly inits due
polture 5 the outward ap[pearance of it fomewhat plainly to the naked
eye, but much more confpicuous if viewed with a fmall fens appeared
much after this fhape. That is, the blunt end B fora pretty breadth,
namely, asfarastheRing C C C feemed irregularly flawed with divers
clefts, which all feemed to tend towards the Center of it, being, asT af-
terwards found , and fhall anon fthew in the defeription of the figure Y,
the Bafis, as it were, of a Cone, which was terminated a little above the
middle of the drop, all the reft of the Surface from C CCto A was
flawed with an infinite number of fmall and parallel Rings, which as they
were for the moft part very round , fo were they very thick and clofe
together, but were not {0 exactly flaw’d as to make a perfect Ring, but
each circular part was by irregular cracks flawed likewife into multitudes
of irregular igakes or tiles 3 and this order was obferved likewife the
whole length of the neck,

Now though I could not {o exaltly cut this comical Body through the
Axis, as is reprefented by the figure Y5 yer by anatomizing, as it were,
of feveral, and taking notice of divers particular circumftances, I was in-
formed, that could I haveartificially divided a flaw’d drop through the
Axis or Center, 1{hould with a Microfcope huve found it to appear much
of thisform, where A fignifies the dpex, and B the blunt end, CC the
Cone of the Bafis, which isterminated at T the top orend of it, which
feems tobe the very middle of theblunt end in which, rot only the co-
nicalbody of the Bafis C C is terminated, but as many of the parts of the
dropas reach as high as D D.

And it feemed to be the head or beginning of a Pith, asitwere, or a
a part of the body which feemed more f; pungy thenthe reft, and much
moreitregularly flawed, which from T afcended by EE, though lefs vi-
fible, intothe fmall neck towards A. The Grain, asit were, of all the
flaws , that from all the outward Surface A DC CD A, was much the
fame,as is reprefented by the black ftrokes that meet inthe middle D [
DT,DE,DE, &-w.

Nor
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Nor is this kind of Grain, asImay call it, peculiar to Glafs drops thus
quenched ; for (‘not tomention Coperas-ftones , and divers other 27z~

" 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 )
T have obferved the fame in all manner of calt Iron , cfpecially the coar-
fer fort, fuchas Stoves, and Furnaces, and Backs, and Pots are made of ¢
For upon the breaking of any of thofe Subftances it is obvious to ob-
ferve, how from the out-fides towards the middle , there is a kind of
Radiation or Grain much refembling this of the Glafs-drops; but this
Grainis molft confpicucus in Iron-bullets , if they bebroken: the fame
Phenomena may be produced by cafting regulus of Antimony into
aBullet-mold, as alfo with Glafs of Antirony, or with almoft any fuch
kind of Zitrified fibflance, cither caftinto a cold Mold or poured into
Water.

Others of thefe Drops I heat red hot in the fire,and then fuffered them
to cool by degrees.  And thefe I'found to have quite loft all their firlnei-
nating or flying quality, asalfotheir hard, brittle and fpringy texture 5
and to emerge of a much fofter temper, and much eafier to be broken or
foapt with ones finger:but its ftrong and brittle quality was quite deftroy-
ed, and it feemed much of the fame confiftence withother green Glafs
well nealed inthe Oven.

The Figure and bignefs of thefe for_the moltpart was the fame with
that of the Figure Z 5 thatis,all the furface of them was very fmooth and
polifht,and for the moft part round , but very rugged or knobbed about
i, andall the length of the ftem washere and there pitted or flatted.
About D, which isat theupper part of the drop under that fide of the
ftem whichisconcave, there ufually wasmade fome one or more little
Hillocks or Prominences. The drop it felf, before it be broken, appears
very tranfparent, and towards the middle of it, to be very full of fmall
Bubbles, of fome kind of aerial fubftance, which by the refraction of the
outward furface appear much bigger then really they are; and this may
bein good part removed, by putting the drop under the furface of clear
Water, for by that means moft part of the refraction of the convex Sur-
face of the dropis deftroyed, and the bubbles will appear much fmaller.
And this, by the by, mindsme of the appearing magnitude of the aper-
ture of the iris, or pupil of the eye, which though itappear, and be there~
fore judged very large, is yet not above a quarter of the bignefs it ap-
pears of, by the lenticular retraction of the Cornea. :

The caufe of all which Phernomena 1imagine to be no other then this,
That the Parts of the Glafs being by the exceflive heat of the fire kept
off and feparated one from another, and thereby put into a kind of {lug-
gifh fluid confiftence , are fuffered to drop off with that heat or agitation
remaining in them, into cold Water; by which means the outfidesof the

drop are prefently cool'd and eruffed , and are thercby made of a loofe
texture,becaufe the parts of ithave not time to fettle themfelves leifurely

together , and foto lie very clofe together : And the innermot parts of

the drop, retaining ftill much of their former heat and agitations, remain

C 2 of
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of a loofe texture alfo,and,according asthe cold {trikes inwards from the
bottom and fides, arequenched, asit were, and made rigid in that very
pofture wherein the cold finds them. For the partsof the cruf? being
already hardened , will not {uffer the partsto fhrink any more from the
outward Surface inward 5 and though it fhrink a little by reafon of the
{mall parcels of fome Aerial fubftances difperfed through the matter of
the Glafs, yet that isnot neer {o much asit appears ("as1 juft now hint-
ed ;) nor if it were,would it be fufficient for to confolidate and condenfe
the body of Glafs into a ##ff and clofe texture, afterit had been fo ex-
ceflively rarified by the heat of the glafs-Furnace.

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

Take a fmall Glafs-Cane about afoot long , feal up one end of it ker-
meetically,then put in a very {mall bubble of Glafs, almoft of the fhape of
an Effence-viol with the open mouth towards the fealed end ,, then draw
out the other end of the Pipe very {fmall,and fill the whole Cylinder with
water , then fet this Tube by the Firetill the Water begin to boyl, and
the Air in thebubble be in good part rarified and driven out , then by
fucking atthe fmalling Pipe, more of the Air or vapoursin the bubble
may be fuck'd out , {o that it may fink to the bottom 3 when it is funk to
the bottom,in the flame of a Candle,or Lamp,nip up the flender Pipe and
let it cool : whereupon it is obvious to obferve, firft, that the Water by
degrees will fubfide and fhrink into much lefs room: Next, that the Air
or vapours in the Glafs will expand themfelves {o, as to buoy up the little
Glafs : Thirdly. thatallabout the infide of the Glafs-pipe there will ap-
pear an infinite number of {mall bubbles,which as the Water grows colder
and colder will fiwell bigger and bigger, and many of them buoy them-
felves up and break at the top.

From this Difceding of the heatin Glafs drops,that is, by the quenching
or cooling Irradiations propagated from the Surface upwards and in-
wards, by the lines CT, CT, DT, D E, . thebubbles inthe drop
have room to expand themfelves a little, and the parts of the Glafs con-
trat themfelves; but this operation being too quick for the {luggith parts
of the Glafs, the contraction is performed very unequally and irregularly,
and thereby the Particles of the Glafsare bent, fome one way, and fome
another, yet {oas that moft of them draw towards the Pith or middle
TEE E, or rather from that outward : {o that they cannot extricate or
unbend themfelves, till fome part of T E E E be broken and loofened,
for all the parts about that are placed in the manner of an Arch, and fo
till their hold at T EE E be loofened they cannot fly afunder, but up-
hold, and fhelter, and fix each other much like the ftones i a Vaule,
where each ftone does concurre to the ftability of the whole Fabrick,

‘and no one f{tone can be taken away but the whole Arch falls.And where-

foever anyof thofe radiating wedges D'T D, &c. are removed, which
are the component parts of this Arch,the whole Fabrick prefently fatls eo
pieces 3
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pieces s for all the Springsof the feveral parts are fet at liberty, which
immediately extricate themfelves and fly afunder every way 5 ‘each pare
by its fpring contributing to the darting of it {elf and fome other contigus
ous part. But if this drop be heat {0 hot asthat the parts by degrees can
unbend themfelves, and be fettled and anncaled in that pofture , and be
then fuffered gently to fubfide and cool; The parts by this nealing lo=
fing their fpringinefs , conftitute a drop of a more foft but lefs brittle texs
ture,and the parts being not at allunder a flexure, though any part of the
middle or Pith TEE Ebe broken, yet will not the drop at ali fly to picces
as before. ;

This Conjecture of mine I fhall indeavour to make out by explains
ing each particular Aflertion with analogons Experiments : The Affertions
are thefe.

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

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

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

Fourthly , That thereis aflexionor force remaining upon the parts
of the Glafs thus quenched , from which they indeavour to extricate
themf{elves. _

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

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

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

That the firft of thefe is true may be gathered from this, That Heat s

a property of a body arifing from the motion or agitation of its parts 5 and
therefore whatever body 1s thereby toucht muft necefiarily receive fome
part of that motion,whereby its parts will be fhaken and agitated, and fo
by degrees free and extricate themfelves from one another , and each
part fo moved does by that motion exert a conatus of protruding and dif
placing all the adjacent Particles. Thus Air includedina veflel, by be-
ing heated will burft it to pieces. Thus havel broke a Bladder held
over the fire in my hand, with fuch a violence and noife ; that it almoft
made me deaf for the prefent,and much furpafied the noife of a Musket:
The likehave I done }l;y throwing into the fire fmall glafs Bubbles her-
metically fealed , witha little drop of Water included in them. Thus
Water alfo,or :mgr other Liquor,included in a convenient veflel,by being
warmed , manifeftly expandsic felf witha very great violence, {0 asto
break the &rongEﬂ veflel,if whenheated it be narrowly imprifoned 3}11 ;lt
is
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This is very manifeft by the fealed Thermoneters, whichIhave, by feve-
ral tryals, at Jaft brought to a great certainty and tendernefs : for I have
made fome with {tems above four foot long , inwhich the expanding Li-
quor would fo far vary,asto be very neer the very top in the heat of Sum-
mer, and prety neer the bottom at the coldeft time of the Winter. The
Stems I ufe for them are very thick,{traight,and even Pipes of Glafs,with
a very fmall perforation , and both the head and body I have made on
purpofe at the Glafs-houfe, of the fame metal whereof the Pipes are
drawn: thefe I caneafily in the flame of a Lamp, urged with the blaft of
a pair of Bellows, feal and clofe together, fo asto remain very firm, clofe
and even; by thismeans I joynon the body firft,and then fill both it and
a part of the ftem, proportionate to the length of the ftem and the
warmth of the feafon Ifill it in,with the beft reCtified Spirit of Wine high-
ly ting'd with the lovely colour of Cochereel, which I deepen the more
by pouring fome drops of common Spirit of Urine, which muft not be
too well retified , becaufe it will be apt to make the Liquor to curdle
and ftick in the fmall perforation of the ftem. ThisLiquorIhave upon
tryal found the moft tender of any {pirituous Liquor,and thofe are much
more fenfibly affected with the variations of heat and cold then othermore
flegmatick and ponderous Liquors, and as capable of receiving a deep
tinCture, and keepin%it,as any Liquor whatfoevers and ( which makes
it yet more acceptable ) is not fubject to be frozen by any cold yet
known. When I have thusfilled it,I can very eafily in the foremention-
ed flame of a Lamp{eal and joyn on the head ofit.

Then, for graduating the {tem, Ifix that for the beginning of my di-
vifion where the furface of the liquor in the ftem remains when the
ballis placed in common diftilled water, thatisfo cold thatit juft begins
to freeze and fhoot into flakes; and that mark I fix at a convenient place
of the ftem, tomake it capable of exhibiting very many degrees ofcold,
below that which is requifite to freeze water: the reft of my divifions,
both above and below this (which I'mark with a [ o] or nought ) I place
according to the Degrees of Expanlion, or Contraition of the Liquor in
proportion to the bulk it had when it indur'd the newly mention'd freez-
ing cold.  And this may be very eafily and accurately enough done by
this following way 3 Prepare a Cylindrical veflel of very thin plate Brafs
or Silver, AB CD of thefigure Z; the Diameter AB of whofe cavity
let be about two inches, and the depth B C the fame 3 let eachend be
cover’d with a flat and fmooth plate of the fame {ubftance, clofely foder’'d
on, and in the midft of the upper cover make a pretty large hole EF,
about the bignefs of a fifth part of the Diameter of the other; into this
faften very well with cement a {traight and even Cylindrical pipe of Glafs,
EF G H, the Diameter of whofe cavity let be exactly onetenth of the
Diameter of the greater Cylinder.  Let this pipe be mark’d at G H with
a Diamant, {o that G from E may be diftant juft two inches, or the fame
height with that of the cavity of the greater Cylinder, then divide the
length E G exactly into 10 parts, fo the capacity of the hollow of each
of thefe divifions will be 25; part of the capacity of the greater Cy liin-

der.
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der. Thisveflel being thus prepared, the way of marking and gradu-
ating the Thermometers may be very cafily thus performed :

Fill this Cylindrical veflel with the fame liquor wherewith the The:
mometers are fill'd, then place bothit and the Thermomseter you are to
graduate, inwater thatisready to be frozen, and bring the futface of the
liquor in the Thermometer to the firlt marke or [o]s then fo proportion
the liquor inthe Cylindrical veficl, that the furface of it may juft be at
the lower end of the fmall glas-Cylinders thenvery gently and gradu-
ally warm the water in which both the Thermorneter and this Cylindrical
veflel ftand, and as you perceive the ting'd liquor to rife in both ftems;
with the point of a Diamond give feveral marks on the ftem of the Thejs
mometer at thofe places, which by comparing the expanfion in both
Stems, are found to correfpond to the divifions of the cylindrical vefiel,
and having by this means marked fome few of thefe divifions on the
Stem, it will be very eafie by thefe to mark all the reft of the Stem,
and accordingly to aflign to every divifiona proper character.

A Thermometer , thus marked and prepared, will be the ficteft Infhru-
ment to make a Standard of heat and cold that can be imagined. For
being fealed up, itis not atall fubjet to variation or wafting, nor is it lia«
ble to be changed by the varying prefiure of the Air, which all othet
kind of Thermometers that ate open tothe Air are liable to. But to pro<
ceed.

This property of Expanfion with Heat, and Contration with Cold, is
not peculiar to Liquors only, butto allkind of folid Bodies alfo, efpeci-
ally Metals, which will more manife{tly appear by this Experiment.

Take the Barrel of a Stopcock of Brafs, and let the Key, which is well
fitted to it,be riveted into it,{o that it may {lip,and be eafily turned round,
then heat this Cock inthe fire, and you will find the Key fo fwollen, that
you willnot beable to turn it round in the Barrel 5 but if it be fufiered
to cool again, asfoon asit is cold it will be as movable, and as eafie to be
turned as before.

This Quality is alfo vety obfervable in Lead, Tin, Silver, Antiniony,
Pitch,Rofin,Bees-wax,Butter,and the like; all which,if after they be melted
you fuffer gently to cool, you fhall find the parts of the upper Sutface
to fubfide and fall inwards , lofing that plumpnefs and fimoothnefs it had
whilftin fufion.  The like I have alfo obferved in the cooling of Glaf§
of Antimony. which does very neer approach the nature of Glafs,

But becaufe thefeare all Examples taken from other materials then
Glafs,and argue only, that poflibly thete may be the like property 4lfo iri
Glafs, not that really there is ;5 we fhall by three or four Expetiritents in-
deavour to manifeft that alfo, ,

And the Fitft isan Obfervation that is very obvious even in thefc very
drops,to wit,that they areall of them terminatéd with an unequal or ir-
regular Sutface , efpecially about the fmaller part of the drop, and the
whole length of the ftem 5~ as about D, and from thence to A, the whole
Surface, which would have been round if the drop had cool'd l¢ifurely,
is, by being quenched haftily very irregularly flatted and pitted 3 WhiC};
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Ifuppofé proceeds partly from the Waters unequally cooling and fpreﬁ
fing the partsof the drop,-and partly from the {elf-contrating or fubfi-
ding quality of the fubftance of the Glafs: For the vehemency of the
heat of the drop caufes fuch fudden motions and bubbles in the cold Wa-
ter,that fome parts of the Water bear more forcibly againft one part then
againft another , and confequently do more fuddenly cool thofe parts to
which they are contiguous. ;

A Second Argument may bedrawn from the Experimentof cutting
Glafles with a hot Iron. For in that Experiment the top of the Iron
heats, and thereby rarifies the paits of the Glafs that lie juft before the
crack , whence each of thofe agitated partsindeavouring to expand its
felf and get elbow-room, thrufts off allthe reft of the contiguous parts,
and con(%qucntly promotes the crack that was before begun.

A Third Argument may be drawn from the way of producinga crack

ina found piece or plate of Glafs. whichis done two wayes, either Firft,

by fuddenly heating a piece of Glafs inone place more then in another.
And by this means Chymifts ufually cut off the necks of Glafs-bodies,

“by two kindsof Inftruments, either by a glowing hot round Iron-Ring,

which juftincompafies the place thatis tobe cut, orelfe by a sulphur'd
Threed,which is often wound about the place where the feparation is to
be made,and then fired. OrSecondly.A Glafs may be cracked by cooling
it fuddenly in any place with Water, or the like, after it has been all lei-
furely and gradually heated very hot.  Both which Phenornena feem ma-
nifeftly to proceed from the expanfion and contraction of the parts of
the Glafs, which isalfo made more probable by this circum{tance which
I have obferved , that a piece of common window-glafs being heated in
the middle very fuddenly with alive Coal or hot Iron,dogs ufually at the
firft crack fall into pieces,whereas if the Plate has been gradually heated
very hot, and a drop of cold Water and the like be put on the mid-
dle of it, it only flaws it, but does not break it alunder immedi-
ately.

AyFourth Argument may be drawn from this Experiments Take a

Glafs-pipe, and fitintoitafolid ftick of Glafs, foasit will but juft be mo-
vedinit. Then by degreesheat them whilft they are one within ano-
ther,and they will grow ftiffer, but when they are again cold,they will be
aseafie to be turned as before. This Expanfion of Glafs is more mani-
feft in this Experiment.
- Takea ftick of Glafs of a confiderable length,and fit it o betweenthe
two ends or fcrews of a Lath,that it may but juft eafily turn,and that the
very ends of it may be juft touchtand fuftcined thereby s then applying
the flame of the Candle to the middle of it, and heating it hot, you will
prefently find the Glafs to ftick very faft on thofe points, and not without
much difficulty to be convertible onthem, before that by removing the
flame for a while from it it be fuffered to cool, anden you will find it
as eafie to be turned round as at the furft.

Fromall which Experiments it is very evident, that all thofe Bodies,
and particularly Glafs, fuffersan Expanfion by Heat, and thata x;_ej-y crl);l}-

iderable
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{iderable one,whilft they arein a ftate of Fufion. For Fluidity,as1 clfewhere
mention, being nothing but an effect of avery ﬂraﬂg and quick ﬁJfrl{ing motion,
ivhereby the parts are,as it were,Joofened from each atber‘jand confequently leaye
an interjacent [pace or vageurty 5 it follows, that all thofe {thaken Particles mu(t
neceflarily take up much more room then when they were at reft,and Ia

quictly upon each other. And this is further gonﬁrmcd b}_r a Pot of boyling
Alabafter, which will manifeftly rife a {ixch or eighth part higher in the Po,
whilft it is boyling, then it will remain at, both before and after it be boyl-
ed.The reafon of whichodd Phenomenon (tohintit here ohly by the way)
is this, that there is in the curious powder of Alabalter, arjd other calcinin

Stones, a certain watery fubftance, which isfofixt and included with the
folid Particles, that till the heat be very confiderable they will not fly away;
but after the heat is increafed tofuchadegree, they break out every way
in vapours, and thereby fo fhake and loofen the fmall corpufles of the Pow-

der from each other, that they becortie perfectly of the nature of a fluid bo- =

dy, and one may move a ftick toand fro through it, and ftir it as eafily as
water,and the vapours burft and break out in bubbles juftas in boyling
water,and thelike; whereas, both before thofe watery parts are flying
away, and after they are quite gone 3 that s, before and atter it have done
boyling,all thofe efiets ceafe, and a'ftick is as difficultly moved to and fro
in it asinfand, or the like. Which Explication I could eafily prove, had I
time ; but thisisnot a fit place for it.

To proceed therefore, I fay,that the dropping of this expanded Body in-
to cold Water, does make the parts of the Glafs fuffer a double contraction :
The firft is, of thofe parts which are neer the Surface of the Drop. For Cold,
asI faid before,contralting Bodies, that is,by the abatement of the agitating fa-
eulty the parts falling meerer together; the parts next adjoying to the Water
muft needs lofe much of their motion , and impart ittothe Ambient-water
(which the Ebullition and commotion of it manifefts) and thereby become
a folid and hard cruft, whilftthe innermoft parts remain yet fluid and ex-
panded ; whence,as they grow cold alfo by degrees,their parts muft neceffa-
rily be left atliberty to be condenfed , but becaufe of the hardnefsof the

- outward cruft,the contraction cannot be admitted that waysbut there being

many very fmall, and before inconfpicuous, bubbles in the fubftance of the
Glafs,upon the fubfiding of the parts of the Glafs,the agil fubftance contain-

-~ edinthem hasliberty of expanding it felfa little,and thercby thofe bubbles

grow much bigger,which is the fecond Contraction. And both thefe are con-

~ firmed from the appearance of the Drop it felf for as for the outward parts,

E

we fee firft,that it1s irregular and fhrunk, asit were, which is caufed by the
yielding a little of the hardened Skinto a Contraction, after the very out-
moft Surfaceis fettled 5 and asfor theinternal parts, one may with ones
naked Eye perceive abundance of very confpicuous bubbles, and withthe
Microfeope many more, : : :

The Confideration of which Particulars will eafily make the Third Pofiti-
on prob_able,that is,that the parts of the drop will be of a very hard, though
of ararified Texture ; for if'the outward parts of the Drop, by reafon of 1ts
hard cruft, will indure very little Contraction, and the agil Particles, inzlu(i
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ded in thofe bubbles, by the lofing of their agitation, by thedecreafe of the
Heat,lofe alfo moft part of their Spring and Expanfive powersit follows (the
withdrawing of the heat being very fudden) that the parts muft be left ina
very loofe Texture, and by reafon of the implication of the parts one about
another,which from their {luggifhnes and glutinoufnefs Ifuppofe tobe much
after the manner of the fticks in a Thorn-bufh,or a Lock of WoolsIt will fol-
low, I fay, that the parts will hold each other very ftrongly together,and in-
deavour to draw each other neerer together, and confequently their Tex-
ture muft be very hard and ftiff, but very much rarified.
And this will make probable my next Pofition, That the parts of the Glafs
are under a kind of tenfion or flexure,out of which they indeavonr to extricate and
free themfelves,and thereby all the parts draw towards the Center or middle,
and would, if the outward parts would give way, as they do when the out-
ward parts cool leifurely (asin baking of Glafles) contract the bulk of the
dropintoa much lefs compafs. For fince.as I proved before,the Internal parts
of the drop, when fluid,were of a very rarified Texture.and asit were,tos'd
open like a Lock of Wool,and if they were fuffered leifurely to cool, would
be again preft, as it were,clofe together: And fince that the heat,which kept
them bended and open, istemoved , and yet the parts not fuffered to getas
neer together asthey naturally would 5 It follows,that the Particles remain
undera kind of tenfionand flexure , and confequently have an indeavour to
free themfelves from that bending and diftenfion, which they do, asfoon as
either the tipbebroken, oras {oon as by a leifurely heating and cooling,
the parts are nealed into another pofture.

And this will make my next Pofition probable,that the parts of theGlafs drops
are comtignated together in the fornm: of an Archand cannot any where yield or
be drawn inwards,till by the removing of fome one part of it(as it happensin
the removing one of the {tones of an Arch)the whole Fabrick is fhatter'd,and
falls to pieces,and each of the Springs is left at liberty,fuddenly to extricate it
{elf: for fince  have made it probable,that the internal parts of the Glafs have
a contractive power inwards, and the external parts are incapable of fuch a
Contraction,and the figure of it being fphericalsit follows,that the fuperficial
partsmuft bear againft eachother, and keep one another from being con-
dens’d into a lefs room, in the fame manner as the {tones of an Arch conduce
to the upholding each other in that Figure.And this is made more probable
by another Experiment which was communicated to me by an excellent Per-
fon,whofe extraordinary Abilities in all kind of Knowledg, efpecially in that
of Natural things,and his generous Difpofition in communicating,incouraged
me to have recourfe to him on many occafions. The Experiment was this :
Small Glafs-balls ( about the bignefs of that reprefented in the Figure &)
would,upon rubbing or fcratching the inward Surface, fly all infunder, with
a pretty brisk noife 5 whereas neither before nor after the inner Surface had
been thus{cratcht, did there appear any flaw or crack. And putting the ple-
cesof one of thofe broken ones together again, the flaws appeared much
after the manner of the black lines on the Figure, &. Thefe Balls were fmall,
but exceeding thick bubblesof Glafs, whichbeing crack'd off from the
Puntilion whilft very hot , andfo fuffered to cool without nealing them in

the
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the Oven over the Furnace, do thereby (' being made of white Glafs,
which cools much quicker then green Glafs, and .isthereby made much
brittler ) acquirea very porous and very brittle fexture: fothat if with
the point of aNeedle or Bodkin, the infide of any of them be rubbed

rety hard, and thenlaid ona Table, it will, within a very little while,
{;reak into many pieces with a brisk noife,, and throw the parts above a
fpan afunder on the Table: Now though the piecesare not fo fmall as
thofe of a fulminating drop, yet they as plainly fhew, that the outward
parts of the Glafs have a great Conatus to fly agnder,were they not held
together by the tenacity ot the parts of the inward Surface : for we fee
as foon as thofe parts are crazed by hard rubbing, and thereby their tena-
city fpoiled, the fpringinefs of the more outward parts quickly makesa
divulfion, and the broken pieces will, if the concave Surface of them be
further {crarcht with a Diamond, fly againinto fmaller pieces.

From which preceding confiderations it will follow Sixthly , That the
fudden flying afunder of the parts as foon as this Archis any where difor-
dered or broken, proceeds from the fpringing of the parts; which ,indea-
vouring to extricate themfelvesas foon as they get the liberty , they per-
formit with fuch a quicknefs,that they throw one another away with very
great violence - for the Particles that compofe the Crufthavea’ Conatus
to lye further from one another,and therefore as foon as the external parts
are locfened they dart themfelves outward with great violence, juft as fo
many Springs would do, if they were detained and faftened to the body,
as foon asthey fhould be fuddenly loofened; and the internal parts draw-
ing inward, they contract {o violently, that they rebound bacﬁ againand
fly into multitude of {fmall fhiversor fands. Now though they appear
not, either to the naked Eye, or the Microféope, yet 1am very apt to think
there may be abundance of {mall flaws or cracks, which , by reafon the
{trong refleting Air is not got between the comtiguous parts, appear not.
And that this may be fo, I argue from this , that I have very oftenbeen
able to make a crack or flaw, in fome convenienﬁPieccs of Glafs,to appear
and difappear at pleafure, according as by prefling together, or pulling
afunder the contiguous parts, Iexcluded or admitted the ftrong reflect-
ing Air between the parts : And it is very probable, that there may be
fome Body, that iseither very rarified Air, or fomething azalogous toit,
which fills the bubbles of thefe drops 5 which I argue, firft, from the round-
nefs of them, and next, fromthe vivid reflection of Light which they ex-
hibite : Now though I doubt not , butthat the Air in them is very much
rarified,yet that there is fome in them, to fuch as well confider this Expe-
riment of the difappearing of a crack upon the extruding of the Air, I
fuppofe it will feem more then probable.

The Seventh and laft therefore that I fhall prove,is, That the gradual
heating and. cooling of thefe [0 extended bodies dves reduce the parts of the
GClafs to aloofer and j.:g‘ter temper. And this I found by heating them, and
keeping them tor a prety while very red hot in a fire 3 for thereby I found
themto grow a little lighter , and the fmall Stems to be very eafily bro-
kenand fnapt any where , without at all making the drop fly; whereas

H 2 § before
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before they were fo exceeding hard,that they could not be broken with-
out much difficulty 5 .and upon their breaking the whole drop would
fly in pieces with very great violence. The Reafon of which laft feems
to be , that the leifurely heating and cooling of the parts doesnot only
walt fome part of the Glafsit felf , but ranges all the parts into a better
order, and gives each Particle an opportunity of relaximg its felf, and
confequently neither will the parts hold fo ftrongly together as before,
nor be fo difficult to be broken : The parts now more eafily yielding,
nor will the other partsfly in pieces, becaufe the parts have no bended
Springs. The relaxation alfo in the temper of hardned Steel, and ham-
mcreg Metals.by nealing them in the fire,feems to proceed from much the
famecaufe. For both by quenching fuddenly fuch Metals as have vitri-
fied parts interfpers'd, asSteel has,and by hammering of other kinds that
do not fo much abound with them, asSilver, Brafs, . the partsare put
into and detained in abended pofture , which by the agitation of Heat
are thaken, and loofened, and fuffered to unbend themfelves,

Oblerv. VIIL 0f the fiery Sparks fruck from s Flim or
Steel, :

Tisavery common Experiment , by firiking with a Flint againft a
] Steel,to make certain fiery and fhining Sparks to fly out from between
thofe two comprefling Bodies. About eight yearsfince , upon cafually
reading the Explication of this odd Phenomenon, by the moft Ingenious
Des Cartes, 1had agreatdefire to be fatisfied , what that Subftance was
that gave fuch a fhining and bright Light : And to that end I fpread a
fheet of white Paper,and on it, obferving the place where feveral of thefe
Sparks feemed to vanith, Ifound certain very fmall, black, but gliftering
Spots of a movable Subftance, each of which examining with my Azfcro-
eope;] found to be a fmall round Globule 5 fome of which, as they looked
prety fmall, {o did they from their Surface yield a very bright and ftrong
reflection on that fide which was next the Light ; and each look’d almoft
like a prety bright Iron-Ball, whofe Surface was prety regular, fuchasis
reprefented by the Figure A, In thisIcould perceive the Im;ge of the
Window prety well, or of a Stick, which I moved up and down between
theLightandit. Others I found,which were, as to the bulk of the Ball
prety regularly round,but the Surface of them,as it was not very fmooth,
but rough,and more irregular, fo was the refletion from it more faint and
confufed. Such were the Surfaces of B.C.D. and F. Some of thefe]
found cleft or cracked, asC, othersquite broken in two and hollow, as
D. which feemed to be half the hollow fhell of a Granado, btoken iﬂrrc-
gularly in pieces. Several others I found of other fhapes 5 but that
which is reprefented by E, 1 obferved to be a very big Spark of Fire
which went out upoen one fide of the Flint thatI ftruck fire withall : (o

which
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which ic ftuck by the root F, at the end of which fmall Stem was faften-
ed-on a Hemifphere, or half a hollow Ball.with the mouth of it open from
the {temwards, o that it looked much likea Funnel, or an old fathioned
Bowl without a foot. This night, making many 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 remarkable to the
confirmation of my Hypothefs.

And the Fiift was of a pretty big Ball faltened on to the end of a finall
fliver of Iron,which Compolitum feemed to be nothing elfe but a long thin
chip of Iron,one of whole ends was melted intoa fmall round Globulsthe
other end remaining unmelted and irregular, and perfectly Iron.

The Second Inftance was not lefs remarkable then the Firfts for I
found, when a Spark went out, nothing but a very fmall thin long fliver
of Iron or Steel, unmelted at cither end, So that it feems, that fome of
thefe Sparks are the livers or chips of the Iron virrified , Others are on-
ly the{livers melted into Balls without vitrification, And the third kind
are only fmall fliversof theIron, made red-hot with the violence of the
{troke given on the Steel by the Flint.

He that fhall diligently examine the Phenontena of this Experiment,
will, Idoubt not, find caufe to believe, that the reafon I have heretofore
givenof it, isthe true and genuine caufe of it, namely, That the Spark
appearing fo bright in the falling.is nothing elfe but a fmall piece of the Steel
or Flint, but moft commonly of the Steel, which by the violence of the firoke
#s at the fame time [ever'd and heatt red-hot | and that Jomretimes to firch &
degree , as tomake it melt together into a finall Globule of Steel 5 and fome-
times alfo is that heat fo very intenfe, as further to melt it and vitrifie it 5 but
weany vintes the heat is fo gentle, astobe able to make the fliver only red hot,

whichnotwithftanding falling upon the tinder ( that is only a very curious

{mall Coal made of the fmall threads of Linnen burnt to coals and
char’d) it eafily féts it on fire. Nor will any part of this Hypothefis feem
{trange to him that confiders, Firft, chat either hammering, or filing, or
otherwife violently rubbing of Steel, will prefently make it fo hot as to
be able to burn ones fingers. Next, that the whole force of the ftroke
isexerted upon that fmall part where the Flint and Steel firft touch: For
the Bodies being each of them fo very hard , the puls cannot be far com-
municated, that is, the parts of each can yield but very little, and there-
fore the violence of the concuffion will be exerted on that piece of Steel
whichis cut off by the Flint. Thirdly, that thefilings or fmall parts of
Steel are very apt,as it were,to take fire, and are prefently red hot, that
1s,there feems to be a very combuflible Julphureons Body inIronor Steel,
which the Air very readily preys upon, as foon as the body is a little vio-
lently heated.

And this is obviousin the filings of Steel or Tron caft through the flame
of aCandle 5 for even by that fudden tranfitns of the fmall chips of Iron.
they are heat red hot, and that combufltible fulphureons Body s prefent-
ly prey'd upon and devoured by the aereal incompafling Menftrunm,

whofe  office in this Particular I have fhewn in the Explication of Char-
cole. And
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And in profecution of this Experiment,having taken the ﬁIings of Iron
and Steel, and with the point of a Knife caft them through the flame of a
Candle , 1 obferved where fore confpicuous fhining Particles fell , and
looking on them withmy #icrofcope , 1 found them to be nothing elfe
but fuch round Globules, asI formerly found the Sparks {truck from the
Steel by a ftroke tobe, only a little bigger 5 and fhaking togetherall the
filings that had fallen upon the fheet of Paper underneath, and obferving
them with the Microfcope, 1 found a great number of {fmall Globules, fuch
asthe former, though there were allo many of the parts that had remain-
ed untoucht, and rough filings or chipsof Iron. Sothat, it{eems, Iron
doescontaina very combuflible fulphureons Body, whichis, in all likeli-
hood, one of the caufes ot this Phenomenon , and which may be perhaps
very much concerned in the bufinefs of itshardening and tempering : of
which fomewhat is faid inthe Defcription of Aufcovy-glafs.

So that, thefe things confidered, we need not trouble our felvesto find
out what kind of Pores they are, bothin the Flint and Steel, that contain
the Atoms of fire, nor how thofe Atems come to be hindred from run-
ning all out , when a dore or pafiage in their Pores is made by the con-
cul%on: nor need we trouble our felves to examine by what Promethens
the Element of Fire comes tobe fetcht down from above the Regions of
the Air, in what Cells or Boxesitis kept, and what Epimethens letsit go :
Nor to confider what it is that caufes {o great a conflux of the atomical
Particles of Fire,which are faid to fly to a flaming Body, like Vultures or
Eaglestoa putrifying Carcafs, and there to make a very great pudder.
Since we have nothing moredifficult in this Hypothefis to conceive, firft,
asto the kindling of Tinder, then how a large Iron-bullet, let fallred or
glowing hot upon a heap of Small-coal, fhould fet fire to thofe that are
next to it firft : Nor fecondly, isthis laft more difficult to be explicated,
then that a Body, as Silver for Inftance, put into a weak Menftruune, as
unretified 4qua fortis thould , whenit is putin a great heat, be there
difiolved by it, and not before 5 which Hypothefis is more largely explica-
ted in the Defcription of Charcoal. To conclude, we fee by this In-
ftance, how much Experiments may eonduce to the regulating of Philo-
fophical notions. For if the moft Acute Des Carteshad applied himfelf
experimentally to have examined what fubftance it was that caufed that
thining of the falling Sparks ftruck from a Flint anda Steel, he would
certainly havea little altered his Hypothefis , and we fhould have found,
that his Ingenious Principleswould have admitted a very plaufible Ex-
plication of this Phenomenon ; whereas by not examining fo far as he
?ight , hehas fet downan Explication which Experiment do’s contra-

ict.

But before I leave this Defcription, I muft not forget to take notice of
the Globular form into which each of thefe is mﬂﬁ curioufly formed.
And this Phenomenon, as Thave elfewhere more largely thewn, proceeds
from a propriety which belongs to all kinds of fluid Bodies more or
lefs,and 1s caufed by the Incongruity of the Ambient and included Fluid,
which {o acts and modulates each other, that they acquire , asneer as is

poflible,
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poffible, a fperical or globular form, which propriety and feveral of the
Phanomena that proceed fromit, Thave more fully explicated in the fixth
Obfervation.

One Experiment, which does very much illuftrate my prefent Explica-
tion, and is init felf exeeeding pretty, I muftnot pafsby: And thatis a
way of making {mall Globules or Balls of Lead, or Tin, asfmall almoft as
thefe of Tron or Steel, and that exceeding eafily and quickly, by turning
the filings or chips of thofe Metals alfo into perfectly round Globules.
The way, in fhort,as I received it from the Learned Phyfitian Doctor 1. G,
fs chijgg ot vt

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

Now though quick Lime be the powder that this direction makes
choice of, yetI doubt not, but that there may be much more convenient
ones found out, one of whichI have made tryal of, and found very effe-
¢tual 5 and were it not for difcovering, by the mentioning of it, another

Secret, which I am not free to impart, I {hould have here inferted
it

Obferv. IX. Of the Colours obfervable in Mufcovy Glafs, and
other thin Bodies. ,

MOfcovy-glafs,or Lapis fpecularis,is aBody that feems to have as ma-
A ny Curiofities inits Fabrick as any common Mineral I have met
with : for firft , Itis tranfparent to a great thicknefs: Next, it iscom-
pounded of an infinite number of thin flakes joyned or generated one
upon another {o clofe & fmooth,as with many hundreds of them to make
one fmooth and thin Plate of a tranfparent flexible fubftance,which with
care and diligence may be {lit into pieces fo exceedingly thin as to be
hardly perceivable by the eye, and yet even thofe, which I have thought
the thinneft, Thave with a good Micrefeepe found to be made up of many
cther Plates, yet thinner 3 and itis probable, thac, were our Aicrofc "P“’l‘;
muc
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much better , we might much further difcover its divifibility. Nor are
thefe flakes only regular asto the {moothnefs of their Surfaces ; but third-
ly , In many Plates they may be perceived to be terminated naturally
with edges of the figure of a Rhomboeid. Tl}ls Figure is much more con-
fpicuous in our Englith talk, much whereof is found in the Lead Mines,
and is commonly called Spar , and Kanck , which is of the fame kind of
fubftance with the Selenitis, butis feldom found in fo large flakes as that
is, nor isit altogether fo tuff, but is much more clear and tranfparent,and
much more curioufly fhaped , and yet may be cleft and flak’d like the o-
ther selenitis, But fourthly, this ftone hasa property, which inrefpect
of the AMicroféepe, ismore notable, and that is, that it exhibitsfeveral ap-
pearances of Colours, both tothe naked Eye, but muchmore confpicu-
oully tothe Microféope 5 for the exhibiting of which , Itook a piece of
Mufeovy-glafi, and fplitting or cleaving it into thin Plates, I found that up
and down 1n feveral partsof themIcould plainly perceive feveral white
fpecks or flaws, and others diverfly coloured with all the Colours of the
Rainbow 35 and with the Microféope I could perceive , that thefe Colours
were ranged in rings that incompafled the white fpeck or flaw, and were
round or irregular, according to the fhape of the fpot which they termi-
nated 5 and the pofition of Colours, in refpect of one another, was the
very fame asin the Rainbow. The confecution of thofe Colours from the
middle of the {pot outward being Blew, Purple, Scarlet, Yellow, Green;
Blew, Purple, Scarlet, and {o onwards, {ometimes half a {Core times re-
peated,that is,there appeared fix,feven,eight.nine or tenfeveral coloured
rings or lines, each incircling the other, in the fame manner as I have of-
ten feen a very vivid Rainbow tohave four or five feveral Rings of Co-
lours, thatis, accounting all the Gradations betweenRed and Blew for
one : But the order of the Colours in thefe Rings was quite contrary to
the primary or innermoft Rainbow, and the fame with thofe of the fecon-
dary or outermoft Rainbow 5 thefe coloured Linesor Zrifes, as Imay fo
call them, were fome of them much brighter then others, and fome of
them alfo very much broader, they being fome of them ten,twenty, nay,
Ibelieve , neer ahundred times broader then others; and thofe ufually

were broadifh which were neereft the center or middle of the flaw. And
oftentimes I found , that thefe Colours reacht to the very middle of the
flaw, and then there appeared in the middle a very large fpot, for the
moft part, all of one colour , which was very vivid , and all the other
Coloursincompaffing it, gradually afcending, and growing narrower to-

wards the edges, keeping thefame order, as inthe fecundary Rainborw,

that is,if the middle were Blew, the next incompaffing it would be a Pur-

ple,the third aRed, the fourtha Yellow, %¢. as above 3 if the middle

were a Red,the next without it would be a Yellow,the third a Green, the

fourth aBlew,and fo onward,. And this orderitalwayes kept whatfo-

ever were the middle Colour.

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

through
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through the Microfeope.  Some of thefe threads 1 have oblerved alfsto
be pieced or made up of feveral fhort lengths of differently coloured
ends ( as 1 may fo call them ) asa line appearing about two inches lon
through the Microfcope , has been compounded of about half an inch of
a Peach colour, # of alovely Grafs-green, # of an inch more of a bright
Scarlet,and the reft of the line of a Watchet blew. Others of them were
much otherwife coloured s the variety being almoft infinite.  Another
thing which isvery obferyable, is, that if youfind any place where the
colours are very broad and confpicuous to the nakedeye, youmay, by
prefling that place with your finger, make the colours change places,and
go from one part to another. ‘

There isone Phenomenon more, which may, if care be ufed, exhi-
bit to the beholder, asithas divers times tome, an exceeding pleafant,
and not lefs inftructive Spectacle 5 And that is, if curiofity anf J)iligence
be ufed , youmay {o fplit this admirable Subftance , that youmay have
pretty large Plates ( in comparifon of thofe fmaller ones which youmay
obferve inthe Rings) that are perhapsan % ora % partof aninch over,
cach of them appearing through the icrofcope moft curioufly, intirely,
and uniformly adorned with fome one vivid colour : this, 1f examined
with the Micrafcope , may be plainly perceived tobe in all parts of it e-
qually thick. ~ Two, three, or more of thefe lying one upon another, ex-
hibit oftentimes eurious compounded colours, which produce fuch a
Compafitum , asone would fcarce imagine thould be the refult of fuch i7-
gredients: Asperhapsa faint yellowand a blew may produce a very decp
purple.  But when anon we come to the more {trict examination of thefe
Phenomena, and toinquire into the caufes and reafonsot thefe producti-
cns,we fhalll hope, make it more eonceivable how they are produced,
and thew them to be no other then the natural and neceflary effets ari-
fing from the peculiar union of concurrent caufes.

Thefe Phenomena being fo various, and fo truly admirable,it will cer-
tainly be very well worth our inquiry , to examine the caufesand reafons
of them,and to confider, whether from thefe caufes demonftratively evi-
denced , may not be deduced the true caufes of the production of all
kind of Colours. And I therather now do it , inftead of an Appen-
dix or Digreffion to this Hiftory, then upon the occafion of examining
the Colours in Peacocks, or other Feathers, becaufe this Subject , as it
does afford more variety of particular Colours , o does itafford much
better wayes of examining each circumf{tance. ~And this will be made
manifeft to him that confiders, firft, that this laminated body is more
fimple and regular then the parts of Peacocks feathers, this confifting on-
ly of an indefinite number of plain and fmooth Plates, heaped up, or iz-
cumbent on each other. Next, that the partsof this body are much more
manageable, to be divided or joyned, thenthe parts of a Peacocks fea-
_ther,or any other fubftance that I know. And thirdly, becaufe that in this
we are able froma colourlefs body to produce feveral coloured bodies,
affording all the variety of Colours imaginable : And feveral others,

which the fubfequent Inquiry will make manifeft. .
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To begintherefore, it is manifeft from feveral circumftances, that the
material caufe of the apparition of thefe feveral Colours, isfome Lamina
or Plateof a tranfparent or pellucid body of a thicknefs very determi-
nate and proportioned according to the greater or lefs refractive power
of the pellucid body. And that thisis {o.abundance of Inftances and par«
ticular Circumftances will make manifeft.

- Asfivft, if youtake any fmall piece of the Aufeovy-glafs , and with a
Needle, or fome other convenient Inftrument, cleave it oftentimes into
thinner and thinner Lamine, you fhall find, that till you come toa deter-
minate thinnefs of them, they fhall all appear tranfparent and colourlefs,
but if you continue to iplit and divide them further,you fhall find ac laft,
that cach Plate, after it comes to fuch a determinate thicknefs, fhallap-

ear moft lovely ting’d orimbued with a determinate colour. If Jurther,
gy any means you fo flaw a pretty thick piece, that one part doesbegin
to cleave a little from the other, and between thofe two there be by any
means gotten fome pellucid medium, thofe laminated pellucid bodies that
fill that fpace, fhall exhibit {feveral Rainbows or coloured Lines, the co-
lours of which will be difpofed and ranged according to the various
thicknefles of the feveral partsof that Plate. That this is fo, is yet fisr-
ther confirmed by this Experiment.

Take two fmall pieces of ground and ‘polifht Looking-glafs-plate
eachabout the bignefs of a fhilling, take thefe two dry, and with you;
fore-fingers and thumbs prefs them very hard and clofe together,and you
fhall find, that when they approach each other very near, there wil] ap-
pear feveral Irifes or coloured Lines, inthe fame manner almoft asin the
Mufcovy-glafs 5 and you may very eafily change any of the Colours of
any part of theinterpofed body, by prefling the Plates clofer and hard-
er together,or leaving them more lax 3 that 1s,a part which appeared co-
loured with ared, may be prefently ting’d with a yellow, blew, green
purple , or thelike, by altering the appropinquation of the tcrminatiné
Plates.Now that air is not neceflary to be the interpofed body, but that
any other tranfparent fluid will do much the fame, may be tryed by wet-
ting thofe approximated Surfaces with Water, or any other tranfparent
Liquor, and proceeding withit in the fame manner as you did with the
Air; and you will find much the like effect, only with this difference.
that thofe compreft bodies, which differ moft, in their refractive quality,
from the comprefling bodies, exhibit the moft ftrong and vivid tin:
Ctures.  Norisit neceflary , that this laminated and tingd body fhould
be of afluid fubftance , any other fubftance , provided it be thin enough
and tr‘anfparent, doing the famething : thisthe Lamine of our Mufeovy-
&lafshint 5 but it may%e confirm'd by multitudes of other Inftances.
~ Andfirft, wefhallfind, that even Glafs it felf may, by the help of a
Lamp, be blown thin enough to produce thefe Pheromena of Co-
lours: which Phenomena accidentally happening , as I have been
attempting to frame fmall Glafles withaLamp, did not alittle furprize
me at fieft, having never heard or feen any thing of it before 3
though afterwards comparing it with the Phewomena , 1 had often

obferved
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obferved in thofe Bubbles which Children ufe to make with Soap-water,
I did che'lefs wonder 5 efpecially whenupon Experiment I found, I vae
able to produce the fame Phenomenain thin Bubbles made with any
other tranfparent Subftance. Thus have I produced them with Bubbles
of Pitch, Rofin, Colophosy, Turpentine, Solutions of feveral Gums, as Gumr=
Arabick inwaters any glutinows Liquor,as Wort, Wine,Spirit of Wine, Oyl
of Turpentine, Glave of Snails, &e.

It would be needlefs to_enumerate the feveral Inftances | thefe bein: .

enough to fhew the generality or univerfality of this propricty. Only I
muft not omit, that we have inftancesalfo of this kind even in metalline
Bodies and animal 5 for thofe feveral Colours which are obferved to fol-
low each other upon the polifht furface of hardned Steel, when it isby a
fufficient degree of heat gradually tempered or foftened , are produced
from nothing elfe but a certain thin Lamina of avitran ot vitrified part
of the Metal,which by that degree of heat, and the concutring action of
the ambient Air,is driven out and fixed on the furfaceof the Steel.

And this hints to me a very probable (" atleaft, if rot the true) caufe
of the hardning and tempering of Steel, which hasnot, Ithink, been yet
given,nor, that I know of.been fo much as thought of by any. ~ And tgat
1s this.that the hardnefs of it arifes from a greater proportion of a vitrifi-
ed Subftance interfperfed through the poresof the Steel,  And that the
tempering or foftning of it arifes from the proportionate or finaller parcels
of it lefe within thofe pores. This will feem the more probable , if we
confider thefe Particulars.

- Firft, That the pure parts of Metals are of themfelves very flextble
and ##ff’s thatis, will indure bending and hammeringand yet retain their
continuity. : :

Next, That the Parts of all vitrified Subftances, as alf kinds of Glafs,

_the Scoria of Metals, ¢e. are very hard, and alfo very brittle, being nei-
ther flexible nor malleable, but may by hammering ot beating be broken
into fmall parts or powders. -

Thirdly,That all Metals (" excepting Gold and Silver , which do not
fo much with the bare fire, unleg affifted by other faline Bodies ) do
more or lefs vitrifie by the ftrength of fire, thiatis, are corroded by a fa-
line Subftance, which Ielfewhere fhew to be the true caufe of fires and
are thereby, asby feveral othet Menfiruums,converted into scoria s And
this is called, caleining of them, by Chimifts. Thus Iron and Copper by
heating and quenching do turn all of them by degrees into scoria, which
are evidently wvitrified Subftances, and unite with Glafs , and ate eafily
fufible 5 and when cold, very hard, and very brittle.
Fourthly, That moft kind of Zitrifcations or Calcinations are miade by

Salts, uniting and incorporating with the metalline Particles.  Nor do

NOW any one calcination wherein a Saline body may not, with very
great probability, be faid to be an agent or coadjutor.

_ Fifthly, That Iron is coniverted into Steel by means of the incorpora-
tion of certain falts, with whichit is kept a certain time in the fire.

I2 Sixthly,
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Sixthly, That any Iron may, ina very little time," be cafe hardned, as
the Trades-men call it, by caling the iron to be hardned with clay, and
putting between the clay and iron a good quantity of a mixture of Urize,
Soot, Sea-falt, and Horfes hoofs (all which contein great quantities of Sa-
line bodies) and then putting the cafe into a good ftrong fire, and keep-
ing it in a confiderable degree of heat for agood while, and afterwards
heating, and quenching or cooling it fuddenly in cold water.

Seventhly, That all kind of vitrify'd fubftances,by being fuddenly cool’d,
become very hard and brittle. And thence arifes the pretty Phenomena
of the Glafsy Drops, which I have already further explained in its own

lace. ;

Eighthly, That thofe metals which are not fo apt to vitrifie, do not ac-
quire any hardnefs by quenching in water, asSilver, Gold, &e.

Thefe confiderations premis’d, will, I fuppofe, make way for the more

eafie reception of this following Explication of the Phanomena of hardned

and temper'd Steel. That Steel is a fubftance made out of Iron, by means
of a certain proportionate Vitrification of feveral parts, whichare fo cu-
rioufly and proportionately mixt with the more toughand unalter’d parts
of the Iron, that when by the great heat of the fire thisvitrify’'d {ub-
ftance is melted, and confequently rarify’d, and thereby the pores of
the Iron are more open, if then by means of dipping itin cold water it
be fuddenly cold, and the partshardned, thatis, {tay’d in that fame de-
gree of Expanfion they were in when hot, the parts become very hard
and brittle, and that upon thefame account almoft as {mall parcels of
glafs quenched in water grow brittle, which we have already explicat-
ed. If after this the piece of Steel be held in fome convenient heat,till by
degrees certain colours appear upon the furface of the brightned metal,
the very hard and brittle tone of the metal, by degrees relaxes and be-
comes much more tough and foft 5 namely, the altion of the heat does
by degrees loofen the parts of the Steel that were before ftreached or fet
atilt as itwere, and ftayed open by each other, whereby they become
relaxed and fet at liberty, whence fome of the more brittle interjacent
partsare thruft out and melted intoa thin skin on the furface of the Steel,
which from no colour increafes toa deep Purple, and fo onward by thefe
gradations or conlecutions, White, Yellow, Orange, Miniunt, Scarlet, Purple,
Blew Watchet, &c. and the parts within are more conveniently, and pro-
portionately mixt; and {o they gradually fubfide into a texture which
1s much better proportion’d and clofer joyn'd, whence that rigidnefle
of:rparts ceafes, and the parts begin to acquire their former dufil-
nefs.

Now,that 'tis nothing but the vitrify'd metal that fticks upon the furface
of the colour'd body, is evident from this, thatifby any means it be fcra-
Eed and rubb’d off,the metal underneath it is white and clearsand if it be

ept longer in the fire, {0 as to increafe to a confiderable thicknefs, it
may, by blows, be beaten offin flakes. This is further confirm'd by this
obfervable, that that Ircn or Steel will keep longer from rufting which
is covered with this vitrify’'d cafe : Thus alfo Lead will, by degrees, be

alk
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all turn’dinto a litharges ~ for that colour which coversthe top being
fcum’d or fhov'd afide, appears to be nothing clfe but a litharge or
vitrify'd Lead. , :

. Thisis obfervable alfo infome fort , on Brafs, Copper, Silver, Gold,
Tin, but is moft confpicuous in Lead : dllthofe Colours that coverthe
furface of the Metal being nothing elfe , but a very thin vitrifi'd part
of the heated Metal. | A

The other Inftance we have, 1s in Animal bodies, as in Pearls, Mother

of Pearl-fhels, Oyfter-thels, and almoft all other kinds of ftony fhels
whatfoever. Thishave I allo fometimes with pleafure obferv'd even
in Mufclesand Tendons: Further, if you take any glutinous fubftance
and runit exceedingly thin upon the furface of a {mooth glafs or a po-
lifht metaline body, you fhall find the like effects produced : and in
general, wherefoever you meet with a tranfparent body thin enough,
that is terminated by refleCring bodies of differing refractions from it,
there will be a production of thefe pleafing and lovely colours.

~ Norisit neceflary, that the two ferminating Bedies fhould be both of
the fame kind, as may appear by the vitrified Lamine on Steel, Lead, and
other Metals,one furface of which La#sine is contiguous to the furface of

. the Metal, the other to that of the Air.

~ Norisit neceflary, that thefe colour'd Lawine fhould be of an even
thicknefs, that is, fhould have their edges and middles of equal thicknefs,
as in a Looking-glafs-plate, which circumftance is only requifite to make
the Plate appear all of the fame colour ;5 but they may refemblea Zexs,
that is, have their middles thicker then their edges; or elfe a donble con-
cave, that is, be thinner in the middle then at the edges 5 in both which
cafes there will be various coloured rings or lines,with differing confecu-
tions or orders of Colours 3 theorder of the firft from the middle out-
wards being Red, Yellow, Green, Blew, &c: And the latter quite con-
trary. , :

Bzr]t further, it is altogether neceffary, that the Plate, in the places,
where the Colours appear, thould be of a determinate thicknefs: Firft, It
muft not be more then fuch a thicknefs, for when the Plate isincreafed to
fuch athicknefs, the Coloursceafe 5 and befides, 1 have feen in athin
piece of Mufcovy-glafs, where thetwo ends of two Plates, which appear-
ing both fingle , exhibited two diftinct and differing Colours 5 but
in that place where they were united, and conftituted one double Plate
(asImay callit) theyappeared tranfparent and colourlefs. Nor, Se-
condly, may the Platesbe thinner then fucha determinate cize; forwe
alwayes find, that the very outmoft Rim of thefe flaws is terminated in
a white and colourlefs Ring.

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

the
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the fame effeé : only where the Light is brighteft, there the Coloursare
moft wivid. So does the light of a Candle, colletted by a Glafs-ball.
And further , it is all one whatever fide of the coloured Rings be to-
wards the light ; for the whole Ring keeps its proper Colours from the
middle outwardsin the fame order as1 be. orerelated , without varying
at all, upon changing the pofition of the light. :

But above all itis moft obfervable, that hereare allkind of Colours
generated in a pel/ucid body,where there is properly no fuch refraction as
Des Cartes fuppofes his Globules to acquire a verticity by : For in the

lain and even Plates it is manifeft, that the fecond refraction ( accord-
ing to Des Cartes his Principles in the fifth Seltion of the eigf_.vtb Chapter
Zf his Meteors ) doesregulate and reftore the fuppofed turbinated Glo-

ules unto their former uniform motion. This Experiment therefore will
prove fuch aone asour thrice excellent Vernlam calls Experimentun: Cru-
¢is, ferving as a Guide or Land-mark , by which to direlt our courfe in
the fearchafter the true caufe of Colours.. Aftording us this particular
negative Information, that for the production of Colours there is not ne-
ceflary either a great refraction, as in the Prifme 5 nor Secondly, a deter-
mination of Light and thadow , fuchas is both in the Prifme and Glafs-
ball. Now that we may fee likewife what aftrmative and pofitive Inftru-
¢ionit yields,it will be neceflary, to examine it a little more particularly
and friCtly 5 which that we may the better do, it will be requifite to
Ercmife fomewhat in general concerning the nature of Light and Refra-

ion.

And firft for Light.it feems very manifeft, that there is no luminous Bo-
dy but has the parts of it in motion more or lefs.

Firft, Thatall kind of fiery burning Bodies have their parts in motion,
I think, will be very eafily granted me. That the fpark ftruck from a
Flint and Steel is ina rapid agitation, I have elfewhere made probable.
And that the Parts of rotten Wood,rotten Fifh,and the like; arealfo in mo-
tion, I think, will as eafily be conceded by thofe,who confider,that thofe
parts never begin to fhine till the Bodies bein a ftate of putrefactions
and that isnow generally granted by all, tobe caufed by the motion of
the partsof putrifying bodies. That the Bozonian flone {hines no lon-
ger then it is ¢ither warmed by the Sun-beams, or by the flame of a Fire
or of aCandle, is the general report of thofe that write of it, and of
othersthat have feen it. ~ And that heat argues a motion of the internal
parts,is ( as I faid before ) generally granted.

But there is one Inftance more , which was firft fhewn to the Royal So-
ciety by Mr. clayton a worthy Member thereof, which does make this Af-
fertion more evident then all the reft: And thatis, That a Diamond be-
ing rub'd, firuck, orheatedinthe dark, fhines for a pretty while after, fo
long as that motion, whichisimparted by any of thofe Agents, remains
(in the fame manner as a Glafs,rubb’d,ftruck,or(by a means which T fhall
elfewhere mention ) heated, yields afound which lafts as long asthe vi-
brating motion of that fonorons body ) feveral Experiments made on
which Stone, are fince publifhed in a Difcourfe of Colours, by the truly

honou-
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honourable Mr. Boyle. - What may be faid of thofe Zgwes futui that aps
pear in the night,I cannot {o well affirm, having never had the opportunit
ty to examine them my {elf, nor to be inform'd by any others that had
obferv’d them: And the relations of them in Authors are fo imperfect,
that nothinican be built onthem. But Ihope I fhall be able in another
place to make itat leaft very probable, that there is even in thofe alfoa
Motion which caufesthis effect. That the thining of Sea-water proceeds
from the fame caufe, may be argued from this, That it fhines not till ei-
ther it be beaten againft a Rock, or be fome other wayes broken or agi-
tated by Storms, or Oars, or other pereuffing bodies. ~ And thatthe A-
nimal Exergyes or Spirituous 4gi/ parts are very altive in Cats eyes when
they fhine, feems evident enough, becaufe their eyes never thine but
when they look very intenily either to find their prey, or being hunted
mn a dark room,whenthey feek after their adverfary, or to find a way to
efcape.  And the like may be faid of the fhining Bellies of Gloworms,
fince ‘tisevident they can at pleafure either increafe cr extinguifh: that
Radiation. r

It would be fomewhat too long a work for this place Zetetically to
examine, and pofitively to prove, what particular kind of motion it is
that muft be the efficient of Light 5 for though it be amotion; yet ’tis
not every motion that producesit, {ince we find there are many bodies
very violently mov'd, which yet afford not fuch'an effet 5 and there
are other bodies, which to our other fenfes, {eem not mov’d fo much,
which yet fhine. Thus Water and quick-filver, and moft other liquors
heated, fhine not5 and feveral hard bodies, as Iron, Silver, Brafs, Cop:
per, Wood, €. though very often ftruck with a hammer, thine not pre-
fently, thoughthey willall of them grow exceeding hot 3 whereas rot-
ten Wood, rotten Fifh, Sea water, Gloworms, &¢. have nothingof tan-
gible heat in them, and yet (where there is no ftronger light toaffe¢t the
Senfory) they fhine fome of them fo Vividly, that one may make a fhift
to read by them.

It would be too long, Ifay, here toinfert the difcurfive progrefs by
which I inquir'd after the proprieties of the motion of Light, and there+
fore I fhall only add the refult.

And, Firft, I found it ought to be exceeding guick, fuch as thofe moti:
ons of fermentation and putrefaltion, whereby, certainly, the partsare
exceeding nimbly and violently mov'd 5 and that, becaufe we find thofe
motions are able more minutely to fhatter and divide the body,then the
moft violent heats or menflrunms we yet know. And that fire is nothing
elfe but fuch a diffolution of the Burning body, madeby the moft nriver
Jal menftruum of all filphureons bodies, namely, the Air, we fhall in an
other place ofthis Tractate endeavour to make probable. And that,
1n all extreamly hot fhining bodies, there is a very quick motionthat
caufes Light. as well as a more robuft that caufes Heat, may be argued
from the celerity wherewith the bodyes are diffolv’d. :

Next, it muft be a #ibrative motion. And for thisthe newly mention’d
Diamondaffordsus a good argument 5 fince if the motion of the parts did

not
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not return,the Diamond muft after many rubbings decay and be wafted:
but we have no reafon to fufpect the latter, efpecially if we confider
the exceeding difficulty that is found in cutting or wearing away a Di-
amond. And a Circular motion of the ‘Parts 1s much more improbable,
fince, if that were granted,and they be fuppos'd irregular and Angular
parts, I fee not how the parts of the Diamond fhould hold {o firmly to-
gether, or remain in the fame fenfible dimenfions, whichyet they do.
Next, if they be Globular, and mov'd only with a turbinated motion, I
know not any caufe that can imprefs that motion upon the pelucid ue-
dium, which yet is done. Thirdly, any other #rregular motion of the
parts one amongft another, muft neceflarily make the body of a fluid
confiftence, from which it is far enough. It muft thereforeie aVibra-
ting motion.

And Thirdly, Thatit is avery fhort vibrating motion, 1 think the in-

ftances drawn from the fhining of Diamonds will alfomake probable.

For a Diamond being the hardeft body we yet know in the World, and
confequently the leaft apt to yield or bend, muft confequently alfo have

: its vibrations exceeding fhort.

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

The next thing we are to confider, is the way or manner of the traje-
ction of this motion through the interpos'd pellucid body to the eye:
And here it will be eafily granted,

Firt, That it muft be a body f#fceptible and impartible of this motion
that will deferve the name of a Tranfparent. ~ And next, that the parts of
fuch a body muft be Homogeneous, or of the fame kind. ~ Thirdly, that the
eonftitution and motion of the parts muft be fuch, that the appulfe of the
luminous body may be communicated or propagated through it to the
greateft imaginable diftance in the leaft imaginable times though Ifee
no reafon to affirm, that it muftbe in an inftant : For I know not any one
Experiment or obfervation that does proveit. And, whereasit may be
objected, That we fee the Sun rifen at the very inftant when it isabove
the fenfible Horizon, and that we fee a Star hiddenby the body of the
Moon at the fame inftant, when the Star, the Moon, and our Eye are all
inthe fame line 5 and the like Obfervations, or rather fuppofitions, may
be urg'd. Ihave thisto anfwer, ThatIcan as eafily deny as they affirm;
for I would fain know by what means any one can be affured any more
of the Affirmative, then I of the Negative. if indeed the propagation
were very flow, 'tis poffible fomething might be difcovered by Eclyp-
fes of the Moon 5 but though we fhould grant the progrefs of the light
from the Earth to the Moon, and from the Moon back to the Earth a-
gain to be full two Minutes in performing, I know not any poffible
means to difcover it 5 nay, there may be fome inftances perhaps of Ho-
rizontal Eclypfes that may feem very much to favour this fuppofition of
the {lower progreflion of Light then moft imagine. And the like may
be faid of the  Eclypfes of the Sun, &c. But of this only by the by.
Fourthly, That the motionis propagated every way through an Homo-

geneons
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geneons mediumby direl¥ or firaight lines extended every way like Rays
from the center ot a Sphere. Fifthly, in an Homogeneous wrediune this mo-
tion is propagated every way with equal velocity, whence neceflarily eve:
1y puife or witration of the luminous body will generate a Sphere, which
will continually increafe, and grow bigger, juftafter the fame manner
(though indefinitely {wifter) as the waves or rings on the furface of the
water do fwellinto bigger and bigger circles about a point of it, where,
by the finking of a Stone the motion was begun,whence it neceflarily fol-
lows, that all the parts of thefe Spheres undulated through an Homogene-
ous medium cut the Rays at right angles.

But becaufe all tranfparent mediums are hot Homogeneous to one an-
other,therefore we will next examine how this pulfe or motion will be
propagated throth differingly tranfparent mediums. And here, ac-
cording to the moft acute and excellent Philofopher Des Cartes, 1 fup-
pofe the fign of the angle of inclination in the firlt medius to be to
the fign of refraction in the fecond, As the denfity of the firft, to the
denfity of the fecond. By denfity, I mean not the denfity in refpect of
gravity (with which the refractions or tranfparency of mediunes hold no
proportion) but inrefpect onely to the trajeition of the Rays of light, in
which refpett they only differin this; that the one propagates the pulfe
more eafily and weakly, the other more {lowly, but more ftrongly. ~ Bue
as for the pulfes themfelves, they will by the refraction acquire another
propriety, which we fhall now endeavour to explicate. :

We will fuppofe therefore inthe firft Figure AC FD to be a phyfical
Ray, or ABCand D EF to be two Mathematical Rays, trajeded from
a very remote point of a luminous bedy through an Hemogeneons tranfpa-
rent medium LLL, and DA, EB, F C, to be fmall portions of the or-
bicular impulfes which muft therefore cut the Raysat right angles ; thefe
Rays meeting with the plain furface NO of a medium that yields an
cafier tranfitus to the propagation of light, and falling obliguely on it,
they will in the medium MMM be tefratted towards the perpendicular
of the furface.  And becaufe 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 fpaces in the fame time that F the othet end of
itismov'd to G three fpaces, therefore the whole refratted pulfe G H
fhall be obligue to the refracted RaysCHK and GI5and the angle GHC
fhall be an acute, and fo much the more acute by how much the greater
the refraction be, then which nothing ismore evident, for the fign of the
inclination is to be the figh of refraction as GF to T € the diftance be-
tween the point C and the perpendicular from G on CK, which being as
four to three, HC being longer then GF islonger alfo then T €, there-
fore the angle GH C is lefs than G T C. So that henceforth the parts of
thelpulfcs GH and IK are mov'd afcew, or cut the Rays at obligue
angles: ;

It is not my bufinefs in this place to fet down the reafons why this or
that body fhould impede the Rays more,others lefs : as why Water fhould
rran{mit the Rays more eafily, though more weakly than air. Onely thu;

K muc
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much in general I fhall hint,that I fuppofe the mediun MMM to have lefs
of the tranfparent undulating f{ubtile matter, and that matter to be lefs
implicated by it, whereas LLL I fuppofe to contain a greater quantity
of the fluid undulating fubftance,and this to be more implicated with the
particles of that medinm. y b i
But to proceed, the fame kind of obliquity of the Pulfesand Rays will
happen alfo when the refraction is made out of a more eafie into amore
dii%cult mediii 3 as by the calculations of G Q & C S R. which are refracted
from the perpendicular. In both which calculations 'tis obvions to qbferve,
that always that part of the Ray towards which the refraction is made
has the end of the orbicular pulfe precedent to that of the other fide. And
always,the oftner the refradtion is made the fame way,Or the greater the
fingle refraction is, the more is this unequal progrefs. So that havmg
found this odd propriety to be an infeparable concomitant of arefracte
Ray, not {treightned by a contrary refraction, we will next examine the
refractions of the Sun-beams, as they are fuffer'd onely to pals througha
fmall paflage, obliguely out of a more difficult,into a more cafie medium.
Let us fuppofe therefore ABC in the fecond Figure to reprefent
alarge Chimical Glafi-body about two foot long, filled with very fair Wa-
‘ter as highas A B, and inclin'd in a convenient pofture with B towards
the Sun : Let us further fuppofe the top of it to be cover'd with an gpa-
cous body, all but the hole 4, through which the Sun-beams are fuffer'd
to pafs into the Water,and are thereby refracted to ¢ d ef’,againft which
part, if a Paper be expanded on the outfide, there will appear all the co=
lours of the Rain-bow, that is, there will be generated the two principal
colours, Scarlet and Blwe, and all the intermediate ones which arife from
the compofition and dilutings of thefe two, that is, ¢ 4 thall exhibit a
Scarlet, which toward d is diluted into a Tellow 5 this is the refraction of
the Ray, 74, whichcomes from the underfide of the 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 Tel/ow are mixt and compounded intoa Green; and this | imagineto
be the reafon why Green is fo acceptable a colour to the eye, and that
either of the two extremes are, if intenfe, rather a little offenfive, name-
ly, the being plac’d in the middle between the two extremes, and com-
pounded out of both thofe, dilted alfo, or fomewhat qualifid, for the
campofition, arifing from the mixture of the two extremes wwdiluted,
makes a Purple;which though it be a lovely colour,and pretty acceptable
to the eye, yet isit nothing comparable to the ravifhing pleafure with
which a curious and well tempered Greez affets the eye. If removi
the Paper, the eye be plac’'d againft ¢ d, it will perceive the lower fide
of the Sun (or a Candle at night which is much better, becaufe it offends
not the eye, and is more eafily manageable) to be of a deep Red, and if
againft e f it will perceive the upper part of the luminous body to be of
a deep Blue 5 and thefe colours will appear deeper and deeper, accord-
ing asthe Raysfrom the luminous bedy fall more obliguely on the fur-
face of the Water, and thereby fuffer a greater refraltion, and the

more
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faore diftinct, the further ¢ d ¢ £ is removed from the trajeCting hole,
So that upon the whole, we fhall find that the reafon of the Phesosse-.
#a fcems to depend upon theobliquity of the orbicular pilfe,to the Lines of
Radiation.and in particular,that the Ray ¢ 4 which conftitutes the Scar-
let hasits inner parte, namely thofe which are next to the middle of the
Jluminous body, precédent to the outermoft which are contiguous to the
dark and nradiating fkie.  And that the Ray e f which givesa Blue, has
itsoutward part,namiely, that which is contigiiots to the dark fkie. prece-
dent to the pulfe from the infiermoft, which borders of the bright area

of the luminous body. R S i g
We may obferve furthet,that the caufé of the difiting of the colours to.
wards the middle,proceeds partly from the widenefs of the hole through
which the Rays pafs, whereby the Rays from feveral parts of the lumi-
nous body, fall upon many of the fame parts between ¢ and fas Is more
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manifeft by the Figure : And pattly alfo from the nature of ther cﬁ‘a&ionr '

it felf, for the vividnefs or ftrength of the two terminating colours, arifing
chiefly as we have feen, from the very great difference that is betwixt the
outflides of thofe vblique undulations & the dark Rays circumambient,and
that difparity betwixt the approximate Raysndccaying gradually : the fur-
thet inward toward the middle of the liiminous bo y they are remov'd,
the more muft the colour approach to a white or an undifturbed light.

Upon the talculation of the refraétion and reflection from a Ball of
Water or Glafs,we have much the fame Pbcmomémtﬂnnme]y,an,abliqkity of
the undulation in the faime marner as we have fourid it here, Which, be-
caufe it is very much to our prefent purpofe, and affords fuch an Inftancia
crucis, asnoohe that I know has hitherto taken notice of, I fhall further
examine. For it does very plainly and pofitively diftinguifh, and fhew,
which of the two Hypothefes,cithet the Cartefian or this is to be followed 5
by affording a gencration of all the colors in the Rainbow,where accord-
ing to the Cartefian Principles there fhould be none at all generated. And
fecondly, by affording an inftance thar does more clofely confine the
caufe ot thefe Phenomena of colotirs to this prefent Hypotheis.

And firft,for the Cartefian,we have this to object againlt it, That whereas
he fays (Meteornm Cap.8.5edt.5.)sed jidicabam unicam(refratlioné fiilicet )
ad minimi requiri,& quidens taler nt ejus effetus alii contrarii (refracti-
one)non deftruatur : Naw experzentia docet [i fuperficies NM & N P (nempe
refritigentes) Parallele forent, radios tantundem per alterain iterum ereos
quantum per unari frangerentur,mllos colores depiéturos 5 This Princi pleof
hisholds true indeed in a prifme where the refracting furfacesare plain,
butis contradicted by the Ball or Cylinder, whether of Water or Glafs,
where the refrating futfaces are Orbiculat or Cylindrical. Forif we ex-
amine the paflage of any Globule or Ray of the primary Zris,we {hall find
1t to pafs out of the Ball or Cylinder again, with the fame inclination and
refraction that it enter'd in withall, and that that laft refration by means
of the intermediate reflection fhall be the fame as if without any,
fcﬂfc&lon at all the Ray had been twice refracted by two Parallel
urfaces;

K 2 And
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And that this is true, not onely in one, but in every Ray that goesto
the conftitution of the Primary Iris3 nay, in every Ray, that {uffers only
two refractions.and one reflection, by the furface of the round body, we
fhall prefently fee moft evident, if we repeat the Gartefian Schezze, men-
tioned in the tenth Seffion of the eighth Chapter of his Meteors, where
EFKNP in the third Figure is one of the Rays of the Primary Iris,
twice refratted at F and N, and once reflected at K by the furface of the
Water-ball. For, firftitis evident, that KF and KN are equal, becaufe
K N being the reflected part of K F they have both the fame inclination
on the furface K that is the angles F KT, and NKV made by the two
Rays and the Tangent of K are equal,which is evident by the Laws of re- |
fleCtion 5 whence 1t will follow alfo, that K N has the fame inclination on
the fyrface N, or the Tangent of it XN that the Ray KF has tothe fur-
face F,or the Tangent of it F' Y, whence it muft neceffarily follow,that
the refractions at I and N are equal, that is, KF Eand KNP are equal.
Now, that the furface N isby the refletion at K made parallel to the fur-
face at F, is evident from the principles of reflection ; for reflection b.ein(g::_l
vothing but an inverting of the Rays,if we re-invertthe Ray KNP, an
make the fame inclinations below the line T K V that it has above, it will
be moft evident, that K H the inverfe of K N will bethe continuation of
the line F K, and that L HI the inverfe of O X isparallel to FY. And
HM the inverfe of NP is Parallel to EF for the angle KHI is equal
to KN O which isequal toK FY,and the angle KHM is equal to KNP
which is equal to KF E which was to be prov'd.

So that according to the above mentioned Cartefian principles there
fhould be generated no colour atall in a Ball of Water or Glafs by two
refractions and one reflection, which does hold moft true indeed, if the
furfaces be plain, as may be experimented with any kind of prifme where
the two refradting furfaces are equally inclin'd to the refletting; but in
this the Phenomena are quite otherwife.

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

But,Firft I fhall crave leave to propound fome other difficultiesof his,
notwithftanding exceedingly ingenious Hyposhefis, which I plainly confefs
to me feem fuch; and thofeare,

Firft, if that light be (as is affirmed, Diopt. cap. 1. §.8.) not {0 pro-
perly a motion,"as an action or propenfion to motion, I cannot conceive
how the eye can come to be fenfible of the verticity of a Globule, which is
generated ina drop of Rain, perhapsa mile off from it. For that Globule i
not carryd to the eye according to his formerly recited Principles and if
not fo,I cannot conceive how it can communicate its rotation, or circular
motion to the line of the Globules between the drop and the eye. It can-
not be by means of every ones turning the next before him 3 for if fo, then
onely all the Globules that are in the odd places muft be turned the fame

way



- Schem . V1,







PP

MicroGgRrRAPHIA,

way with the firlt, namely, the 3.5. 7. 9. 11,&% but all the Globyles
interpofited between them in the even places s namely,the 2.4.6.8.10.¢0;
muft be the quite contrary 5 whence, according to the Cartefian Hypothefis,
there muft be no diftinct colour generated, but a confufion. Next,fince
the Cartefian Globuli ave{uppos'd (Principiorum Philofaph. Part, 3. §.86.)
tobe each of them continually in motion ubout their centers, T cannot
conceive how the eye is able to diftinguifh this new generated motion
from their former inherent one, if [ may {0 call that other wherewith they
are mov'd or turbinated, from fome other caufe than refrattion. And
thirdly, I cannot conceive how thefe motions fhould not happen fome-
times to oppofe each other,and then, inf{tead of a rotation, there would
be nothing but a dire¢t motion generated, and confequently no colour,
And fourthly, 1 cannot conceive, how by the Cartefian Hypothefis it is pof-
fible to give any plaufible reafon of the nature of the Colours generated
in the thin lamine of thefe our Micrafcopical Obfervations s for in many of
thefe, the refradting and reflecting lurfaces are parallel to each other,and
confequently no rotation can be generated, nor is there any neceffity of
a fhadow or termination of the bright Rays, fuch as is fuppos'd (chap. 8.
§.5- Et preterea obfervavi untbram quoque,ant limitationens luminis requiri ;
and Chap. 8. §.9.) to be neceflary to the generation of any diftinct co-
Tours 5 Befides that, here is oftentimes one colour generated without any
of the other appendant ones, which cannot be by the Carteflun Hy-
thefis.

5 T£erc: muft be therefore fome other propriety of refraction that caufes
colour. And upon the examination of the thing, I cannot congceive an
ane more general, infeparable, and fuflicient, than that which I have be-
foreaflignd. That we may therefore fee how exactly our Hypothefis
agreesalfo with the Phenomena of the refracting round body, whether
Globe or Cylinder , we fhall next fubjoyn our Caleulation or Examen
of it.

And to this end, we will calculate any two Rays: as for inftance 5 let
EF beaRay cutting the Radixs CD (divided into 20. parts)in G 16.
parts diftant from C, and e f another Ray, which cuts the fame Radius
ing 17. parts diftant,thefe will be refracted to K and £, and from thence
reﬁc&ecf toN and #, and from thence refracted toward P and p3 there-
fore the Arch F f will be 5.1 5'. The Arch F K 1064 30'.the Arch f &
1014 2. Theline F G 6cco.and g 5267. therefore A f. 733. therefore
Fe 980, almoft. Theline FK 16024. and f & 15436. therefore N 196.
and # 0 147 almoft, the line Nn 1019 the Arch N# 5. 51'. therefore
the Angle N#ois 34.¢4 43" therefore the Angle N o is 139.¢ 56.
which isalmoft 50.4” more than a right Angle. )

It isevident therefore by this Hypothefis, that at the fame time that e f
touches L EF is arived at . And by that time e f& # is got to #,
EFKN is got to 4, and when it touches N, the pulfe of the other Ray
13 ot to o, and no farther, which is very fhort of the place it {hould have
arriv'd toto make the Ray # p to cut the orbicular pulfe. N o 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 agrce with the Phenomena : For if the Sun,
oraCandle (which is better) be placed about Ee, and the eye about
P p, the Rays EF ef. at 16. and 17. will paint the fide of the luminous
object toward 7 p Blue,and towards N P Red. But the quite contrary will
happen when EF is 17. and ef 18. for then towards N P fhall be a Blue,
and towards #p a Ked, exaltly according to the calculation. And there
appears the Blue of the Rainbow, where the two Blue fides of the two
Images unite, and there the Red where the two Red fides unite, thatis,
where the two Images are juft difappearing 5 which is, whenthe Rays
EF and NP producid till they meet,make an Angle of about 41. and an
half; the like union is there of the two Images in the Production of the

Secundary Iris, and the fame caufes, as upon calculation may appear ;
onely with this difference, that it is fomewhat more faint, by reafon of the

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

itisrepeated. 3
Now, though the fecond refraction madeat N# be convenient,that is,

do make the Rays glance the more, yet is it not altogether requifite 5 for
it is plain from the calculation, that the pulfe d» is fufficiently ob/igne to
the Rays K Nand & 7,as wel as the pulfefe is obligue to the Rays F' K & f&,
And therefore if a piece of very fine Paper be held clofe againft N and
the eye look on it either through the Ballas from D, or from the other
fide, as from B. there fhallappear a Rainbow, or colour'd line painted on
it with the part toward X apgearing Red, towards O, Blue 5 the fame alfo
fhall happen, if the Paper be placed aboutK &, for towards T {hall ap-
pear a Red, and towards V' a Blue, which does exa(tly agree with this my
Hypothefis, asupon the calculation of the progrefs of the pulfe will moft
eafily appear.

Nor do thefe two obfervations of the colours appearing to the eye a-
bout p differing from what they appear on the Paperat N contradict each
other 3 but rather confirm and exactly agree with one another, as will be
evident to him that examines the reafons fet down by the ingenious.
Des Cartes in the 12. Seft. of the 8. Chapter of his Meteors, where he
gives the true reafon why the colours appear of a quite contrary order
to the eye, to what they appear’d on the Paper if the eye be plac’din
fteed of the Paper : And as in the Prifme, {o alfoin the Water, Drop, or
Globe the Phenomena and reafon are much the fame.

Having therefore fhewn that there is fuch a propricty in the prifme
and water Globule whereby the pulfe is made obligue to the progrefive,
and that fo much the more, by how much greater the refrattionis, I {hall
in the next place confider, how this conduces to the production of co-
lours, and what kind of impreffion it makesupon the bottom of the eye;;
and tothisend it will be requifite to examine this Hypothefis a little more
particularly.

Firft therefore, if we confider the manner of the progrefs of the pulfe,
it will feem rational to conclude, that that part or end of the pulfe which
precedes the other,muft neceflarily be fomwhat more obtunded,or impagd

3



MicroGrAPHIA:
by the refiftance of the tranfparent medsum, than the other part or end of
it which is fublequent, whofe way is, asit were, prepated by the other
efpecially if the adjacent medium be not in the famé manner enlightned
or agitated. And therefore(in the fourth Figure of the fixth Tconifin )the
Ray AAAHB will have its fide HH more deadned by the refiftance
of the dark or quict medinm P P P, Whence there will be a kind of dead-
nefs fuperinduc'd onthe fide H H H, which will continually increafe from
B, and ftrike deeper and deeper into the Ray by.the line BR 3 Whence
all the partsofthe triangle;, R BH O will be of a déad Blie colour, and
fo much the deeper, by how much the nearer they lic to the line B H H,
which ismoft deaded or impeded, and {o much the more dilnte, by how
- much therdearer it approaches the line BR. Next on the other lide of
- the Ray AAN, theend A of the pulfe A H will be promoted, or made
ftronger, having its paflage already prepar'd as twere by the other parts
preceding,and fo its impreflicn wil be firongersAnd becaufe of its obligui-
ty to the Ray,there will be propagated a kind of faint motion into QQ_
the adjacent dark or quiet aedium, which faint motion will fpread fur-
-~ ther and furtherinto Q Q_as the Ray is propagated furcher and further
from A,namely,as far as the line M A,whehceall the triangle MA N wil]
be ting'd with a Red, and that Zed willbe the deeper the nearer it ap-
proaches the line M A, and the paler or yellower the néarer it isthe line
NA. Andif the Ray be continued,fo that the lines A N and BR. (which
are the bounds of the Redand Blue dilnted ) domeet and crofs each other,
there will be beyond that interfe&ion generated all kinds of Greews.

Now;thefe being the proprieties of every fingle refracted Ray of light,
it willbe cafie enough to confider what muft be the refult of very many
fuch Rays collateral : As if we fuppofe infinite fuch Raysinterjacent be-
tween AKSB and AN OB, which are the terminating : For in this cafe
the Ray A K § B will have its Red triangle intire,as lying next to the dark
or quiet wedium, but the other fide of it BS will have no Blue, becaufe
the medinm adjacent to it $B O,ismov'd or enli htned ;and confequent-
ly that light does deftroy the colour. So likewife will the Ray ANOB
lofe its Red,becaufe the adjacent ntedinm is mov'd or enlightned.but the
other fide of the Ray that is adjacent to the dark, namely, AHO will
preferve its Blue entire, and thefe Rays muft be fo far produc’d as till
AN and BR cut cachother, before there will be any Green produc’d.
From thefe Proprieties well confiderd, may be deduc’d the reafons of all
the Phenomena of the prifime, and of the Globules or drops of Water which
conduce to the production of the Rainbow.

Next for the impreflion they make on the Retina; we will furcher ex-
amine this Hypothefis : Suppole therefore ABC D EF.in the fifth Figure,
to reprefent the Ball of the eye: on the Cormea of which AB C two
Rays GACH and KC A1 (which are the terminating Rays of a lumi-
nousbody) falling, are bythe refraction thereof coliected or converg d
Into two points at the bottom of the eye. Now, becaufe thefe termi-
nating Rays, and all the intermediate oncs which come froth any part of
she lumtinons body, are fuppos'd by fome fufticient refradtion before they

. enter
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enter the eye, to have their pulfes made obligwe to their progreffion, and
confequently each Ray to have potentially fiperinduc’d two proprieties,
or colours,viz. a Red on the one fide, and a Blue on the other, which not-
withftanding are never actually manifeft,butwhen this or that Ray has the
one or the other fide of it bordering on a dark or unmov’d medium there-
fore as foon as thefe Raysare entred into'the eye.and {o have one fide of
each of them bordering on a dark part of the humours of the eye, they
will each of them actually exhibit fome colour ; therefore AD C the pro-
duction G A CH will exhibit a Blre,becaufe the fide C D is adjacent tothe
dark medinmC QD C,but nothing of a Red,becaufe its fide A D is adjacent
to the enlightned mediuzz ADF A : And all the Rays that from the points
of the luminous body are colle¢ted on the parts of the Retina between D
and F fhall have their B/xe {o much the more diluted by how much the far-
ther thefe points of collection are diftant from D towardsF ;5 and the Ray
AF C the production of K C AL, will exhibita Red, becaufe thefide A F
is adjacent to the dark or quiet wedium of the eye APF A, but nothing
of a Blxe,becaufe its fide CF is adjacent to the enlightned medium CF D C,
and all the Rays from the intermediate parts of the luminous bedy that
are collected between F and D fhall have their Redfo much the more di-
luted, by how much the farther they are diftant from F towards D.
Now.becaufe by the refraction in the Corzea,and fome other parts of the
eye, the fides of each Ray, which before were almoft parallel, are made
to converge and meet in a point at the bottom of the eye, therefore that
fide of the pulfe which preceded before thefe refractions, fhall firft touch
the Retina, and the other fide laft. And therefore according as this or
that fide, or end of the pulfe fhall be impeded, accordingly will the iz-
preffions on the Retina be varied 5 therefore by the Ray GACH re-
fracted by the Corzea to D there fhall be on that point a ftroke or impref-
fion confus'd, whofe weakeft end, namely, that by the line CD fhall pre-
cede, and the ftronger, namely, that by theline AD {ball follow. And
by theRay KCAT refracted to F, there {hall be on that part a confus’d
ftroke or impreflion,whofe {trongeft part,namely,that by the line CF fhal
precede, and whofe weakeft or impeded, namely, that by the line AF
{hall follow, and all the intermediate points between F and D will re-
ceive impreilion fromthe converg'd Rays fo much the more like the im-
preflilipns on F and D by how much the nearer they approach that
or this.

From the confideration of the proprieties of which impreffions,we may
collect thefe fhort definitions of Colours : That Blue is an imprelfion on
the Retina of an oblique and confus'd pulfe of light,whofé weakeft part pre-
cedes, and whofe [trongei¥ follows. And, that Red is an impre|fion on the Re-
tina of an oblique and confius dpulfe of light, whofe [trongeft part precedes,and
whofe weakeft follows.

Which propricties,as they have been already manifefted,in the'Prifme
and falling drops of Rain, to be the caufes of the colours there generated,
may be eafily found to be the efficients alfo of the colours appearing in
thin laminated tranfparent bodies; for the explication of which,all this has
been premifed. And
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And that this is fo, a little cloler examination of the Phenémenas and
the Figure of the body, by this Hypothefis, will make evident. -

For firlt (as we have already ebferved) the laminated body muft be
of a determinate thicknefs, that is, it muft not be thinner then fuch a de-
terminate quantity 3 for I have always obferv'd, that neer the edges
of thofe which are exceeding thin, the colours difappear, and the pare
grows white 3 nor muft it be thicker then another determinate quantity ;
for I have likewile obferv’d, that beyond fuich a thicknefs,no colours ap-
pear’d, but the Plare looked white, between which two determinate
thicknefles were all the colour’d Rings; of which in fome fubftances [
have found ten or twelve, in others not half fo many, which I fuppofe de-
pends much upon the tranfparency of the luwinated body. Thus though
the confecutions are the fame in the feumm or the {kin on the top of me-
talss yet in thofe confecutions the fame colour is not fo often repeated
as in the confecutionsinthin Glafs, or in Sope-water, or any other more
tranfparentand glutinous liquor s for in thefe I have obferv'd, Red, Tel-
low, Green, Blue, Purple 5 Red,Yellow,Green Blue, Purple s Red,Yellow Green,
Blue, Purple 3 Red, Tellow, &e. to fucceed cach other,ten or twelve rimes,
but in the other more gpacons bodies the conlecutions will not be half
{o many. ‘

And therefore fecondly, the laminated body muft be tranfparent, and
this Iargue from this, that I have not been able to produce any colour
at all with an epacens body.though never fo thin, And this I have often
try d, by prefling a fmall Glebule of Aercury between two fmooth Plates
of Glafs,whereby I have reduc’d that body to a much greater thinnefs
then was requifite to exhibit the colours with a tranfparent body.

Thirdly,there muft be a confiderable reflecting body adjacent to the
under or further fide of the lamina ox plate : fov thisIalways found,that
the greater that refletion was, the more vivid were the appearing
colours.

From which Obfervations,it is moft evident,that the refletion from the
under or further fide of the bodyis the principal caufe of the produttion of
thefe colours 5 which,that it is fo,and how it conduces to that effect,[ fhall
further explain in the following Figure,which is here defcribed of a very
great thicknefs, as if it had been view’'d through the Microfeope 5 and "us
indeed much thicker thanany Aicroféepe(I have yet us'd)has been able to
fhew me thofe colour’d plates of Glafs, or Asufcovie-glafs, whichThave not
without much trouble view'd withit ; for though I have endeayoured to
magpifie them as much as the Glafies were capable of, yetare they fo ex-

ceeding thin, thatI have not hitherto been able pofitively to determine
their thicknefs. This Figure therefore I here reprefent, is wholy Hjy-
pothetical,

Let ABCDHFE in the fixth Figure be a fouflurm of Mufeouy-glafs,
thinner toward the end A E, and thicker towards DF. Let us firlt fup-
poi_"c the Ray ag b 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 c g hd, thefirft Superficies ; whereby the perpendiculﬁf

1 " puile
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pulfe a b is after reflection propagated by ¢ d, ¢ d, equally remote from

each other with a b, a b, fo that ag *gc, or bh*hd are either of
them equal to 2 4,as s alfo ¢ ¢, but thebody B AE being tranfparent,a
part of the light of this Ray is refrated in the {urface A B, and propa-
gated by g7 k b to the furface EF, whence it 1s .reﬂe&cd and refratted
again by the furface A B. So that after two refractions and one refletion,
there is propagated a kind of fainter Ray e » # f, whofe pulfe is not on-
Iy weaker by reafon of the two refractions in the furface AB, but by rea-
%n of the time fpent in pafling and repafiing between the two furfaces
AB and EF, ef which isthis fainter or weaker pulfe comes behind the
pulfe ¢ d 5 fo that hereby (the furfaces AB, and EF being fo neer toge-
ther, that the eye cannot difcriminate them from one) this confusd or
duplicated pulfe, whofe ftrongeft part precedes, and whofe weakeft fol-
lows, does produce on the Retina (or the optick merve that covers the
bottom of the eye) the fenfation of a Yel/ow.

And fecondly, this Telow will appearfo much the deeper, by how
much the further back towardsthe middle between ¢d and ¢d the fpu-
rious pulfe e f is remov'd, as in 2 where the furface B C being further
remov’'d from EF, the weaker pulfe e f will be nearer to the middle, and
will make an impreffion on the eye of a Red.

But thirdly, if the two reflecting furfacesbe yert further remov'd afun-
der'(asin 3 CD and EF are) thenwill the weaker pulfe befo farr
behind, thatit will be more then half the diftance between ¢ d and ¢ d.
And in this cafe it will rather feem to precede the following f{tronger
pulfe, then to follow the preceding one, and confequently a Blxe will be
generated. And when the weaker pulfeis juft in the middle beween two
ftrong ones, then is a deep and lovely Purple generated 5 but when the
weaker pulfe ef is very neer to cd, then is there generated a Green,
which will be bluer, or yellower, according as the approximate weak pulle
does precede or follow the ftronger.

Now fourthly, ifthe thicker Plate chance to be cleft into two thinner
Plates, as CDFE isdivided into two Plates by the furface GH then
from the compofition arifing from the three reflections in the furfaces
CD, GH, and EF, there will be generated feveral compounded or mixt
colours, which will be very differing, according as the proportion be-
tween the thicknefles of thofe two divided Plates CDHG, and GHFE
are varied.

And fifthly, if thefe {urfaces CD and F E are further remov’d afunder,
the weaker pulfe will yet lagg behind much further, and not onely be
coincident with the fecond, ¢d, but lagg behind thatalfo, and that fo
much the more, by how much the thicker the Plate bes {o that by de-
grees it will be coincident with the third ¢ d backward alfo, and by de-
grees, as the Plate grows thicker with a fourth, and {fo onward to afifth,
fixth, feventh, or eighth; {o that if there be a thin tranfparent body,that
from the greateft thinnefs requifite to produce colours, does, in the man-
nér of a Wedge, by degrees grow to the greateft thicknefs that a Plate can
be of;to exhibit a colour by the refletion of Light from fuch a body,there

fhall
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fhall be generated feveral confecutions of colours, whofe ordcr from the

thin end towards the thick, thall be Telow, Red, Purple, Blue Green 5 Tellow,

Red,Purple,Blue,Green 5 Yellow Red,Purple, Blue,Greens Yellow.&c. and thefe
{o often repeated, as the weaker pulie does lofe paces with its Prinsary,
or firft pulfe, and is coinrcident with a fecond, third, tourth,fifth,fixth e,
pulfe behind the firft. And this, as it is coincident, or follows from the
firft Hypothefis I took of colours,fo upen exeriment have I found it i mu]-
titudes of inftancesthat feem to prove it. One thing which feems of the
greateft concern in this Hypothefis, is to determine the greateft or leaf¥
thicknefs requifite for thefe effects, which, though I have not been want-
ing in attempting, yet fo exceeding thin are thefe colotired Plates, and o
imperfect our Microfeope.that T have not been hitherto fuccefsfull though
if my endeavours fhall anfwer my expettations,] fhall hope to gratifie the
curious Reader with fome things more remov’d beyond our reach
hitherto. ‘
Thus have Iwith asmuch brevity as T was able, endeavoured to expli-
cate (Hypothetically at leaft) the caufes of the Phenomena 1 formcrly re-
cited, on the confideration of which I have been the more particular.
Firft, becaufe I'think thefe I have newly given are capable of expli-

cating all the Pbenomena of colours, not onely of thofc"appearing in the
Prifme, Water-drop, or Rainbow, and in laminated or plated bodies, but
of all that are in the world, whether they be fluid or folid bodies, whe-
ther in thick or thin, whether tranfparent, or feemingly opacous, as T
{hall in the next Obfervation further endeavour to fhew. " And fecond] §
becaufe this being one of the two ornaments of all bodies difcoverable
by the fight, whether looked on with, or without a icrefcape, it feem’'d
to deferve (fomewhere in this Tract, which contains a defeription of the
Figure and Colour of fome minute bodies) to be fomewhat the more jn-

-

timately enquir'd into.

Obferv. X. Of Metalline, and other real Colours.

HAving inthe former Difcourfe, from the Fundamental caufe of Co-
lour, made it probable, that thereare but two Colours, and fhewn,
that the Phantafm of Colour is caus'd by the fenfation of the obligue or
uneven pulfe of Light which is capable of no more varieties than two
that arifs from the two fides of the obligue pulfe, though each of thofe
be capable of infinite gradations or degrees (each' of them beginning
from White, and ending the one in the deepeft searlet or Yellow, the other
inthe deepeft Blue) 1fhall in this Sediox fet down fome Obfervations
whichThave made of other colours, fuch as Metalline’ powders tinging
or colourd bodies and feveral kinds of tinctures or ting'd liquors, all
which, together with thofe I treated of in the former Obfervation will;
I fuppofe, comprife the feveral fubjects in which colour isobfervd to
beinherent, and the feveral manners by which it inberes, or is apparetilt'
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in them. And here I ihall endeavour to fhew by what compofition all kind
of compound colours are made, and how there isno colour in the world
but may be made from the various degrees of thefe two colours, together
with the intermixtures of Black and White.

And this being fo, as I fhall anon fhew, it fe;ems an evident argument
to me, that all colours whatfoever, whether in fluid or folid, whether
in very tranfparent or feemingly gpacous, have the fame efficient caufe,
to wit, fome kind of refraction whereby the Rays that proceed
from fuch bodies, have their pulfe obliguated or confusd in the manner I
cxplicated in the former Secfion 5 _that is, a Red is caus'd by a duplicated
or confus'd pulfe, whofe ftrongeft pulfe precedes,and a weaker follows :
and a Blue is caus'd by a confus'd pulfe,where the weaker pulfe precedes,
and the ftronger follows. And according as thefe are, more or lefs, or
varioufly mixt and compounded, {o are the fenfations,and confequently
the phantafins of colours diverfified.

“Toproceed therefore ;5 1fuppofe, thatall tranfparent colour'd bodies,
whether fluid or folid, do confift at leaft of two parts, or two kinds of
fubftances, the one of a fubftance of a fomewhat differing refradion from
theother. Thatone of thefe fubftances which may be call'd the tinging
fubftance, does confift of diftinct parts, or particles of a determinate big-
nefs which are difeminated, or difpersd all over theother : That thefe
particles, if the body be equally and uniformly colour'd, are evenly
rang'd and difpers'd over the other contiguous body s That where the
bodgy is deepeft ting'd, there thefe 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 of thefe,
which has a differing refraction from either of the other, quite differi
effects will be produc’d,that is,the confecutions of the confus d pulfes will
be much of another kind, and confequently produce other fenfations and
phantafins of colours, and from a Red may turn to a Blke, orfrom a Blue
to a Red, &c.

Now, that this may be the better underftood, I fhall endeavour to ex-
plain my meaning a little more fenfible by a schewe : Suppofewe there-
fore in the feventh Figure of the fixth Scheme, that AB CD reprefentsa
Veflel holding a ting'd liquor, let I T1 I L&e. bethe clear liquor,and let
the tinging body that ismixt with it be EE, & FF, & GG, &
HH, @we. whofe particles (whether round, or fome other determinate
Figureis little ro our purpofe)are firft of a determinate and equal bulk.
Next, they are rang’d into the form of Quincunx, or Equilaterotriangu-
lar oxder,which that probably they are fo,and whythey are fo,I fhall elfe-
where endeavour to fhew. Thirdly,they are of fuch a nature,as does either
more eafily or more difficultly tranfmit the Rays of light then the liquor;
ifmore cafily,a Blxeis generated, and if more difficultly, a Red or Scarles.

And firft, let us fuppofe the tinging particles to be of a fubftance that
does more impede the Rays of light , we fhall find that the pulfe or
wave of lightmov'd from A D to B C, will proceed on,through the con-
taining zzedium by the pulfes or waves KK, LL, MM, NN, 0O .bt;t

' becaufe
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becaufe feveral of thefe Rays that go to the conftitution of thefe pulfes
will be flugged or ftopped by the tinging particles E,F,G,H ; therefore
there fhall be a fecundary and weak pulfe that fhall follow the Ray, name-
ly P P which will be the weaker: fir(t, becaufe it has fuffer’d many re-
fractions in the impeding bodys; next, for that the Rays will bea lictle
difpers'd or confus'd by reafon of the refraction in each of the particles,
whether round or amgular s and this will be more evident, if we a little
more clofely examine any one particular tinging Globule.

Suppofe we therefore A Bin the eighth Fgure of thefixth Scheme, to
reprefent a tinging Globule or particle which has a greater refraction than
the liquor in which itis contain’d : Let CD be a part of the pulfe of light
which is propagated through the containing medium; this pulfe will be a
little ftopt or impeded by the Globule, and {o by that time the pulfe is
paft to E F that part of it which hasbeenimpeded by paffing through the
Globnle, will get but to LM, and fo that pulfe which hasbeen propa-
gated through the Globule, to wit, L M, NO, P Q_, will always come
behind the pulfes EF, GH, IK, &

Next, by reafon of the greater impediment in A B, and its Globular Fi-
gure, the Rays that pafsthrough it will be difpers'd, and very much feat-
ter' d.Whence C A and D B which before went direé and parallelwill after
the refraction in A B, diwverge and fpread by A P, and B Q ;5 {o that as the
Rays do mieet with more and more of thefe tinging particlesin 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 refleéted from the furfaces of
A B, but thofe Raysthat get through it are very much difordered.

By this Hypohefts there isno one experiment of colour that Ihave yet
met with, butmay be, I conceive, very rationably folv'd, and perhaps,
had Itime to 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 of Colours,
publifhergby the Incomparable Mr. Bayle, and multitudes of others which
I have obferv'd, da fo eafily and naturally fiow from thofe principles,that
Tam very apt to think it probable, that they own their produtionto no
other fecumdary caufe : Asto inftance intwo or three experiments. In the
twentieth Experiment, this Noble Anthour has thewn that the deep binifh
prrple-colour’of Kiolets, may be turn'd into a Green, by Alcalizate Salts,
and toa Red by acid; thatis,a Purple confifts of two colours, a deep Red,
and a deep Blue; whenthe Blieis diluted, or altered, or deftroy'd by
acid Salts,the Red becomes predominant, but when the Redis diluted by
Alealizate, and the Blve heightned, there is generated a Greer 5 for of a
Red diluted, ismade a Teblow, and Tellow and Blsemake a Green.

Now, becanfe the fpurions pulfes which caufe a Red and a Blwe, do the
one follow the elear pulfe; and the other precedeit, it ufually follows,
that thofe Saline refraéting bodies which do délite the colour of the one,
do deepen that of the other: And this will be made fmanifeft byal-
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moft all kinds of Purples, and many forts of Greens, both thefe colours

confifting of mixt colourss for if we fuppofe A and A in the ninth Figure,

to reprefent two pulfes of clear light, which follow each other at a con-
venient diftance, A A, each of which hasa fpurions pulfe preceding it, as
BB, which makes a Blre,and another following it, as CC, which makes
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
Menftrunm inwhich thefe are diffolv'd, whatfoever liquor does {o alter
the refraction of the one, without altering that of the other part of the
ting'd liquor, muft needs very much alter the colour of the liquor ; for
if the refraction of the diffolvent be increas'd, and the refrationof the
tinging particles not altered, then will the preceding fpurious pulfe be
thortned or ftopt, and not out-run the clear pulfe fo much; fo that BB
will become EE, and the Bluc be diluted, whereas the other fpurions
pulfe which follows will be made to lagg much more, and be further be-
hind A A than before, and CC will become f f; and fo the Telow or
Red will be heightned.

A Saline liquor therefore,mixt with another ting’d liquor,may alter the
colour of it feveral ways, cither by altering the refraction of the liquor in
which the colour fwims : or fecondly by varying the refraction of the co-
loured particles, by uniting more intimately either with fome particular
corpufcles of the tinging body, or with all of them, according as ithasa
congruity to fome more efpecially, or toall alike: or thirdly, by uniti
and interweaving it {elf with fome other body that is already joyn’
with the tinging particles, with which fubftance it may have a congraity,
though it have very little with the particles themfelves : or fourthly, je
may alter the colour of a ting'd liquor by dif-joyning certain particles
which were before united with the tinging particles, which though they
were fomewhat congruous to thefe particles, have yet a greater congruity
with the newly infius'd Saline menftruum. It may likewife alter the co-
lour by further diffolving the tinging fubftance into fmaller and fmaller
particles, and {o diluting the colour 5 or by uniting feveral particles toge-
ther as in precipitations, and {o decpning it, and fome fuch other ways,
which many experiments and comparifons of differing trials together,
might eafily inform one of. :

From thefe Principles applied, may be made out all the varieties
of colours obfervable, either in liquors, or any other ting’d-bodies, with
great eafe, and I hope intelligible enough, there being nothing in the 7o-
#ion of colour, or in the fuppos'd production,but is very conceivable, and
may be poffible.

The greatet difficulty that I find againt this Hypothefis, is, that there
feem to be more diftinét colours then two, that is, then Yellow and Blue.
This Objection is grounded on this reafon, that there are feveral Reds,
which diluted, make not a Saffron or pale Yellow, and therefore Red, or .
Scarlet feemsto be a third colour diftin¢t from a deep degree of Yellow.

To which I anfiwer, that Saffron affords us a deep Scarlet tinGure,which
may be diluted into as pale a Yellow as any, either by making a weak fo-

lution
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Tition of the Saffron, by infufing a fmall parcel of it into a great qilant}ty
of liquor, asin fpiric of Wine, or elfe by looking through a very thin
quantity of the tincture, and which may be heightn'd into the lovelieft
Scarlet,by looking througha very thick body of this tinture,or through
a thinner parcel of it,whichis highly 7zpregnated with the tinging body,
by having had a greater quantity of the Satfron diffolv'd ina Enaller par-
cel of the liquor. : -

Now, though there may be fome particles of other tinging bodies that
givea lovely Scarlet alfo.which though diluted never fo much with liquor,
or looked on through never (o thin a parcel of ting’d liquor, will not yet
aflord a pale Yellow, but onely a kind of faint Red 5 yet thisis no argu-
ment but that thofe ting d particles may have in them the fainteft degrec of
Yellow,though we may be unable to make them exhibit it;For that Eower
of being diluted depending upon the divifibility of the ting'd body, if I
am unable to make the tinging particles {o thin as to exhibit that colour,
it does not therefore follow,that the thing is impoffible to be donc 3 now,
the tinging particles of fome bodies are of fuch a nature, that unlefs there
be found fome way of comminuting them into lefs bulks then the liquor
does diflolve them into, all the Rays that pafs through them muft necef:
farily receive a tinture fo deep, as their appropriate refrations and bulks
compar'd with the proprieties of the diflolving liquor muft neceffarily
difpofe them to emprefs, which may perhaps bea pretty deep Yellow,
or pale Red.

And that thisis not gratis diéfum, 1 {hall add one inftance of this kind,
wherein the thing is moft manifeft.

71

If you take Blue smalt, you fhall find, that toafford the deepeft Blue,

which ceteris paribus has the greatelt particles or fands3 and if you fur-
ther divide, or grind thofe particles on a Grindftone, or porphyry ftone,
youmay by conminuting the fands of it, dilute the Blue into as pale a one
as you pleafe, which you cannot do by laying the colour thin 5 for where-
foeverany fingle particleis, it exhibits as deep a Blue as the whole mafs.
Now, there are other Blues, which though never fo much ground, will
not be diluted by grinding, becaufe confifting of very fmall particles, ve-
ry deeply ting’d,they cannot by grinding be actually feparated into fmal-
ler particlesthen the operation of the fire, or fome other diflolving mex-
ftruum hasreduc’d them to already.

Thus all kind of atetalline colours, whether precipitated, fublini'd, cal-
cind, or otherwile prepar'd, are hardly chang’d by grinding, as w/tr4
marine is not more diluted ; nor is Vermilion or Red-lead made of a more
faint colour by grinding 3 for the fmalleft particles of thefe which I have
view'd with my greateft Magnifying-Glafs, if they be well enlightned, a p-
pear very deeply ting'd with their peculiar colours ; nor, thoughThave
magnified and enlightned the particles exceedingly, could Iin many of
them, perceive them to be tranfparent, or to be whole particles, but the
fmallelt fpecksthat I could find among well ground Vermilion and Red-
lead, feem'd to be a Red mafs, compounded of a multitude of lefs and lefs
motes, which fticking together,compos’d a bulk, not one thoufand thou-
fandth part of the fmalleft vifible fand or mote, And
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And this I find generally in moft Afetalline colours, that though they
confift of parts fo exceedingly fmall,yet are they very deeply ting'd,they
being fo ponderous, and having fuch a multitude of terreftrial particles
throng'd into a little room 3 fo that “tis difficult to find any particle tranf-
parent or refembling a pretious ftone, though notimpoffible ; for Ihave
obferv’d divers fuch fhining and refplendent colours intermixt with the
particles of Cinnaber, both natural and artificial, before it hath been
ground and broken or flaw'd into Yermilien : As1have alfo in Orpiment,
Red-lead, and Bife, which makes me fuppofe, that thofe zetalline colours
are by grinding, not onely broken and feparated actually into fmaller
pieces, but that they are alfo flaw'd and brufed ,whence they, for the
moft part.become opacous,like flaw’d Cryftal or Glafs,&. But for Smalts
and zerditures, L have been able witha Aficrofcope to perceive their par-
ticles very many of them tranfparent.

‘Now, that the others alfo may be tranfparent, though they do not ap-
pear fo to the Aicrofcope,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 fmall particles will by reafon of their flaws,
appear perfectly opacous 5 and that 'tis the flaws that produce this gpa-
confuefs, may beargued from this, that particles of the fame Ammel much
thicker if unflaw’d will appear fomewhat tran{parent evento the eye;
and from this alfo, that the moft tranfparent and clear Cryftal, if heated
in the fire, and then fuddenly quenched, fo that it be all over flaw'd,
will appear opacous and white,

And that the particles of Metalline coloursare tranfparent,may be argu-
ed yet further from this,that the Cryftals,or ¥7triols otP all Metals,are tranf-
parent, which fince they confift of metalline as well as faline particles,
thofe metallive ones muft be tranfparent, which is yet further confirm’d
from this, that they have for the moft part, appropriate colours; {o the
vitriel of Gold is Yellow ; of Copper,Blue,and fometimes Green; of Iron,
green ;5 of Tinn and Lead, a pale White ; of Silver,a pale Blue, &,

And next,the Selution of all Metals into menftruums are much the fame

with the Vitriels, or Cryftals. It feems therefore very probable, that
thofe colours which are made by the precipitation of thole particles oyt
of the menflruums by tranfparent precipitating liquors fhould be tranfpa-
rent alfo. Thus Gold precipitates with oyl of Tartar, or fpirit of Urine in=
toa brown Yellow. Copper with {pirit of Urize into a Mucous blue,
which retains its tranfparency, A fglution of fublimate (as the fame I]-
luftrious Authour I lately mention'd fhews in his 40. Experiment) precipi-
tates with oyl of Tartar per deliquinne, into anOrange colour'd preci-
pitates nor is it lefs probable, that the calcination of thole Vitriols by
the fire,fhould have their particles tranfparent : Thus Saccarume Satursi,
or the Vitriol of Lead by calcination becomes a deep Qrange-colour'd
miniym,which is a kind of precipitation by fome Salt which proceeds from
the fire ; common Vitriel calcin d, yieldsa deep Brown Red, ¢c.

A third Argument, that the particles of Metals are tranfparent, is, that
being calcin d,and melted with Glafs, they tinge the Glafs with tranfpa-

rent
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rent colours. Thus the Calx of Silver tinges the Glafs on which it is an=
neal’d with a lovely Yellow,or Gold colour,é-c.

And that the parts of Metals are tranfparent, may be farther argued
from the tranfparency of Leaf-gold, which held againft the light, both
to the naked eye, and the Asicrofcope, exhibits a deep Green. And
though I have never feen the other Metals laminated {o thin, that I'was
able to perceive them tranfparent, yet, for Copper and Brafs, if we had
the fame conveniency for /asinating them,as we have for Gold,we might,
perhaps,through fuch plates or leaves.find very differing degrees of Blue,
or Green; for it feems very probable, that thofe Rays that rebound from
them ting'd, with adeep Yellow, or pale Red, as from Copper, or with
a pale Yellow,as from Brafs, have paft through them ; for I cannot con-
ceive how by reflection alone thofe Rays can receive a tinture, taking
any Hypothefis extant,

So that we fee there may a fufficient reafon be drawn from thefe in-
ftances, why thofe colours which we are unable to dilute to the paleft
Yellow, or Blue,or Green, are not therefore to be concluded not to be a
deeper degree of them for fuppofing we had a great company of {mall
Globular ellence Bottles,or roundGlafs bubbles,about the bignefs of aWal-
nut, fill'd each of them with a very deep mixture of Saf%ron, and that
every onc of them did appear of a deep Scarlet colour, and all of them
together did exhibit at a diftance, a deep dy'd Scarlet body. It does not
follow,becaufe after we have come nearer to this congeries,or mafs,and di-
vided it into its parts, and examining each of its parts feverally or apart,
we find them to have much the fame colour with the whole mafs; it does
not, I fay, therefore follow, that if we could break thofe Globules fmaller,
or any other ways come to fee a {maller or thinner parcel of the ting’'d
liquor that fill'd thofe bubbles,that that ting’d liquor muft always appear
Red, or of a Scarlet hue, fince if Experiment be made,the quite contrary
will enfue 5 for it is capable of being di/#ted into the paleft Yellow.

Now,that I might avoid all the Objettions of thiskind, by exhibiting
an Experiment that might by ocular proof convince thofe whom other
reafons would not prevail with, I provided me a Prifmatical Glaff, made
hollow, juft in the form of a Wedge, fuch asisreprefented in the tenth
Figure of the (ixth §cheme. The two parallelogram fidesABCD, ABEF,
which met at a point, were made of the cleareft Looking-glafs plates well
ground and polifh'd that I could getsthefe were joyn'd with hard cement
to the triangular fides, B CE, A DF, which were of Wood ; the Parallelo-
grambafe BCEF, likewife wasof Wood joyn'd onto the reft with hard
cement, and the whole Prifinatical Box was exalltly ftopt every where,
but onely a little hole near the bafe was left,whereby the Vefiél could be
filld with any liquor, or emptied againat pleafure.

_ Orneof thefe Boxes (for Ihad twoof them) Ifill'd with a pretty deep
tincture of Alees, drawn onely with fair Water, and then ftopt the hole
with a piece of Wax, then,by holding this Wedge againft the Light, and
looking through it, it was obvious enough to fee the tincture of the liquor
near the edge of the Wedge where it was but very thin, to be a pale buﬁ

we
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well ¢olour'd Yellow, and further and further from the edge, as the lia

uor grew thicker and thicker,this tintture appear'd deeper and deeper,
‘(]0 that near the blunt end,which was feven Inches fromthe edge and three
Inches and an half thick 3 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
appeat s {o that fome dirty tin¢tures have afforded their deepeft Red
much of the colour of burnt Oker or Spaxifh brownsothers as lovely a cos
lour as Permilion, and fome much brighter 5 but feveral others, according
asthe tinctures were worfe or more foul, exhibited various kinds of Reds,
of very differing degrees.

The other of thefe Wedges, Ifill'd witha moft lovely tinture of Cop-
per, drawn from the filings of it,with fpirit of Drine, and this Wedge held
as the former againft the Light, afforded all manner of Blues, from the
fainteft to the deepeft,fo that [ was in good hope by thefe two,to have pro-
due¢’d all the varieties of coloursimaginable 5 for I thought by this means
to have been able by placing the two Parallelogram fides together, and
the edges contrary ways,to have {o mov’d them to and fro one by another,
as by looking through them in feveral places, and through feveralthicks
nefles, I {hould have compounded, and confequently have feen all thofe
colours, which by other like ccmpofitions of colours would have enfued.

Butinfteed of meeting with what I look’d for, I met with {fomewhat
more admirable ; and that was, that I found my felf utterly unableto fee
through them when placed both together, though they were tranfparent
enough when afunder 3 and though1could fee through twice the thick-
nefs, when both of them were fill'd with the fame colour'd liquors, whe-
ther both with the Yellow, or both with the Blue, yet when one was fill'd
with the Yellow, the other with the Blue,and both looked through, they
both appear’d dark, onely when the parts near the tops were look'd
through, they exhibited Greens, and thofe of very great variety, as I ex=
pected,but the Purples and other colours,I could not by any means make,
whether I endeavour'd to look through them both againft the Sun, or
whether I plac’d them againft the hole of a darkned room.

But notwithftanding this mif-ghefling, I proceeded on with my trial in
a dark room, and having two holes near one another, 1 was able, by
placing my Wedges againft them to mix the ting’d Rays that paft through
them, and fell on a fheet of white Paper heﬁat a convenient diftance
from them as I pleas'd 5 fo that1 could make the Paper appear of what
¢olout I would,by varying the thickneffes of theWedges,and confequent-
ly the tincture of thé Rays that paft through the two holes, and fome-
times alfo by varying the Paper, that is, infteed of a white Paper, holding
agray, ora black piece of Paper.

Whence I experimentally found what I had before imagin’d, that all
the Yarieties of coloursimaginable are produc’d from feveral degrees of
thefe two colours, namely, Yellow and Blue, or the mixture of them
with light and darknefs, that is, white and black. And all thofe almoft
nfinite varieties which Limners and Painters are able to make by com-
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pounding thofe feveral colours they lay on their Shels or Palads, areno-
thing elé but fome compofitum, made up of fome one or more, orall of
thefe four.

Now,whereas it may here again be ecbjeéred,that neither canthe Reds
be made out of the Yellows, added together.or laid on in greater or lefs
quantity, norcan the Yellows be made out of the Reds though laid ne-
ver {o thins and as for the addition of White or Black, they do nothing
but cither whiten or darken the colours to which they are added, and not
at allmake them of any other kind of colour : as for inftance, Vermilion,
by being temper'd with White Lead, doesnot atall grow more Yellow,
but onely there is made a whiter kind of Red. Nor does Yellow Oker,
though laid neverfo thick, produce the colour of Vermilion, nor though
it be temper’d with Black, does itat all make aRed; nay, though it %e
temper’'d with White, it will not afford a fainter kind of Yellow, fuch as
mqﬂecut, but onely awhiten'd Yellow 5 nor will the Blues be difuted or
deepned after the manner I fpeak of, as Indieo will never afford fo fine a
Blue as Wltramarine or bife s nor will ir,temper’d with Vermilion, ever af:
ford a Green,though each of them be never fo much temper'd with white.

To which I anfwer, that there is a great difference between diluting a
colour and whitening ofic ; for diluting a colour, istomake the colour'd
parts more thin, fo that the ting'd light, which is made by trajecting
thofe ting’'d bodies, does not receive 10 deepa tinéure 5 but white nin
a colour is onely an intermixing of many clear reflections of light
among the fame ting'd parts 3 deepning alfo, and darkning or blacking a
colour, are very different 5 for deepning a colour, is to make the light
pafs through a greater quantity of the fame tinging body 5 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.

-gF irft therefore,asto the former of thefe operations,that is,diluting and
deepning, moft of the colours us'd by the Limners and Painters are in-
capable of, to wit, Vermilion and Red-lead, and Oker, becaufe the ting'd
partsarefo exceeding fmall, that the moft curious Grindftones we have,
are not able to feparate them into parts actually divided fo fmall as the
ting'd particles are 5 for looking on the moft curioufly ground ver-
milion, and Oker, and Red-lead, 1 could perceive that even thofe {mall
corpufcles of the bodies they left were compounded of many pieces, that
is, they feem'd to be fmall pieces compounded of a multitude of lefler
ting'd parts : each piece feeming almoft like a piece of Red Glafs,or ting'd
Cryftal all flaw'd ; fo thatunlefs the Grindftone could aCtually divide
them into fmaller pieces then thofe flaw’d particles were, which com-
pounded that ting'd mote I could fec with my Asicrofeope, it would be
impofiible to dilute the colour by grinding, which, becaufe the fineft we
have will not reach to'do in Zermilion or Ofer, therefore they cannot at
all, or very hardly be diluted. '

Other coloursindeed, whofeting'd particles are fiich as may be made
fmaller, by grinding their colonr, may be diuted Thus fcvcral(;sf; the
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Blues may be diluted, as Smalt and Bife ; and Mafticut,whichis Yellow,ma
be made more faint : And even Vermilion it felf may, by too much grincﬁ
ing, be brought to the colour of Red-lead, which is but an Orange colour,
whichis con?eﬁ by all to be very much upon the Yellow. Now, though
perhaps fomewhat of this diluting of Vermilion by overmuch grinding
may be attributed to the Grindftone, or muller, for that fome of their
parts may be worn off and mixt with the colour, yet there{eems not ve-
ry much, for I have done it on a Serpentine-ftone with a muller made of 2
Pebble, and yet obferv’d the fame effect follow.

And fecondly, asto the other of thefe operations on colours, that is,
the deepning of them, Limnersand Painters colours are for the moft part
alfo uncapable. For they being for the moft part gpacons 5 and that opa-
coufnefs, as I faid before, proceeding from the particles, being very much
flaw’d. unlefs we were able to joyn and re-unite thofe flaw’d particles
again into one piece, we fhall not be able to deepen the colour, which
fince we are unable to do with moft of the colours which are by Painters
accounted gpacows, we are therefore unable to deepen them by adding
more of the fame kind.

But becaufe all thofe gpacons colours have two kinds of beams or Rays
refleéted from them,that is,Rays unting'd, which are onely reflected from
the outward furface, without at all penetrating of the body.and ting’d
Rays which are refle(ted from the inward furfaces or flaws after they
have fuffer’d a two-fold refraction 5 and becaufe that tranfparent liquors

" mixt withfuch corpufcles, do,for the moft part, take off the former kind

of refletion; therefore thefe colours mixt with Water or Oyl, appear
much deeper than when dry,for moft part of that white refletion from the
outward furface is remov’d. Nay, fome of thefe colours are very much
deepned by the mixture with fome tranfparent liquor, and that becaufe
they may perhaps get between thofe two laws, and {o confequently joyn
two ormore of thofe flaw’d pieces together 3 but this happens but ina
very few. .

Now, tofhew that all this is not gratis diéum, I {hall fet down fome
Experiments which do manifeft thefe things to be probable and likely,
which I have here deliver'd.

For, firft, if you take any ting'd liquor what{oever, efpecially if it be
pretty deeply ting’d, and by any means work it into a froth,the congeries
of that froth fhall feem an opacors body, and appear of the fame colour,
but much whiter than that of the liquor out of which it is made. For the
abundance of refle(tions of the Rays againft thofe furfaces of the bubbles
of which the froth confifts, does {o otten rebound the Rays backwards,
that little or no light can pafs through, and confequently the froth ap-
pears opacons. . :

Again, if to any of thefe ting’d liquors that will endure the boiling
there be added a fmall quantity of fine flower (the parts of which through
the Microfcope are plainly enough to be perceivd to confift of tranfpa-
rent corpuféles) and fuffer’d to boyl till it thicken the liquor, the mafs of
the liquor will appear gpasows,and ting'd with the fame colour, but very
much whiten'd. : ' Thus
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Thus, if you take a piece of tranfparent Glafs that is well colour'd, and
by heating it, and then quenching it in Water, you flaw it all over,
it will become opacous, and will exhibit the fame colour with which the
piece is ting'd, but fainter and whiter.

Or, if you take aPipe of this tranfparent Glafs, and inthe flame of a
Lamp melt it, and then blow it into very thin bubbles, then break thofe
bubbles, and collet a good parcel of thofe Jamine together in a Paper,
you fhall find that a fmall thicknefs of thofe Plates will conftitute an opa-
cous body, and that you may fee through the mafs of Glafs before it be
thus Jaminated, above four times the thicknefs: And befides, they will
now afford a colour by reflection as other opacous (as they are call'd)
colours will, but much fainter and whiter than that of the Lump or Pipe
out of which they were made, .

Thusalfo,if you take Putty, and melt it with any tranfparent colour’d
Glafs,it will make it become an opacous colour'd lump, and to yield a pa-
ler and whiter colour than the lump by reflection.

The fame thing may be done by a preparation of Antimony, ashasbeen
{hewn by the Learned Phyficiar, D" ¢. 41, in his Excellent Obfervations
and Notes on Nery's 4rt of Glafs 5 and by this means all tranfparent co-
lours become gpacows, or ammels. And though by being ground they lofe
very much of their colour, growing much whiter by reafon of the multi-
tude of fingle refletions from their outward furface, as I thew’d afore,
yet the fire that in the nealing or melting re-unites them, and o re-
news thofe fpurious reflections, removes alfo thofe whitenings of the co-
lour that proceed from them.

As for the other colours which Painters ufe, whichare tranfparent,and
usd to varnifh over all other paintintings, ‘tis well enough known that
the laying onof them thinner or thicker,does very much ds/ute or deepen
their colour.

Painters Colours therefore confifting moft of them of {olid particles,
fo fmall that they cannot be either re-united into thicker particles by
any Art yet known,and confequently cannot be deepned 5 or divided in-
to particles {0 fmall as the flaw’d particles that exhibit that colour, much
lefs into fmaller, and confequently cannot be diluted 5 It is neceffary that
they whichare to imitate all kinds of colours, fhould have asmany de-
grees of each colour as can be procur’d.

And to this purpofe, both Limners and Painters have a very great va-
tiety both of Yellows and Blues, befides feveral other colour'd bodies
that exhibit very compounded colours, fuch as Greensand Purgles; and
others that are compounded of feveral degreesof Yellow, or feveral de-
grees of Blue, fometimes unmixt, and fometimes compounded with fe-
veral other colour'd bodies.

The Yellows, from the paleft to the deepeft Red or Scarlet, which
has no - intermixture of Blue, are pale and deep Mafticut, Orpament,
Englifb Oker, brown Oker, Red Lead, and Vermilion, burnt Englifh Oker,

azgcl burnt brown Oker, which laft have a mixture of dark or dirty parts
with them, &,
Their
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Their Blues are feveral kinds of Smalts, and Verditures, and Bife, and
Dltramarine, and Indico, which laft has many dirty or dark partsinter-
mixt with it.

Their compounded colour’d bodies, as Pink , and Perdigrefe,which are
Greens, theone a Popingay, the other a Sea-green s then Lac,which is a
very lovely Purple. {

To which may be added their Black and White, which they alfo
ufually call Colours, of each of which they have feveral kinds, fuch as
Bone Black, made of Twory burntin'a clofe Veflel, and Blue Black, made
of the fmall coal of willow, or fome other Wood 5 and Cullens earth,
which is a kind of brown Black, ¢. Their ufual Whites are either ar-
tificial or natural white Lead, the laft of which isthe beft they yet have,
and with the mixing and tempering thefe colours together, are they able
to make an imitation of any colour whatfoever : Their Reds or deep
Yellows, they can dilute by mixing pale Yellows with them, and deepen
their pale by mixing deeper with them; for it is not with Opacons co-
Tours as itiswith tranfparent, where by adding more Yellow toyellow,
itis deepned, butin opacons dilnted. They can whiten any colour by mix-
ing White withit, and darken any colour by mixing Black, or fome dark
and dirty colour. And in a word, moft of the colours, or colourd
bodies they ufe in Limning and Painting, are fuch, as though mixt with
any other of their colours, they preferve their own hue, and bg being in
fuch very {mal parts difpers'd through the other colour'd bodies, they
both, or altogether reprefent to the eye a compofitur of all; the eyebe-
ing unable, by reafon of their fmalnefs, to diftinguifh the peculiarly co-
Tour'd particles, but receives them as one intire compofitun : whereasin
many of thefe, the Aicrofcope very eafily diftinguifhes each of the com-
pounding colours diftinct, and exhibiting its own colour.

Thus have I by gently mixing Vermilion and Bife dry, produc’davery
fine Purple,or mixt colour,but looking on it with the Microfcope, 1 could
eafily diftinguifh both the Red and the Blue particles, whichdid not at
all produce the Phantafm of Purple.

To fumm up all therefore in a word, I have not yet found any folid
colour'd body.that Thave yet examin'd,perfectly gpacous 5 but thofe that
are leaft tranfparent are Metalline and Mineral bodies, whofe particles ge=
nerally, feeming either to be very fmall, or very much flaw'd, appear
for the moft part opacous, though there are very few of them that I have
look’d on with a Adicrofcope, that have not very plainly or circumftanti-
ally manifefted themfelves tranfparent.

And indeed, there feemtobe fo few bodies in the world that are iz
minimis opacous, that I think one may make ita rational Query, Whether
there be any body abfolutely thus opacous ¢ For T1doubt notatall (and I
have taken notice of very many circumftances that make me of this
mind) that could we very much improve the Aicroftope, we might be
able to fee all thofe bodies very plainly tranfparent, which we now are
fain onely to ghefs at by circumftances. Nay, the Object Glaffes we
yet make ufe of are fuch, that they make many tranfparent bodies to the

eye,

A ———




MicroGRAD HiA,
eye, feem opacons through them,which if e widen the Aperturea little,
and caft more light on the objetts, and not charge the Glafies fo deep,
will again dilclofe their tranfparency.

Now, as for all kinds of colours that are diflolvable in Water,or other
liquors, there is nothing {o manifeft, as that all thofe ting'd liquors are
tranfparent 3iand many of them are capable of being diluted and com-
pounded or mixt with other colours, and divers of them are ca pable of
being very much chang’'d and heightned, and fixt with feveral kinds of
Saline menflruums. Others of them upon compounding, deftroy or vi-
tiate each others colours, and precipitate, or otherwife very much alter
cach otherstintture, Inthe true ordering and diluting, and deepning,
and mixing, and fixing of each of which, confifts one of the greate(t my-
{teries of the Dyers; of which particulars,becaufe our Microfcope atfords
us very little information,| fhall add nothing more at prefent 5 but oncly
that with a very few tinCtures order'd and mixt after certain ways, too
long to be here fet down, T have been able to make an appearance of all
the various colours imaginable, without a all ufing the help of salts, on
Saline menflruums to vary them.

As for the mutation of Colours by Saline weenfiruums, they have al-
ready been fo fully and excellently handled by the lately mention’d In-
comparable Anthour.that I can add nothing,but that of a multitude of tri
als that Imade, Thave found them exactly to agree with his Rules and
Theoriess and though there may be infinite inftances, yet may they be
reduc’d under a few Heads, and compris'd within a very few Rules. And
gencrally I find, that Saline menflrunms 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 fpurions pulfes that compofe which,
being (as I formerly noted) fo very neer the middle between the true
ones, that a fmall variation throws them both to one fide, or both to the

other, and fo confequently muft make a vaft mutation in the formerly ap-
pearing Colour.

Obferv. X1. OfFigures obfero'd in finall Sand.

SAnd generally feems to be nothing elfe but exceeding fmall Pebbles,
or at leaft fome very fimall parcels of a bigger ftone ; the whiter kind
feems through the Microféape to confift of fnall tranfparent pieces of fome
peliucidbody, each of them looking much like apiece of Ahmz, or Salt
Gemsand this kind of Sand isangled for the moft partirregularly. without
any certain thape,and the grasules of it are for the moft part flaw'd,though
amongft many of them it is not difficult to find fome that are perfeitly
pelincid, like a piece of ¢cléar Cryltal, and divers likewife moft curioufly
fhap'd, much after the manner of the bi ger Stirie of Cryftal, orlike the
fmall Diamants T obferv’d in certain Flints, of which Ifhall by and by re-
late; which laft particular feems to argue, that this kind ot Sand is n:i)t

made
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made by the comminution of greater tranfparent Cryftaline bodies, but
by the concretion or coagulation of Water,or fome other fluid body.

There are other kinds of courfer Sands, which are browner, and have
their particlesmuch bigger ; thefe, view'd with a Adicrofeope, feem much
cour(gr and more opacons fubftances,and moft of them are of {ome irregu-
larly rounded Figuress; and though they feem not {0 opacous as to the
naked eye, yet they feem very foul and cloudy, but neither do thefe want
curioutly tranfparent, no more than they do regularly figur'd and well
colour'd particles, as I have often found.

There are multitudes of other kinds of Sands, which in many particu-
lars, plainly enough dilcoverable by the azicrofcope.differ both from thefe
laft mention’'d kinds of Sands, and from cone another : there feeming to be
asgreat variety of Sands,as there is of Stones. And as amongft Stones fome
are call’d precious from their excellency, fo allo are there Sands which
deferve the fame Epithite for their beauty ; for viewing a {mall parcel of
Eaft-India Sand (which was given me by my highly honoured friend, Mr.
Panicl Colwall) and, fince that, another parcel, much of the fame kind,
I found feveral of them, both very tranfparent like preciousStones, and
regularly figur'd like Cryftal, Cor»ifh Diamants,fome Rubies, ¢&. and
alfo ting'd with very lively and deep colours, like Rubys, Saphyrs, Ente-
ralds, &c. Thefe kinds of granulsI have often found alfo in E#glifh Sand.
And ’tis eafie to make fuch a counterfeit Sand with deeply ting’'d Glafs,
Enamels and Painters colours.

It were endlefs to defcribe the multitudes of Figures I have met with
in thefe kind of minute bodies, fuch as Spherical,0val Pyramidal, Conical,
Prifmatical, of each of which kinds I have taken notice.

But amongft many others, I met with none more obfervable than this
pretty Shell (defcribed in the Figure X. of the fifth Scheme) which,
though asit was lighton by chance, deferv'd to have been omitted (1
being unable to direct any one to find the like) yet for its rarity was it not
inconfiderable, efpecially upon the account of the information it may
affordus. For by it we have a very good inftance of the curiofity of Na-
ture in another kind of Animals which are remov’'d, by reafon of their
minutenefs,beyond the reach of our eyes; {o that asthere are feveral forts
of Infects, as Mites, and others,{o fmall as not yet to have had any names ;
({fome of which I fhall afterwards defcribe) and fmall Fifhes, as Leeches
in Vineger ; and fmal vegetables, as Mofs, and Rofe-Leave-plants 5 and
fmall Mufhroms, asmould: {o are there, it feems, {mall Shel-fith like-
wife, Nature fhewing her curiefity in every Tribe of Animals, Vege-
tables, and Minerals.

I'was trying {everal fmall and fingle Magnifying Glafles, and cafually
viewing a parcel of white Sand,when I perceiv’d one of the grains exactly
fhap’d and wreath'd like a Shell, but endeavouring to diftinguith it with
my naked eye,it was {0 very fmall,that I was fain again to make ufe of the
Glafsto findy it 5 then,whileft I thuslook’d on it, with a PinI feparated all
the reft of the granules of Sand,and found it afterwards to appear to the
naked eye an exceeding fmall white {pot, no bigger than the point of a

Pin.
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Pin. Afeerwards Eview'd it every way with abeeter Mierofcope and found
it on both fides, and edge-ways, to refemble the Shell-of a imall Water
Siaib witly a flac fpiral Shellz it had cwelve wreathings, 2,0, ¢, dyey &c;
all very 'proportionably - growing one’ lefs than anothen toward: the
tnid dle or eenter of the Shell; where there wasa very fmall rotnd {vhite
fpot. I could not certainly difcover whether the Shell were hollow ex
not, but it feemv'd fill'd with: fomewhat, and tis probable: that it mighs
be petrify d as other larger Shels often avey fuchasare mention'dinthe
feventeenth Obfervation. ' .

Obferv. XL Of Gravel in Urine.
I. Have oftenobfitvid thSand of Gravel of Urine, which {cems do be

1 a tartareows {ubftance, gencrated out of a Saline and a terreftrial fub-
ftance erpftalliz d rogethcer, in the form of Tartar, fometimes fricking te
the fides of the Vrinal, but for the moft part finking to the bottom, and
there lying in the form of coorfe common Sand ; thefe, through the a74-
croféape,appear to be a company of fmall bodies. partly tranfparent, and
partly opacous, fome White, fome Yellow, fome Red, others of more
brown and dufkie colours.

The Figure of them is for the moft part flat, in the manner of Slats, or
fuch like plated Stones,that is,each of them feem to be made up of feve-

ral other thinner Plates, much like 2snfcovie Glafs,or Englifh Sparr.to the

laft of which, the white plated Gravel feems moft likely 3 for they feem
not onely plated like that, but their fides thap’d alfo into Rhembs, Rhom-
boeids,and fometimesinto Kedangles and fguares. Their bignefsand Figure
may be feen in the fecond Figure of the fixth Plate,which reprefents about
adozen of them lying upon a plate ABCD. fome of which, asa, 4, ¢, d,
feem’d more regular than the reft, and e, which wasa fmall one, ftick-
ing on the top of another, was a perfect Rhomboeid on the top, and had
four Refangular fides.

The line E which was the meafure of the Adicrofeope,is & part of an
Englifb Inch, o that the greateft bredth of any of them, exeeeded not
3¢ part of an Inch.

Putting thefe into feveral liquors, I found oyl of Vitriol, Spirit of
Urine,and feveral other Salime menfiruims to diflolve thems and the firft
ofthefe in lefs than a minute without Ebu/lition,.Water,and feveral other
liquors, had no fudden operation upon them. This I mention, becaufe
thofe liquors that diflolve them, firft make them very white, not vitiating,
but rather re€tifying their Figure, and thereby make them afford a very
pretty object for the Microfcope.

How great an advantage it would beto fuch as dre tronbled with the
Stone, to find {ome menftruum that might diffolve them without hurting
the Bladder.is eafily imagin'd, fince fome injeéfions made of fuch bodies
might likewife diflolve the ftone, which feems much of the fame natur;é

. N '
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Tt may therefore, perhaps, be worthy fome Phyficians enquiry, whether
there may not be fomething mixt with the Urine in which the Gravel
or Stone lies, which may again make it diffolve it, the firft of which feems
by it’s regular Figures to have been fometimes Cryffalliz’d out of it. For
whether this Cryftallization be made in the manner as Alunz, Peter,8c. are
eryftallized out ofa cooling liquor, in which, by boyling they have been
diffolv'd 5 or whether it be made inthe manner of Tartarum Vitriolatuns,
that is, by the Coalition of an acid and a Sulphureons fubftance, it feems
not impoflible,but that the liquor it lies in,may be again made a difolvent
of it. But leaving thefe inquiries to Phyficians or Chymifts, to whom
it doesmore properly belong, I fhall proceed.

Obferv. XI11. 0Of the fmall Diamants, or Sparks in Flints,

"NHancing to break a Flint {tone in pieces, I found within it a certain
cavity all crufted over with a very pretty candied fubftance, fome
of the parts of which, upon changing the pofture of the Stone, in refpett
of the Incident light, exhibited a number of {mall, but very vivid re-
fleCtions ; and having made ufe of my aicrofcope, I could perceive the
whole furface of that cavity to be all befet with a multitude of lictle
Cryftaline or Adamantine bodies, {o curioufly fhap’d, that it afforded a
not unpleafing object.

Having confidered thofe vivid repercuffions of light,I found them to be
made partly from the plain external furface of thefe regularly figured
bodies (which afforded the vivid reflections) and partly to be made
from within the fomewhat pelucid body, that is,from fome furface of the
body,oppofite to that fuperficies of it which was next the eye.

And becaufe thefe bocEes were fofmall, thatI could not well cometo
make Experiments and Examinations of them, I provided me feveral
fmall f#irie of Cryftals or Diamants, found in great quantities in Corsu-
wall.and are therefore commonly called Cornifh Diamants : thefe bein
very pellucid, and growing in a hollow cavity of a Rock (as I have been
feveral times informed by thofe that have obferv'd them) much after the
fame manner as thefe do in the Flint 5 and having befides their outward
furface very regularly fhap’d, retaining very near the fame Figureswith -
{fome of thofe I obferv'd in the other, became a convenient help to me for
the Examination of the proprieties of thofe kinds of bodies.

And firft for the RefleCtions 5 in thefe I found it very obfervable, That
the brighteft reflections of light proceeded from within the pelucid body 5
that is, that the Rays admitted through the pel/ucid {ubftance in their

etting out on the oppofite fide, were by the contiguous and ftrong re-
ﬁe&ing {urface of the Air very vividly reflefted, fo that more Rays were
reflected ro the eye by this furface, though the Ray in entring and getting
out of the Cryftal had fuffer’'d a doublerefraction, than there were from
the outward furface of the Glafs where the Ray had fuffer'd no reflraction
at all, And
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And that this was the furface of the Air that gave fo vivid a re-percaf-
for I try’d by this means. I funk half of a ffiria in Water, fo that only
“Water was contiguous to the under furface, and then the internal re-
flection was fo 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
againft the under furface, {o as in many places the pulp of my finger did
touch the Glafs, without any interjacent air between 3 then obferving the
refletion, I found,that wherefoever my finger or fkin toucht the furtace,
from that part there was no reflection, but in the little furrows or creafes
of my fkin, where there remain’d little {mall lines of air,from them was
return'd a very vivid refletion asbefore. 1try’d further,by making the
furface of very pure Quickfilver to be contiguous to the under furface
of this pel/ucid body, and then the reflection from that was fo exceeding-
ly more vivid than from the air, as the refle¢tion from air was than
the reflection from the Water 3 from all which trials I plainly faw, that
the ftrong reflecting air wasthe caufe of this Phenomenon.

And this agrees very well with the Hypotbefis of light and Pelucid bo-
dies which I have mention'd in the defcription of Mufiony-glafs; for we
there fuppofe Glafs to be a medium,which does lefs refift the pulfe of light,
and confequently,that moft of the Rays incident on it enter into it,and are
refralted towards the perpendicular ; whereas the air I fuppofe to be a
body that does more refift it, and confequently more are re-peren/s d then

do enter it: the fame kind of trials have I made, with Cryfaliine Glafs,
with drops of fluid bodies, and feveral other ways,which do all feem to
agree very exaltly with this Theory. So that from this Principle well efta-
blifh'd, we may deduce feverall Corollaries not unworthy obfervation.

And the firftis, thatitplainly appears by this, that the production of
the Rainbow is 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 thefe Experiments, if you foliate that part of a
Glafs-ball that isto reflect an fr7s, as in the Cartefian Experiment, above
mention’d, the refletions will be abundantly more ftrong, and the co-
lours more vivid : and if that part of the furface betouch’d with Watet,
{carce affords any fenfible colour at all.

Next we learn, that the great reafon why pellucid bodies beaten fmall
are white, isfrom the multitude of refletions, not from the particles of
thebody, but from the contiguons furface of the air. And this is evident=
ly manifefted, by filling the Interflitia of thofe powder'd bodies with
Water, whereby their whitenefs prefently difappears. From the fame
reafon proceeds the whitenefs of many kinds of Sands, which in the Afi-
crofeope appear to be made up of a multitude of little pelucid bodies,
whofe brighteft reflections may by the Microféape be plainly perceiv’d
to come from their internal furfaces 5 and much of the whitenefs of it ma‘y
be deftroy'd by the affufion of fair Water to be contiguous to thofe
furfaces.

The whitenefs alfo of froth, is for the moft part to be aferibed to the
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reflection of the light from the furface of the air within the Bubbles,and
very little to the reflection from the furface of the Water it felf : for this
laft refleGion does not return a quarter fo many Rays, as that which is
made from the furface of the air,asI have certainly found by a multitude
of Obfervations and Experiments.

The whitenefs of Linnen, Paper, silk, &c. proceeds much from the
fame reafon, asthe Microfcope will eafily difcover s for the Paper is made
up of an abundance of pel/ucid bodies, which afford a very plentifull re-
flection from within, that is, from the concave furface of the air contigu-
ous toitscomponent particles 5 wherefore by the affulion,of Water,” Oyl,
Tallow, Turpentine, . all thofe refle(tions are made more faint,and the
beams of light are fuffer’d to traject & run through the Paper more freely.

Hence further we may learn the reafon of the whitenefs of many bo-
dies, and by what means they may be in part made pel/ucid : As white
Marble for inftance, for this body is compofed of a pellucid body ex-
ceedingly flaw'd, that is, there are abundance of thin, and very fine
cracks or chinks amongft the multitude of particles of the body,that con-
tain in them {mall parcels of air,which do {o re-percuffand drive back the
penetrating beams, that they cannot enter very deep within that body,
which the AMicrofcope does plainly inform us to be made up of a Congeries
of pellucid particles. And I further found it fomewhat more evidently by
fome attempts I made towards the making tranfparent Marble, for by
heating the Stone a little, and {oaking it in Oyl, Turpentine, Oyl of Tur-
pentine, &, I found that I was able tofee much deeper into the body of
Marble then before ; and one trial, which was not with an untuous fub-
ftance,fucceeded better than the reft, of which, whenIhave a better op-
portunity, I fhall make further trial.

This alfo gives us a probable reafon of the fo much admired Pheso-
mena of the Ocwlus Mundi, an Oval ftene, which commonly looks like
white Alabafter, but being laid a certain time in Water, it grows pelucid,
and tranfparent, and being fuffer'd to lie again dry, it by degrees lofes
that tran{parency, and becomes white as before. For the Stone being of
a hollow {pongie nature, hasin the firft and laft of thefe appearances, all
thofe pores fill'd with the obtunding and refletting air; whereas in the
fecond, all thofe pores are fill'd with a medium that has much the fame
refraction with the particles of the Stone, and therefore thofe two being
contiguous, make,as twere, one centinued medium, of which more is faid
in the 15. Obfervation.

There are a multitude of other Phenorena,that are produc’'d from this
fame Principlefwhich as it has not been taken notice of by any yet that 1
know, {o I think, npon more diligent obfervation, will it not be found the
leaft confiderable. But I have here onely time to hint Hypothefes, and not
to profecute them fo fully as I could wifh; many of them having a vaft
extent in the production of a multitude of Phenomena, which have been
by others,either not attempted to be explain’d, or elfe attributed to fome
other caufe than what I have aflign'd, and perhaps than the right s and
therefore Ifhall leave this to the profecution of fuch as have nigre leifure :

onely
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onely before I leave it, I muft not pretermit to hint, that by this Prin-
ciple, multitudes of the Phezomena of the air,as about Mifts, Clouds, Me-
teors, Haloes,8c. are moft plainly and (perhaps) truly explicables multi-
tudes alfo of the Phawnomena in colour'd bodies, asliquors, &c. are de-
ducible from it.

And from this I fhall proceed to a fecond confiderable Phenowenon
which thefe Diamants exhibit, and that is the regularity of their Figure,
which isa propriety not lefs general than the former 3 It comprifing with-
inits extent, all kinds of Aetals,all kinds of Minerals,moft Precious flores,
all kinds of Salts,multitudes of Earths,and almoftall kinds of fiid bodies.
And this is another propiety, which, though a little fuperficially taken
notice)of by fome, has not, that I know, been fo much as attenipted to
be explicated by any. b

This propriety of bodies,asI think it the moft worthy, and next in or-
der to be confider’d after the contemplation of the Globular Figure, fo
have Ilong had a dcfire as wel asa determination to have profecuted it if T
had had an opportunity,having long fince propos'd to my felf the method
of my enquiry therein, it containing all the allurements that I think any
enquiry is capable of : For,firft I take it to proceed from the moft fimple
principle that any kind of form can come from, next the Globular, which
was therefore the firft I fet upon, and what I have therein perform'd, I
leave the Judicious Reader to determine. For as that form proceeded
from a propiety of tiuid bodies, which I have call'd Congruity, or Incon-
gruityy foIthink, had I time and opportunity, I could make probable,
that all thefe regular Figures that are o confpicuoully varions and curi-
ous,and do fo adorn and beautifie fuch multitudes of bodies, as I have
above hinted,arife onely from three or four {everal pofitions or poftures
of Globular particles,and thofe the molt plain,obvious, and necefary con-
junétions of fuch figur'd particles that are peffible, fo that fuppofing fuch
and fuch plainand obvious caufes concurring the coagulating particles
muft necefiarily compofe a body of fuch a determindte rcgular Figure,
and no other 3 and this with as much neceflity and obvioufnefs as a fluid
body encompaft with a Heterogeneows fluid muft be protruded. into a
Spherule or Globe. And this 1 have ad oculum demonftated with a com-
pany of bullets,and fome few other very fimple bodies 5 {o that there was
not any regular Figure,which I have hitherto met withall, of any of thofe
bodies that I have above named, that I could not with the compofition of
~ bullets or globules, and one or two other bodies, imitate, even almoft
by fhaking them together. And thus for inftance may we find that the
Globular bullets will of themfelves,if put on an inclining plain.fo that they
‘mayrun together, naturally run into a #riangular order, compofing all
the variety of figures that can be imagin’d to be made out of eguzlateral
triangles 5 and fuch will you find upon trial,all the furfaces of 4/um to be
.compos'd of : For three bullets lying on a plain, as clofe to one anather as
they can compofe an equilatero-triangular form, as in' A inthe 7.scheme.
If afourthbe joyn'd to them on either fide as clofely asit can, they four

compof: the moft regularRhombus confiting of two equilateral triangles,
as
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as B. If a fifth be joyn'd to themon either. fide in as clofe a pofition asit
can, whichis the propriety of the Text#re,it makes a Trapezium, or four-
fided Figure, two of whofe angles are 120. and two 6o. degrees, as C.
If a fixth be added, asbefore, either it makes an eguilateral triangle,as D,
ora Rhomboeid, as E, or an Hex—aﬂfular Figure, as F, which is com-
pos'd of two primary Rbombes. 1f a {eventh be added, it makes either
an equilatero-hexagonal Figure, as G, or fome kind of fix-fided Fi-
gure, as H, or 1. And though there be neverfo many placed together,
they may be rang'd into fome of thefe lately mentioned Figures, all the
angles of which will be either 6o. degrees, or 120. as the figure K.
which is an equiangular hexagonal Figure is compounded of 12. Globules,
or may be of 25, or 27, 0r 36,0r 42, <. and by thefe kinds of texture,
or pofition of globular bodies,may you find gut all the variety of regular
{hapes, into which the fmooth furfaces of Afum are form’d, as upon ex-
amination any one may eafily find 5 nor does it hold only in fuperficies,but
in{olidity alfo.forit’s obviousthat a fourth Globule laid upon the third in
this texture, compofes a regular Tetrabedron, whichisa very ufual Figure
of the Cryftals of Alum. And (tohaften) thereis no one Figure into which
Alam is obferv'd to be cryftallized, but may by this texture of Globules
be imitated, and by no other.

I could inftance alfo in the Figure of Sea-falt and Sal-gem,that it is com-
pos'd of atextureof Globules, placed ina cubical form, as L, and that all
the Figures ofthofe Salts may be imitated by this texture of Globules,and
by no other whatfoever. And that the forms of Vitrioland of salt-Peter,
asallo of Cryftal,Hore-froff,&c. are compounded of thefe two textures,
but modulated by certain proprieties: But I have not here time to in-
fift upon, as I have not neither to thew by what means Globules come to
be thus context, and what thofe Globules are, and many other particulars
requifite toa full and intelligible explication of this propriety of bodies.
Nor have I hitherto found indeed an opportunity of profecuting thein-

uiry {ofarr asI defign'd 3 nordoI know when I may, it requiring abun-
jance of time, and a great deal of affiftance to go through with what I
defign’d 5 the model of which was this :

Firft,to get as exact and fulla collection as T could, of all the differing
kinds of Geometrical figur'd bodies, fome three or four feveral bodies of
cach kind.

Secondly, with them to get as exact a Hiftory as poffibly I could learn
of their places of Generation or finding, and 'to enquire after as many
circamftances that tended to the Illuftrating of this Enquiry, as poflibly
I could obferve.

Thirdly, tomake as many trials as upon experience I could find re-
quifite,in Diflolutions and Coagulations of feveral cryftallizing Salts s/ for
the needfull inftruction and information in this Enquiry. ;

Fourthly, to make feveral trials on divers otherr{odirs, as Metals,
Minerals, and Stones, by diffolving them in feveral Menflyuums, and
cryftalizing them, to fee what Figures would arife from thofe feveral
Compolitumss. :

Fifthly,
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Fitfthly, to make Compofitions and Coagulations of feveral Salis to=
gether into the fame mafs, to obferve of what Figure the product of
them would be; and in all, to note as many circumftances as I fhould
judge conducive to my Enquiry. ;

Sixthly, to enquire the clofenefs or rarity of the texture of thefe bo-
dies, by examining their graviry, and their refraction, ¢e. '

Seventhly, toenquire particularly what operations the fire has upon
feveral kinds of Salts, what changes it caufes in their Figures, Textures,
or Energies. 1

Eighthly, to examine their manner of diflolution, or acting upon thofe
bodies difioluble in them 3 The texture of thofe bodies before and after
the procefs. And this for the Hiftory.

Next for the Solution, To have examin'd by what, and how many
means, fuch and fuch Figullgs, ations and effeéts could be produc’d

ofiibly.
. And}ialtly, from all circumftances well weigh’d, I (hould have endea-
voured to have thewn which of them was mott likely, and (ifthe infor-
mations by thefe Enquiries would have born it) to have demonftrated
which of them it muft be, and was.

But to proceed, As Ibelieve itnextto the Globular the moft fimple 5
{fodo I, inthe fecond place, judge it not lefs pleafant 5 for that which
makes an Enquiry pleafant, are, firft & noble fnventam that promifes to
crown the fuccefsfull endeavour ; and fuch muft certainly the knowledge
of the efficient and concurrent caufes of all thefe curious Geometrical
Figures be,which has made the Philofophers hitherto to conclude nature
in thefe things to play the Geometrician, according to that faying of
Plato, "0 @:3¢ y1awlpii.  Ornext, a great variety of matter in the Enqui-
1y 5 and here we meet with nothing lefs than the Adathematicks of nature,
having every day a new Figure to contemplate,or a variation of the fame
in another body,

Which do afford usa third thing; which will yet more fweeten the En-
quiry,and that is,a multitude of information ; we are not fo much to grope
in the dark, as in moft other Enquiries, where the Inventum is great ; for
having fucha multitude of inftances to compare, and fuch eafie waysof
generating,or compounding and of deftroying the form,as in the Solutios
and Cryftallization of Salts, we cannot but learn plentifull information to
proceed by. And this will further appear from the univerfality of the
Principle which Nature has made ufe of almoft inall inanimate bodjes.
And therefore, asthe contemplation of them all conduces to the know-
ledg of any one ; o from a Scientifical knowledge of any one does follow
the fame of all, and every one.

And fourthly, for the ufefulnefs of this knowledge, when acquir'd,
certainly none can doubt, that confiders that it caries us 4 ftep for-
ward into the Labirinth of Nature, in the right way towards the end
we propofe our felvesin all Philofophical Enquiries. So that know=
ing what is the form of Inanimate or Mineral bodies, we fhall be the
better able to proceed in our next Enquiry after the forms of Vegeta-

five



Schem. 8,
Fig. 1,

MicROGRAPHIA.

tive bodies 3 and laft of ally of Animate ones, that feeming to be the
higheft ftep of natural knowledge that the mind of man is capable of.

Obferv. XIV. Of feveral kindes of frozen Figures.

Haveé very oftén ina Morning, when there hasbeen a great hoar-fiof?,
with an indifferently magnifying Aicrofcope, obferv’d the fmall stirie,
or Cryftalline beard, which then ufually covers the face of moft bodies
that lie open to the cold air, and found them to be generally Hexangsular
rifmatical bodies, much like the long Cryltals of Salt-peter, fave onely
that the erids of them were differing : for whereas thofe of Nitre are for
the moft patt pyramidal, being terminat} either in a point or edge;

-thefe of Froft were hollow, and the cavity in fome feem'd pretty deep,

and this cavity was the more plainly to be feen, becaufe ufually one or
other of the {ix parallelogram fides was wanting, or at leaft much fhorter
then the reft. .

But this was onely the Figure of the Bearded hoar-froft 5 and asfor the
patticles of other kinds of hoar-frofts, they feem'd for the moft partirre-
guldr; or of no certainiFigure. Nay, the parts of thofe curious brarich-
ings, or zortices, that ufually in cold weather tarnith the furface of
Glafs, appear through the Microfcope very rude and unthapen, as do
tnoft other kinds of frozen Figures, which to the naked eye feem exceed-
ing neat and curious, fuch asthe Figutes of S#omw, frozen Urine, Hail,
feveral Figures frozen in common Water,c&d¢. Some Obfervations of each
of which I fhall hereunto annex, becaufe if well confider’d and ex-
ami’'nd, they may, perhaps, provevery inftructive for the finding out of
what I have endeavoured in the preceding Obfervation to fhew, tobe
(next the Globular Figure which is causd by congruity, asI hope I have
made probable in the fixth Obfervation) the moft fimple and plain opera-
tion of Nature, of which, notwithftanding we are yet ignorant.

L
Several Obfervables in the fix-branched Figures form'd onthe fur-
face of Urine by freeging.

1 The Figures were all frozen almoft even with the furface of the
Urine inthe Veflel, but the bigger ftems were a little prosminent above
that furface, and the parts of thefe ftems which were neareft the center
(4 ) were biggeft above the furface. :

2 Ihave obferv’d feveral kinds of thefe Figures, fome fmaller, no big-
ger thén a2 Two-pence; others fo bigg, that Thave by meafure found one
of its ftems or branches above four foot long 3 and of thefe, {fome were
pretty found, having all their branches pretty neer alike 5 other of them
were more extended towards ene fide;, asufually thefe very large ones

were
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were, which I have obferv’d in Ditches which have been full of fou]
water. :

3 ‘None of all thefe Figures I have yet taken notice of, had ahy regu-
lar pofition in refpect of one another, or of the fides of the Veflels nor
did I find any of them cqually to exaltnefs extended every way froml
the center a. : ,

4 Where ever there was a center,the branchings from it, 25,%e,
ae, a f, ag, were never fewer, or more then fix, which ufually ¢oncurr’d,
or met one another very neer in the fame point or center, 23 tho
oftentimes not exactly 5 and were enclin'd to each other by an angle, of
very neer fixty degrees, Iay, very neer, becaufe, though having ‘en-
deavoured to meafure them the moft acurately [ was able, with the
large(t Compafles I had, I colld not find any fenfible variation from that
meafure, yet the whole fix-Bfanched Figure feeming to compofe afolid
angle, they muft neceflarily be fomewhat lefs.

5 The middle lines or {tems of thefe branches, 2 b, 2 ¢, ad, weyafag,
feem’d fomewhat whiter, and a little higher then any of the intermediase
branchings of thefe Figures; and the center 2, was the mott promsinent
part of the whole Figure, feeming the apex of a folid angle or pyramid,
each of the fix plains beinga little enclin’d below the furface of the Vrin,

6 The lateral branchings ifluing out of the great ones, fuch as op,
m g, &c. were each of them inclin'd to the great ones, by the fame angle
of about fixty degrees,as the great ones were one to another,and always
the bigger branchings were prominent above the lefs, and the lefs above
the leaft, by proportionate gradations. !

7 The lateralbranches fhooting out of the great ones, went all of them
from the center, and each of them was parallel to that great branch, next
to which it lay 5 fo that as all the branches on one fide were parallel to
one another, {o were they all of them to the approximare great branch,
as p o, q r, as they were parallel to each other.and fhot from the center,
fo were they parallel al{o to the great branch 4 b

8 Some of the ftems of the fix branches proceeded ftraight, and of a
thicknefs that gradually grew fharpér towards the end, as 2g.

9 Others of the ftems of thofe branches grew bigger and knotty to-
wards the middle, and the branches alfo as well as ftems, from Cylinders
grew into Plates, in a moft admirable and curious order, fo exceeding re-
gular and delicate, asnothing could be more, asis vifible in @ b,2¢, a4,
ae,af, but towardsthe end of fome of thefe ftems, they began again to
grow {maller and to recover their former branchings, asabeut & and .

10 Many of the lateral branches had collateral branches (if T may fo
call them) as 47 had many fuch as /', and moft of thofe again fiub-
collateral, as v w, and thefe again had others lefs; which one may call /s
;f,"‘ﬁ‘bcollateml, and thefe again others, and they others, &-c. in greater

igures. :

11 The branchings of the main Stems joyn'd not together by any re-
gu]ar line,nor did one fide of the one lie over the other fide of the other,

ut the {mall collateral and Jubcollateral branéhes did lie at top of one
e} another
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another according to a certain order or method, which I always obferv'd
to be this.

12 Thatfide of a collateral or fubcollateral, &c. branch, lay over the
fide of the approximate (as the feathers in the wing of a Bird) whofe
branchings proceeded parallel to the laft biggeft ftem from which it
fprung,and not to the biggeft ftem of all, unlefs that were a fecond ftem
backwards.

13 This rule that held in the branchings of the Sexangular Figure held
alfo in the branchings of any other great or fmall {tem, though it did
not proceed from a center.

14 The exatnefs and curiofity of the figuration of thefe branches,
was in every particular fo tranfcendent, that I judge it almoft impoffible
for humane art to imitate. ,

15 Tafting feveral cleer pieces of this ¥e, 1could not find any TUrin-
ous tafte inthem, but thofe few I tafted, {eem’d as infipid as water.

16 A figuration fomewhat like this, though indeed in fome particu- |
lars much more curious, I have feveral times obferv’d in regulus martis
ftellatws, but with this difference, that all the ftems and branchings are

|

bended in a moft excellent and regular order, whereas in Ice the ftems
and branchings are ftreight, but in all other particulars it agrees with
this, and {eems indeed nothing but one of thete ftars,or branched Figures
frozen on Urine, diftorted, or wreathed a little, with a certain propoz-
tion : Leadalfo that has Arfenick and fome other things mixt with it, I
have found to have its furface, when fuffer'd to cool, figured fomewhat
like the branchings of Urize, but much fmaller.

17 But there is a Zegetable which does exceedingly imitate thefe
branches, and that is, Fear», where the main {tem may be obferv'd to
fhoot out branches, and the ftems of each of thefe Jateral branches, to
fend forth collateral, and thofe fubcollateral, and thole latero fubcollate-
ral,&c. and all thofe much after the fame order with the branchings, di-
vifions, and fubdivifions in the branchings of thefe Figures in frozen
Urines {o that if the Figures of both be well confider’d, one would ghefs
that there were not much greater need of a_fewinal principle for the pro-
duction of Fearn, then for the production of the branches of Vrine, or
the Stella martis, there feeming to be as much form and beauty in the
one as in the other.

And indeed, this Plant of Fear#, if all particularsbe well confider'd,
will feem of as fimple, and uncompounded a form as any Fegetable, next
to Monld or Mufhromes, and would next after the invention of the forms
of thofe, deferve to be enquir'd into s for notwithftanding feveral have
affirm'd it to have feed, and to be propagated thereby 5 yet, thoughI
have made very diligent enquiry after that particular, Icannot find that
there is any part of it that can be imagin'd to be more feminal thenan-
other : But this onely here by the by :

For the freezing Figuresin Urine, I found it requifite,

Firft, that the Superficies be not difturbed with any wind, or other

commotion of the air, or the like.

Secondly,
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Secondly, that it be net too long expofed, {o as that the whole bulk
be frozen for oftentimes,in fuch cafes,by reafon of the fwelling the of zce,
or from fome other caufe, the curious branched Figures difappear.

Thirdly, an artificial freezing with $zew and Salt, apply’d to the out-
fide of the containing Veflel, fucceeds not well, unlels there be a very
little quantity in the Veflel. :

Fourthly, If you take any cleer and {mooth Glafs,and wetting all the
infide of it with Drize, you expole it to a very fharp freezing, you will
find it cover'd with a very regular and curious Figure. :

IL
Obfervalls in figur'd Snow.

Expofing a picce of black Cloth, or a black Hatt to the falling s#omw,
I have often with great pleafure, obferv'd fuch an infinite variety of cu-
rioufly figur'd $womw,that it would be asimpofiible to draw the Figure
and fhape of every one of them, as to imitate exactly the curious and
Geometrical Mechanifme of Naturein any one. Some coorfe draughts,
fuch as the coldnefs of the weather, and the ill provifions, I had by me
for fuch a purpofe, would permit me to make, I have here added inthe
Second Figure of the Eighth Scheme.

Inall which Tobferv'd, thatif they were of any regular Figures, they
were always branched out with fix principal branches, all of equal length,
fhape and make, from the center, being each of them inclin'd to either of
the next branches on either fide of it, by an angle of fixty degrees.

Now, asall thefe ftems were for the moft part in one flake exattly of
the fame'make, fo were they in differing Figures of very differing ones;
fo thatin a very little time I have obferv’d above an hundred feveral cizes
and fhapes of thefe ftarry flakes.

The branches alfo out of each {tem of any one of thefe flakes, were ex-
altly alike in the fame flakes o that of whatever Figure one of the
branches were, the other five were fure to be of the fame, very exadtly,
that is, if the branchings of the one were {mall Perallelipipeds or Plates,
the branchings of the other five were of the fames; and generally, the
branchings were very conformable to the rules and method obferv'd be-
fore, inthe Figures on Urize, thatis, the branchingsfrom each fide of
the {tems were parallel to the next {tem on that fide, and if the ftems
were plated, the branches alfo were the fame if the ftems were very
long, the branches alfo were o, &-c.

Obferving fome of thefe figur'd flakes with a Adicrofcope, 1 found them
not to appear {o curious and exactly figur’d as one would have imagin'd,
but like Artificial Figures, the bigger they were magnify'd, the moreir-
regularites appear’d in them; bur this irregularity feem’d afcribable to
the thawing and breaking of the flake by the fall, and not at all to the
defelt of the plaftick virtue of Nature, whofe curiofity in the formation
of moft of thefe;kind of regular Figures,fuch as thofe of salt, ainerals,&e.

O 2 appears
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appearsby the help of the aicrofiope, to be very many degrees fmaller
then the moft acute eye is able to perceive withoutit. And though one
of thefe fix-branched Stars appear’d here below much of the fhape de-
fribed in the Third Figure of the Eighth Scheme 5 yet I am very apt to
think,that could we have a fight of one of them througha aserofcope as
they are gencrated in the Clouds before their Figures are vitiated by
external accidents,they would exhibit abundance of curiofity and neat-
nefs there alfo, though never fo much magnify’'d : For fince I have ob-
ferv'd the Figures of Salts and Minerals to be fome of them fo exceeding
{mall, that I have {carcely been able to perceive them with the zcrofcope,
and yet have they been regular, and fince (as faras Thave yet examin'd
it) there {eems to be but one and the fame caufe that produces both thefe
effects, I think it not irrational to fuppofe ghat thefe pretty figur'd Stars
of $now, when at firft generated might be alfo very regular and exact.

IL
Several kinds of Figures in Water frozen.

Putting fair Water into a large capacious Veflel of Glafs, and expofing
it to the cold, I obferv'd after a little time, feveral broad, flat, and thin
lamine, or plates of Ice, crofling the bulk of the water and one another
very irregularly, onely moft of them feem’d to turn one of their edges to-
wards that fide of the Glafs which was next it, and feem'd to grow, as
‘twere from the infide of the Veflel inwards towards the middle, almoft
like fo many blades of Fer». Having taken feveral of thefe plates out of
water on the blade of a Knife, Iobferv'd them figurd much after the
manner of Herring bones, or Fern blades, thatis, there was one bigger
ftem in the middle like the back-bone, and out of it, on either fide, were
a multitude of fmall/Zrie, or icicles, like the fmaller bones,or the fmaller
branches in Fer, each of thefe branches on the one fide, were parallel to
all the reft on the fame fide, and all of them feem’d to make an angle
with the ftem,towards the top, of fixty degrees, and towards the bot-
tom or root of thisftem, of 120. See the fourth Fignre of the 8. Plate.

I obferv’d likewife feveral very pretty varieties of Figures in Water,
frozen on the top of abroad flat Marble-ftone, expos'd tothe cold with
a little Water on it, fome like feathers, fome of other (hapes, many of
them were very much of the fhape expreft in the fifth Figure of the
8. Scheme, which is extremely differing from any of the other Figures.

I obferv'd likewife, that the fhootings of Ire on the top of Water, be-
ginning to freez, were in ftreight prifmatical bodies much like thofe of
roch-peter, that they croft eacﬁ other ufually without any kind of order
or rule, that they were alwaysa little higher then the furface of the Wa-
ter that lay between them; that by degrees thofe interjacent fpaces
would be fill'd with Zee alfo, which ufually would be as high as the fur-
face of the reft.

Inflakes of Zce that had beenfrozen on the top of Water to any con-
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fiderable thicknefs, [ obfcrv'd that both the uppet and the under fides
of it were curioufly quill'd, furrow'd, or grain'd, asit were, which when
the Sun fhone on the Plate, was exceeding cafily to be perceivid to be
much after the fhape of the lines in the 6. Figure of the 8. Schewe, that is,
they confilted of feveral ftreight ends of paralle] Plates, which were of
divers lengths and angles to one another without any certain order.

The caufe of all which regular Figures (and of hundreds of others;
namely of Salts, itinerals, Metals,&c. which I could have here inferted,
would it not have been toolong) feemsto be deducible from the fame
Principles,which Ihave (in the 13. Obfervation) hinted only, having not
yet had time to compleat a Theory of them. But indeed (which I there
alfo hinted) T judge it the fecond ftep by which the Pyramid of natus
ral knowledge (which is the knowledge of the form of bodies) is to
be afcended: And whofoever will climb it, muft be well furnifh’d
with that which the Noble Verulum calls Scalavs Intelledus 5 he muft
have fealing Ladders, otherwile the fteps are fo large and high, there
will be no getting up them, and conlequently little hopes of attaining
any higher ﬁarion, fuch as to the knowledge of the moft fimple principle
of Vegetation manifefted in Mould and Mufhromes, which, as I elfe-
where endeavoured to thew, feems to be the third fteps for it feemsto
me, that the Intellett of man is like his body, deftitute of wings, and
cannot move frem a lower to a higher and more fublime {tation of know-
ledg,ptherwife then ftep by ftep,nay even there where the way is prepar'd
and already made paflible ; as in the Elewents of Geometry, or the like,
where it is fain to climb a whole ferjes of Propofitions by degrees, before
it attains the knowledge of one Probleme. But if the afcent be high, dif:
ficult and above its reach, it muft have recourfe to a wovum organun,
fome new engine and contrivance, fome new kind of Algebra, or Analy-
tick Art before it can furmount it.

Obferv. XV, Of Kettering-ftone, and of the pores of Inani-
mate bodies.

His Stone which is brought from Kettering in Northampton-fhire and
digg’d out of a Quarry, as T am inform'd, has a grain altogether
admirable, nor have I everfeen or heard of any other ftone that has the
like. Tt is made up of an innumerable company of fmall bodies, not all
of the fame cize orfhape, but for the moft part, not much differing from
a Globular form, nor exceed they one another in Diameter above three
or four times ; they appear to the eye, like the Cobb or Ovary of a Her-
ring, or fome fmaﬂcr thcs, but for the moft part, the particles feem
fomewhat lefs, and not fo uniform; but their variation from a perfect
globuiar ball,feemsto be only by the preffure of the contiguons bals which
ave a little depreft and protruded thofe toucht fidesinward, and forc;; d
the
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the other fides as much outwards beyond the limits of a Globe 5 juft as
it would happen,if a heap of exactly round Balls of foft Clay were heap'd
upon oneanother; or, as [ have often feen a heap of {mall Globules of
Quicksilver, reduc’d to that form by rubbing it much in a glaz'd Vefiel,
with fome {limy or {luggifh liquor, fuch as Spittle, when though the toE
of the upper Globules be very neer {pherical, yet _thoﬁe that are pre

upon by others, exactly imitate the forms of thefe lately mention’d

ains. .

Where thefe grains touch each other, they are o firmly united or
fettled together, that they feldom part without breaking ahole in one
or th'other of them, fuch as 4, 4,4, b,c, ¢ ,&c. Some of which fractions,
as 4, 4, a, 2, wherethe touch has been but light, break no more then
the outward cruft, or fir(t thell of the ftone, whichis of a white colour,
a little dafh’d with a brownifh Yellow,and is very thin,like the fhell of an
Egg: and I have feen fome of thofe grains perfectly refemble fome kind
of Eggs.both in colour and fhape : But where the union of the contiguous
granules has been more firm, there the divulfion has made a greater
Chafm, asat b, 4,4, in fo much that I have obferv’d fome of them quite
hrokenin two, asat ¢, ¢, ¢, whichhas difcovered to me a further refem-
blance they have to Eggs.they having anappearance of a white and yelk,
by two differing fubftances that envelope and encompafs each other.

That which we may call the white was pretty whitifh neer the yelk,
but more dufkie towards the fhell ; fome of them I could plainly per-
ceive to be fhot or radiated like a Pyrites or fire-flone 5 the yelk in fome
I faw hollow, in others filld with a dufkie brown and porous fub-
ftance like a kind of pith.

‘The fmall pores, or interftitia ¢ e e e betwixt the Globules, I plainly
faw,and found by other trials to be every way pervious to air and water,
for I could blow through a piece of this ftone of a confiderable thicknefs,
as eafily asI have blown through a Cane, which minded me of the pores
which Des Cartes allow his materia fubtilis between the ethereal globules.

The object, through the Aicrofcope, appears like a Congeries or heap
of Pibbles, fuch asI have often feen caft up on the fhore; by the work-
ing of the Sea after a great ftorm, or like (in fhape, though not colour)
a company of fmall Globules of Quickfilver, look'd on with a.Mz'cr:{aﬁape,
when reduc’d into that form by the way lately mentioned. And per-
haps, this laft may give fome hint at the manner of the formation of the
former : For fuppofing fome Lapidefcent fubftance to be generated, or
fome way brought (either by fome commixture of bodies in the Sea it
felf, or protruded in, perhaps, out of fome fubterraneons caverns) tothe
bottom of the Sea,and there remaining in the form of a liquor like Quick-
filver, heterogencows to the ambient Salize fluid, it may by the working
and tumblings of the Sea to and fro be jumbled and comminuted into
fuch Globules as may afterwards be hardned into Flints, the lying of
which one upon another, whenin the Sea, being not very hard, by rea-
{on of the weight of the incompaffing fluid, may caufe the undermoft to
be a little,though not much, varied from a globular Figure. But thisonly
by the by. After
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After what manner this Kettering-ftore {hould be generated I cinnot
learn, having never been there to view the place, and obferve the cir-
cumftances ; but it feems to me from the firucture of it to be generated
from fome fubftance once more fluid, and afterwards by degrees growing
harder, almoft after the fame manner as I fuppofed the generation of
Flints tobe made.

But whatever were the caufe of its curious texture, we may learn this
information from it; that even in thofe things which we accountyvile,
rude,and coorfe, Nature has not been wanting to thew abundance of cu-
riofity and excellent Mechanifme.

We may here find a Stone by helpof a adicrofcope, to be made up of
abundance of fmall Balls, which do but juft touch each other, and yet
there being fo many contacts,they make a firm hard mafs, or a Stone much
harder then Free-{tone. '

Next, though we can by a Microfcope difcern fo curious a fhapein the
particles, yet to the naked eye there fcarce appears any fuch thing’s
which may afford us a good argument to think, that even in thofe bodies
al{o, whofe texture we are not able to difcern, though help’d with Aicro-

Jeopes, there may be yet Jatent {o curiousa Schematifme, that it may abun-
dantly fatisfie the curious fearcher, who fhallbe fo happy as to find fome
way to difcover it.
Next, we here find a Stone, though to the naked eyea very clofe one,
yet every way perforated with innumerable pores,which are nothing elfa
but the 7nterftitia,between thofe multitudes of minute globular particles,
that compofe the bulk it felf; and thefe pores are not only difcover'd by
the Microfcope, but by this contrivance.
Itook a pretty large piece of thisftone, and covering it all over with
cement, fave only at two oppofite parts, I found my felf able, by blowing
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 open and pervious through the whole ftone, which affords usa very
pretty inftance of the poroufnefs of fome fecmingly clofe bodies,of which
kind I{hall anon have occafion to fubjoyn many more, tending to prove
the fame thing.
| I muft not here omit to take notice, that in this body there is not a
-~ wegetative faculty that fthould {o contrive this {tructure for any peculiar

ufe of Vegetation or growth, whereas in the other inftances of vegetable
porous bodies, there isan anima, or forma informans,that does contrive
all the Structures and 2sechanifmes of the conftituting body, to make
them fubfervient and ufefull to the great Work or Fun¢tion’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 Greatand Alwife Creator, for the conveyance of appropriated juyces
to particular parts. And therefore,that this may tend, or be perviousall
towards one part.and may have impediments,as valves or the like, to any
other; but in thisbody we have very little reafon to fufpect there fhould
be any fuch defign, for it is equally pervious every way, not omelyfog-

: X Wardy
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ward, but backwards,and fide-ways, and feems indeed much rather to be
Homogeneows or fimilar to thofe pores, which we may with great proba-
bility believe to be the channels of pellucid bodies, not directed, or more
open any one way, then any other, being equally pervious every way.,
And, according as thefe pores are more or greater in refpeét of the -
terftitial bodies, the more tranfparent are the {o conftituted concretes;
and the fmaller thofe pores are, the weaker is the Zmpulfe of light com-
municated through them, though the more quick be the progrefs.

Upon this Occafion, Thope it will not be altogether unfeafonable, if I
propound my conjectures and Hypothefis about the medium and cons
veyance of light.

I fuppofe then, that the greateft part of the Interftitia of the world,
that lies between the bodies of the Sun and Starrs, and the Planets, and
the Earth, to be an exceeding fluid body, very apt and ready to be
mov’d.and to communicate the motion of any one part to any other part,
though never fo far diftant : Nor do I much concern my felf, to deter-
mine what the Figure of the particles of this excecdingly fubtile fluid
medium muft be; nor whether it have any interftitiated poresor vacui-
ties, it being fufficient to folve all the Phenomena to fuppole it an exceed-
ingly fluid, or the moft fluid body in the world, and as yet impofiible to
determine the other difficulties. '

That being fo exceeding fluid a body,it eafily gives pafiage toall other
bodies to move to and froin it.

That it neither receives from any of its parts, or from other bodies;
nor communicates to any of its parts, or to any other body, any impulfe,
or motion in a direct line, that is not of a determinate quicknefs. And
that when the motion is of fuch determinate fwiftnefs, it both receives,
and communicates,or propagates animpulfe or motion to any imaginable
diftance in {treight lines, with an unimaginable celerity and vigour.

That all ‘king of folid bodies confift of pretty maflie particles in re-
fpect of the particles of this fluid #edium, which in many places do fo
touch each other,that none of this fluid mzedinz interpofes much after the
fame mannner (to ufe a grofs fimilitude) asa heap of great ftones compafs
one great congeries or mafs in the midt of the water.

That all fluid bodies which we may call tangible, are nothing but fome
gn:é:z fubtile parts of thofe particles, that ferve to conftiture all rangible

ies.

That the water, and fuch other fluid bodies, are nothing but 2
congeries of particles agitated or made fluid by itin the fame manner as
the particles of S/t are agitated or made fluid by a parcel of water, in
which they are diffolv’d, and fubfiding to the bottom of it, conftitute
fluid body, much more maffie and denfe, and lefs flnid then the pure
water it felf. :

That the air on the other fide is a certain company of particles of quite
another kind, that is, fuch as are very much fmaller, and more eafiely
moveable by the motion of this fluid medium ; much like thofe very fub-

tile parts of Cochenel;and other very decp tinging bodies,where by a{verlji
maitt
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fmall parcel of matteris able to tinge-and diffufe it.felfover a. very. great.

uantity of the fluid diffolvent; or fomewhat after that manner, as

moak; andfuch like minute bodies; or fteams, are obferv'd to tinge a

very great quantity of airs onely: this Jaft fimilitude is deficient in one
propriety, and that'is a perpetuity or continuance in that ftate of com-
mixture with the air, but the former,does more neerly approach to the
nature” and manner of the air’s being difielv'd by this fluid or Zither,
And this Similitude will further hold i thefe proprietiess. that as thofe
tinétures may be increaféd by certain bodies,fo may they be precipitated.
by otherss as I fhall afterwardsfhew it to be very probable, that the like
accidents happen even to the Airiit felf: _

Further; as thefe folutions-and. tinctures. do. alter the nature of thefe
fluid bodies;as to their aptnefs to propagate amation or impulfe through
them, even fo' does the particlesof the Air, Water, and other fluid bo-
dies;and of Glafs, Cryftal, &ve. which are commixt withthis bulk of the
Atker, alter the motion of the propagated pulfe of light s that is, where
thefe more bulkie particles are more plentifull, and confequently a leffer
quantity of the Zther between therm to be mov’'d,there the motion muft
necefiarily be the fwifter;though not fo robuft, which will preduce thofe
effects, which I have (I hope) with fome probability, afcribed to itin
the digreflion about Colours; at the end of the Obfervations on Juf

rmgl'-gkz !

ow, that other Stones, and thefe which have the clofeft and hardeft
textures, and feem (as far as we are able to difcover with our eyes;
though help'd with the beft Microfcopes) freeft from pores, are yet not=
with{tanding repleni{h’d with. them.; an Inftance or two will, 1 fuppofe,
make more probable:

A veéry folid and unflaw’d piece of cleer white Marble, if it be well
polifh’'d and glaz’d, hasfo curioutly {mooth a furface, that the beft and
moft polith’'d furface of any wrought-glafs, {eems notto the naked eye,
- nor through a Microfeope, to be more {mooth, and lefs porous. And yet;
that this hard clofe body is replenifh'd with abundanee of pores, Ithink
thefe following Experiments will {ufficiently prove.

_ The firft is, That if you take fuch a piece, and for a pretty while boyl
it i Turpentine and Oyl of Turpentine, youfhall find that the ftone will
be all imbu’d with it ; and whereas before it look’d more white,but more
opacous, now it will look more greafie, but be much more tranfparent,
andif you let it lie but a little while, and then break off a part of it, you
fhall find the unétuous body to have penetrated it to fuch a determinate
depth every way within the furface. Thismay be yet eafier try’d with a
picce of the fame Azarble, a little warm’d in the fire,and then alittle Pitch
or Tarr melted onthetop of it for thefe black bodies, by theit infinu-
ating themfelves into the invifible pores of the ftone, ting it with fo black
- a hue; that there can be o further doubt of the truth of this aflertion;
that it abounds with fimall imperceptible pores: , :

Now, that other bodies will alfo fink into the pores of Marble, beﬁd_cs
#néuews; 1 have try'd, and found; that a very Blue tin€hure made i

v
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[pirit of Drine would very readily and eafily fink into it, as would alfo
feveral tinCtures drawn with fpirst of Wine.

Nor is Marble the only feemingly clofe ftone,which bﬁ other kinds of
Experiments may be found porouss for I have by thiskind of Experi-
ment on divers other ftones found much the fame effect, and in fome, in-
deed much more notable. Other ftones I have found fo porous, that with
the Microfeape 1 could perceive feveral fnall winding holes, much like
Worm-holes,asI have noted in fome kind of Purbeckftone, by looking on
the furface of a piece newly flaw'd off; forif otherwife, the furface has
been long expos'd to the Air, or has been fcraped with any tool, thofe
{mall caverns are fill'd with duft,and difappear.

And to confirm this Conjecfure, yet further,I fhall here infert an excel-
lent account.given into the Royal Society by that Eminently Learned Phy-
fician, Doctor Goddard, of an Experiment, not lefs inftructiveZthen curi-
ous and accurate, made by himfelf on a very hard and feemingly clofe
ftone call'd Oculus Mundi, as 1find it preferv'd in the Records of that
Honourable Society.

A {mall ftone of the kind, call'd by fome Authours, Oculus
Mundi, being dry and cloudy, weighd 5 :2 Grains.

The fame put under water for a night, and fomewhat more,
became tranfparent, and the fuperficies being wiped dry,
weighed 6 2 Grains.

The difference between thefe two weights, o £ of a Grain.

The fame Stone kept out of water one Day and becoming
cloudy again weighed, 5 Graines.

Which was more then the firft weight, o of a Grain.

The fame being kept two Days longer weighed, 53 Graines.

Which was lefs then at firft, o2 of a Grain.

Being kept dry fomething longer it did not grow fenfibly
lighter,

Being put under water for a night and becoming again tranf-
parent and wiped dry, the weight was, 62, Grains, the fame
with the firft after putting in water, and more then the laft
weight after keeping of it dry, o2 of a Grain.

Another Stone of the famekind being variegated with milky
white and gray like fome forts of Agates, while it lay under water,
was alwaies invironed with little Bubbles, fuch as appear in

water
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water a lictle before boyling , nexc the fides of the Vefiel,

There were alfo fome the like Bubbles on the Surface of the
water juft over it,as if either fome exhalations came out of it,
or that it did excite fome fermentation in the parts of the water
contiguousto It.

There was little fenfible difference in thie tranfparency of this
Stone,before the putting under water, and after ;  Tobe fure the
milky-mhite parts continuedas before, but more difference in
weight then in the former. For whereas before the putting
into the water the weight was 18 2 Graines. - After it had lyen
in about four and twenty hours the weight was 205 Graines, {o
the difference was, 12, Graines. . -

The fame Stone was infufed in the water fealding hot,and {o
continued for a while after it was cold, but gotno more weight
then upon infufing in the cold, neither was. thereany fenfible
Difference in the weight both times, o

In which Experiment,there are three Obfervablessthat feem very mani:
feftly to prove the poroufnefs of thefe feemingly clofe bodies: the firft
is their acquiring a tranfparency, and lofing their whitenefs after fteeping
in water, which will feem the more ftrongly to argue it, if whatl have
already faid about the making tranfparent, or claritying of fome bodies,
as the white powder of beaten Glafs, and the froth of fome glatinous
tranfparent liquor be well confider'd 3 - for thereby it will feem rational
to think that this tranfparency arifes from the infinuation of the water
(which has much the fame refraction with fuch {tony particles, as may be
difcoverd by Sand view’'d with a aicroféope)into thofe pores which were
formerly repleat with air (that has a very differing refraction, and con-
fequently is very reflective) which feems to be confirm’d by the fecond
Obfervable, ‘namely, ‘théincreafe of weight after fteeping, and decreafe
upon drying. And thirdly,feem’d yet more fenfibly confirm’d by the mul-
titude of bubblesin the laft Experiment. £

We find alfo moft Acid Salts very readily to diffolve and feparate the
partsof thisbody one from another § which is yet a farther Argument to
confirm the poroufnefs ot bodies, and will ferve asfuch, to thew that
even Glafs alfo has an abundance of peres it it,{mce there are feveral li-
quors, that with long ftaying ina Glafs; will o Cerrode and eat intoit, as
at laft, to’'make it pervious to the liquor it contain'd, of which Thave
{een very many Inftances. '

Since therefore we findi by other proofs, thae many of thofe bodics
P2 Wthh
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which we think the moft folid ones, and appear {o to our fight, have not-
with{tanding abundance of thofe grofier kind of pores, which will ad-
mit feveral kinds of liquors into them, why fhould we not believe that
Glafs, and all other tranfparent bodies abound with them, fince we have
many other arguments, befides the propagation of light, which feemto
argue for it ? _ g §:2

And whereas it may be objected, that the propagation of lightis no
argument that there are thofe atomical pores in glafs, fince there are Hy-
pothefes plaufible enough to folve thole Phenomena, by fuppofing the
pulfe onely to be communicated through the tranfparent body.

“To this I anfwer, that that Hypethefis which the induftrious Moreanss
has publifh’'d about the {lower motion of the end of a Rayin a denfer
sedinm,thenin a more rare and thin,feems altogether unfufficient to folve
abundance of Phenomena, of which this is not the lealt confiderable,that
it is impoffible from that fuppofition, that any colours fhould be gene-
rated from the refraltion of the Rayss for finee by that Hypothefis the
undulating pulfe is always carried perpendicular, or at right angles with
the Ray or Line of direftion, it follows, that the ftroke of the pulfe of -
light, after it has been once or twice refracted (through a Prifme,for ex-
ample) muft affect the eye with the fame kind of ftroke as if it had not
been refrated atall. Nor will it be enough for a Defendant of that Hy-
pothefis, to fay, that perhaps it is becaufe t.he refractions have made the
Rays more weak, for if {o, then two refractions in the two parallel fides
of a Quadrangular Prifwe would ptoduce colours, but we have no fuch
Phenemena produc’d.

There are feveral Arguments that T could bring to evince that there
are in all tranfparent bodies fuch atomical pores. And that there is fuch
a fluid body as I am arguing for, which is the avedium, or Inftrument, by
which the pulfe of Light is convey'd from the lucid body to the en-
lightn'd. But that it being a digrefiion from the Obfervations I was re-
cording, about the Pores of Kettering Stone, it would be too much fuch,

if I fhould protrat it too long; and therefore I fhall proceed to the
next Obfervation.

Obferv. XVI. Of Charcoal, or burnt Vegetables,

Harcoal,or a Vegetable burnt black,affords an objeét no lefs pleafant
than inftructive 5 for if youtake a {mall round Charcoal,and break

it fhort with your fingers, you may perceive it to break with a very
{mooth and {leck fur%ace, almoft like the furface of black fealing Wax ;
this furface, if it be look’d on with an ordinary Aficreféope, does manifeft
abundance of thofe pores which are alfo vifible to the eye in many kinds
of Wood, rang'd round the pith, both a in kind of circular order, and a
radiant one. Of thefe there are a multitude in the fubftance of the Coal,
every where almolt perforating and drillibg. it from end to end 5 by

means
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means of which, be the Coal never {o long, you may eafily blow through
it 5 and this you may prefently find,by wetting one end of it with Spittle,
and blowing at the other.

But thisis not all, for befides thofe many great and confpicuous irre-
gular {pots or pores, if a better Microfcope be made ufe of, there will ap-
pear an infinite company of exceedingly fmall, and very regular pores,
fo thick and fo orderly fet; and fo clofe to one another, that they leave
very little room or fpace between themto be fill'd withafolid body, for
the apparent Jnterftitia, or feparating fides of thefe pores feem fo thinin
fome places, that the texture of a Honey-comb cannot be more porous.
Though this be not every where {o, the intercurrent partitions in
fome places being very much thicker in proportion to the holes.

Moft of thefe {mall pores feem’d to be pretty round, and were rang’d
in rows that radiated from the pith to the bark; they all of them
feem’d to be coutinued open pores, running the whol¢ length of the
Stick 5 and that they were all perforated, I try’d by breaking off a very
thin (liver of the Coal crefs-ways, and then with my Aicrofeope diligent-
ly furveying them againft the light, for by that means I wasable to fee
quite through them.

Thefe pores were {o exceeding fmall and thick,thatina line of them,
s» part of an Inch long, I found by numbring them no lefs then 150,
{mall pores ; and therefore in a line of them an Inch long, muft be no lefs
then 2700. pores, and in a circular area of an Inch diameter, muft be
about 5725350. of the like pores; {0 that a Stick of an Inch Diameter,
may containe no lefs then feven hundred and twenty five thonfand, be-
fides 5 Millions of pores,which would, I doubt not, feem even incredible,
were not every one left to believe his own eyes. Nay, having fince ex-
amin'd Cocws, black and green Ebony, Lignum Vite,&ec. 1 found, that all
thefe Woods have their pores, abundantly fmaller then thofe of foft light
Woed s in fo much, that thofe of Guajacum feem’d not above aneighth
part of the bignefs of the pores of Beech, but then the Duerflitia were
 thicker; {o prodigioutly curiousare the contrivances, pipes, or flucesby
which the Swccus nutritins, or Juyce of a Vegetable is convey'd from
place to place.

This Obfervation feems to afford us the true reafon of feveral Phe-
nomena of Coals 3 as

Firft, why they look black; and for this we need go no further then
the gcheme, for certainly, abody that has {o many pores in it as this is dif-
cover'd to have, from each of which no light is refle¢ted, muft neceflarily
look black, efpecially, when the pores are fomewhat bigger in proporti-
on tothe interyals then they are cut in the Schewre, black being nothing
elle buta privation of Light, or a want of refleftion; and wherefover
this reflecting quality is deficient, there does that part look black, whe-
ther itbe from a poroufnefs of the body, asin thisInftance,or in a deadning
and dulling quality, fuch as I have obferv'd in the Scoria of Lead, Tin,
Silver, Copper, &ve.

Next, we may alfo as plainly fee the reafon of its fhining quality, :;i‘ld

that
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that is from the even breaking off of the ftick, the folid imterftitia
having a regular termination or furface, and having a pretty ftrong re-
flecting quality, the many {mall refletions become united to the naked
eye, and make a very pretty fhining furface.

Thirdly.the reafon of its hardnefs and brittlenefs feems evident . for fince
all the watery or li?uid fubftance that moiftn'd and toughn’d thofe Znter-

itia of the more folid parts, are evaporated and remov’'d, that which
is left hehind becomes of the nature almoft of a ftone, which will not at
all, or very little,bend without a divalfior or folution of its continuity,

It is not my defign at prefent, to examine the ufe and Adechanifme of
thefe parts of Wood, that being more proper to another Enquiry 35 but
rather to hint, that from this Experiment we may learn,

Firft; what is the caufe of the blacknefs of many burnt bodies, which
wemay find to be nothing elfe but this; that the heat of the fire agi-
tating and rarifying the waterifh, tran{parent, and volatile water that is
contain’d in them,by the continuation of that action,does fo totally expel
and drive away all that which before fill'd the pores, and was difpers'd
alfo through the folid mafs of it, and thereby caus'd an univerfal kind of
tranfparency, that it not onely leaves all the pores empty, but all the 1+
terflitia alfo fo dry and epacows, and perhaps alfo yet further perforated,
that that light onely is reflected back which falls upon the very outward
edges of the pores, all they that enter into the pores of the body, never
returning, but bcinﬁ loft in it.

Now, that the Charring or coaling of a body is nothing elfe, may be
cafily ‘believ'd by one that fhall confider the means of its production,
which may be done after this, or any fuch manner. The body to be
charr'd or coal’'d, may be putinto a Cracible,Pot,or any other Vefiel thar
will endure to be made red-hot in the Fire without breaking, and then
cover’d over with Sand, {o as no part of it be fuffer'd to be opet'tothe
Air, then fet into a good Fire, and there kept till the Sand has continu’d
red hot for a quarter, half, an hour or two, or more, according to the
nature and bignefs of the body to be coal'd or charr'd, then taking it out
of the Fire,and letting it ftand till it be quite cold,the body may be taken
out of the Sand well charr’d and cleans'd of its waterifh partsy butin the
taking of it out, care muft be had that the Sand be very neer cold, for
elfe, when it comesinto the free air, it will take fire, and readily burn
away.

This may be done alfoin any clofe Veflel of Glafs, as a Retort, or the
like, and the feveral fluid fubftances that come over may be receiv'd in
a fit Recipient, which will yet further countenance this Hypotbefir : And
their manner of charring Wood in great quantity comes much to the famie
thing, namely, an application of a great heat to the body, and preferving
it from the free accefs of the devouring air 5 this may be eafily learn'd
from the Hiftory of Charring of Coal, moft excellently. deferib’'d and
publifl'd by that moft accomplift'd Gentleman, Mr. John Evelin, in the
100, 101, 103, pages of his Sylva, to which I fhall therefore refer the cus
rious Reader that defiresa full information of it, 20 :
Next
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Next, we may learn what part of the Wood it is that is the conshnflille
matter ; for fince we fhall find that none, or very little of thofe fluid fub-
ftances that are driven over into the Receiver are combuftible, and that
moft of that which is left behind is {0, it follows, that the folid interftitia
of the Wood are the combuftible matter. Further, the reafon why un-
charr'd Wood burns with a greater flame then that which is charr'd, isas
evident, becaufe thofe waterifh or volatil parts iffuing out of the fired
Wood, every way, not onely fhatter and open the bo y, the better for
thefire to enter, but ifluing out in vapours or wind, they become like
{o many little eolipiles, or Bellows, whereby they blow and agitate the
fird part, and conduce to the more fpeedy and violent confumption or
diflolution of the body.

Thirdly, from the Experiment of charring of Coals (whereby we fee
that notwithftanding the great heat, and the duration of it, the folid
parts of the Wood remain, whileft they are preferv'd from the free accefs
of the air undiffipated) we may learn,that which has not,that I know of,
been publifh'd or hinted, nay, not fo much as thought of, by any ; and
that infhort is this.

Firft, that the 4ir in which we live, move, and breath, and which en-
compales very many, and cherifhes moft bodies it encompafies, that this
Air is the menftrunm,or univerfal diffolvent of all sulphureons bodies.

Sccondly, that this aition it performs not, till the body be firft fuffi-
ciently heated, aswe find requifite alfo to the diffolution of many other
bodies by feveral other menftruums.

Thirdly, that this action of diflolution, produces or generates a very
great heat,and that which we call Fire 3 and this is common alfo to man
diflolutions of other bodies, made by menftrunms, of which I could give
multitudes of Inftances.

Fourthly, that this ailion is perform'd with fo great a violence, and
does {o minutely act, and rapidly agitate the fmalleft parts of the com-
hétﬁible matter, thatit produces in the diaphanous medium of the Air, the
action or pulfe of light,which what it is, I have elfe-where already (hewn.

Fifthly,that the diffolution of fulphureous bodies is made by a fubftance
inherent, and mixt with the Air, that islike, if not the very fame, with
that which is fixt in Salt-peter, which by multitudes of Experiments that
may be made with Saltpeter,will, I think,moft evidently be demonftrated.

Sixthly, that inthis diffolution of bodies by the Air, a certain part is
united and mixt, or diffolv’d and turn'd into the Air, and made to flyu
and down with it in the fame manner as a metalline or other body dif-
folv'd into any menfiruums, does follow the motions and progrefles of
that menflruum till it be precipitated.

Seventhly, That as there is one part that is diffoluble by the Air.foare
there other parts with which the parts of the Air mixing and uniting,
do make a Coagulum, or precipitation, as one may call it, which caufes
it to be ﬁ:})arated from the Air, but this precipitate is {o light, and in
fo fmall and rarify’d or porous clufters, that it is very volatil, and is eafily
carry'd upby the motion of the Air,though afterwards,when the heat and

agitation
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agitation that kept it rarify'd ceafes,it eafily condenfes,and commixt with
other indiffoluble parts, it fticks and adheres to the next bodies it meets
withall ; and thisis'a certain Sa/¢ that may be extracted out of Soot.

Eighthly, that many indifloluble parts being veryapt and prompt to
berarify’d, and {o, whileft they continue in that heat and agitation, are
lichter then the Ambient Air, ate thereby thruft and carry’d upwards
w%:h’ great violence, and by that means carry along with them, not onely:
that saline concrete I mention'd before, but many terreftrial, or'indif~
foluble and irrarefiable parts, nay, many partsalfo which are difloluble,
but are not fuffer'd to ftay long enough in a fufficient heat to make them
promp arid apt for that action. And therefore we find in§007, not onely-
a part, that being continued longer in a competent heat, will be dif*
fo’{)y’d by'the Ait, or take fire and burn 3 but a part alfo which isfixt, ter-
reftrial, and irrarefiable.

Ninthly, thatasthere are thefe feveral partsthat will rarific and fly,
of bédriven upby the heat, foare there many others, that as they are
indiffoluble by the aerial menfirunm,fo are they of fuch {luggifh and grofs
parts, that they are not eafily rarify’d by heat, and therefore cannot be
rdis'd by it 5 the volatility or fixtnefs of a body feeming to confift only in
this, that the.oné is of a texture, or has component parts that will be
eafily rarify'd into the formof Air, and the other, thatithas fuchias will
riot,without much’'ado,be brought to fuch a conftitution; and-this is that
part which remains behind in a white body call'd Afhes, which contains
a fubftance,or Salt,which Chymifts call #/ka/7:what the particular natures
of each of thefe bodies are, I thall not here examine, intending it inan-
other place,but fhall rather add that this Hypothefis does fo exactly agree
with all Pheromena of Fire, and fo genuinely explicate each particular
circumftance thatI'have hitherto obferv'd, thatit is more then probable,
that this caufé whichI have affign’'d is the true adequate, real, and onely
caufe of thofe Phanemiena y And therefore I fhall procéed a little fur-
ther, to fhew the nature and ufé of the Air. -

Tenthly,therefore the diflolving parts of the Air are but few;that isit
feems of the nature of thofe Saline menftuums, or fpirits, that have very
much flegme mixt with the fpirits, and therefore a {fmall parcelof it is
quickly glutted, and will diffolvé no more 5 and therefore unlefs fome
frefh part of this menftrunm be apply'd to the body to be diffolv’d, the
action ceafes, and the body leaves tobe diffolv'd and to fhine, which is
the Indication of it, though plac'd or kept in the greateft heat; whereas
Salt-peter is a menftrnum, when melted and red-hot, that abounds more
with thofe Diffolvent particles, and therefore as a {mall quantity of it
will diffolve a great fulphureous body, fo will the diflolution be very
quick and violent.

Therefore in the Eleventh place, it is obfervable; that, asin othér
folutions, if a copious and quick fupply of freth menftruum, though but
teak, be poured on, or applied to the diffoluble body, it quickly con-
famesit : So this menfiranm of the Air, if by Bellows, or any other fuch
contrivance, it be copioufly apply’d to the fhining bedy, is found te

diflolve
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diffolve it asfoon, and as violently as the more ftrong wenflruun of
- melted Nitre.

Therefore twelfthly, it feemsreafonable to think that there isno fuch
thing asan Element of Fire that fhould attract or draw up the flame, or
towards which the flame fhould endeavour to afecend out of a defire or
appetite of uniting with that asits Homogeneal primitive and generating
Element 5 but that that fhining tranfient body which we call Flame, is
nothing elfe but a mixture of Air, and volatil fulphureous parts of diffo-
luble or combuftible bodies, which are ating upon each other whil(t
they alcend, that is, flame feems to be a mixture of Air, and the com-
buftible volatil parts of any body, which parts the encompafiing Air
does diflolve or work upon,which action,as it does intend the heat of the
aerial parts of the diflolvent,fo does it thereby further rarifie thofe parts
that are ating, cr that are very neer them, whereby they growing much
Tighter then the heavie parts of that Asenffrunm that are more remote,are
thereby protruded and driven upward 5 and this may be ealily obferv'd
alfo in diflolutions made by any other menftrunss, efpecially fuch as eithey
create heat or bubbles. Now, thisaction of the Menftunm, or Air, onthe
difioluble parts, is made with fuch violence, or is fuch, that it imparts
fuch a motion or pulfe to the diaphamows parts of the Air, asI have elfe-
where fhewn is requifite to produce light.

This Hypothefis T have endeavoured to raife from an Infinite of Obfer-
vationsand Experiments, the procefs of which would be much too long
tobe here inferted, and will perhaps another time afford matter copious
enough for a much larger Difcourfe, the Air being a Subject which
(thoughall the world has hitherto liv'd and breath’d in,and been uncons
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 of late)) written of it: But being once well underftood, it
will, I doubt not, inable a man to render an intelligible, nay probable, if
not the true reafon of all the Phenomena of Fire, which, as it has been
found by Writers and Philofophers of all Ages a matter of no fmall dif:
ficulty, asmay be fufficiently underftood by their {trange Hypothefes,and
unintelligible Solutions of fome few Phenomena of it ; fowill it prove a
matter of no{mall concern and ufe in humane affairs, asI fhall elfewhere
endeavour to manifeft when I come to fhew the ufe of the Airin refpi-
ration, and for the prefervation of the life, nay, for the confervation and
reftauration of the health and natural conftitution of mankind as well as
all other aereal amimals, asalfo the ufes of this principle or propriety of
the Air in chymical, mechanical, and other operations. In this place I
have onely time to hint an Hypothefis, which, if God permit me life and
opportunity, I may elfewhere profecute, improve and publifh. 'In the
mean time, before  finifh this Difcourfe, I muft not forget to acquaint the
Reader,that having had the liberty granted me of making {ome trials on
a piece of Lignum foffile fhewn to the Royal Society, by the eminently
Ingenious and Learned Phyfician, Doétor Ext, who receiv'd it for a Pre=
{ent from the famous Ingeniofo Cavalliero de Pozxi.it being one of the faireg

an
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and beft pieces of Lignum foffile he had feen; Having (Ifay) taken a
{mall piece of this Wood, and examin'd it, Ifound it to burn in the open
Air almoft like other Wood, and infteed of a refinous fmoak or fume,
it yielded a very bituminous one, fmelling much of that kind of fent: But
that which I chiefly took notice of, was, that cutting off a {mall picce of
it, about the bignefs of my Thumb, and charring it in a Crucible with
Sand, after the manner I above preferib’d, 1found it infinitely to abound
with the fmaller fort of pores, 1% extreme thick, and fo regularly perfo-
rating the fubftance of it long-ways, that breaking it off a-crofs, I found
it to look very like an Honey-comb; but as for any of the fecond, or
bigger kind of pores, I could not find that it had any 3 fo that it feems,
whatever were the caufe of its produétion, it was not without thofe
fmall kind of pores which we have onely hitherto found in Vegetable bo-
dies : and comparing them with the pores which T have found in the Char-
coals that I by thismeans made of {everal other kinds of Wood, I find it
refemble none fo much as thofe of Firr, to which it is not much unlikein
grain al{o, and feveral other proprieties.

And therefore,what ever is by fome, who have written of it,and parti-
cularly by Francifce Stelluto,who wrotea Treatile in Italian of that Sub-
je€t,which was Printed at Rome, 1637. affirm’d that it is a certain kind of
Clay or Earth, which in tract of timeis turn'd into Wood,Irather fufpect
the quite contrary, that it was at firft certain great Trees of Fir or Pine,
which by fome Earthquake, orother cafualty, came to be buried under
the Earth,and was there,after a long time’s refidence(according to the fe-
veral natures of the encompafling adjacent parts)either rotted and turn'd
into a kind of Clay, or petrifyd and turn'd into a kind of Stone, or elfe
had its pores fill'd with certain Mineral juices,which being ftayd in them,
and in traét of time coagulated, appear’d, upon cleaving out,like fmall
Metaline Wires, or elfe from fome flames or fcorching forms that are the
occafion oftentimes,and ufually accompanyEarthquakes,might be blafted
and turn'd into Coal, or elfe from certain fabterrancons fires which are
affirm’d by that Authour to abound much about thofe parts (namely, in
a Province of Italy, call'd Umbria, now the Dutchie of Spoletto, in the
Territory of Todi,anciently call'd Tudorsand between the two Villages of
Collefeceo and Rofaronot far diftant from the high-way leading to Rome,
where it is found in greater quantity then elfewhere)are by reafon of their
being encompafled with Earth, and fo kept clofe from the difiolving Air,
charrd and converted into Coal. It would be too longa work to de-
fcribe the feveral kinds of pores which I met withall, and by this means
difcovered in feveral other Vegetable bodies 5 nor isit my prefent defign
to expatiate upon Inftancesof the fame kind, but rather to give a Spe-
cimen of as many kinds as I have had opportunity as yet of obferving, re:
ferving the profecution and enlarging on particulars till 2 more fit op-
portunity 5 and in profecution of this defign, I fhall here add :

Obferv.
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Obferv. X VIL. Of Pctrify’d wood, and other Petrify'd bodies:

F this fort of fubftance, I obferv'd feveral pieces of very differing

kinds, both for their outward fhape, colour, grain, fexture, hard-
nefs, &c. fome being brown and redifh; others gray, like a Hone 5 othets
black, and Flint-like : fome foft,like a Slate or Whetftone, others ashard
as a Flint, and as brittle. That which I more particular examin'd,was a
piece about the bignefs of a mans hand, which feem’d to have been a part
of fome large tree, that by rottennefs had been broken off from it before
it began tobe petrify d.

And indeed, allthat Thave yet feen, feem tohave beenrotten Wood
before the petrifattion was begun; and not long fince, examining and
viewing a huge great 0ak, that fecm’d with meer age to be rotten as it
ftood, I was very much confirm’d in this opinion s t%r I found, that the
grain, colour, and fhape of the Wood, was exactly like this petrify'd fub-
ftance ; and with a Microfcope, I found, that all thofe Microfcopical pores,
which in fappy or firm and {ound Wood are fill'd with the natural or in-
nate juices of thofe Vegetables, in this they were all empty, like thofe
of Vegetables charr'd 5 but with this difference, that they feem’d much
larger then I have feen any in Char-coals 5 nay, even then thofe of Coals
made of great blocks of Timber, which are commonly call'd 0ld-coals.

The reafon of which difference may probably be, that the charring of
Vegetables, being an operation quickly perform'd,and whileft the Wood
is fappy, the more folid parts may more ealily {hrink together, and con-
tract the pores or interftitia between them, then in the rotten Wood,
where that natural juice feems onely to be wafl'd away by adventitions
or unnatural moifture 3 and fo though the natural juice be wafted from
between the firm parts, yet thofe parts are kept afunder by the adventi-
tions moyftures, and o by degrees fettled in thofe poftures.

And this I likewife foundin the petrify’d Wood, that the pores were
fomewat bigger then thofe of Charcoal, each pore being neer upon half
as bigg again, but they did not bear that difproportion which s expreft
in the tenth Scheme, between the fmall fpecks or pores in the firft Fi-
ﬁurc (which reprefenteth the pores of Coal or Wood charr'd) and the

lack fpots of the fecond Figure (which reprefent the like Microfcopical
pores in the petrify’'d Wood) for thefe laft were drawn by a Microfcope that
magnify'd the object above fix times more in Diameter then the Micro-
feope by which thofe pores of Coal were obferv'd. :
_Now, though they were a little bigger, yet did they keep the exalt
figure and order of the pores of Coals g of rotten Wood, which laft
alfo were much of the fame cize. :

The other Obfervations on this pet#ify d fubftance, that a while fince,
by the appointment of the ‘Royal Soviety, 1 made, and prefented to them
an account of, were thefe that follow, which had the honour done thtirom

Q 2 i
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by the moft accomplifh'd Mr. Ezelin, my highly honour’d friend, to be
inferted and publifhed among thofe excellent Obfervations wherewith
his Sy/va is replenifh’d, and would therefore have been here omitted,had
not the Figure of them, asthey appear'd through the Microfcope been
before that engraven. :

This Petrify d fubftance refembled Wood, in that

Firft, all the parts of it feem’d not at all diffecated, or alter'd from
their natural Pofition, whil'flt they were Wood, but the whole piece re-
tain'd the exact fhape of Wood, having many of the confpictious pores
of wood ftill remaining pores, and fhewing a manifeft difference vifible
enough between the grain of the Wood and that of the bark, efpecially
when any fide of it was cut fmooth and polite 5 for then it appear'd to
have a very lovely grain, like that of fome curious clofe Wood.

Next (it refembled Wood) in that all the fmaller and (if T may fo call
thofe which are onely vifible with a good magnifying Glafs) Aicrefcopi-
cal poresof it appear (both when the fubftance is cut and polith'd #ranf
verfly and parallel to the pores of it) perfectly like the Microfeopical pores
of {everal kinds of Wood, efpecially like and equal to thofe of feveral
forts of rotten Wood which I have fince obfervd, retaining both the
{hape,pofition and magnitude of fuch pores. It was differing from Wood :

Firft, in weight, being to common water as 33 to 1. whereas there are
few of our Englifi Woods, that when very dry are found to befullas
heavie as water.

Secondly, in hardnefs, being very neer as hard as a Flint 5 and in fome
places of it alfo refembling the grain of a Flint: and, like it, it would
very readily cut Glafs, and would not without difficulty, efpecially in
fome parts of it, be fcratch’d by a black hard Flint : It would alfo asrea-
dily ftrike fire againft a Steel, or againit a Flint, asany commeon Flint.

Thirdly, in the clofeneffof it, for though all the Microfcopical pores of
this petrify’d {ubftance were very confpicuous in one pofition ,yet by al-
tering that pofition of the polifh'd furtace to the light, it was alfo mani-
feft, that thofe pores appear’d darker then the reﬁ of the body, onely
becaufe they were fill'd up with a more dufkie fubftance, and not be-
caufe they were hollow.

Fourthly, in its incombuftiblencf, in that it would not burnin the fires
nay,though I kept it a good while red-hot in the flame of 2 Lamp, made
very intenfe by the blaft of a fmall Pipe, and a large Charcoal, yetit
feem’d not at all to have diminifh'd its extenfion 3 but only I found it to
havve chang’d its colour, and to appear of a more dark and dufkie brown
colour; nor could I perceivethat thofe parts which feem'd tohave been
Wood at firft, were any thing walted, but the parts appear’d as{olid and
clofe as before. It was further obfervable alfo, that asit did not confume
like Wood, fo neither did it erack and flie like a Flint, or fuch like hard
Stone, nor was it long before it appear’d red-hot.

Fifthly, in its diffelublenefSs for putting fome drops of diftill'd Vinegar
upénthé Stone, 1 found it prefently to yield'vety many Bubbles, juft like
thofe which may be obferv'din fPll'lI of Vinegar when it corrodes coraks,

though
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though perhaps many of thofe fmall Bubbles might proceed from fome
fmall parcels of Air which were driven out of the pores of this petrify'd
fubftance by the infinuating liquid menftrunm, ,

Sixthly, in its rigidue(s and friability, being not at all flexible but
brittle like "a Flint, infomuch that I conld with one knock of 2 Hammer
break off a piece ofit, and with a few more, reduce that into a pretty
fine powder.

Seventhly, it feem'd alfo very differing from Wood to the fouch, feel
ing more cold then Wood ufually does, and much like other clofe {tones
and Minerals.

The Reafons of all which Phenomena feem to be,

That this petrify'd Wood haying lain in fome place where it was well

loak’d with petrifying water (that is, fuch a water as is well impregnated
with ftony and earthy particles) did by degreesfeparate,either by ftrain-
ing and fltration,or perhaps,by precipitation, cokefion ox coagulation,abun=
~ dance of {tony particles from the permeating water, which fton par-
ticles,being by meansof the tinid vebicle convey d,not onely into the 24-
ereféopical pores, and fo perfectly ftoping them up, buralfo into the pores
or interftitia;which may. perhaps, be even in the texture or Schematifme
of that part of the Wood,which, through the Azicrofeape,appears moff fo-
lid, do thereby fo augment the weight of the Wood, as to make it above
three times heavier then water, and perhaps, fix timesas heavie as it was
when Wood,

Next, they thereby {o lock up and fetter the parts of the Wood, that
the fire cannot eafily make them flie away.but the action of the fire upon
them isonely able to Char thofe parts, as it were, like a piece of Wood,if
it be closd very faft up in Clay,and kepta good while red-hot in the fire,
will by the heat of the fire be charr’d and not confum’d, which may, per-
haps, alfo be fomewhat of the caufe, why the petrify d fub{tance appear'd
of a dark brown colour after it had been burnt,

By this intrufion of the petrifying particles, this {ubftance alfo becomes
hard and friable; for the {maller pores of the Wood being perfectly

‘wedg'd, and ftuft up with thofe ftony particles, the fmall parts of the
Wood have no places or poresinto which thzy may {lide upon bending,
and confequently little or no flexion or yielding at all can be caus’d in
fuch a ﬁlb?tance. R

The remaining particles likewife of the Wood among the ftony par-
ticles, may keep them from cracking and flying whea put into the fire,
as they are very apt to doin aFlint.

Nor is Wood the onely {fubftance that may by this kind of #ranfiute-
tion be chang'd into ftone 5 for I my felf have feen and examin'd very
many kinds of {ubftances, and among very credible Authours, we may
meet with Hiftories of fuch Metamorphefes wrought almoft on all kind
of fubftances, both Vegetable and Awimal, which Hiftories, it is not my
bufinefs at prefent, cither to relate, or epitomife, but anly to fet down
fome Obfervation I lately made on feveral kind of pesrify'd Shels, found
about Keiufbam, which lies within four or five miles of Briffol, which are
commonly call'd Serpentinc-flones. Exami-
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Examining feveral of thefe very curioufly figur'd bodies (which are
commonly thought to be Stones form'd by fome extraordinary Plaffick
wirtue latent in the Earth it{elf) T took notice of thefe particulars :

Firft, that thefe figured bodies, or ftones, were of very differing fub-
ftances, asto hardnefs: fome of Clay,fome Marle, fome foft Stone, al-
moft of the hardnefs of thofe foft ftones which Mafons call Fire-ftone,
others as hard as Portland {tone, others as hard asMarble, and fome as
hard a aFlint or Cryftal.

Next, they were of very differing fubftances as to tranfparency and
colour 3 fome white, fome almoft black, fome brown, {fome Metalline, or
like Marchafites ; fome tranfparent like white Marble, others like flaw’d
Cryftal fome gray, fome of divers colours ; fome radiated like thefe long
petrifyd drops, which are commonly found at the Pesk , and in other

[ubterraneous caverns, which havea kind of pith 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 of fome kind of Shel-fith ;5 others, to have been
the fubftance that had contain’d or enwrapp’d one of thofe Shels,on both
which,the perfect impreflion either of the infide or outlide of fuch Shells
feem'd to be left, but for the moft part, thofe impreflions feem'd to be
made by an imperfeét 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, juft as if there had been holes
broken in the figurating, imprinting or mouldin‘g Shell 5 fome of them
feem'd to be made by fuch a Shell very much brufed or flaw'd, infomuch
that one would verily have thought that very figur'd {tone had been
broken or brufed whilft a gelly, as twere, and {0 hardned, but within
in the grain of the ftone, there appear'd not the leaft fign of any fuch
brufe or breaking, but onely on the very uttermoft fuperficies.

Fourthly, they were very different,as to their outward covering, fome
having the perfect Shell, both in figure, colour, and fubftance, fticking
on upon its furface, and adhering to it, but might very eafily be fepa-
rated fromit, and like other common Cockle or Scolop-fbels, which fome of
them moft accurately refembled,were very difioluble in common Vinegar,
others of them,efpecially thofe Serpentine, or Helical flones were cover'd
or retained the thining or Pearl-colour'd fubftance of the infide of a Shel,
which fubftance, onfome parts of them, was exceeding thin, and might
very eafily be rubbed off5 on other parts it was pretty thick, and re-
tained a white coat, or flaky fubftance on the top, juftlike the outfides
of fuch Shells; fome of them had very large picces of the Shell very
Elainly fticking on to them, which were eafily to be broken or flaked off

y degrees: they likewife, fome of them retain’d all along the furface of
them very pretty kind of futures, fuch as are obferv'd in the fkulls of fe- *
veral kinds of living creatures, which futures were moft curioufly fhap'd
in the manner of leaves, and every one of them in the fame Shell, exaétly
one like another, which T was able to’ difcover plainly enough with my
naked eye, but more perfeély and diftincly with my Adicrofeope 5 ail

: thefe
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thefe fitures, by breaking fome of thefe ftones,I found to be the rermini,
or boundings of certain diaphragms.or partitions,which feem’d to divide
the cavity of the Shell into a multitude of very proportionate and regu-
lar cells or caverns, thele Diapkragms, in many of them, Ifound very per=
fet and compleat, of a very diftinct fubftance from that which fill'd the
cavities, and exactly of the fame kind with that which covered the out-
fide, being for the moft part whitith, or mother-of-pearl colour’d.

As for the cavities between thofe Diaphragms, 1 found fome of them
fil'd with Marle, and others with feveral kinds of ftones, others, for the
moft part hollow, onely the whole cavity was ufually covered over
with a kind of tartareons petrify d fubftance, which ftuck about the fides
and was there {hot into very curious regular Figures, juft as Tartar, or
other diffolv’d Salts are obferv'd to ftick and ergftallizne about the fides of
the containing Veflelss or like thofe little Diamants which1before ob-+
ferved to have covered the vaulted cavity of a Flint ;5 others had thefée
cavities all lin'd with a kind of metalline or marchafite-like fubltance;
which with a 2icrofcope T could as plainly fee moft curioufly and regus
lurly figured, as Thad done thofe in a Flint.

From all which, and feveral other particulars which I obferv'd, I cans
not but think, that all thefe, and moft other kinds of ftony bodies which
are found thus ftrangely figured,do owe their formation and figuration,
not to any kind of Plaflick virtne inherent in the earth, but to the Shells
of certain Shel-fithes, which, either by fome Deluge, Inundation, Earth-
quake, or fome fuch other means, came to be thrown to that place, and
there to be fill'd with fome kind of Mudd or Clay, or perrifying Water,
or fome other fubftance, which in trat of tise has been fettled toge-
ther and hardned in thofe fhelly moulds into thofe fhaped fubftances we
now find them 5 that the great and thinend of thefe $hells by that Earth-
(E]akc’ or what ever other extraordinay caufe it was that brought them
thither, wasbrokenoffs and that many others were otherwife broken,
bruifed and disfigured 3 that thefe Shells which are thus fpiraliied and fe
parated with Diaphragmes,were {fome kind of Nautili or Porcelane fhells 5
and that others were thells of Cockles, Aaufcles,Perimincles, Scolops.8c. of
various forts 3 that thefe Shells in many, from the particular nature of the
containing or enclos’d Earth, or fome other caufe, have in tract of time
rotted and mouldred away, and onely left their impreffions, both on the
containing and contained fubftances; and fo Jeft them pretty loofe one
within another, fothat they may be eafily feparated by a knock or two
of a Hammer. That others of thefe Shells, according to the nature
of the fubftances adjacent to them, have, by a long continuance in
that pofture, been petrify'd and turn’d into the nature of ftone, juft as I
even now obferv’d feveral forts of Wood to be. That oftentimes the Shell
may be found with one kind of fubftance within, and quite another
without, having, perhaps, been fill'd in one place; and afterwards tranfla<.
ted to another, which 1 have very frequently obferv’d in Cockle, Muféle;
Perimincle, and other fhells, which I havé found by the Sea fide. Nay,

further, that fome parts of the fame Shell may be fll’d in one piaceff and
Ore
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fome other cavernsinanother, and others in a third,or a fourth, or a fifth
place, for fo many differing {ubftances have I found in one of thefe pe-
#rifyd Shells,and perhapsall thefe differing from the encompafiing earth
or {tone ; the means how all which varieties may be caus'd, I think, will
not be difficult to conceive, to any one that has taken notice of thofe
Shells, which are commonly found on the Sea fhore : And he that fhall
throughly examine feveral kinds of fuch curioufly form'd ftones,will (I
am very apt to think) find reafon 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 {eems to me quite contrary to the in-
finite prudence of Nature, which is obfervable in all its works and pro-
duétions, to defign every thing to a determinate end, and for the attaine
ing of that end, makes ufe of fuch ways asare (as farr as the knowledge
of man hasyet been able to reach) altogether confonant, and moft
agreeable to man’s reafon, and of no way or means that does contradict,
or is contrary to humane Ratiocination ; whence it hasa long time been
ageneral obfervation and maxime, that Nature does nothing in vains It
feems, I fay, contrary to that great Wifdom of Nature, that thefe prettily
fhap’'d bodies fhould have all thofe curious Figures and contrivances -
(which many of them are adorn'd and contriv’d with) generated or
wrought by a Plaftick wirtue, for no higher end then onely to exhibite -
fuch a form; which he that fhall throughly confider all the circumftances
of fuch kind of Figur'd bodies, will, I think, have great reafon to be-
lieve, though, I confefs, one cannot prefently be able to find out what
Nature’s defigns are. It were therefore very defirable, thata good col-
lection of fuch kind of figur'd ftones were collected 5 and as many par-
ticulars, circumftances, and informations collected with them as could be
obtained, that from fuch a Hiftory of Obfervations well rang'd, ex-
amin'd and digefted, the true original or production of all thofe kinds
of ftones might be perfectly and furely knowns fuch as are Thunder-
Sftones, Lapides Stellares, Lapides Judaiciand multitudes of other, where-
g/fl' mention is made in Aldrevandus Wormiws, and other Writers of
inerals. '

Obferv. XVIIL. Ofthe Schematifme or Texture of Cork, and
of the Cells and Pores of fome other fuch frothy Bodies.

I Took a good clear piece of Cork, and with a Pen-knife fharpen’d as
keenas a Razor, I cut a piece of it off, and thereby left the furface of
it exceeding fmooth, then examining it very diligently with a Micro-
Jéope, me thought I could perceive it to appear a little porous; but I
could not fo plainly diftinguifh them, asto be fure that they were pores,
much lefs what Figure they were of : But judging from the lightnefsand
yielding quality of the Cork, that certainly the texture could not befo
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curious, but that poflibly, if I could ufe fome further diligence, I might
find it to be difcernable with a icrofeope, I with the fame {harp Pen-
knife, cut off from the former fmooth f{urface an exceeding thin piece of
it, and placing it on a black obje¢t Plate, becaufe it was it felf a white
body, and cafting the light on it with a deep plano-convex Glafs, I could

exceeding plainly perceive it tobe all perforated and porous,much like
a Honey-comb,but that the pores of it were not regular; yetit wasnot
unlike a Honey-comb in thefe particulars.

Firft, in that it had a very little {olid fubftance, in comparifon of the
empty cavity that was contain'd between, as does more manifeftly appear
by the Figure A and B of the X I §cheme, 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 of Waxina Honey-comb
(which enclofe and conftitute the exangular cells) are to theirs.

Next, in that thefe pores, or cells, were not very deep, but confifted
of a grear many little Boxes, feparated out of one continued long pore,
by certain Diapkragas, as is vilible by the Figure B, which reprefents a
fight of thofe pores {plit the long-ways,

I no fooner difcern’d thefe (which were indeed the firft microfcopical .
pores I ever faw, and perhaps,that were ever feen, for Lhad not met with
any Writer or Perfon, that had made any mention of them before this)
but me thought 1 had with the difcovery of them, prefently hinted to me
the true and intelligible reafon of all the Phenomena of Cork 5 As,

Firft, if I enquird why it was fo exceeding light a body? my Aicre-
Jeape could prefently inform me that here was the fame reafon evident that

~ thereis found for the lightnefs of froth, an empty Honey-comb, Wool,
a Spunge, a Pumice-ftone, orthelike ; namely, a very {mall quantity of a
folid body, extended into exceeding large dimenfions.

Next, it feem’d nothing more difficult to give an intelligible reafon,
why Corkis a body fo very unapt to fuck and drink in Water, and con-
fequently preferves it felf, Hoating on the top of Water, though left onit
never fo long : and why itis able to {top and hold airina Bottle,though
it be there very much condens'd and confequently prefies very {trongly
to get a paflage out, without fuffering the leaft bubble to pafs through
its fubftance. For, asto the firft, fince our Microfcope informs us thatthe
fubftance of Cork is altogether fill'd with Air, and that that Air is per-
fectly enclofed in little Boxes or Cells diftinét from one another. It feems
very plain, why neither the Water, nor any other Air can eafily infinu-
ate it felf into them, fince there is already within them an intws exiftens,
and confequently, why the pieces of Cork become o good floats for
Nets, and {topples for Viols, or other clofe Veflels.

And thirdly, if we enquire why Cork has fucha fpringinefs and fivel-
ling nature whem compreis'd ? and how it comes to fuffer fo great a com-
prefiion, or feeming penetration of dimenfions, fo as to be made a fub-
ftance asheavie again and more, bulk for bulk, asit was before compref:
fion, and yet fuffer'd to return, is found to extend it felf again into the
fame fpace? Our Microfeope will eafily inform us, that the whole mafs

R sonfifts
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confifts of an infinite company of fmall Boxes or Bladders of Air, which
isa fubftance of a {pringy nature, and that will fuffer a confiderable con-
denfation (as I have feveral times found by divers trials, by which I'have
moft evidently condens'd it into lefs then a twentieth part of its ufual di-
menfions neer the Earth, and that with no other {trength then that of my
hands without any kind of forcing Engine,fuch asRacks,Leavers,Wheels,
Pullies, or the like, but this onely by and by) and befides, it feems very
probable that thofe very films or fides of the pores,have inthem a {pring-
ing quality, as almoft all other kind of Vegetable fubftances have, fo as
to help toreftore themfelves to their former pofition.

And could we {o eafily and certainly difcover the Schematifme and
Texture even of thefe films,and of feveral other bodies,as we can thefe of
Cork’; there feems no probable reafon to the contrary, but that we might
as readily render the true reafon of all their Phenonsena s as namely,what
were the caufe of the {pringinefs, and toughnefs of fome, both as to their
flexibility and reftitution. What, of the friability or brittlenefs of fome
others, and the like; but till fuch time as our Acrofcape, or fome other
means,enable us to difcover the true Schematifwe and Texture of all kinds

, of bodies, we muft grope, as it were, in the dark, and onely ghefs at the
true reafons of things by fimilitudes and comparifons.

But, to return to our Obfervation. I told feveral lines of thefe
pores, and found that there were ufually about threefcore of thefe fmall
Cells placed end-waysin the eighteenth part of an Inch in length,whence
I concluded there muft be neer eleven hundred of them, or fomewhat
more thena thoufand in the length of an Inch, and therefore in a {quare
Inch above a Million, or 11664c0.and in a Cubick Inch,above twelve
hundred Millions, or 1259712000. a thing almoft incredible, did not our
Microfcope aflure us of it by ocular demonftration; nay,did it not difco-
ver to us the pores of abody, which were they diaphragn'd.like thofe of
Cork, would afford us in one Cubick Inch, more then ten timesas many
little Cells, as is evident in feveral charr'd Vegetables; fo prodigioufly
curious are the works of Nature, that even thefe confpicuous pores of
bodies, whichfeem to be the channels or pipes through which the S#ceus
mutritins, or natural juices of Vegetables are convey'd, and feem to cor-
refpond to the veins, arteries and other Veflels in fenfible creatures, that
thefe pores I fay, which feem to be the Vefiels of nutrition to the vafteft
body in the World, are yet fo exceeding {mall, that the 4toms which Epi-
eurws fancy’d would go neer to prove too bigg to enter them, much more
to conftitute a fluid body in them.And how infinitely fmaller then muft be
the Veflels ofa Mite, or the pores of one of thefe little Vegetables I have
difcovered to grow on the back-fide of a Rofe-leaf, and fhall anon more
fully defcribe, whofe bulk is many millions of times lefs then the bulk of
the fmall fthrub it grows ons and even that fhrub, many millions of times
lefs in bulk then feveral trees (that have heretofore grown in England,
and are this day flourithing in other hotter Climates, as we are very cre-
dibly inform'd ) if at leaft the pores of this fmall Vegetable fhould keep

‘any {uch proportion to the body of it, as-we have found thefe pores
: of
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of other Vegetables to do to. their bulk. But of thefe gores T have fiid
more elfewhere. 60 ey o
To proceed then, Cork feems to be by the tranfverfe conftitution of
the pores, a kind of Fungus or Mufbrome, for the porés lie like! foi many
Rays tending from the center, orpith of the tree, outwardss (0. that if
you cut oft a piece from a board of Cork tranfverlly, to the flat of. it
you will, as it were, fplit the pores, and they will appear juft as'they are
exprefsd in the Figure B of the X1 Scheme. But if you fhave off a
very thin piece from this board, parallel to the plain of it, you willicut
allthe pores tranfverfly, and they will appear almoft as they are exprefs’d
in theFigure A, fave onely the folid Interftitia will not appear fo.thick
asthey are there reprefented. ¥ b
So that Cork feems to {uck its nourifhment from the fubjacent bark of
the Tree immediately, and to be a kind of excrefcence, or ‘a fubftance
diftinct fromthe {ubftances of the entire Tree, fomething analogns to
the Mufhrome, 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
excreicency of the bark of a certain Tree, which is diftinét from the two
barks that lie within it, whichare common alfo to other trees 5 That ’tis
fome time before the Cork that covers the young and tender fprouts
comesto be difcernable; That it cracks,Haws,and cleaves into many great
chaps, the bark underneath remaining entire 5 That it may be feparated
and remov'd from the Tree, and yet the two under-barks (fuch as are
alfo common to that with ether Trees). not at all injur'd, butrather
helped and freed from an external injury. Thus Jouflonns in Dendralogia;
fpeaking de Subere, {ays, Arbor eft procera, Lignum eft robuftum, despte
cortice in aquis non fluitat, Cortice in orbere detraclo juvatury crafcefcens
enim praftringit & [trangulat, intra triennium iternmrepletur : Candexubi
adolefcit craffus, cortex [uperior denfus carnofus,dnos digitos craffis, Jeaber,
rimofus, € qui nifi detrabatur debifcit, aliogue fubnafcente expellituryintes
rior qui fubeft novellus ita rubet ut arbor minio piita videatur. . Which
Hiftories,if well confider’d, and the tree, fubftance, and manner of grow-
ing, if well examin’d, would, [am very apt to believe,much confirm this
my conjeéture about the origination of Cork. £ 5 34 1014
Nor is this kind of Texture peculiar to Cork cnely 5 for upon exami-
nation with my 2icrofcope, I have found that the pith of an Elder, oral-
moft any other Tree, the inref pulp ‘or picli 6f the! Cany hollow, {talksof
feveral other Vegetables: \as of Fennel, ‘Carrets, Daucus, Bur-docks,
Teafels, Fearn, fome kinds of Reeds, &¥%. “have much fich'a kind of
Schematifize, as T have lately fhewn that.of Cork; fave onely:thathere
the poresare rang’d the long-ways, or the fame ways with the lepgth of
the Cane,whereas in Cork they are tranfverfe, = *°~ "' ')
The pith alfo that fills tha part of the ftalk of aFeather that isabove
the Quil, hashuch fuch a l-{fnd of textute, fave onely that which Way fo-
ever et chis light fubfidnce, the poresdeem’d to/be ent tranfvérflyly o
that I ghefs this pith which fills the Feather, not to confift of abundape
of long pores feparated with Diaphragms, as Cork does, but tobea Kin .
zed R 2 [o)
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of folid or hardned froth,or a cengeries of very fmall bubbles confolidated
in that form,into a pretty ftiff as well as tough concrete,and that each Ca-
vern, Bubble, or Cell, is diftin¢tly feparate from any of the reft, without
any kind of hole in the encompafiing films, {o that I could no more blow
through a piece of this kinde of fubftance,then I could through a piece of
Cork, or the found pith of an Elder.

But though I could not with myaicrofiope, nor withmy breath, nor
any other way I have yet try'd, difcover a paflage out of one of thofe
cavities into another, yetIcannot thence conclude, that therefore there
are none fuch, by which the Swccws nutritins,'or appropriate juices of Ve-
getables, may pafs through them; for, in feveral of thofe Vegetables,
whil'(t green, T have with my Microfcope, plainly enough difcover'd thefe
Cells or Poles fill'd with juices, and by degrees fiveating them out : as1
have alfo obferved in green Wood all thofe long Aficrofcopical pores
which appear in Charcoal perfectly empty of any thing but Air.

Now, though I have with great diligence endeavoured to find whe-
ther there be any fuch thing in thofe Aicrofcopical pores of Wood or
Piths, as the Valves in the heart,veins,and other paflages of Animals,that
open 'and give paflage to the contain'd fluid juices one way, and fhut
themfelves,and impede the paflage of fuch liquors back again,yet have I
not hitherto been able to fay any thing pofitive in it 5 though,me thinks,
it feems very probable,that Nature hasin thefe pafiages,as well asinthofe
of Animal bodies,very many appropriated Inftruments and contrivances,
whereby to bring her defigns and end to pafs,which 'tis not improbable,
but that fome diligent Obferver, if help’'d with better Microfcopes, may
in time dete&.

And that this may be {o, feems with great probability to be argued
from the {trange Phenomena of fenfitive Plants, wherein Nature f%ems
to perform {everal Animal adtionswith the {ame Schematifm or Orginiza-
tion that is common to all Vegetables, as may appear by fome no lefs
inftruétive then curious Obfervations that were made by divers Emi-
nent Members of the Royal Society on fome of thefe kind of Plants,where-
of an account was delivered in to them by the moft Ingenious and Excel-
lent Phyfician, Doltor clark, which, having that liberty granted me by
that moft Illuftrious Society, I have hereunto adjoyn'd.

Obfervations on the Humble and Senfible Plants iz M* Chiffin’s

 Garden in Saint James’s Park, made Auguft the 9™ 1661,

Prefent, the Lord Brouncker, Sr. Robert Moray, Dr. Wilkins,
Mr, Evelin, Dr. Henfbaw, and Dr. Clark.

- Thereare four Plants, two of which are little fhrub Plants,
with a lictle thort ftock, about an Inch above the ground, from
whence are fpread feveral fticky branches, round, ftreight, and

' {mooth,
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fmooth in the diftances between thie Sprous; but juft under the
Sprouts there are two tharp thorny prickles, broad in the lec-
ting on, as in the Bramble, one juft under the Sprout, the other
on the oppofite fide of the branch.

The diftances betwixt the Sprouts are ufually fomethmg See
more thenan Inch, and many upon a Branch, according to its Ag
length, and they grew fo, that if the lower Sprout be on the left
fide of the Branch, the next above is on the right, and fo to the
end, not {prouting by pairs.

At theend of each Sprout dre generally four {prigs, twoat
the Extremity, and one on each fide, juft under it. At the firft
fprouting of thefe from the Branch tothe Sprig where the leaves
grow, they are full of lictle thort white hairs, which wear off as
the leaves grow, and then they are fmooth as the Branch.

Upon each of thefe fprigs, are, for the moft part, eleven pair
of leaves, neatly fet into the uppermoft part of the little fprig,
exaltly one againft another, as it were in little articulations, fuch
as Anatomifts call Enarthrofis, where the round head of a Bone
1s received into another fitted for its motion ; and ftanding very
fily to fhut themfelves and touch, the pairs juft above them
clofing fomewhat upon them, as in the fhut fprig; fo is the
little round Pedunculus of this leaf fitted into a little cavity of
the {prig, vifible to the eye ina fprig new pluck’d, or ina {prig
withered on the Branch, from which the leaves eafily fall by
touching.

The leaf being almoft an oblong {quare, dnd fet into the Pe-
dunculus, at one of the lower corners, receiveth from that not
onely a Spine, as 1 may call i, which, pafling through the leaf;
divides it o length-ways that che outer-fide is broader then the
inner next the fprig, but little fibres paffing obliquely towards
the oppofite broader fide, feem to make it here a little mufeular,
and fitted to move the whole leaf, which, together with the

whole fprig, are fet full with lictle fhort whitifh hairs.
One
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One of thefe Plants, whofe branch feem’d to be older and
more grown then the other, onely the tender Sprouts of it, after
the leaves are fhut, fall and hang down ; of the other, the whole
branches fall to the ground, if the Sun thine very warm,upen the
firft taking oft the Glafs, which I therefore call the humble Plant.

The other two, which do never fall, nor do any of their
branches flagg and hang down, fhut not their leaves, but upon

fomewhat a hard ftroke ; the ftalks feem to grow up from a root,

and appear more berbaceous, they are round and fmooth, without
any prickle, the Sprouts from them have feveral pairs of fprigs,
with much lefs leaves then the other on them, and have on
each {prig generally feventeen pair.

Upon touching any of the {prigs with leaves on, all the leaves -

on that fprig contracting themfelves by pairs, joyned their up-
per fuperficies clofe together.

Upon  the dropping a drop of Agua fortis on the fprig be-
twixt the leaves, f f all the leaves above fhut prefently, thofe
below by pairs fucceflively after, and by the lower leaves of the
other branches, /4 kk, &c. and fo every pair fucceflively,
with fome little diftance of time betwixt,to the top of each {prig,
and {o they continu'd thut all the time we were there. But 1 re-
turning the next day, and feveral days fince,found all the leaves
dilated again on two of the fprigs ; but from f £, where the Aqua
fortis had dropped upwards, dead and withered ; but thofe be-
low on the fame fprig, green, and clofing upon thc touch and
are fo at this day, Auguft 14. &

Witha pair of Sciflers, as{uddenly as it could bedonc one
of the lcaves b b was clipped oft in the middle,upon which that
pair, and the pair above, clofed pre{cntly, after 2 litcle interval,
d d, then ¢ e, and {o the reft of the pairs, to the bottom-of the
{prig, and then the motion began in the lower pairs, 1/, on the
other fprigs, and {o fhuc them by pairs upwards, though not
with fuch diftiné& diftances. ~ 1 '

Undcr
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Under a pretty large branch wich its fprigs on, there lying
a large Shell berwixt two and three Inches below it, there was
rubbed on a ftrong fented oyl after a little time all the leaves on
that fprig were fhut, and fo they continued all the time of our
ftay there,but at my returne the next day, 1 found the pofition
of the Shell alter'd, and the leaves expanded as before, and
clofing upon the touch.

Upon'the application of the Sun-beams by a Burning-glafs,
the more humble Plant fell, the other thut their leaves.

We could not fo apply the fnioak of Sulpher, asto haveany
vifible effett from that, attwo or three times trial ; but on ano-
ther crial,the fmoak rouching the leaves. it fucceeded.

The humble Plant fell upon taking oft the Glafs wherewitch it
was covered.

Cutting off one of the little Sprouts, two or three drops of li-
quor were thruft out of the part from whence that was cut,very
cleer, and pellucid, of a bright greenith colour, tafting at firft 4
little bitterith,but after leaving a licorifh-like tafte in my mouth.

Since,going two or three times when it wds cold, I took the
Glafles from the more bumble Plantand it did not fall as former-
ly, but fhut its leaves onely. But coming afterwards, when the
Sun fhone very warm, as foon as it was taken off, it fell as
before.

Since I pluck’d off another fprig, whofe leaves wereall thue,

* and had been fo fome time, thinking to obferve the liquor
fhould come from that I had broken off, but finding none,
though with prefling,to come, I,as dexteroufly as I could, pull'd
off one whofe leaves were expanded, and then had upon the fhut-
ting of the leaves, a little of the mention’d liquor, from the end
of the fprig 1 had broken from the Plant. And this twice fuc-
ceflively, as often almoft as I durft rob the Plant.

But my curiofity carrying me yet further, I cut off one of
the harder branches of the ftronger Plant, and there came of the

liquor,
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liquor, both from that I had cut, and that 1 had cut it from,
without preflure.

Which made me think, that the motion of this Plant upon
touching, might be from this, that there being a conftant inter-
courfe betwixt every part of this Plant and its root,either by a cir-
culation of this liquor,or a conftant prefling of the fubtiler parts
of it to every extremity of the Plant. Upon every preflure from
whatfoever it proceeds, greater then that which keeps 1t up, the
fubtile parts of this liquor are thruft downwards, towards its ar-
ticulations of the leaves, where, not having room prefently to get
into the {prig,the little round pedunculus, from whence the Spine
and thofe oblique Fibres 1 mention'd rife, being dilated, the
Spine and Fibres (being continued from it) muft be contracted
and fhortned, and fodraw the leaf upwards to joyn with its fel-
low in the fame condition with it {elf, where, being clofed, they
are held together by the implications of the little whitith hair, as
well as by the ftill retreating liquor, which diftending the Fibres
that are continued lower to the branch and root, thorten them
above ; and when the liquor is fo much forced from the Sprout,
whofe Fibres are yet tender, and not able to fupport themfelves,
but by that tenfnefs which the liquor filling their interflices gives
them, the Sprout hangs and flags.

But, perhaps, he that had the ability and leifure to give you
the exatt Anatomy of this pretty Plant, to thew you its Fibres,
and vifible Canales, through which this fine liquor circulateth,
or is moved, and had the faculty of better and more copioufly
exprefling his Obfervations and conceptions, {uch a one would
eafily from the motion of this liquor, folve all the Phenomena,
and would not fear to affirm, that it is no obfcure fenfation this
Plant hath. But 1 have faid too much, I humbly {fubmit, and am
ready to ftand correted.

I have not yet made fo full and fatisfactory Obfervations as I defire on
this Plant, which feems to be a Subje(t that will afford abundance of

information.
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information. But asfarras I have had opportunity to examine it,l have
difcovered with my Aicrofcope very curious ftructures and contrivancess,
but defigning much more accurate examinations and trials,both with my
Aficrofcope, and otherwife, as foon as the feafon will permit, I thall not till
then add any thing of what I have already taken notice of’ butas farr as
I have yet obferv’d,l judge the motion of it to proceed from caufes very

diflering from thofe by which Gut-ftrings.or Lute-ftrings,the beard of a.

wilde Oat, or the beard of the Seeds of Geraniuzz, Mofcatum, or Muysk-
graffand other of kinds of Cranes-bill,move themfelves. Of whichIfhall
add more in the fubfequent Obfervations on thofe bedies.

Obferv. XI1X. Of o Plant growing in the blighted or yellow [pecks
of Damask-rofe-leaves, Bramble-leaves, and fome other kind
of leaves:

I Have for feveral years together, in the Moneths of June, Fuly, duguf?,
and September (when any of the green leaves of Rofes begin to dry and
grow yellow) obferv’d many of them, efpecially the leaves of the old
fhrubs of Damask-Rofes, all befpecked with yellow ftains, and the under-
fides juft againt them, to have little yellow hillocks of a gummous fub-

~ ftance, and feveral of them to have {mall black {pots in the midft of thofe

yellow ones, which, to the naked eye, appear’d no bigger then the point
of a Pin, or the fmalleft black fpot or tittle of Ink one is able to make
with a very fharp pointed Pen.

Examining thefe with a aicrofcope, 1 was able plainly to diftinguith,up
and down the furface, feveral fmall yellow knobs, ofa kind of yellowifh
red gummy fubftance, outof which I perceiv’d there fprung multitudes
of little cafes or black bodies like Seed-cods, and thofe of them that
were quite without the hillock of Gumm, diflos'd themfelves to grow
out of it with a fmall Straw-colour’d and tranfparent ftem, the which
feed and ftem appear'd very like thofe of common Mofs (which I elfe-
where defcribe) but that they were abundantly lefs, many hundreds of
them being not able to equalize one fingle feed Cod of Molfs.

I have often doubted whether they were the feed Cods of fome little
Plant, or fome kind of {mall Buds, or the Eggs of fome very fmall Infect,
they appear’d of a dark brownifh red, fome almoft quite black, and of a
Figure much refembling the feed-cod of Mofs, but their {talks on which

 they grew were of a very fine tranfparent fubftance, almott like the ftalk
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 of thofe hillocks bare or deftitute; as if thofe bodieslay
yet conceal’d as G. In others of them,they were juft {pringing out of their
gummy hillocks, which all feem’d to thoot directly outwards, as at A. In

others, asat B, Ifound them juft gotten out,with very little or no ftalkén
s an

121

JSeheme
‘c'Zr':). 9,



P28

MICROGRAPHI A.

and the Cods of an indifferent cizesbut in others,as C, 1 found them begin
to have little fhort ftalks, or ftemss in others, as D, thofe {temswere
rown bigger, and larger 5 and in others, as at E, F, H, I, K, L, & thofe
ems and Cods were grown a great deal bigger, and the ftalks were
more bulky about the root, and very much taper'd towards the top, as
at Fand L is moft vifible. .

I did not find that any of them had any feed in them, or that any of
them were hollow, but as they grew bigger and bigger, I found thofe
heads or Cods begin to turn their tops towards their roots, inthe fame
manner as I had obferv'd that of Mofs to doj {o that in all likelihood,
Nature did intend in that pofture, what fhe doesin the like feed-cods of
greater bulk, thatis, that the feed, whenripe, fhould be fhaken out and
difperfed at the end ofit, as we find in Columbine Cods, and the like.

The whole Oval OO OO in the fecond Figure of the 12. Scheme
reprefents a fmall part of a Rofe leaf, about the bignefs of the little Oval
in the hillock, C, marked with the Figure X. in which I have not par-
ticularly obferv'd all the other forms of the furface of the Rofe-leaf, as
being little to my prefent purpofe.

Now, if thefe Codshave a feed in them f{o proportion’d to the Cod, as
thofe of Pinks, and Carnations, and Celumbines, and the like, how unima-
ginably fmall muft each of thofe feeds neceflarily be, for the whole
length of one of the largeft of thofe Cods was not ;3; partof anInchs
fome not above 7, and therefore certainly, very many thoufand of
them would be unable to make a bulk that {hould be vifible to the naked
eye; and if each of thefe contain the Rudiments of a young Plant of the
fame kind, what muft we fay of the pores and conftituent parts of that ?

The generation of this Plant {eems in part,af¢ribable to a kind of 4zl
dew or Blight,whereby the parts of the leaves grow fcabby, or putrify'd,
as it were, {0 as that the moifture breaks out in little fcabs or fpots, which,
as I faid before; look like little knobs of a red gummous fubftance.

From this putrify’d fcabb breaks out this little Vegetable 5 which may
be fomewhat like a Mould or Moffy and may have its equivocal genera-
tion much after the fame manner as I have fuppofed Mofs or Mdouldto
have, and to be amore fimple and uncompounded kind of vegetation,
which is fet 2 moving by the putrifaitive and fermentative heat, joyn'd
with that of the ambient aerial, when (by the putrifation and decay of
fome other parts of the vegetable, that for a while ftaid its progrefs) it s
unfetter’d and left at liberty to move in its former courfe, but by reafon
of its regulators, moves and acts after quite another manner then it did

“when a coagent in the more compounded machine of the more perfed

Vegetable. : ‘

And from this very fame Principle, I imagine the Mifleto of Oaks,
Thorns, Appletrees, and other Trees, to have its original : It feldom or
never growing onany of thofe Trees,till they begin to wax decrepid,and
decay with age, and are pefter’d with many other infirmities. - :

Hither alfo may be referr'd thofe multitudes and varieties of 2dmfhroms,
fuch as that,call'd Jews-ears, all forts ofgray and greem Moffes, &e. Wh}(\h

infeft

—
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infeft all kind of Trees,fhrubs,and the like,efpecially when they come to
any bignefs. And this we fee to bevery much the method of Nature
throughout its operations, putrifacfive Vegetables very often producing a
Vegetable ofa much lefs compounded nature, and of a much inferiour
tribe s and putrefactive animal fubftances degenerating into fome kind of
animal production of a much inferiour rank,and of a more fimple nature.

Thus we find the humours and fubftances of the body,upon patrifacti-
on,to produce {trange kinds of moving Vermine : the putrifaction of the
flimes and juices of the Stomack and Guts, produce Worms almott like
Earth-worms,the Wheals in childrens hands produce a little Worm,call’d
aWheal-worm : Thebloud and milk, and other humours, produce other
kinds of Worms, at leaft, if we may believe what is deliverd tous by
very famous Authors s though, I confefs, I have not yet been able to dif-
cover fuch my felf.

And whereas it may feem {trange that Vinégar, Meal, multy Casks ,&c.
are oblerv’d to breed their diftering kinds of Infeéts, or living creatures,
whereas they being Vegetable fubftances, feem to b of an inferiour kind,
and fo unable to produce a creature more noble, or of a more com-
pounded nature then they themfelves are of, and fo without fome con-
current feminal principle, may be thought utterly unfit for fich an ope=
ration 5 I muft add, that we cannot prefently pofitively fay, there are
no animal {ubftances, either mediately, as by the foil or fatning of the
Plant from whence they {prung,or mose immediately,by thereal mixture
or compofition of fuch fubftances, join'd with them 5 or perchance fome
kind of Infect, in fuch places where fuch kind of putrifying or ferment-
ing bodies are, may, by a certain inftint of nature, eject fome fort of fe-
minal principle, which cooperating with various kinds of putrifying fub-
{tances, may produce various kinds of Infeéts,or Animate bodies : For we
find in molt forts of thofe lower degrees of Animate bodies, that the
prtrifying fubftances on which thefe Eggs, Seeds, or feminal principles
arc cait by the Infect, become, asit were, the Adatrices or Wombs that
conduce very much to their generation, and may perchance alfo to their
variation and alteration, much after the fame manner, as, by {trange and
unnatural copulations, feveral new kinds of Animals are produc'd, as
Ailes, and the like, which are ufually calld Monftrous, becaufe a little
unufual, though many of them have all their principal parts as perfectly
fhap'd and adapted for their peculiar ufes, as any of the moft perfect
Animals. If therefore the putrifjing body,on which any kind of feminal
or vital principle chances tobe caft, become fomewhat more then meer-
ly a nurfing and foftering helper in the generation and produétion of
any kind of Animate body, the more neer it approaches the true nature
of a Womb, the more power will it have on the by-blow it inclofes. But
of this fomewhat more in the defcription of the Water-gnat. Perhaps
fome more accurate Enquiries and Obiervations about thefe matters
might bring the Queftion to fome certainty, which would be of no fnall
concern in Natural Philofophy.

But that putrifying animal fubftances may produce apimals of an infgli]c‘)ll‘
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kind, I fee not any {o very great a difficulty, butthat one may, without
miuch abfurdity,admit : For as there may be rpultitudcs of contrivances
that go to the making up of one compleat Animate body 5 {o,That fome
of thofe coadjutors,inthe perfet exiftence and life of it, may be vitiated,
and the life of the whole deftroyed, and yet feveral of the conftituting
contrivances remain intire,I cannot think it beyond imagination or poffibi-
lity; no more then that a like accidental procefs,as I have elfwhere hinted,
may alfo be fuppofed to explicate the method of Nature inthe Azetamor-
phafis of Plants. And though the difference between a Plant and an Ani-
mal be very great, yet I have not hitherto met with any fo cogext an Ar-
gument, as to make me pofitive in affirming thefe two to be altogether
Heterogeneous and of quite differing kinds of Nature: And befides.as there
are many Zoophyts, and fenfitive Plants(divers of which T have feen,which
are ofa middle nature,and feem to be Natures tranfition from one degree
toanother, which may be obferv'd inall her other pafiages, wherein fhe
is very feldom obferv'd to leap from one {tep to another) fo have we,in
fome Authors, Inftances of Plants turning into Animals, and Animalsinto
Plants, and the like; and fome other very ftrange (becaufe unheeded)
proceedings of Nature; fomething of which kind may be met with, in
the defcription of the #Water-Gnat, though it be not altogether fo dired
to the prefent purpofe.

But to refer this Difcourfe of Animals to their proper places, I fhall
add, that though one fhould fuppofe, or it fhould be prov’d by Obferva-
tions, that feveral of thefe kinds of Plants are accidentally produc’d by a
cafual putrifaition, Ifee not any great reafon to queftion, but that, not-
withftanding its own production was as ‘twere cafual, yet it may germi-
nate and produce feed, and by it propagate its own, that is,a new Species,
For we do not kriow, but that the Omnipotent and All-wife Creator
might as direltly defign the ftructure of fuch a Vegetable, or fuch an
Animal to be produc’d out of fuch or fuch a putrifaition or change of
this or that body, towards the conftitution or ftrutture of which, he
knew it neceflary, or thought it fit to make it an ingredient 5 as that the
digeftion or moderate heating of an Egg, either by the Female, or the
Sun, or the heat of the Fire, or the like, {hould produce thisor that Bird 5
or that Putrifative and warm fteams fhould,out of the blowings,as they
call them, that is, the Eggs of a Flie,produce a living Magot, and that,by
degrees, be turn’d into an Awrelia,and that, by a longer and a propor-
tion'd heat, be tranfimuted into aFly. Norneed we therefore to fuppofe
it the more imperfect inits kind, then the more compounded Vegetable
or Animal of which it is a parts for he might as compleatly furnifh it
with all kinds of contrivances neceflary for its own exiftence, and the
propagation of itsown Species, and yet make it a part of a more com-

‘pounded body : as a Clock-maker might make a Set of Chimes to be 2
part ofa Clock, and yet, when the watch part or ftriking part are taken
away, and the hindrances of its motion remov’d, this chiming part
may go as accurately, and ftrike its tune as exattly, as if it were ftill a
partof the compounded Autematon, So, though the original c:}ufe, o;.'
JtF . emina







S:llem b X”




R—

MricrocraPHT AL 24
feminal principle from which thismimite Plant oh Rofe lenves did! fpri 97
were, befote the cortuption caus'd by the Mill-déw, alcompeniiy phit
of the leat on'whichit grew, and did fetve asa toagent in'the produudit
onand condtitution of it, yet mighc itbe o confummareyas toprodutey
feed whichmight have a power of propapating the fiitie fpecies:tha sl
of the Creator feeming of fuchan exccllency,that thoughithey apeifikble
to help to the perfecting ofthe more compounded exiftence of vhid g fehids
Plant or Animal,they may have notwith{tanding andbilicy of sting fingly
upon their own nterbal principle, {b a5 to produce @ Vegetablébudy,
though of i 1¢f8 compounded nature, and to proceed (o farr i the hied
thod of ‘othér Vegetables, as to bear flowers and feeds, ‘Whichmay b gad
pabale of propagating the like. So thatthie little cafes which appenk e
grow on the top of the {lender ftalks, tmay, for ought Tknow, though |
thould fuppofe, them to {pring from the perverting of ¢he ufhal coutle of
the parent Vegetable, contain a feed, which, being featter'd of “other
leaves of the/fame Plant, may produce a Plant of much the fanté kiiel,
Nor are Damafk-Rofe leaves the onely: leavés that piodiice thefé

~ kinds of Veégetable fproutingss for I have obfery'd them alfo in {everal

other kinds of Rofe leaves, and on the leaves of feveral fores of Briers,
and ou Bramble leaves they are oftentimes to be found in vary preaf
clufters; {o that I have found in one clufter three fotr, or five hundied of
them, making a very tonfpicuous black fpot or feab vh the back'fide of
thC]CHE [t : \ 3 P03 DG 1 DI 1

daddd ks " ild l H A il

Obferv. X X. 0Of blue Mould, and of the firfi Principlis of Ves
" getation arifing from Putrefation. : el

He Blue and White and feveral kinds of hairt otldy fpots, which

I_ are obfervable upon divers kinds of putrify dbodies, whether Ani-
mal fubftances,or Vegetable,fuch as the fkin, raw or drefs'd, fleth.bloud,
humours, milk, green Cheefe, &¢. or rotten fappy Wood, or Herbs,
Leaves, Barks, Roots, ¢dc. of Plants, are all of thern nothing elfe but fe-
veral Kinds of {mall and varioufly figur’d Mufhitoms, which, frofh 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
by thew. But, firft, I muft premife a fhort defctiption of this Specimer,
which I'have added of this Tribe, in the firft Figare of the X 11. stheme,
which is nothing elfe but the appearance of a fitiall white {pot of hairg
mould,multitudes of which Ifound to befpeck & whiten over the ted co-
vers ofa fmall book,which, it feems, were of Sheeps-fKin,that being more
apt to gather mould, evenin a dry and clean room, then othey’ leathers.
Thefe fpots appear'd.through a good Microféope,to be a very pretty fhap'd
Vegetative body; which, from almoft the fame part of the Leather, thot
: out
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out multitudes of {nall long cylindrical and tracfparent ftalks,not exadt-
ly ftreight,but a little bended with the weight of a round and white knob
that grew on the top of each of them; many of thefe knobs Iobfervid
to be very round, and of a fmooth furface, fuch as A A, &e. others
fmooth likewife,but a little oblong,as B feveral of thema 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 thefe pretty bodies was
ofa very tender conftitution, much like the fubftance of the fofter kind
of common white Mufhroms, for by touching them with a Pin, I found
them to be brufed and torn; they feem’'d each of them to have a di-
ftinét root of their own 3 for though they grew neer together ina clufter,
yet I could perceive each {tem to rife out of a diftinct part or pore of the
Leather ; fome of thefe were fmall and fhort, as feeming to have been but
newly fprung up, of thefe the balls were for the moft part round, others
were bigger,and taller,as being perhaps of a longer growth,and of thefe,
for the molft part, the heads were broken, and fome much wafted, asE;
what thefe heads contain'd I could not perceive ; whether they were
knobs and flowers, or feed cafes, I am not able to fay, but they feem'd
moft likely to be of the fame nature with thofe that grow on Mufhroms,
which they did,fome of them, not a little refemble.

Both their fmell and tafte, which are a¢tive enough tomake a fenfible
impreffion upon thofe organs, are unpleafant and noifome.

I could not find that they would fo quickly be deftroy'd by the actual
flame of a Candle, asat firft fight of them I conceived they would be,but
they remain’d intire after [ had paft that part of the Leather on which
they ftuck threc or four times through the ame of a Candle; fo that, it
feems they are not very apt to take fire, no more then the common white
Mufhroms are when they are fappy.

There are a multitude of other fhapes, of which thefe Microfcopical
Mufhroms are figur’d, which would have been a long Work to have de-
fcribed,and would not have fuited {o well with my defignin this Treatife,
onely,amongft the reft, I muft not forget to take notice of one that wasa
little like to, or refembled, a Spunge, confifting of a multitude of little
Ramifications almoft as that body gocs, which indeed feems to be a kind
of Water-Mufhrom, of a very pretty texture, as I elfe-where manifeft.
And a fecond, which I muft not omit, becaufe often mingled, and neer
adjoining to thefe I have defcrib’d,and this appear'd much like a Thicket
of bufhes, or brambles, very much branch’d,and extended,fome of them,
toa great length,in proportion to their Diameter,like creeping brambles.

The manner of the growth and formation of this kind of Vegetable, is
the third head of Enquiry,which, had I time,I fhould follow : the figure
and method of Generation inthis concrete {eeming to me, next after
the Enquiry into the formation, figuration, or chryftalization of Salts, to
be the moft fimple, plain, and eafics and it feems to be a medium
through which he muft neceffarily pafs, that would with any likelihood.
inveftigate the forma informans of Vegetables : for as I think that he fhall/
find it a very difficult tafk, who undertakes to difcover the form of Sa-
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line cryftallizations, without the confideration and prefcience of the na-
ture and reafon’of a Globular form, and as difficult to explicate this con-
figuration of Mufhroms, without the prévious confideration of the form
O%Saltsa fo will the enquiry into the forms of Vegetables be no left, if
not much more diflicult, without the fore-knowledge of the forms of
Mufbroms, thefe feveral Enquiries having no lefs dependance onie v p-
onanother then any felect number of Propofitions in Mathematical Efe-
ments may be made to have. '

Nor doTimagine that the {kips from the one to another will be found
very great, if beginning from fluidity, or body without any form, we
- defcend gradually,till we arrive at the higheft form of a bruite Animal’s

Soul, making the fteps or foundations of our Enquiry, Fluidity, Orbicy-
lation, Fixation, Angulization, or Cryftallization Germination or Ebulli-
tion, Vegetation Plantanimation, Animation, Senfation, Imagination,

Now, that we may the better proceed in our Enquiry, It will be re-
quifite to confider : :

Firft, that Mould and Mufhroms require no feminal property. but the

- former may be produc’d at any time from any kind of putrifjing Animal,
or Vegetable Subftance,as Flefh,&ve. kept moift and warm,and the Jatter,
if what Mathiolus relates be true, of making them by Art, are as much
within our command, of which Matter take the Epitomie which Mr;
Parkinfor has deliver'd in his Herbal, in his Chapter of 2ufbrom s, becaufe
I have not Mathiolus now by me : Unto thefe Muflhroms (faith he) may
alfo be adjoyn’d thofe which are made of Art (whereof Mathiolus makes men-
tion) that grow naturally among certain [tones in Naples, and that the
flones being digg’d up, and carried to Rome, and other places, where they
Set them in their Wine Cellars, covering them with a little Earth,and [prink-

ling a little warm water thereon, wonld within four days prodnce Mufbroms
fit to be eaten, at what time one will : As alfo that Mufhroms may be made
to grow at the foot of a wilde Poglar Tree, within four days after, warm
water wherein fome leaves bave been diffolv’d fhall be pour'd into the Root
(which muft be flit) and the flock abeve ground.
" Next, that as Mufhroms may be generated without feed, fo doesit
not appear that they have any fuchthing asfeed inany part of them for
having confidered feveral kinds of them, I could never find any thing in
them that I could with any probability ghefs to be the feed of it, {o that
it does not as yet appear (that I know of) that Mufhroms may be ge-
nerated from a feed, but they rather feem to depend merely upon a con-
venient conftitution of the matter out of which they are made, and a
concurrence of either natural or artificial heat. .

Thirdly,that by feveral bodies (as Salts and Metals both in Water and
in the air, and by feveral kinds of fublimations in the Air) attuated and
ggid.cd with a congruous heat, there may be produc’d feveral kinds of

dies as curioufly, if not of a more compos'd Figure s feveral kinds of
rifing or Ebulliating Figures feem to manifeft; as witnefs the fhootin
in the Rettification of fpirits of Vrime, Hart-horn, Blond, &c. witnefs allo

the curious branches of evaporated diffolations, fome of them agai%ﬁ
the
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the fides of the containing Jar: others {tanding up, or growing an end,
out of the bottom, of which I have taken notice of a very great variety,
But above all the reft, it isa very pretty kind of Germination which is af-
forded us in the Silver Tree, the manner of making which with Mercury
and Silver, is well known to the Chymifts, in which thereis an Ebullition
or Germination, very much like this of Mufhroms, if I have been rightly
inform’d of it.

Fourthly, I have very often taken notice of, 5md alfo obferv'd witha
Microfcope, certain excrefcencies or Ebullitions in t}]e fouff of a Candle,
which, partly from the ﬂickin% of the fmoaky particles asthey are car-
ryed upwards by the current of the rarify’d Air and flame, and partly .
alfo from a kind of Germination or Ebullition of {fome altuated unétuous 1
parts which creep along and filter through fome {mall ftring of the Week,
are formed into pretty round and uniform heads, very much refembling
the form of hooded Mufhroms, which, being by any means expos'd to the
frefh'Air, or that air which encompafles the flame, they are prefently
lick’d up and devour'd by it, and vanifh. A

The reafon of which Phenomenon {eems to me,to be no other then this :

That when a convenient thread of the Week is fo bent out by the fides
of the fnuff that are about half an Inch or more, remov'd above the
bottom,or loweft part of the flame,and that this part be wholly included
in the flame 5 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 anInch or more, above the bottom of the flame, the
partsof the air that pafles by it, are already, almoft fatiated with the difs,
folution of the boiling untuous fteams that iffued out below, and there-
fore are not onely glutted, thatis, candiffolve no more then what they
are already acting upon, but they carry up with them abundance of
unctuous and footy particles, which meeting with that rag of the Week,
thatis plentifully fill'd with Oyl, and onely fpends it as faft as it evapo-
rates, and not at all by diffolution or burning, by means of thefe fteamy

arts of the filterated Oyl ifluing out at the Edes of this ragg, and being
inclos'd withanair that 1s already fatiated and cannot prey upon them
nor burn them, the afcending footy particlesare ftay’d about it and fix'd,
fo as that about the end of that ragg or tilament of the fouff, whence the
greateft part of the fteams iffue, there is conglobated or fix'd a round
and pretty uniform cap, much refembling the head of a Mufhrom, which,
ifit be of any great bignefs, you may obferve that its underfide will be
bigger then that which is above the ragg or ftem of it ; for the Oyl that is
brought into it by filtration,being by the bulk of the cap a little ihelter'd
from the heat of the flame, does by that meansiffue as much out from be-
neath from the {talk or downwards, asit does upwards, and by reafon of
the great accefs of the adventitious fmoak from beneath,it increafes moft |
that way. Thatthismay be the true reafon of this Phenomenon, 1 could
produce many Arguments and Experiments to make it probable: As,

Firft, that the Faltration carries the Oyl to the top of the Week at leaft

as
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as high as thefe raggs, is vifible to one that will obferve the fnuff of 4
burning Candle with a Aficrofcope, where he may fee an Ebullition of
bubbling of the Qyl, as high as the foufflooks black. :

Next,that it does fteam away more then burn 5 T could tell 'you of the
dim burning of a Candle, the longer the fouff be which arifes from the
abundance of vapours out of the higher parts of it 10

And, thirdly, that in the middle of the flame of the Candle; neet the
top of the {nuff, the fire or diffolving principle is nothing neer fo ftrong
as neer the bottom and out edges of the flame, which may be obferv’d b
the burning afunder of a thread, that will firft break in thofe parts'that
the edges of the flame touch, and not in the middle. }

And T could add feveral Obfervables that I have taken notice of in the
flame ofa Lamp actuated with Bellows, and very many others that con=
firm me in my opinion, but that it is not {0 much to my prefent purpofe,
which is onely to confider this concreet in the fouffof a Candle; fo farr
as it has any refemblance of a Mufbrom, to the confideration of which,
that I may return, I fay, we may alfo obferve: ‘

In the firft place, that the droppings or trillings of Lapidefcent waters
in Vaults under ground,{eem to conltitute ‘a kind of petrifj'd body form’d
almoft like fome kind of Mufhroms inverted,in fo much that I have feen
fome knobb'd a little at the lower end, though for the moft part, indeed
they are otherwife fhap’d,and taper’d towards the end; the generation of
which feemsto be from no other reafon but this, that the water by foak-
ing through the earth and Lime (for I ghefs that fubftance toadd much
to it petrifying quality) does fo impregnate it felf with {tony particles,
that hanging in drops in the roof of the Vault, by reafon’that the
foaking ofthe water is but {low, it becomes expos'd to the Air, and there-
by the outward part of the drop by degrees grows hard, by reafonthae
the water gradually evaporating the ftony particles neer the outfides of
the drop begin to touch, and by degrees, to dry and grow clofer toge=
ther, and at length conftitute a cruft or fhell aboutthe drop s 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 hollow or pith becomes almoft {top'd
up, and folid : afterwards the foaking of the petrifying water, finding no
longer a paflage through the middle, burfts out, and trickles down the
outfide, and as the water evaporates, leaves new fuperinduc’d fhells,
which more and more fwell the bulk of thofe Iceicless and becaufe of
the great {upply from the Vault, of petrifying water, thofe bodies grow
bigger and bigger next to the Vault, and taper or fharpen towards the
point; for the accefs from the arch of the Vault being but very flow;and
confequently the water being fpread very thinly over the furface of the
Iceicle, the water begins to %ettle before it can reach to the bottom, or
corner end of it 5 whence, if you break one ‘of thefe, you would almoft
imagineit a ftick of Wood petrify'd, ‘it having o pretty a refemblance of
pith and grain, and if you look on' the outfide of a piece, or of one’
whole, you would think no lefs, both from its’ vegetable roundnefs and
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tapering form; but whereas all Vegetables are obferv’d to fhoot and
grow perpendicularly upwards, this does fhoot or propend directly
downawards. .

. By which laft Obfervables, we fee that there may be a very pretty
body fhap’d and concreeted by Mechanical principles, without the leaft
fhew or probability of any other {eminal formatrix.

And fince we find that the great reafon of the Phenomena of this pret-
ty petrifation, areto be reduc’'d from the gravity of a fluid and pretty
volatil body impregnated with ftony particles, why may not the Pheno-
mena of Ebullition or Germination be in part poflibly enough deduc'd
from the levity of an impregnated liquor, which therefore perpendicur
larly afcending by degrees, evaporates and leaves the more folid and
fix'd parts behind in the form of a Mufhrom, which is yet further diverfi-
fy'd and {pecificated by the forms of the parts that impregnated theli-
quor, and compofe or help to conftitute the Mufhrom. :

That the foremention'd Figures of growing Salts, and the Silver Tree,
are from this principle, I could very eafily manifeft; but that I have not
now a convenient opportunity of following it, nor have I made a fuffici-
ent number of Experiments and Obfervations to propound, explicate,and
prove fo ufefull a Theory as this of Mufhroms: for, though the con-
trary principle to that ofpetrify d Iccicles may be in part a caufes yet
I cannot but think, that thereis fomewhat a more complicated caufe,
though yet Mechanical, and pofiible to be explain'd. |

:

We therefore have further to enquire of it, what makes it tobe fuch a
liquor, and to afcend, whether the heat of the Sun and Air, or whe-
ther that of firmentiation and putrifallion, or both together ; as alfo whe-
ther there be not a third or fourth ; whether a Saline principle be not a
confiderable agent in this bufinefs al{o as well as heat 3 whether alfo a fixa-
tion, precipitation ar fettling of certain parts out of the aerial Mafhrom
may net be alfo a confiderable coadjutor in the bufine(s. Since we find
that many pretty beards or ffirig of the particles of Silver may be preci-
pitated upon a piece of Brafs put into a folution of Silver very muchdi-
luted with fair water, which look not unlike a kind of mould or hoar
upon that piece of metal 5 and the hoar froft looks like a kind of mould 3
and whether there may not be feveral others that do concurr to the pro-
duction of a Mufbrom, having not yet had fufficient time to profecute ac-
cording to my defires, I muft referr thistoa better opportunity of my
own, or leave and recommend it to the more diligent enquiry and exa-
mination of fuch as can be mafters both of leifure and conveniencies for
fuch ap Enquiry. ' |

* And in the mean time, I muft canclude, that asfar as I have beenable
to look into the nature of this Primary kind of life and vegetation, I can-
not find the lealt probable argument to perfwade me there is any other
concurrent caufe then fuchas is purcly Mechanical, and that the effets
or produtions are as neceflary upon the concurrence of thofe caufes as
that a Ship, when the Sails are hoilt up, and the Rudder is fet to fucha
poficion,fhould,when the Wind blows, be mov'din fuch a way or courfe
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to that or tother place 5 Or, as that the brufed Watch, which I mens
tion in the defcription of Mofs, {hould, when thofe parts which hindred
its motion were fallen away, begin to move, but after quite another man-
ner then it did betore.

Obferv. XX1. Of Mofs, and feveral other fmall vegetative Sub-
[lances.

Of is a Plant, that the wifc(t of Kihgs thought neither unworthy

his fpeculation, nor his Pen, and though amongft Plants it be in
bulk one of the fmalleft, yet itis not the leaft confiderable : For, astoits
fhape, it may compare for the beauty of it with any Plant that grows,
and bears a much bigger breadths it hasa root almoft like afeedy Parf
nep, furnifb’d with {mall ftrings and fuckers, which are all of them finely
branch’d, like thofe of the roots of much bigger Vegetabless out of this
fprings the ftem or body of the Plant, which is fomewhat Quadrangular,
rather then Cylindrical, moft curioutly fiuted or ftrung with {mall creafes,
which run,for the moft part, parallel the whole {tem 5 on the fides of this
are clofe 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
younger or older when pluck’d 5 as I ghefs by this, that thole Plants that
had the ftalks growing from the top of them, had their leaves of a much
longer fhape, all the furface of each fide of which, is curioufly cover'd
with a multitude of little oblong tranfparent bodies, in the manner as
you fee it exprefs'd in the leaf B, in the XIIL. Schene.

This Plant, when young and {pringing up, does much refemble a Houf:
leek,having thick leaves,almoft like that,and feems to be fomwhat of kin
to it in other particulars ; alfo from the top of the leaves, there {hoots out
a fmall white and tranfparent hair, or thorn : This {tem, in time,come to
fhoot out into a long,roundand even ftalk, which by cutting tranfverfly,
when dry, I'manifeftly found to be a fliff, hard, and hollow Cane, or
Reed, without any kind of knot, or ftop, from its bottcm, where the
leaves encompafs'd it, to the top, on which there grows a large feed cafe,
A, cover’d with a thin, and more whitifh fkin, B. terminated in a long
thorny top, which at firft covers all the Cafe, and by degrees, as that
fivells, the fkin cleaves, and at length falls off, with its thorny top and all
(which is a part of it) and leaves the feed Cafe to ripen;and by degrees,
to [hatter out itsfeed at a place underneath this cap, B, which before
the feed is ripe, appearslike a flat barr'd button, without any hole inthe
‘middle; but as it ripens, the button grows bigger, and a hole appearsin
the middle ofit, E, out of which, in all probability, the feed falls: For

asitripens by a provifion of Nature, that end of this Cafe turnsdown-
ward afterthe fame manner as the ears of Wheat and Barley ufually dos
and opening feveral of thefe dry red Cafes, F, I found them to be

T2 quite
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quite hollow,without any thing at allin them 5 whereas when I cut them
afunder with a fharp Pen-knife when green, Ifound in the middle of this
great Cafe,another {maller round Cafe,between which two,the interflices
were fill'd with multitudes of ftringie fibres, which feem'd to fufpend the
lefler Cafe in the middle of the other, which (as farr as [ was able to dift
cern) feem’d full of exceeding {mall white feeds, much like the feed-bagg
in the knop of a Carnation, after the flowers have been two or three
days, or a week.fallenoffs but this Icould not fo perfectly difcern, and
therefore cannot pofitively affirm it.

After the {eed was fallen away, I found both the Cafe, Stalk,and Plant,
all grow red and wither, and from other parts of the root continually to
fpring new branches or {lips, which by degrees increafed, and grew as
bigg as the former, feeded, ripen’d, fhatter'd, and wither'd.

I could not find that it obferv’d any particular feafons for thefe feveral
kinds of growth, but rather found it to be fpringing, mature, ripe, feedy,
and wither'd at all times of the year; But I found it moft to flourith and
increafe in warm and moift weather.

It gathers its nourithments,for the moft part,out of fome Lapidefcent,or
other fubftance corrupted or chang'd from its former texture, or fub-
ftantial form; forI have found it to grow on the rotten parts of Stone,
of Bricks, of Wood, of Bones, of Leather, &e.

It oft grows on the barks of feveral Trees, fpreading it felf, fometimes
from the ground upwards, and fometimes from fome chink or cleft of
the bark of the Tree, which hasfome putrify d fubftance in it 5 but this
feems of a diftinct kind from that which I obferv'd to grow on pusrifyd
inanimate bodies, and rotten earth.

There are al{o great varieties of other kinds of Moffes, which grow on
Trees, and {everal other Plants, of whichI fhall here make no mention,
nor of the Mofs growing on the fkull of a dead man, which much re-
fembles that of Trees.

Whether this Plant does fometimes originally {pring or rife out of cor-
ruption,without any difleminated feed, I have not yet made trials enough
to be very much, either pofitive or negative s for as it feems very hard to
conceive how the feed fhould be generally difpers'd into all parts where
there is a corruption begun, unlefs we may rationally fuppofe, that this
feed being fo exceeding fmall,and confequently exceeding light.is there-
by taken up, and carried to and fro in the Air into every place,and by
thefalling drops of rain is wafh'd down out of it, and fo difpers'd into all
places, and there onely takes root and propagates, where it finds a con-
venient foil or matrix for it to thrive in3 o if we will have it to proceed
from corruption, it isnot lefs difficult to conceive,

Firft, how the corruption of any Vegetable, much lefs of any Stone or
Brick, fhould be the Parent of o curioufly figurd, and fo perfeta
Plantas this is. But hereindeed, I cannot butadd, that it feems rather to
bea produtt of the Rain in thofe bodies where it is ftay’d, then of the
very bodies themfelves, fince I have found it growing on Marble, and

Flint; but always the Microfcope, if not the naked eye, would difcover
fome little hole of Dirtin which it was rooted. Next,
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Next,how the corruption of each of thofe exceedingly differing bodies
fhould all confpire to the production of the fame Plant,that is,that Stones,
Bricks, Wood, or vegetable fubftances, and Bones, Leather, Horns, or
animate {ubftances, unlefs we may with fome plaufiblenefs fay, that Air
and Water are the coadjutors, or menftrunms in all kinds of putrifations,
and that thereby the bodies (though whil'ft they retain’d their {fubftan-
tial forms,were of exceeding differing natures,yet)fince they are diffolv’'d
and mixt into another, they may be very Homogeneows, they being almoft
refolv’d again into Air, Water,and Earth ; retaining,perhaps, one part of
their vegetative faculty yet entire, which mecting 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 feveral motions
and contrivances in it, which, when in order, would all have mov’d in
their defign'd methods and Periods. We will further fuppofe, by fome
means, that this Clock comes to be broken, brufed, or otherwife difor-
dered, fothat{everal partsof it being diflocated, are impeded, and fo
ftand {till, and not onely hinder its own progreflive motion, and produce
not the effeCt which they were defign'd for, but becaufe the other parts
alfo have a dependence upon them, put a ftop to their motion likewife 5
and fo the whole Inftrument becomes unferviceable,, and not fit for an
ufe. This Inftrument afterwards, by fome fhaking and tumbling, and
throwing up and down, comesto have feveral of its parts fhaken out, and
feveral of its curlousmotions, and contrivances, and particles all fallen
afunder 3 here a Pin falls out, and there a Pillar, and here a Wheel, and
there a Hammer, and a Spring, and the like, and among the reft, away
falls thofe parts alfo which were brufed and diforder’'d, and had all this
while impeded the motion of all the reft; hereupon feveral of thofe other
motions that yet remain, whofe fprings were not quite rundown, being
now at liberty, begin each of them to move,thus or thus, but quite after
another method then before, there being many regulating parts and the
like,fallen away and loft. Upon this, the Owner, who chances to hear
and obferve fome of thefe effects, being ignorant of the Watch-makers
Art, wonders what is betid his Clock, and prefently imagines that
fome Artift has been at work, and hasfet his Clock in order, and made a
new kind of Inftrument of it, but upon examining circumitances;he finds
there was no fuch matter, but that the cafual {lipping out of a Pin had
made feveral parts of his Clock fall to pieces, and that thereby the ob-
{tacle thatall this while hindred his Clock, together with other ufefull
parts were fallen out, and fo his Clock was fet at liberty. And upon
winding up thofe {prings again when run down, he finds his Clock to go,
but quite after another manner then it was wont heretofore.

And thusmay it be perhaps in the bufinefs of Mofs and Mould, and

Mufhroms, and feveral other fpontancons kinds of vegetations, which
may
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may be causd by a vegetative principle, which was a coadjutor to the
life and growth of the greater Vegetable, and was by the deftroying
of the life of it ftopt and impeded in performing its office 5 but after-
wards, upon a further corruption of feveral parts that had all the while
impeded it, the heat of the Sun winding up, as it were, the {pring, fets it
again into a vegetative motion, and this being fingle,and not at all regu-
lated as it was before(when a partof'that greater machine the priftine ve-
getable)is mov'd after quite a differing manner.and preduces effects very
differing from thofe it did before.

But this I propound onely as a conjecture, not that I am more enclin’d
to this ijotfcﬁ: then the feminal, which upon good reafon 1ghefsto be
Mechanical al{o, as  may elfewhere more fully fhew : But becaufe I may,
by this,hint a pofiible way how this appearance may be folv'd 5 fuppofing
we fhould be driven to confefs from certain Experiments and Obfervati-
ons made, that fuch or fuch Vegetables were produc’'d out of the cor-
ruption of another, without any concurrent feminal principle (asIhave
given fome reafon to fuppofe, in the defcription of a A7icroféopical Mufh-
rome) without derogating at all from the infinite wif{dom of the Creator.
For this accidental production, as I'may call it, does manifeft asmuch, if
not very much more, of the excellency of his contrivance as any thing in
the more perfect vegetative bodies of the world, even as the accidental
motion of the Awtomaton does make the owner fee, that there was much
more contrivance init then at firlt he imagin'd, But of this I have added
more in the defcription of Mould,and the Vegetables on Rofe leaves,ce.
thofe being much more likely to have their original from fuch a caufe
then this which T have here defcribed, in the 13. Scheme, which indeed I
cannot conceive otherwife of, then as of a moft perfect Vegetable, want-
ing nothing of the perfections of the meft confpicuous and vafteft Vege-
tables of the world, and to be of a rank fo high, as thatit may very
properly be reckon’d with the tall Cedar of Lebanon, as that Kingly
Botanift has done.

We know there may be as much curiofity of contrivance, and excel-
lency of form in a very fmall Pocket-clock, that takes not up an Inch
fquare of room,as there may be in a Church-clock that fillsa whole room 3
And T know not whether all the contrivances and Aechanifins requilite
to a perfect Vegetable, may not be crowded into an exceedingly lefs
room then this of Mofs, as I have heard of a ftriking Watch fo {mall,
that it ferv'd for a Pendant in a Ladies ear ; and I have already given
you the defcription of a Plant growing on Rofe leaves, that isabundant-
ly fmaller then Mofs 3 infomuch, that neer 1000. of them would hardly
make the bi[gneﬁ‘ of one fingle Plant of Mofs. And by comparing the
bulk of Mofs, with the bulk of the biggeft kind of Vegetable we meet
with in Story (of which kind we find in fome hotter climates, as Guire,
and Brafile, the ftock or body of fome Trees to be twenty foot in Dia-
meter, whereas the body or {ftem of Mofs, for the moft part, is not above
one fixtieth part of an Inch) we fhall find that the bulk of the one
will exceed the bulk of the other, no lefs then 2985984 Millions,

or
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or 2985984000000, and fuppofing the production oha Rofe leaf to be
aPlant, we fhall have of thofe frdian Plants to exceed a production of
the fame Veegerable kingdom no lefs then 1000 times the former nuthber 3
fo prodigioutly varicusare the works of the Crearor,and fo A li-fufficient
is he to perform what toman would feem unpofiible, they being bothi

alike eafie to him, even as one day, and a thoufand years are to him as
one and the fame time. :

I'have takennotice of fuch an infinite vaticty of thofe finaller kinds of
vegetations, that thould I'have deferibed every one of them,they would
almoft havefill'd a Volume,and prov d bigg enough to have made anevw
Herbal, fuch multitudes are there o be found in moift hot weather,
efpecially in the Summer time, on all kind of putiifying fubit. nces, which,
whether they do more properly belong to the Claffis of aaufbroms, or
Moulds, or 2offés, tHhali not now difpute, there being fome thac frem
more proper!y of one kind, others of another , their colours and
magnitudes being as much differing as their Figures and fibftances,

Nay, I have obferv’d that putting fair Warer (whether Rainswater o -
Pump-water, or May-dew, or Snow-water, it was almoft all one) | have
often obfervid,Ifay, that this Water would, witha little ftanding, tarnifh
and cover all about the fides of the Glafs that lay under water, wich 2
lovely green 5 but though I have often endeavour'd to difecover with my
- Microfcope whether this green were like Mofs, or long ftriped Seasweed,
-~ orany other peculiar form, yet foill and imperfet are otw Aierofopes,
- that I'could not certainly diferiminate any.

Growing Trees alfo, and any kinds of Woods, Stones, Boties, e that
have been long exposd to the Air and Rain, will be all over coverd with
a greenith feurff,which will very much foul and green any kind of cloaths
that are rubb’d againit jt5 viewing this, I could not cereainly perceive
in many parts of it any determinate form,though in many I could perceive
aBed as ‘twere of young Mofs, but in other parts it Jook’d almioft like
green buthes,and very confus'd,but always of what ever irregular Figures
the parts appear'd of, they were always green, and feem'd to be eithes
fome Vegetable, or to have fone vegetating principle.

28 ad

Obferv. XXIT. Of common Sponges, and Jeweral ather Spongie
~ fibrous bodies. i3 i,

- Sponge is commonly teckon’d among the Zooplyts, or Plant Ani-

A mals; and the texture of it,which the Adicroféope difcovers,feers to

confirmit; for it is of a form whereof I never obfervd any other Vege=

table, and indeed, it feems impotiible thavany fhould be of it, for it con-
fifts of aninfinite number of fmall fhort fibres, or nervous parts, much of
the fame bignefs, curioufly jointed or contex'd together in the form
of a Net, as 1 more plainly ounifeft by the little Draught which 1 éléw;
L aqaae
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added, in the third Figure of the IX. Scheme, of a l{)iece of it, Whic!ryou
may perceive reprefents a conqu'd heap of the fibrous parts curioufly
jointed and implicated. The joints are, for the moft part, where three
fibres onely meet,for  have very feldom met with any that had four.

At thefe joints there is no one of the three that feems to be the ftock
whereon the other grow, but each of the fibres are, for the moft part, of
an equal bignefs, and feem each of them to have an equal fhare inthe
joint 5 the ﬁ%re: are all of them much about the fame bignefs, not {maller
towards the top of the Sponge, and bigger neerer the bottom or root, as
is ufuall in Plants, the length of each between the joints, is very irregu-
lar and different 5 the diftance between fome two joints, being ten or
twelve times more then between {fome others.

Nor are the joints regular, and of an equitriagonal Figure, but for the
moft part, the three fibres {o meet, that they compofe three angles very
differing all of them from one another.

The mefhes likewife, and holes of this reticulated body, are not lefs
variousand irregular : fome bilateral, othexs trilateral, and quadrilateral
Figures ; nay, I have obferv'd fome mefhes to have 5, 6,7,8, or g. fides,
and fome to have onely one, fo exceeding various is the Lufus Nature in
this body. :

As to the outward appearance of this Vegetative body, they arefo
ufuall every where, that I need not defcribe them, confifting of a foft
and porous fubftance, reprefenting a Lock, fometimes a fleece of Wooll 5
but it has befides thefe fmall microfcopical 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 the bottom.

I have obferv’d many of thefe Sponges, to have included likewife in
the midft of their fibrous contextures, pretty large friable ftones, which
muft either have been inclos'd whil'ft this Vegetable wasin formation,or
Fencratcd in thofe places after it was perfeCtly fhap'd. The later of which

eems the more improbable, becaufe I did not find that any of thefe ftony
fubftances were perforated with the fibres of the Sponge.

Thave never feen nor been enform'd of the true manner of the grow-
ing of Sponges on the Rockswhether they are found to increafe from little
to great,like Vegetables,that is, part afier part, or like Animals, all parts
equally growing together ; or whether they be matrices or feed-baggs of
any kind of Fifhes, or fome kind of watry Infect 5 or whether they are
any times more {oft and tender, or of another nature and texture,which
things, if I knew, I fhould much defire to be informed of: but from a
curfory view that I at firft made with my asicrofeope, and fome other
trials,I fuppofed it to be fome Animal fubftance caft out, and faftned up-
on the Rocks in the form of a froth, or cemgeries of bubbles, like that
which I have often  obferv'd on Rofemary, and other Plants (wherein
is included a little Infect) that all the little films which divide thefe
bubbles one from another,did prefently,almoft after the fubftance began
to grow a little harder,break,and leave onely the thread behind, which
might be, as ‘twere, theangle or thread between the bubbles, thatthe

great
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great holes or pores obfervable in thefe Sponges were made by the ery-
ption of the included Heterogeneons fubftance (whether air, or fome
other body, for many other fluid bodies will do the fame thing) which
breaking out of the lefler, were colleted into very large bubbles, and
fo might make their way out of the Sponge, and in their paflage might
leave a round cavity ; and if it were large,might carry up with it the ad-
i jaccnt bubbles, which may be perceiv’d at the outfide of the Sponge, if
it be firft throughly wetted, and fufferd to plump it felf into its natural
form, or be then wrung dry, and fuffer’d to expahf it felf again, which it

will freely do whil'ft moift : for when it has thus plump’d it {elf into its

natural fhape and dimenfions, ’tis obvious enough that the mouths of the

larger holes have a kind of lip or rifing round about them, but the other

fmaller pores have little or none. It may furthier be found, that each of
thefe great pores has many other fmall pores below, that are united unto

it, and help to conftitute it, almoft like (o many rivulets or fiall ftredims
that contribute to the maintenance of a large River. Nor from this
Hypothefis would it have been difficult to explicate, how thofe little
branches of Coral, {mal Stones, shells, and the like, come to be included
by thefe frothy bodies : But this inded was but a conjecture 3 and upon

a more accurate enquiry into the form of it with the Microfcope, it feems

not to be the true origine of them; for whereas Sponges have onely

three arms which join together at each knot, if they had been generated

from bubbles they muft have had four.

But that they are Animal Subftances, the €hymical’ examination of
them feems to manifeft, they affording a volatil Salt and fpirit,like Harts-
Horst, as does alfo their great ftrength and toughnefs, and their fmell
when burn'd in the Fire or a Candle, which has a kind of flefhy fent,not
much unlike to hair. And having fince examin’d feveral Authors con-
cerning them,among others,I find this account givenby Bellorins, in the
X . Chap. of his 2° Book, De Aquatilibus. spongie recentes, fays he, a fiecis
longe diverfe,fcopulis ague maring ad duos vel tres cubitos,nonnungians qua-
tuor tantum digitos immerfis, ut fungi arboribus adbberefzt,ﬁrdiaﬁ quodant
Jucco ant miucofa potius funze referte mfgue aded fetidaut vel eminus nanféant
exciiet, comtinetnr antem iis cavernis, quas inanes in ficcis & lotis Spongiis
cerninmus : Putris pulmonis modo nigra confpicinntur, verim que in fublimi
ague nafcuntur mmlto magis opaca nigredine Juffufe fint. Vivere quidens
Spongias adbarendo Ariftoteles cenfet = abfolute” vero minime : Senfumque
aliquem habere, vel eo argumento (inquit) credantnr, quod difficillime ab-
Jirabantur nifi clanculum agatur: Atqs ad avulforis acceffum ita contrabantur,
ut cas evellere difficile [it, quod idem etiam faciunt quoties flatus tempefta-
téfque nrgent. Puto autem illis Jieeum fordidum quém fupra ldiximms car-
#nis loco 4 natura attributum fuiffe : atque meatibws latioribus tan-
guam inteftinis aut interaneis uti. Caternm pars ea que Spongie cantibus
adbarent eft tanguam folii petiolys, i quo veluti collum quoddam gracilein-
cipit £ quod deinde in latitudinen diffufium capitis globuns facit. Recentibus
nibil eft Siftulofurz, hafitantque tanguam radicibws. Superne omnes propemo-
dum meatus concreti latent - inferne verd quaterni ant quini patent, per qros

: eas

137

-



138

MiCROGRAPHIA.

eas [ugere exiflimanmus. From which Defcription, they feem to be a kind
of Plant-Animal that adheres to a Rock, and thefe {mall fbres or threads
which we have defcribed, feem to have been the Veflels which (tis ve
probable) were very much bigger whil'lt the Zuterflitia were fill'd (as
he affirms) with a mucous,pulpy or fiethy fubftance ; but upon the drying
were fhrunk into the bignefs they now appear.

The texture of it is fuch, that I have not yet met with any other body
in the world that has the like, but onely one of a larger fort of Sponge
(which is preferv’d in the Mufems Harveanum belonging to the moft
Illuftrious and moft learned Society of the Phyficians of London) which is
of a horney, or rather of a petrify’d fubftance. And of this indeed, the
texture and make is exaétly the fame with common Sponges, but onely
that both the holesand the fibres, or texture of itis exceedingly much
bigger.for fome of the holes were above an Inch and half over, and the
fibres and #exture of it was bigg enough to be diftinguithed eafily with
ones eye, but confpicuoulfly with an ordinary fingle Aficrofcope. And thefe
indeed, feem'd to have been the habitation of fome Animal 5 and ex-
amining Ariftotle, 1 find a very confonant account hereunto, namely, that
he had known a certain little Animal, call'd Piwnothera, like a Spider, to
be bred in thofe caverns of a Sponge,from within which,by opening and
clofing thofe holes, he infnares and catches the little Fiihes; and in ano-
ther place he fays, That'tis very confidently reported, that there are cer-
tain Moths or Worms that refide in the cavities of a Sponge,and are there
nourithed : Notwithftanding all which Hiftories, think it well worth the
enquiring into the Hiftory and nature of a Sponge, it feeming to promife
fome information of the Veflels in Animal {ubftances, which (by reafon
of the folidity of the interferted flefh that is not eafily remov'd, without
deftroying alfo thofe interfpers'd Veflels) are hitherto undilcover'd ;
whereas here ina Sponge,the Parenchyma,it feems,is but a kind of mucous
gelly, which is very eafily and cleerly wafh'd away.

The reafon that makes me imagine, that there may probably be fome
fuch texture in Animal fubftances, is, that examining the texture of the
filaments of tann'd Leather, I find it to be much of the fame nature and
ftrength of a Sponge ; and with my 2icrofcope, I have obferv'd many fuch
jointsand knobs, as I have defcribed in Sponges, the fibres alfo in the hol-
low of feveral forts of Bones, after the Marrow has been remov’d, I have
found fomewhat to refemble this texture, though, I confefs, I never yet
found any texture exattly the fame, nor any for curiofity comparable
to 1t,

The filaments of it are much {maller then thofe of Silk, and through
the Microfcope appear very neer as tranfparent, nay, fome parts of them
I have obferv’d much more.

Having examin'd alfo feveral kinds of Mufhroms, I finde their texture
to be fomewhat of this kind, that s, to confift of an infinite company of
{mall filaments, every way contex d and woven together, 0 as to makea
kind of cloth, and more particularly, examining a piece of Touch-wood
(which isa kind of Jews-ear, or Mulhrom, growing here in Exgland allo,

on
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on feveral forts of Trees, fuch as Elders, Maples, Willows, &v. and is

commonly call'd by the name of Spunk; but that we meet with to be
{old in Shops, isbrought from beyond Seas) 1 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 ftretch’d any way exactly likea very fine piece

of Chamois Leather, or wafh'd Leather, but it isof {omewhata browner.
hew, and nothing neer fo ftrong 3 but examining it with my Micrafcopes,
I found it of fomewhat another make then any kind of Leéather 5 for:
whereas both Chamois, and all other kinds of Leather I 'have yet view'd;:

confift of an infinite company of filaments, fomewhat like bufhes inter-
woven one within another, that is,of bigger parts or {tems, asit were, and
fmaller branchings that grow out of them or like a heap of Ropes ends,
where each of the larger Ropes by degrees feem, {plit or untwift, into
many-fmaller Cords, and each of thofe Cords inte fmaller Lites, and
thofe Lines into Threads, & and thefe ftrangely intangled, or inter-
woven one within another : The tekture of this Touch-wood feems
more like that of a Lock or a Fleece of Wool, for it confifts of aninfinite
number of fmall filaments, all of them, asfarr as I could perceive; of the
fame bignefs like thofe of a Sponge, but that the filaments of this were
not a twentieth part of the bignefs of thofe of aSponge s and I could not
fo plainly perceive their joints, or their manner of interweaving, though,
asfarr asI was able to difcern with that Microfcape T had, T fuppofe itto
have fome kind of refemblance, but the joints are nothing neer {o thick,
nor withcut much trouble vifible. - £ 1l ]

The filaments I could plainly enough perceive t6 be even,round,cylin-
drical,tranfparent bodies,and to crofs each other every way, that i, there
were not more feemn’d to lie forizontally then perpendicularly and thwart=
way, fo that it isfomewhat difficult to conceive how they fthould grow
in that manner. By tearing off a findll piece of it; and looking on the
ragged edge, I could among feveral of thofé fibres perceive fmall joints,
thatis, one of thofe hairs {plit into two, each of the fame bignefs with the
other out of which they feem'd to grow, but having notlately had an
opportunity of examining their manner of growth, I cannot pofitively af-
firm any thing of them.

But to proceed, The fwelling of Sponges upon wetting, and the rifing

of the Water in it above the furface of the Water that it touches, are
both from the fame caufe, of which an account is already giveninthe
fixth Obfervation. ' :

The fubftance of them indeed, has fo many excellent propeities,{catce
tobemet with in any other body in the world, that I have often won-
dered that fo little ufe is made of it, and thofe onely vile and fordid 5
certainly, if it were well confider’d, it would afford much greater con-
veniencies. : |

That ufe which the Divers are fald to make of it, feems, if tiue,
very ftrange, but having made trial of it my felf; by dipping a {rall piece
of 1t in very good Sallet-oyl,and putting it in my mouth,and thenkeep-

ing my mouth and nofe under water,l could not find any fuch thing 3 for
¥ 2 was
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was as foon out of breath,as if T had had no Sponge,nor could I fetch
breath without taking in water at my mouth; but I am very apt to
think, that were there a contrivance whereby the expir'd air might be
forc’'d to pafs through a wet or oyly Sponge before it were again lflf[_m" &
it might much cleanfe, and ftrain away from the Air divers fuliginous
and other noifome fteams, and the dipping of it in certain liquors might,

rhaps, fo renew that property in the Air which it lofes in the Lungs,by
ﬁing breath’d, that one iquare foot of Air might lafta man for refpirari-
on much longer, perhaps,then ten will now ferve him of common Air,

Obferv. XXIIL. Of the curious texture of Sea-weeds.

Or curiofity and beauty, Ihave not among all the Plants or Vege-
F tables I have yet obferv'd, feen any one comparable to this Sea-weed
I have here defcrib'd, of which I am able to fay very little more then what
is reprefented by the fecond Figure of the ninth Schewme: Namely, that
it isa Plant which grows upon the Rocks under the water, and increafes
and fpreads it felf into a great tuft, which is not cnely handfomel
branch’d into feveral leaves, but the whole furface of the Plant is cover’d
over with a moft curious kind of carv'd work, which confifts of a tex-
ture much refembling a Honey-comb 5 for the whole furface on both fides
is cover'd over with a multitude of very {mall holes,being no bigger then

‘o many holes made with the point of a fmall Pinn, and rang’d in the
neateft and moft delicate order imaginable, they being plac’d in the man-
ner of a Quincunx, or very much like the rows of the eyes of a Fly, the
rows or ordersbeing very regular, which way foever they are obferv'd :
what the texture was, as it appear’d through a pretry bigg Magnifying
Microfcepe, 1 have here adjoin'd in the firft Figure of the 14. Scheme,
which round Area ABCD reprefents a part of the furface about one
eighth part of an Inch in Diameter : Thofe little holes, which to the eye
look’d round, like{o many little fpots, here appear'd very regularly
fhap'd holes, reprefenting almoft the fhape of the fole of a round toed
fhoe, the hinder part of which, is, as it were, trod on or cover'd by the
toe of that next below itsthefe holesfeem’d wall’d about with a very thin
and tranfparent fubftance, looking of a pale ftraw-colour 3 from the ed
of which, againft the middle of each hole, were fprouted out four fmall
tranfparent {traw-colour'd Thorns, which feem'd to protet and cover
thofe cavities, from either fide two 5 neer the root of this Plant, were
{prouted out feveral fmall branches of a kind of baftard Coralline, curi-
oufly branch’'d, though fmall.

And to confirm this, having lately the opportunity of viewing the
large Plant (if I may {o call it) of a Sponge petrify'd, of whichI made
mention in the laft Obfervation, I found, that each of the Branches or
Figures of it, did, by the range of its pores, exhibit juit fuch a texture,

the
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the rows of pores crofling one another, much after the manner as the
rows of eyesdo which are deferib'd inthe 26.8chemg : Corallize alfo, and:
feveral forts of white Corgl, I have with a Micrafeqpe oblerv'd very cu-
rioufly {hap'd. And I doubt not, but that he that {hall ebferve thefe
feveral kinds of Plants that grow uypon Rocks, which the Sea fome-
times overflows, and thofe heaps of others which ar¢ vomited out of it up-
on the (hore, may find multitudes of lictle Plants, and other bodigs,which
like this will afford very beautifull objelts for the adicrofeope 5 and this
Specimen heve is adjoin'd onely to excite their curiofities who have op-
portunity of obferving to examine and collect what they find worthy
their notice 5 for the Sea, among texreftrial bodies, is allo a prefifick
mother, and affords as many Inltances of fPontancous generations as ¢i-
ther the Air o Earth,

Obferv. XX1V. Ofthe furfaces of Rofemary, and other leayes.

His which is delineated within the circle of the fecond Figure of the

§  14. Scheme, is a fmall part of the back or under fide of a leaf of

Rofemary, which I did not therefore make choice of, becaufe it had any

thing peculiar which was not obfervable with a Aficrafcape in fevergl
other Plants, but becaufe it exhibitsat one view, = - L o Vgt

Firft, a fmooth and fhining furface, namely, A B, whichis a partof the
upper fide of the leaf, that by akind of hem or doubling of the leaf ap-
pears on this fide. There are multitudes of leaves, whefe furfacesare
like this fmooth, and as it were quilted, which look like a curious quilted
bagg of greenSilk, or like a Bladder, or fome fuch pliable tran{parent
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, like the
Silk-worm’s Egg.,which I fhall anon defcribe 5 the fmooth furfaces of other
Plants are otherwife quilted, Nature in this, as it were, exprefling her
Needle-work, or imbroidery.

Next a downy or bufhy furface, fuch as is all the under fide almoft,
appearing through the Microfcope much like a thicket of bufhes, and wich
thiskind of Down or Hair the leaves and ftalks of multitudesof Vege-
tables are covered 3 and there feems to be as great a vasiety in the thape,
bulk, and manner of the growing of thefe fecundary Plants, asI may call
them (they being, asit were, aPlant growing out of a Plant, or fome-
what like the hairs of Animals) as there is to be found among(t {mall
fhrubs that compofe bufbes; but for the moft part, they confift of fmall
tranfparent parts, fome of which grow in the fhape of {mall Needlesor
Bodkins,as on the Thiftle,Cowag-ecod and Nettle 3 others in the form of
Cat’s claws,as in Cliders, the beards of Barley, the edges of feveral forts
of Grafs and R eeds, @. in other,as Coltsfoot,R ofe-campion, Aps, Poplar,
Willow, and almoft all other downy Plants, they grow in the form of

bufhes very much diverfify’d in €ach particular Plant. That whiChg hfave
eiore
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before in the 19. Obfervation noted on Rofe-leaves, isof a quite differ-
ing kind, and {eems indecd a real Vegetable, diftint from the leaf.

" Thirdly, among thefe fmall bufhesare obfervable an infinite company
of fmall round Balls, exatly Globular, and very much refembling Pearls,
namely, CCCC, of thefe there may be multitudes obferv'd in Sage,
and feveral other Plants, which I fuppofe was the reafon why Athanafins
Kircher fuppofed them to be all cover'd with Spiders Eggs, or young
Spiders, which indeed is nothing elfe but fome kind of gummous exfu-
dation,which is always much of the fame bignefs. At firft fight of thefe,I
confefs, I imagin'd that they might have been{ome kind of matrices,"or
nourifhing receptacles for fome fmall Infect, juft as I have found Oak-
apples, and multitudes of fuch other large excrefcencies on the leaves
and other partsof Trees and fhrubs to be for Flyes, and divers other In-
fects, but obferving them to be there all the year, and fearce at all to
change their magnitude, that conjecture feem’'d not fo probable. But
what ever be the ufe of it, it affords a very pleafant object through the
Microfcope, and may, perhaps, upon further examination, prove very
luciferous.

Obferv. XXV, Of the flinging points and juice of Nettles, and
Jome other venomous Plants.

Nettle is a Plant fo well known to every one,as to what the appear-

ance ofit is to the naked eye,that it needs no defcriptionsand there
are very few that have not felt as well as feen it 5 and therefore it will be
no news to tell that a gentle and {light touch of the fkin by a Nettle,does
oftentime, not onely create very fenfible and acute pain, much like that
of a burn or {cald,but often alfo very angry and hard {wellings and infla-
mations of the parts, fuch as will prefently rife, and continue fwoln di-
vershours. Thefe obfervations,I fay, are common enough 3 but how the
painis fo fuddenly created, and by what means continued, augmented
for a time, and afterwards diminifh’d, and atlength quite exftinguifh’d,
has not, that [ know, been explain’d by any.

And here we muft have recourfe to our Microfcape, and that will, if
almoft any part of the Plant be looked on, fhew us the whole furface of
it very thick fet with turn-Pikes, or tharp Needles, of the thape of thofe
reFrefented in the 15, Scheme and firft Figure by A B, which are vifible
alfo to the naked eye 3 each of which confifts of two parts very diftinét
for fhape,and differing alfo in quality from one another. Forthe pare A,
is fhaped very much like a round Bodkin,from B tapering till it end in a
very fharp points it is of a fubltance very hard and ftiff, exceedingly
tranfparent and cleer, and, as I by many trials certainly found, is hollow
from top to bottom.

This I found by this Experiment, Ihad a very convenient AMicro-
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Jfeope with a fingle Glafs which drew about halfan Inch this I had faftned
intoa little frame, almoft like a pair of Spectacles, which I placed before
mine eyes, and {0 holding the leaf of a Nettle at a convenient diftance
from my eye, [ did firft,with the thrufting of feveral of thefe briftles into
my {Kin, perceive that prefently after I had thruft themin I felt the burn-
~ ing pain begin; next I obfervd in divers of them, that upon thrufting
. my finger againft their tops, the Bodkin (if I may {o call it) did not in
~ the leaft bend, but I could perceive moving up and down withinit a cer-
tain liquor, which upon thrufting the Bodkin againft its bafis, or bagg B,
I could perceive to rife towards the top, and upon taking away my hand,
I could fee it again fubfide, and fhrink into the bagg s this 1 did very
often, and faw this Phenomenon as plain as I could ever fee a parcel of
water afcend and defcend ina pipe of Glafs. But the bafis underneath thefe
Bodkins on which they were fa{i were made of a more pliable fubftance,
and looked almoft like a little bagg of green Leather, or rather refem-
bled the fhape and furface of a wilde Cucumber, or cucumeris afinini,
and I could plainly perceive them to be certain little baggs, bladders,or
receptacles full of water, or asI ghefs, the liquor of the Plant, which was
poifonous, and thofe fmall Bodkins were but the Syringe-pipes, or Gly-
- {ter-pipes, which firft made way into the fkin, and then ferved to convey
that poifonous juice,upon the prefling of thofe little baggs, into the in-
terior and fenfible parts of the fkin,which being fo difcharg’d, does cor-
rode, or, asit were, burn that part of the fkin it touches 3 and this pain
will fometimes laft very long, according as the impreffion is made deeper

or {tronger.

The other parts of the leaf or furface of the Nettle, have very little
confiderable, but what is common tomoit of thefe kinds of Plants, as the
ruggednefs or indenting, and hairinefs, and other roughnefies of the fur-
face or out-fide of the Plant, of which I may fay more in another place.
As I fhall likewife of certain little pretty cleer Balls or Apples which I
have obferved to ftick to the fides of thefe leaves, both on the upper and
under fide, very much like the fmall Apples which I have often obferv'd
to grow on the leaves of an Oak call'd 0ak-apples which are nothing but
the Matrices of an Infet, as I elfewhere fhew.

The chief thing therefore is, how this Plant comes,by o {light a touch,
to create {o great a painsand the reafon of this feems to be nothing elfe,but
the corrofive penetrant li?uor contain’'d inthe fmall baggs or bladders,
upon which grow out thofe fharp Syringe-pipes, as I before noted 5 and
very confonant to this, is the reafon of the pain created by the fting of a
Bee,Walp, &¢. asl elfewhere fhew: For by the Dart,whichis likewife a
pipe,ismade a deep paflage into the fkin, and then by the anger of the
kly, ishis gally poifonous liquor injetted 5 which being admitted among
the fenfible parts, and o mix'd withthe humours or flagmating juices of
that part, does create an Ebullition perhaps, or effervefcens, as is ufually
obferv'd in the mingling of two differing Chymical faline liquors, by
which means the parts %ecome {well'd, hard, and very painfull 5 for
thereby the nervous and fenfible parts are not onely ftreteb’d and I:()‘train’g

eyon



144 MicroGrRAPHIA,

beyond their natural fore, but are alfo prick’d, perhaps, or_corroded by
the pungent and incongruous pores of the intruded liquor.

And this feems to be the reafon, why Agna fortis, and other faline li-
quors, if they come to touch the fenfitive parts, as in a cut of the fkin,
or the like, do fo violently and intollerably excruciate and torment the
Patient. And ‘tis not unlikely, but the Inventors of that Diabolical pra-
&ice of poifoning the points of Arrows and Ponyards, might receive
their firft hint from fome fuch Inftance in natural contrivances, as thisof
the Nettle : for the ground why fuch poifon'd weapons kill {o infallibly
asthey do, feems no other then this of our Nettle’s {tinging ; for the Pon-
yard or Dart makes a paflage or entrance into the {enfitive or vital parts
of the body, whereby the contagious fubftance comes to be diffolv’d by,
and mix’d with the fluid parts or humours of the body,and bg that means
fpreads it felf by degrees into the whole liquid part of the body, in the
fgme manner, as a few grains of Salt,put into a great quantity of Water,
will by degrees diffufe it felf over the whole.

And this take to be the reafon of killing of Toads, Frogs, Effs, and
feveral Fifhes, by ftrewing Salt on their backs (which Experiment was
fhewn to the Royal Society by a very ingenious Gentleman, and a worthy
Member of it) for thofe creatures having always a continual exfudation,
as it were,of {limy and watry parts,fweating out of the pores of their fkin,
the faline particles, by that means obtain a zehic/e,which conveys them in-
to the internal and vital parts of the body.

This feems alfo to be the reafon why bathing in Mineral waters are
fuch foveraign remedies for multitudes of diftempers,efpecially chronicals
for the liquid & warm wehicles of the Mineral particles,which are known
to be in very confiderable quantities in thofe healing baths,by the body’s
long ftay in them, do by degrees fteep and infinuate themfelves into the
pores and parts of the {kin,and thereby thofe Mineral particles have their
waysand paflages open’'d to penetrate into the inner parts, and mingle
themfelves with the 2agnant juices of the feveral parts ; befides,many of
thofe offenfive parts which were united with thofe ffagnant juices, and
which were contrary to the natural conftitution of the parts, and fo be-
come irkfome and painfull to the body,but could not be difcharged, be-
caufe Nature had made no provifion for fuch accidental mifchiefs, are, by
means of this foaking,and filling the pores of the fkin with aliquor, at-
forded a paflage through that liquor that fills the pores into the am-
bient fluid, and thereby the body comes to be difcharged.

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 injetting liquors into the veins of an ‘Animal,
feems to be reducible to this head : I cannot {tay, nor is this a fit place, to
mention the feveral Experiments made of this kind by the moit incom-
parable Mr. Boyle, the multitudes made by the lately mention’d Phyfician
Doctor Clark, the Hiftory whereof; as he has been pleas'd to commu-
nicate to the Royal Society, {0 he may perhaps be prevail'd with to make
publique himfelt: ButT fhall rather hint, that certainly, if this Principle

were
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were well confider’d,there might, befides the further improving of Bath-
ing and Syringing into the veins, be thought on feveral ways, whereby
{everal obftinate diftempers of a humane body,fch as the Gout,Dropfie,
Stone, ¢ic. might be mafter'd, and expell’d; and good men might make
asgood a ufe of it, as evil men have made a perverfe and Diabolical.

And that the filling of the pores of the fkin with fome fluid vebicle, is

of no fmall efficacy towards the preparing a paflage for feveral kinds of
penetrant juices, and other difioluble bodies, to infinuate themmfelves
within the ikin, and inta the fenfitive parts of the body, may be, 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 tranierib’d :  Cuwe Chameleonis nigri radices (fays he)
apud Pagnm quendan Livadockorio nuncupatume erui curaremms, plurimi
Graci & Turce [pectatum venerunt quid ernerenus, eas vero fruftulatim fe-
cabarus, & filo trajiciehamus ut facilins exficcari. poffent. Tnrce in eo ue-
gotio occupatos nos videntes, fimiliter cas radices traffare @ fecare volue-
runts at cum fummus cflet gfins, & omnes fucore maderent, quicungue
cam radicews manibus trafaverant fudoremque abfterferant,ant faciem di-
gitis [calpferant, tantam pruriginem iis locis quos attigerant poftea fenferunt,
ut acluri viderentur. Chameleonis enim nigri radix ea virtute pollet, ut cue
ti applicata ipfam adeo inflammet, ut nec Jquille, nec wrtice nlle centefima
parteita adurent : At prurigo non adeo celeriter fefe prodit. Poft unaws ant al-
teram porro boram, [inguli variis faciei locis cutem adeo inflammeatan ba-
bere capimus ut tota fangninea videretur, atque quo magis earm confricaba-
wins ganto magis excitabatur prurigo. Fonti alfidebamus ub platano,atque ini-
tio pro Iudicro habebamus & ridebamus : at tandem illi plurimum indignati
Junt, & nifi affeveraffemus nunquam expertos tali virtute eam plantam pollere;
hand dubre male nos multaffent. Attamen noftra excfatio fuit ab illis facili-
s acceptacum eodent incommodo nos affectos confpicerent. Mirum  fane quod
in tantillo radice tam ingentem cfficaciam noftro malo experti fumus.

By which obfervation of his,it feems manifeft,that their being all cover'd
with fweat who gather'd and cut this root of the black Chameleor Thiftle,
was the great reafon why they fuffer’d that inconvenience, for it feemsthe
like circumftance had not been before that noted, nor do1find any men-
tion of fucha property belonging to this Vegetable in any of the Her-
bals I have at prefent by me.

I could give very many Obfervations which I have made of thiskind,
whereby I have found that the beft way to get a body to be infinuated
into the fubftance or infenfible pores of another, is firft, to find a fluid
webicle that has fome congruity,both to the body to be infinuated,and to
the body into whofe pores you would have the other convey’d. And in
this Principle lies the great myftery of ftaining feveral forts of bodies, as
Marble, Woods, Bones, €+c. and of Dying Silks, Cloaths, Wools, Fea-
thers, @ But thefe being digreffions, I fhall proceed to : :

Obferv. XX V1, Of Cowage.,and tl;;tcbiﬂg operation of fome bodies:

THere isa certain Down of a Plant,brought from the Eaft-Tndies,call'd

commonly, though very improperly, Com-itch, the reafon of which
X miftake

\
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miftake is manifeft enough from the defcription of it,which Mr. Parkinfon
fetsdown in his Herbal, Tribe X 1. Chap. 2. Phafiolus filiqua birfuta 5 The
hairy Kidney-bean, called in Zurratte where it grows, Coubage : We have bad
(fayshe) another of this kind brought ws eut of the Ealt-Indies, which being
planted, was in fhew like thke former, but came not to perfeltion, the unkindly
feafon not fuffering it to fhew the flower 5 but of the Cods that were brought,
Jome were fmaller, fhorter, and rounder then the Garden kind: others much
longer, and many growing together, as it were in clufters,and cover'd all over
with a brown [bort bairinefs, [o fine, that if any of it be rubb’d, or fall onthe
back_ of ones hand, or other tender parts of the skin, it will caufe a kind of
itching, but not fbrong, nor long induring, but palfing quickly away, without
either danger or harm 5 the Beans were fmaller then ordinary, and of a black,
Jhining colonr. -

Having one of thefe Cods given me by a Sea-Captain, who had fre-
quented thofe parts, 1found it to be a fmall Cod, about three Inches
long, much like a fhort Cod of French Beans, which had fix Beansinit,
the whole furface of it was cover'd over with a very thick and {hining
brown Down or Hair, which was very fine, and for its bignefs ftiff;
taking fome of this Down, and rubbing it on the back of my hand, 1
found very little or no trouble, only I was fenfible that {feveral of thefe
little downy parts with rubbing did penetrate, and were funk, or ftuck
pretty deep into my fKkin. After I had thus rubbd it for a precty while,
I felt very little or no pain, in o much that I doubted, whether it were
the true Couhage 3 but whil'(t I was confidering, I found the Down begin
tomake my hand itch,and infome places to fmart again, much like the
ftinging of aFlea or Gnat, and this continued a pretty while, {o that by
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 fcratch-
ing, the itching tickling pain quickly grew languid, and within an hour
I felt nothing at all, and the little protuberancies were vanifh’d.

The caufe of which odd Phenomenon, 1 fuppofe to be much the fame
with that of the {tinging of a Nettle, for by the Aicrofcope, 1 difcover'd
this Down to confift of a multitude of fmall and flender cqnical bodies,
much refembling Needles or Bodkins, fuch as are reprefented by A B.

- CD. EF. ofthefirft Figure of the XVI. Scheme; thattheirends AAA,
were very fharp, and the fubftance of them (tiff and hard, much like the
fubftance of feveral kinds of Thorns and crooks growing on Trees. And
though they appear'd very cleer and tranfparent, yet I could not per-
ceive whether they were hollow or not, but to me they appear'd
like folid tranfparent bodies, without any cavity in thems; whether,
though they might not be a kind of Cane, fill'd with fome tran{pa-
rent liquor which washardned (becaufe the Cod which I had wasvery
dry) I'was not able to examine.

Now, being fuch ftiff, fharp bodies, it is eafie to conceive, how with
rubbing they might eafily be thruft into the tender parts of the skin,and
there, by reafon of their exceeding finenefs and drinefs, not create any
confiderable trouble or pain, till by remaining in thofe places moiftned
with the humours of the body, fome cauftick part fticking cn them, or

refiding
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reﬁding within them might be diffolv'd and mix’d withthe ambiéne juices
of that place, and thereby thofe fibres and tender parts adjoyning be-
come affe¢ted, and asit were corroded by it; whence, while that acti-
on lafts, the pains created are pretty {harp and pungent, though fmall,
which is the eflential property of anitchingone. ik O3

That the pain alfo caufed by the {tinging of a Flea, a Gnat; a Flie,a
Wafp, and the like, proceeds much from the very fame caufe; I'elfewhere
in their proper placesendeavour to manifeft. The ftinging alfo of fhred
Horf-hair, which in meriment is often {trew’d between the theets of a Bed;
feems to proceed from the fame caufe. i

Obferv. XX V11. Of the Beard of a wilde Oat, and the ufe that
may be made of it for exhibiting always to the Eye the temperature
of the Air, as todringfs and moifture.

THis Beard of a wild 04#,1s a body of a very curious {tructure,though

to the naked Eyeit appearsvery flight, and inconfiderable, it being
only afinall black or brown Beard or Briftle,which grows out ofthe fide
of the inner Husk that covers the Grain of a wild Oatsthe whole length of
it,when put in Water, {o that it may extend it felf to its full length,is not
above an Inch and a half,andfor the moft part fomewhat fhorter,but when
the Grain is ripe, and very dry, which is ufualy in the Moneths of Fuly,
and Auguft, this Beard isbent {omewhat below the middle, namely,about
% from the bottom of it, almoft to a right Angle, and the under part of
it is wreath'd lik a With ; the fubftance of it is very brittle when dry, and
it will very eafily be broken from the husk on whichrit grows: -

If you take one of thefe Grains, and wet the Beard in Waterjyou will
prefently fee the fmall bended top to turn and move round, asif it were
Een[iblq and by degrees, if it be continued wet enough, the joint ot knee
will fireighten it felfs and if itbe fuffer’d to dry again, it will by degrees
move round another way, and at length bend again into its former
pofture. £

Ifit be view’d with an ordinary fingle Azicrofeope, it 'will appeat like
a {mall wreath’'d Sprig, with two clefts 5 and if wet as before, and
then look'd on with this Microféape, it will appear to unwreath it felf;
and by degrees,to ftreighten its knee, and the two clefts will become
ftreight, and almoft on oppofite fides of the fmall ¢ylindrical body.

If it be continued to Ee look'd a little longer witha Microféope, it
will within a little while begin to wreathiit fgf again, and foon after
return to its former pofture; bending it felf again neer the middle, into
a kind of knee or angle.

Several of thofe bodies I examin’'d with larget Microfcopes, and there
found them much of the make ofthofe two long wreath’d cylinders de-
lineated in the fecond Figure of the 15. Scheme, which two cylindets re-

X 2 prefent
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prefent the wreathed part brokeninto two pieces,whereof the end ABis
to be fuppos'd to have join'd tothe end CD, fo that EA CF does repre-
fent the whole wreath'd part of the Beard, and E G a {mall piece of the
upper part of the Beard which is beyond the knee, whichas I had not
room toinfert, {0 wasit not very confiderable, either for its form,or any
known property 5 but the under or wreathed part is notable for both:
Asto itsform, it appear'd, if it were look’d on fide-ways, almoft likea
Willow, or afmall tapering rod of Hazel, the lower or bigger half of
which onely, is twifted round feveral times,in fome three, in others more,
in others lefs, according to the bignefs and maturity of the Grain on
which it grew, and according to the drinefs and moifture of the ambient
Air, as I {hall fhew moreat large by and by.

The whole outward Superficies of this Cylindrical body is curioufly
adorned or fluted with little channels, an({ interjacent ridges, or little
protuberances between them, which run the whole length of the Beard,
and are {treight where the Beard is not twifted,and wreath'd where it s,
juft after the fame manner : each of thofe fides is befet pretty thick with
fmall Brifles or Thorns, fomewhat in form refembling that of Percupines
Quills, fuch as « a2 24 in the Figure 5 all whofe points are directed like
fo many Turp-pikes towards the fmall end or top of the Beard, which is
the reafon, why, if you endeavour to draw the Beard between your fin-
gers the contrary way, you will find it to ftick, and grate, as it were,
againft the {kin. :

The proportion of thefe fmall conical bodies 2244 2 to that whereon
they grow, the Figure will fufficiently fhew, asallo their manner of grow-
ing,their thicknefs, and neernefs to each other, as, that towards the root
or bottom of the Beard, they are more thin, and much thorter,infomuch
that there is ufually left between the top of the one, and the bottom of
that next above it, more then the length of one of them, and that to-
wards the top of the Beard they grow more thick and clofe (though
there be fewer ridges) {o that the root, and almoft half the upper are
hid by the tops of thofe next below them.

I could not perceive any tranfverfe pores, unlefs the whole wreath’'d
part were feparated and cleft,in thofe little channels,by the wreathing in=
to fo many litcle ftrings as there were ridges, which was very difficult to
determine 5 but there were inthe wreathed part two very confpicuous
channels or clefts, which were continued from the bottom F to the el-
bow E H, or all along the part which was wreath'd, which feem'd to di-
vide the wreath'd Cylinder into two parts, a bigger and a lefs 5 the bigger
was that which was at the convex fide of the knee, namely, on thefide A,
and was wreath'd by OOOOQOs this, as it feem'd the broader, fo
did it alfo the longer, the other P PP P P, which was ufually purs'd or
wrinckled in the bending of the knee,as about E, feem’d both the fhorter
and narrower, {o that at firlt I thought the wreathing and unwreathing
of the Beard might bave been caus'd by the fhrinking or {welling of that
part 3 but upon further examination,] found that the clefes, K K, L L,were
ftuft up with a kind of Spongie fubftance, which, for the moft part, was

very
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very confpicuous neer the knee, as i the cleft K K, when the Bedrd was
dry 5 upon the difcovery of which, Ibegan to think, that it wasupon the
{welling of this poraus pith upon the accefs of moifture or water that the
Beard,being made longer inthe midft,was fireightned.and by the fhrink-

ing or fubfiding of the parts of that Spengie fubftance together, when
the water or moilture was exhal'd or dried, the pith or middle parts

growing {horter, the whole became rwifted. :

But thisI cannot be policive in, for upon cutting the wreath’d part in
many places tranfvertly, I was not fo well fatisfy'd with the thape and
manner of the pores of the pith; for looking on thefe tranfverfe Sedtions
with a very good Asicrofcope, | found that the ends of thofe tranf-
verfe Seftions appeard much of the manner of thethird Figure of the
15.8cheme ARCFE, and themiddle orpith CC, feem’d very full of
pores indeed, but all of them feem’d tarun the long-ways.

This Figure plainly enough fhews in what manher thofe clefts, K and L
divided the wreath'd Cylinderinto two unequal parts, and alfo of what
kind of fubftance the whole body confifts ; for by cutting the fame Beard
in many places, with wranfverle Sections, I found much the fame ap-
pearance with this exprefs'd 5 fo that thofe pores feem to run, asin mofk
other fuch Cany bedies, the whole length of it.

The clefts of this body KK, and LL, feem'd (as is alfo exprefs'd in
the Figure) to wind very oddly in the inner part of the wreath; and
infome parts of them, they feem'd ftufled, as it were,with that Spongie
fubftance, which I juft now deferibed. :

This fo oddly conftituted Vegetable fubftance, is firft (that I have
met with) taken notice of by Baptifia Porta, in his Natural Magick , asa
thing known to children and Juglers, and it has beencall'd by fome of
thofe laft named perfons, the better to cover their cheat, the Leggof an

Arabian Spider, or the LegF of an inchanted Egpptiax Fly, and has been
ufed by them to make a fmall Index, Crofs, or the like, to move round
upor:l the wetting of it with a drop of Water, and muttering certain
words.

But the ufe that has been made of it, for the difcovery of the various-
conftitutions of the Air, as to drinefs and moiftnefs, is incamparably
beyond at}y other 3 for this it does to admiration : The manner of can-
triving it {0, as to perform this great effect, is onely thus:

Provideagood large Box of Ivoty, about four Inches over, and of
what depth you fhall judge convenient (according to your intention
of making ufe of one, two,three,or more of thefe fmall Beards,ordered in
the manner which I {hall by and by defcribe)let all the fides of this Box be
turned of Bafket-work (which here in Lowdon is eafily enough procur'd)
full of holes,in the manner almoft of a Lettice, the bigger, or more the
holes are,the better,that {o the Air may have the more free paflage to the
inclofed Beard,and may the more eafily pafs through the Inftrament 5 it
will be better yet.though not altogether o handfom,if infteed of the Baf-
ket-work on the fides of the Box,the bottom and top of the Box be join'd
togetheronely with three or four fimall Pillars, afcer the manner ;‘eprtg

lente
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fented in the 4.Figure of the 15. Scheme. Or,if youintend to make ufe of
many of thefe fmall Beards join'd together, you may have a fmall long
Cafe of Ivory, whofe fides are turn'd of Bafket-work, full of holes, which
may be ferew’d onto the underfide of a broad Plate of Ivory,on the other
fide of which is to be made the divided Ring or Circle, to which divifi-
ons the pointing of the Hand or Index, which is moved by the conjoin'd
Beard, may fhew all the Minute variations of the Air. _

There may be multitudes of other ways for contriving this {mall Inftru-
ment, foas to produce this effe(}, whichany onemay, according to his
peculiar ufe, and the exigency of his prefent occafion, eafily enough con-
trive and take, on whichI{hall not therefore infift. The whole manner of
making any one of them is thus : Having your Box or frame A ABB, fitly
adapted for the free paffage of the Air through it,in the midft ofthe bot-
tom B B B, you mufthave a very fmall hole C, into which the lower end of
the Beard is to be fi'xd,the upper end of which Beard 4 b.is to pafs through
a {mall hole of a Plate, ortop A A, if you make ufe onely of a fingle one,
and on the top of it ¢, is to be fix'd a fmall and very light Zndex f g, made
of a very thin {liver of a Reed or Cane ; but if you make ufe of two or
more Beards, they muft be fix’d and bound together, either with a very
fine piece of Silk, or with a very {mall touch of hard Wax, or Glew,which
is better, and the Index fg, isto be fix'd on the top of the fecond,third,
or fourth in the fame manner as on the fingle one.

Now, becaufe that in every of thefe contrivances, the Irdex fg, will
with fome temperatures of Air, move two, three, or more times round,
which without fome other contrivance then this,will be difficult to diftin-
guifh,thcrcfore I thought of this Expedient : The Index or Hand f g, be-
ing rais'd a pretty way above the furface of the Plate A A, fix in ata
little diftance from the middle of ita fmall Pin A, fo asalmoft to touch
the {urface of the Plate A A, and then in any convenient place of the
furface of the Plate,fix a fmall Pin, on which put on a fmall piece of Paper,
or thin Paft-board, Vellom, or Parchment, made of a convenient cize,
and fhap'd in the manner of that in the Figure exprefs'd by i &, fo
that having a convenient number of teeth every turn or return of the
Pin A4, may move this {mall indented Circle, a tooth forward or back-
wards, by which means the teeth of the Circle, being mark'd, it will be
thereby very eafie to know certainly, how much variation any change
of weather will make upon the fmall wreath’d body. In the making of

“this Secundary Circle of Vellom, or the like, great careis to be had, that
it be made exceeding light, and to move very eafily, for otherwife a fmall
+ variation will fpoil the whole operation. The Box may be made of Brafs,
Silver, Iron, or any other fubftance, if care be taken to make it open
enough, to let the Air have a fufficiently free accefs to the Beard. The
Index alfo may be various ways contrived, {o as to fhew both the number
of the revolutions it makes, and the Minnte divifions of each revolution.

I have made feveral trials and Inftruments for difcovering the drinefs
and moifture of the Air with this little wreath’'d body,and find it to vary
exceeding fenfibly with the leaft change in the conftitution of the Air, as

to
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to drinefs and moifture, fo that with one breathing upon it, Thave madé
it untwift'a whole bout, and the Index or Hand has thew'd or pointed ta
various divifions on the upper Face ot Ring of the Inftrument; according
as it was carried neerer and neerer to the fire, or ‘as the heat of the Sun
increafed upon it. : : '

Other trialsT have made with Gut-ftrings,but find them nothing hcer
fo fenfible, though they alfo may be {o contrivid as ro exhibit the
changes of the Air, as to drinefs and moifture. both by their ftretching
and fbrinking in length, and alfo by their wreathing and unwreathing
themfelves 3 but thefe are nothing neer {0 exact or {o tender,for théir va-
rying property will in a little time change very much.  But there are fe-
veral other Vegetable fubftances that are much more fenfible then even
this Beard of a wilde 0at3 fuch 1 have found the Beard of the feed of
Mufk-grafs, or Geraniun: mofchatun:, and thofe of other kinds of Cranes-
bil feeds, and the like. But always the {ihaller the wreathing fubftance
be, the more fenfible is it of the mutations of the Air, a conjecture at
the reafon of which 1 fhall by and by add. '

The lower end of this wreath’d Cylinder being ftuck upright ina little
{foft Wax, fo that the bended part or Index of it lay borigzental, Thave
obferv’d it always with moifture to unwreath it felf from the Eaft (For
inftance)by the South to the Weft,and fo by the North to the Eaft again,
moving with the Sun (as we commonly fay) and with heat and drouth
to re-twift, and wreath it felf the contrary way, namely, from the Ealﬂ,

- |

(for inftance) by the North to the Weft, and fo onwards.

The caufe of all which Phenomena, feems to be the differing texture
of the parts of thefe bodies, each of them (efpecially the Beard of a wilde
Oat, and of Mesk-grafs {eed ) feeming to have two kind of fubftances,oné
that is very porous.oofe,and fpongie,into which the watry fteams of the
Air may be very eafily forced which will be thereby fwell'd and extend-
ed in its dimenfions, jult as we may obferve all kind of Vegetable fub-
ftance upon {teeping in water to fwell and grow bigger and longer. And a
fecond that is more hard and clofe,into which the watercan very little,or
not at all penetrate, this therefore retaining always very neer the fame
dimenfions, and the other {tretching and fhrinking, according as there
ismore or lefs moifture or water in its pores, by reafon of the make and
fhape of the parts, the whole body muft neceflarily unwreath and
wreathit felf. LB

And upon this Principle, it is very eafie to make feveral forts of con=
trivances that fhould thus wreath and unwreath themfelves, €ither by
heatand cold, or by drinefs and moifture, or by any greater or lefs force,
from whatever caufe it proceed, whether from gravity or weight, or
from wind which is motion of the Air, or from {ome ipringing body,
or the like. : )

This, had I time, I {hould enlarge much more upon s for it feems to me
to be the very firft footftep of Senfation, and Animate motion, the moft
plain,{imple,and obvious contrivance that Nature has made ufe of to pro-
duce a motion, next to that of Rarefadtion and Condenfation by heaé

an
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and cold. And were thisPrinciple very well examin'd, I am very apt to
think, it would afford us a very great help to find out the Aecharnifi
of the Mulfcles, which indeed,as farr as I have hitherto been able to ex-
amine, feems to me not fo very perplex as one might imagine,efpecially
upon the examination which I'made of the Mufcles of Crabs,Lobfters,and
feveral forts of large Shell-fith,and comparing my Obfervations on them,
with the circumftances I obferv’'d in the mulicles of terreftrial Animals.

Now, as in this Inftance of the Beard of a wilde 0at, we fee thereis
nothing elfe requifite to make it wreath and unwreath it felf, and to
ftreighten and bend its knee, then onely a little breath of moift or dry
Air, or a fmall atome almoft of water or liquor, and a little heat to make
it again evaporate 3 for, by holding this Beard, plac’d and fix'd asIbe-
fore direfted, neer aFire, and dipping the tip of a fmall fhred of Paper
in well rectify’d fpirit of Wine, and then touching the wreath'd Cylin-
drical part,youmay perceive it to untwift it felf; and prefently again,up-
on the avolation of the {pirit, by the great heat, it will re-twift it felf,
and thus will it move forward and backwards as oft as you repeat the
touching it with the {pirit of Wine 5 {fo may, perhaps, the fhrinking and
relaxing of the mulcles be by the influx and evaporation of fome kind
of liquor or juice. But of thisEnquiry I fhall add more elfewhere.

Obferv. XXVIIL Ofthe Seeds of Venus looking-glafR, or Corn
Violet.

Rom the Leaves, and Downs, and Beards of Plants,we come at laft to

the Seeds; and here indeed feems to be the Cabinet of Nature,where-
in are laid up its Jewels. The providence of Nature about Vegetables,isin
no part manifefted more,then in the various contrivancesabout the feed,
nor indeed is there in any part of the Vegetable fo curious carvings, and
beautifull adornments, as about the feed ; this in the larger forts of feeds
ismoft evident to the eye; nor isit lefs manifeft through the Adicrofcope,
inthofe feeds whofe fhape and ftructure, by reafon of their fmalnefs, the
eye is hardly able to diftinguifh.

Of thefe there are multitudes, many of which I have obferv’d through
a Microfcope, and find, that they do, for the moft part, every one afford
exceeding pleafant and beautifull objects. For befides thofe that have
various kinds of carv'd furfaces, there are other that have fmooth and
perfetly polifh’d furfaces, others a downy hairy furfaces fome are
cover'd onely withafkin, others with a kind of fhell, others with both,
as is obfervable alfo in greater feeds.

Of thefe feedsI have onely defcribed four forts which may ferve as a
Specimen of what the inquifitive obfervers are likely to find among the
reft. Thefirft of thefe feeds which are defcribed in the 17. scheme, are
thofe of Corn-Violets, the feed is very {mall, black, and fhining, and, to
the naked eye, looks almoft like a very fmall Flea; But through the

Microfcope
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Aic rofcope, it appearsa large body, cover'd with a tough thick and bright
reflecting fkin very irregularly fhrunk and pitted, infomuch that it is a]-
moft an impoffibility to find two of them wrinkled alike, fo greata yas
riety may there be even in thislittle feed. ' 4

This, though it appear'd one of the moft promifing feeds for beauty to
the naked eye,yet through the Asicrofcope it appear’d but a rude mithapen
feed, whichI therefore drew, that I might thereby manifeft how unable
we are by the naked eye to judge of beauteous or lefs curious microfzopi-
cal Objects 5 cutting fome of themin funder, I obferv'd them to be fill'd
with a greenith yellow pulp, and to have a very thick hufk, in propor-
tion to the pulp. ; .

Obferv. XX1X. Of the Seeds of Tyme.

Hefe pretty fruits here reprefented, in the 18. Scheme, are nothing
elfe,but nine feveral feeds of Tyme ; they are all of them in differ-
ing pofture,both asto the eye and the light 5 nor are they all of them ex-
altly of the fame fhape, there being a great variety both in the bulk and
figure of each feed ; but they all agreed in this,that being look’d on with
a Microfcope, they each of them exactly refembled a Lemmon or Orange
dry’d 5 and this both in fhape and colour. Some of them are a little
rounder, of the fhape of an Orange, as A and B, they have each of
them a very confpicuous part by which they were join'd to their lictle
ftalk,and one of them had a little piece of ftalk remaining on 5 the oppo-
fite fide of the feed, you may perceive very plainly by the Figure,is very
copped and prominent, as is very ufual in Lemmons, which prominencies
are exprefs'd in D,E and F. ;
They feem'd each of them a little creas'd or wrinckled, but E was
very confpicuoufly furrow’d, asif the inward make of thisfeed had been
fomewhat like thatof a Lemmon alfo, but upon dividing feveral feeds
witha very tharp Pen-knife, and examining them afterward, I found
their make to be in nothing but bulk differing from that of Peas,that is,to
havea pretty thick coat,and all the reft an indifferent white pulp, which
feem’d very clofe 5 fo that it feems Nature does not very much alter her
method in the manner of inclofing and preferving the vital Ptinciplein
thefeed, in thefe very fmall grains, from that of Beans, Peas, ¢
The Grain affords a very pretty Objett for the icrofeope, namely, a
Difhof Lemmons plac’d in a very little room 5 fhould a Lemmon or Nut
be proportionably magnify’d to what this feed of Tyme is, it would make
It appear as bigg asa large Hay-reck and it would be fio great wonder to
fee Homers Ifi'aﬁ, and Homer and all, cramm'd into fuch a Nut-fhell. We
may perceive even in thefe {mall Grains, as well as in greater, how cutl-
ous and carefull Nature is in preferving the feminal principlé of Vc%:;

table bodies, in what delicate, ftrong and moft convenicnt Cabinctsl
Y ays
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l‘ays them and clofes them in a pulp for their fafer prote&tion from out-
ward dangers, and for the fupply of convenient alimental juice, when
the heat of the Sun begins to animate and ‘move thefe little awtomatons
or Engines; asiffhe would,from the ornaments wherewith fhe has deckt
thefe Cabinets, hint to us, that in them fhe has laid up her Jewels
and Mafter-pieces. And this, if we are but diligent in obferving, we
fhall find her method throughout. There is no curiofity in the Elemental
kingdom, if I may {o call the bodies of Air, Water, Earth, that are com=
parable in form to thofe of Minerals; Air and Water having no format
all, unlefs a potentiality to be form'd into Globules; and the clods and
parcels of Earth are all irregular, whereas in Minerals fhe does begin to
Geometrize, and prattife, as'twere, the firlt principles of Mechanicks,
thaping them of plain regular figures, as triangles, fquares, &c. and te-
traedrons, cubes, &c. But none of their forms are comparable to the
more compounded onesof Vegetables; For here fhe goes a ftep further,
forming them both of more complicated fhapes, and adding alfo multi-
tudes of curious Mechanick contrivances in their ftructure;for whereasin
Vegetables there was no determinate number of the leaves or branches,
nor no exatly certain figure of leaves, or flowers,or feeds, in Animals all
thofe things are exactly defin’'d and determin'd ; and where-ever there
is either an excefsor defect of thofe determinate parts or limbs,there has
been fome impediment that has {poil'd the principle which was moft re-
ular: Here we fhall find, not onely molt curioufly compounded fhapes,
ut moft ftupendious Mechanifms and contrivances, here the ornaments
are in the higheft perfetion, nothing in all the Vegetable kingdom that
is comparable to the deckings of a Peacock 3 nay,to the curiofity of a
feather, asI elfewhere fhew 5 nor to that of the {malleft and moft defpi-
cable Fly. But I muft not ftay on thefe fpeculations, though perhaps it
were very well worth while for one that had leifure,to fee what Informa-
tion may be learn’d of the nature,or ufe,or virtues of bodies,by their feve-
ral forms and various excellencies and properties. Who knows but Adanz
might from fome fuch contemplation, give names to all creatures? If at
leaft his names had any fignificancy in them of the creature’s nature on
which he impos'dit; as many (upon what grounds I know not) have
fuppos'd : And who knows,but the Creator may,in thofe chara&ers,have
written and engraven many of his moft myfterious defigns and counfels,
and %ch man a capacity, which, affifted with diligence and induftry,
may be able to read and underftand them. But not to multiply my di-
greffion more then I can the time, I will proceed to the next, which s,

+ aaiballe

- Obferv. XXX. Ofthe Seeds of Poppy.

T‘He'ﬁ'hall feeds of Poppy, which are deferibed in the 19, Scheme, botls
-*% for their fmalnefs, mulﬁglicity and prettinefs, as alfo for their ad-
mirable foporifick quality, deferve to be taken notice of among the

other
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other meicrofcopical feeds of Vegetables: For firft, though they growina
Cafe or Hive oftentimes bigger then one of thefe Pictures ot the micro-
Jeopical appearance, yet are they for the moft part fo very little, thatthey
exceed not the bulk of a fmall Nitt,being not abave 3, part ofan Inch in
Diameter, whereas the Diameter of the Hive of them oftentimes exceeds
two Inches,fo that it is capable of ontaining neer two hundred thoufand,
and fo in all likelihood does contain a vaft quantity, though perhaps not
that number. Next, for their prettinefs, they may be compar'd to any
microfcopical feed T have yet feens for they are of a dark brownifthred
colour, curioufly Honey-comb'd all over with avery pretty variety of
Net-work, or a fmall kind of imbofment of very orderly rais'd ridges,
the furface of them looking not unlike the infide of'a Beev's ftomack. But
that which makes it moft confiderable of all, is, the medicinal virtues of
it, which are fuch as are not afforded us by any Mineral preparation ; and
that is for the procuring of fleep, a thing as neceffary to the well-being
of a creature as his meat, and that which refrefhes both the voluntary
and rational faculties, which, whil'ft this affeCtion has feis'd the body,are
for the moft part unmov'd, and at reft. And, methinks, Nature does
feem to hint fome very notable virtue or excellency in this Plant from the
curiofity it has beftow'd uponit. Firft, inits flower, it is of the higheft
farlet-Dye, whichisindeed the prime and chiefeft colour, and has been
in all Ages of the world moft highly efteem’d : Next, it hasas much cu-
riofity fhew’d alfo in the hufk or cafe of the feed, as any one Plant Thave
. yet met withall ;5 and thirdly, the very feeds themfelves, the Aicrofeope
. difcovers to be very curioufly fhap'd bodies; and laftly, Nature has
taken fuch abundant care for the propagation of it, that one fingle feed
groc\lavn intoa Plant, is capable of bringing fome hundred thoul%nds of
feeds.
It were very worthy fome able man’s enquiry whether the intention of
Nature, as to the fecundary end of Animal and Vegetable fubftances
might not be found out by fome fuch characters and notable impreffions
as thefe, or from divers other circumftances, as the figure, colour, place,
time of flourifhing, fpringing and fading, duration, tafte, {mell, &¢. For
if fuch there are (as an able Phyfician upon good grounds has given me
caufe to believe) we might then,infteed of ftudying Herbals (where fo
little is deliverd of the virtues of a Plant, and lefs of truth) have re-
courfe to the Book of Nature it felf, and there find the moft natural,
ufefull, and moft effectual and fpecifick Medicines, of which we have
amongft Vegetables, two very nobleInftances to incourage fuch ahope,
the one of the Fefite powder for the cure of imtermitting Feavers,and the
other of the juice of Poppy for the curing the defeét of fleeping.

Y 2 Obfery.
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Obferv. XXXI. 0f Purflane-feed.

T He Seeds of Purflane feem of very notable fhapes, appearing through
the Microfcope fhap’d fomewhat like a #autilus or Porcelane fhell, as
may be feen in the XX. Schere, it being a fmall body, coyl'd round in
the manner of a Spiral ; at the greater end whereof,which relerefents the
mouth or orifice of the Shell, there is left a little white traniparent fub-
ftance, like a {kin, reprefented by BB BB, which feems to have been the
place whereunto the ftem was join'd. The whole furface of this Coclea
or Shell, is cover'd over with abundance of little prominencies or buttons
very orderly rang’'d into Spiral rows, the fhape of each of whichfeem'd
much to refemble a Wart upon a mans hand. The order, variety, and
curiofity in the fhape of this little feed, makes it a very pleafant object
for the Microfcope, one of them being cut afunder with a very fharp Pen-
knife, difcoverd this carved Cafket to be of a brownifh red, and fome-
what tranfparent fubftance, and manifefted the infide to be fill'd with a
whitifh green fubftance or pulp, the Bed wherein the feminal principle
lies invelop'd.

There are multitudes of other feeds which in fhape reprefent or imi-
tate the forms of divers other forts of Shells: as the fged of Scurvy-
grafs, very much refembles the make of a Concha Venerea,a kind of Purce-
lane Shell ; others reprefent feveral forts of larger fruits, fweat Marje-
rome and Pot-marjerome reprefent Olives. Carret feeds are like a cleft
of a2 Coco-Nut Hufk 5 others are like Artificial things, as Succory feeds
are like a Quiver full of Arrows, the feeds of Amzaranthus are of an ex-
ceeding lovely fhape, fomewhat like anEye: The{kinof the black and
fhrivled {eeds of Onyons and Leeks,are all over knobbed like a Seals fkin.
Sorrel hasa pretty black thining three-fquare feed,which is picked at both
ends with three ridges, that are bent the whole length of it. It were al-
moft endlefs to reckon up the feveral thapes,they are {fo many and {o va-
rious ; Leaving them therefore to the curious ubferver, I {hall proceed to
theObfervations on the parts of Animals.

Obferv. XXX11. :0f the Figure of feveral forts of Bair, and of
the texture of the {kin.

Vlewing fome of the Hairs of my Head with a very good Microfcope,

I took notice of thefe particulars:

1. That they were, for the moft part, Cylindrical, fome of them were
{fomewhat Prifmatical,but generally they were veryneer round,fuch as are
reprefented in the fecond Fiﬁure’ of the 5.5cheme,by the Cylinders EEE.
nor could I find any that had fharp angules.

2, That
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2. That that part which was next the top, was bigger ther thae which
was neerer the root. i

3. That they were all along froh end to end tranfparent, though not
very cleer, the end next the root appearing like a black tranfparent plete
of Horn, the end next the top more brown, fomewhat like tranfparent
Horn. '

4. That the root of the Hairs were pretty finooth, tapering inwards,
almoft like a Parfneb; nor could I find that it had any filathents; or any
other vefiels, fuch as the fibres of Plants. :

5. That the top when {plit (which is comimon in long Hair) appear’d
like the end of a ftick, beaten till it be all flitter'd, there being not onely
two {plinters, but fometimes half a fcore and more.

6. That they were all, as farr as I wasable to find, folid Cylindrical
bodies, not pervious, like a Cane or Bulruth 5 tior could I find that they
had any Pith, or diftinction of Rind, or the like, fuch as I had obferv’d in
Horfe-hairs, the Briftles of a Cat, the Inzdian Deer’s Hair, &, '

Obfervations on feveral other forts of Hair.

For the Brifles of a Hogg, I found them to be firft a hard tranfparent
horny fubftance, without the leaft appearance of pores or holes init 5 and
this I try’'d with the greateft care  was able, cutting many of them with =
very fharp Razor, {o that they appear’d, even in the Glafs, to have a pret+
ty fmooth furface, but fomewhat waved by the fawing to and fro of the
Razor, as is vifible in the end of the Prifmatical body A of the fame
Figure ; and then making trials with caufing the light to be caft on thent
all the various ways I could think of, that was likely to make the pores
appear, if there had beenany, I was not able to difcover any.

Next, the Figure of the Brifles was very various, neither perfetly
round, nor fharp edg'd, but Prifiatical, with divers fides, and round
angles, as appears in the Figure A. The bending of them in any part
where they before appear'd cleer, would all flaw them, and make them
look white.

The Muftacheos ofa Cat (part of one of which is reptefented by the
fhort Cylinder B of the fame Figure) feem’d to have, all of them that I ob-
{erv'd,a large pith in the middle, like the pith of an Elder, whofe texture
was {o clofe, that I was not able to difcover the leaft fign of pores; and
thofe parts which feem to be pores,as they appear’d in one pofition to the
light, inanotherI could find a manifeft refleétiom to be caft from them.

ThisI inftance in,to hint that it is not fafe to conclude any thing to be
pofitively this or that, though it appear never fo plain and likely when
look'd on with a aicroféope in one pofture, before the fame be examin'd
by placing it in feveral other pofitions: ,

And this I'take to be the reafon why many have believed and afferted
the Hairs of a man’s head to be hollow, and like fo many fmall pipes per-
forated from end to end.

Now, thoughIgrant that by an 4nalogie one may fuppofe them ﬁ:;i

an
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and from the Poloniarn difeafe one may believe them fuch, yetI think we
have not the leaft encouragement to either from the Azcrofcope, much lefs
pofitively to aflert them fuch. And perhaps the very eflence of the Plice
Polowica may be the hairs growing hollow, and of an unnatural con-
{titution.

And asfor the Analogie, thoughI am apt enough to think that the hairs
of feveral Animals may be perforated fomewhat like a Cane, or at leaft
have a kind of pith in them, fir(t,becaufe they feem as‘twere a kind of Ve-
getable growing on an Animal, which growing,they fay, remains a long
while after the Animal is dead, and therefore fhould like other Vege-
tables havea pith ; and fecondly, becaufe Horns and Feathers, and Por-
cupine’s Quils, and Cats Brifles, and the long hairs of Horfes,which come
very neer the nature of a mans hair,feem all of them to have a kind of pith,
and fome of them to be porous,yet I think it not (in thefe cafes,where we
have fuch helps for the fenfe as the Adicrofcope affords) fafe concluding
or building on more then we fenfibly know, fince we nggwith exami-
ning, find that Nature does in the make of the fame kind of fubftance,
often vary her method in framing of it ; In{tances enough to confirm this
we may find in the Horns of feveral creatures: as what a vaft difference
is there between the Horns of an Oxe, and thofe of fome forts of Staggs
as to their fhape ? and even in the hairs of feveral creatures, we find a
vaft difference ; as the hair of aman’s head feems, as I faid before, long,
Cylindrical and fometime a little Prifmatical, folid or impervious, and
very {mall ; the hair of an Indian Deer (a part of the middle of which is
defcribed in the third Figure of the fifth Scheme, marked with F) isbig-
ger in compafs through all the middle of it,then the Brifle of an Hogg,but
theend of it is fmaller then the hair of any kind of Animal (asmay be
feen by the Figure G) the whole belly of it, which is about two or three
Inches long, looks to the eye likea thread of courfe Canvafs, that has
beennewly unwreath'd, it being all wav'd or bended toand fro, much
after that manner, but through the Ascrofcope, it appears all perforated
from fide to fide,and Spongie, like a fmall kind of fpongy Coral, which is
often found upon the Exglifh fhores; but though I cut it tranfverfly, I
could not perceive that it had any pores that ran the long-way of the
hair: the long hairs of Horfes C C and D, feem Cylindrical and fomewhat
pithy 5 the Briflesof a Cat B, are conical and pithy: the Quils of Por-
cupines and Hedghoggs, being cut tranfverily, have a whitifh pith, in the
manner of a Starr,or Spur-rowel : Piggs-hair (A) is fomewhat triagonal,
and feems to have neither pith nor pore: And other kinds of hair have
quite a differing ftructure and form. And thereforel think it no way
agreeable to a true natural Hiftorian, to pretend to be fo fharp-fighted,
as to {ee what a pre-conceiv’d Hypothefis tells them (hould be there,where
another man, though perhaps as feeing, but not foreftall’d, can difcover
no fuch matter.

But to proceed 5 I obferv'd feveral kind of hairsthat had been Dyed,
and found them to be a kind of horny Cylinder, being of much about the
tran{parency of a pretty cleer piece of Oxe horn s thefe appear'd qUiltxe

through-
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throughout ting'd with the colours they exhibited. And ’tis likely,that
thofe hairs being boyl'd or {teep'din thofe very hot ting'd liquors in the
Dye-fat, And the fubftance of the hair being much like that of an Oxes
Horn, the penetrant liquor does {o far mollific and foften the fubftance,
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 of the hair,and do not (as fome have,
thought) only {tick onupon the outward furface, And this,the boiling of
Horn will make more probable 5. for we fhall find by thar action, that the
water will infinuate it felf to a pretty depth within the furface of ir,
efpecially ifthis penetrancy of the water be much helped by the Salts
that are ufually mix'd with the Dying liquors. Now, whereas Silk may
be dyed or ting'd into all kind of colours without bailing or dipping in-
to hot liquors, I ghefs the reafon to be two-fold : Firft, %Jecaufe the fila-
ments, or fmall cylinders of Silk, are¢ abundantly fmaller and finer, and o
have a much lefs depth to be penétrated then moft kind -of hairs ;- and
next, becaufe the fubftance or matter of Silk, is- much more like a Glew
then the fubltance of Hair is. And that I have reafon to fuppofe;
Firft, becaufe when it is {pun or drawn out of the Worm; it is a perfect

‘glutinous fubftance, and very eafily fticks and cleaves to any adjacent

body, as I have feveral times obferved, both in $ilk-wormsand Spiders,
Next, becaufe that I find that water does eafily diflolve and mollifie the
fubftance again, which is evident from their manner of ordering rthofe
bottoms or pods of the Silk-worm before they are able to unwind them, It
is no great wonder therefore,if thofeDyes or ting'd liquors do very quick-
ly mollifie and tinge the furfaces of fo fmall and fo glutinous a body.
And we need not wonder that the colours appear fo lovely in the one,
and fo dull in the other, if we view but the ting'd cylinders of both
kinds with a good adicrafcape ; for whereas the fubftance of Hair,at befkis
but adirty dufkifh white fomewhat tranfparent, the filaments of Silk have
amoft lovely tranfparency and cleernefs, the difference between thofe
two being not much lefs then that betweena piece of Horn, and a piece
of Cryftal; the one yielding a bright and vivid reflection from the con-
cave fide of the cylinder, that is, from the concave furface of the Air
that incompafies the back-part of the cylinder ; the other yiclding a dull
and perturb’d refletion from the feveral Heterageneous parts that com-
poleit. And this difference will be manife(t enough to the eye,if you geta
couple of {mall Cylinders, the fmaller of Cryftal Glafs,the other of Horn,
and then varnifhing them over very thinly with fome tranfparent colour,
‘whichwill reprefent to the naked eye much the fame kind of obje¢t which
isreprefented to it from the filaments of Silk and Hair by the help of the
Adicrofcope. Now, fince the threads of Silk and Ssrge aremadeup of a
great number of thefe filaments, wg may henceforth ceafe to wonder at
the difference. Fram much the fame reafon procesdsthe vivid and Jove-
ly coloursof Feathers, wherein they very farr exceed the natural as well
as Artificial colours of hair,of which I fhall fay more in its proper place.
The Tegumentsindeed of creatures ate allof them adapted to the pe-
culiar ufe and convenience of that Animal which they inwraps and verl};
mucht
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much alfo for the ornament and beauty of it, as will be moft evident to
any onethat fhall attentively confider the various kinds of cloathings
wherewith moft creatures are by Nature invefted and cover'd. Thus I
have obferved, that the hair or furr of thofe Northern white Bears that
inhabite the colder Regions, is exeeeding thick and warm : the like have
I obferv'd of the hair of a Greenland Deer, which being brought alive to
London.] had the opportunity of viewing 5 its hair was fo exceeding thick,
long and foft, thatI could hardly with my hand, grafp or take hold of
his {kin, and itfeem’d fo exceeding warm, as I had never met with any
before. And as for the ornamentative ufe of them, it is moft evident ina
multitude of creatures,not onely for colour, as the Leopards, Cats,Rhein
Deer, &c. but for the fhape, as in Horfes manes, Cats beards,and feveral
other of the greater fort of terreftrial Animals, but is much more confpi-
cuous, in the Veftments of Fifhes, Birds, Infects, of which Ifhall by and
by give fome Inftances.

Asfor the fkin, the Microfcope difcovers as greata difference between
the texture of thofe feveral kinds of Animals, 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 conftituted of an infinite company
of fmall long fibres or hairs, which look not unlike a heap of Tow or
Okum ; every of which fibres feem to have been fome part of a Mufcle,
and probably, whil ftithe Animal was alive, might have its diftint functi<
on, and ferve for the contrattion and relaxation of the fkin, and forthe
ftretching and fhrinking of it this or that way.

And indeed, without fuch a kind of texture as this, which is very like
that of spunk , it would feem very ftrange, how any body {o {trong asthe
fkin ofan Animal ufually is, and fo clofe as it feems, whil'ft the Animal is
living, fhould be able to fuffer fo great an extenfion any ways, without at
all hurting or dilacerating any part of it. But,fince we are inform’d by the
Microfcope, that it confifts of a great many fmall filaments, which are im-
plicated, or intangled one within another, almoft no otherwife then the
hairsin a lock of Wool, or the flakesin a heap of Tow, though not alto-
gether {o loofe 3 but the filaments are here and there twifted,as twere,or
interwoven,and here and there they join and unite with one another.fo as
indeed the whole fkin feemsto be but one piece,we need not much won-
der:And though thefe fibres appear not through aMicrofcope,exattly joint-
ed and contex d,as in Sponge 3 yet,as I formerly hinted, [am apt to think,
that could we find fome way of difcovering the texture of it, whilft it in-
vefts the living Animal,or had fome very eafie way of feparating the pulp
orintercurrent juices, fuch as inall probability fill thofe Interftitia, with-
out dilacerating, brufing, or otherwife fpoiling the texture of it (as it
feems to be very much by the ways of tanning and dreffing now us'd) we
might difcover a much more curious texture then Ihave hitherto been
abﬁ: to find 5 perhaps,fomewhat like that of Sponges.

That of Chamoife Leather isindeed very much like that of spuzk, fave
onely that the filaments feem nothing neer {fo even and round, nor alto-
gether {o fmall, nor has it fo curious joints as spw»k has, fome of whichI
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have lately difcover’d like thofe of a Sponge, and perhaps all thefe thiiee
bodies may be of the fame kind of fubftance, though two ofthem indeed
are commonly accounted Vegetable (which, whether they be fo or
no, I fhall not now 'difpute) But this{eems common toall three, that
they undergo atanning or drefling, whereby the interfpers'd juicesare
wafted and wafh'd away before the texture of themcan be difcover'd.

What their way is of drefling, or curing Sponges, Iconfefs, I cannoe
learn; but the way of drefling spuzk, is,by boiling it a good while ina
ftrong Lixivium, and then beating it very well 5 and the manner of dref-
fing Leatheris fufficiently known.

It were indeed extremely defirable, if fuch @ way could be found
whereby the Parenchyma or flefh of the Mufcles, and feveral other
partsof the bod,ymight be wafh'd, or wafted clean away,without vitia-
ting the form of the fibrows parts or vellells of it, for hereby the texture
of thofe parts, by the help of a good #icrofcope, might be moft accu=
rately found. ;

But to digrefs no further, we may, from this difcovery of the Aicro-

Jeope, plainly enough underftand how the fkin, though it looks {oclofe
asit does, comes to give a paflage to {o vaft a quantity of excrementitions
fubftances, as the diligent Saucforius has excellently obferved it to do, in
his medicina flatica s for it feems very probable, from the texture after
drefling,that there are an infinit of pores that every way pierce it,and that
thofe pores are onely fill'd with fome kind of juice, or fome very pulpy
foft fubftance, and thereby the {teams may almoft as eafily find a pafiage
through fuch a fluid wehicle as the vaporous bubbles which are generated
at the bottom of a Kettle of hot water do find a paflage through that
fluid medium into the ambient Air.

Nor is the fkin of animals only thus pervious,but even thofe of vegetables
alfo feem to be the famesfor otherwife I cannot conceive why,if two {prigs
~of Rofemary (for Inftance) be taken as exactly alike in all particulars as
can be, and the one be fet with the bottomin a Glafs of water, and the
other be fet juft without the Glafs,but in the Air onely, though you ftop
the lower end of that in the Air very carefully with Wax, yet fhall it
prefently almoft wither, whereas the other that feems to have a {upply
from the fubjacent water by its {mall pipes, or microfcopical pores, pre-
ferves its greennefs for many days, and fometimesweeks. .
~ Now, thisto me, feems not likely to proceed fromany other caufe then
the avolation of the juice through the fkin; for by the Wax,all thofe other
pores;of the {tem are very firmly and clofely {top’d up. And from the more
orlefs poroufnefs of the fkins orrinds of Vegetables may, perhaps, be
fomewhat of the reafon given, why they keep longer green, or fooner wi-
ther ; for we may obferve by the bladdering and craking of the leaves of
Bays,Holly, Laurel, @. that their {kins are very clofe, and do not fuffer
fo free a paflage through them of the included juices. ,

But of this, and of the Experiment of the Rofemary, [ fhall elfewhere
more fully confider,it feeming to me an extreme luciterous Expériment,
fuch as feems indeed very plainly to prove the Schematifn: or frruéturcé_
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of Vegetables altogether mechanical; and as neceflary, that (water and
warmth being apply’d to the bottom of the {prig of a Plant) fome of it
fhould be carried upwards into the ftem, and thence diftributed into the
leaves, as that the water of the Thames covering the bottom of the Mills
at the Bridge foot of London, and by the ebbing aud flowing of it, paf~
fling ftrongly by them, fhould have fome part of it convey'd to the
Cefterns above,and thence into feveral houfes and Cefterns up and down
the City. _ -

Obferv. XXXI11, Of theScales of a Soal, and other F ifbes.

Aving hinted fomewhat of the {kin and covering of terreftrial Ani-
H mals, I fhall next add an ObfervationI made on the fkin and Scales
of a Soal, a {mall Fifh, commonly enough known ; and here in Fifhes, as
well as other Animals, Nature follows its ufual method, framing all parts
fo, as that they are both ufefull and ornamental in all its compofgres,
mingling #tile and dulce together ; and both thefe defigns it feems to
follow,though our unafiifted fenfes are not able to peceive them : This is
not onely manifeft in the covering of this Fifh only, but in multitudes of
others,which it would be too long to enumerate,witnefs particularly that
fmall Sand Shell, which I mention'd in the X L Obfervation, and infinite
other fmall Shells and Scales, divers of which I have view'd. This{kin[
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
Canvafs,but the Microfeope difcover’d that texture to be nothing elfe,but
the inner ends of thofe curious Scolop’d Scales IL I, I, in the fecond Figure
of the X X I. Scheme, namely, the partof GGG G (of the larger repre-
fentation of a fingle Scale, in the firft Figure of the fame Scheme) which
on the back fide, through an ordinary fingle Magnifying Glafs, look’d
not unlike the Tyles on an houfe.

The outfide of it, to the naked eye, exhibited nothing more of orna-
ment, fave the ufual order of ranging the Scales into a #riagonal form,
orely the edges feem’d a little to fhine, the finger being rubb'd fromthe
tail-wards towards the head, the Scales feem'd to ftay and raze it But
through an ordinary Magnifying glafs, it exhibited a moft curionfly
carved and adorned furface, fuch as is vifible in the fecond Fignre, each
of thofe (formetly almoft imperceptible) Scales appearing much of the
(hape 1, I, 1, that is, they were round,and protuberant, and fomewk &
fhap'd like a Scolop, the whole Scale being creas'd with curioufly wa® &
and indented ridges,with proportionable furrows betweenseach of whic.,
was terminated with a very fharp tranfparent bony {ubf{tance,which,like
fo many fmall'l'urnlfikes, feem'd to arm the edges.

The back part KKK was the fkin into which each of thefe Scales
were very deeply fix'd, in the curiousregular order, vifible in the fecond

: Figure.
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Figure. The length and fhape of the part of the Scale which was buried
by the fkin,is evidenced by the firlt Figure; which is the reprefentation of
one of them pluck’d out and view'd through a good icrofcope, namely,
the part LF G GFL, wherein is alfo more plainly to be feen,the manner
of carving of the {cclopt part of every particular Scale,how each ridge or
barrEEE is alternately hollowed or engraven, and how every gutter
between them is terminated with very tran(parent and hard pointed
{pikes, and how every other of thefe, as AA A A, are much longer then
the interjacent ones, D D D.

The texture or form alfo of the hidden part appears, namely, the
middle part, GGG, feemsto confift of u great number of fmall quills
or pipes, by which, perhaps, the whole may be nourifhed 5 and the fide
parts F F confift of a more fibrous texture, though indeed the whole
Scale feem’d to be of a very tough grilly fubftance,like the larger Scales
of other Fifhes. ,

The Scales of the {kin of a Dog-fith (which isus’d by fuch as work in
Wood, for the fmoothing of their work,and confifts plainly enough to the
naked eye,of a great number of fmall horny points)through the Aicrofcope
appear’d each of them curioufly ridg’d, and very neatly carved 5 and in-
deed, you can hardly look on the fcales of any Fith, but you may difcover
abundance of curiofity and beautifyings and not only in thefe Fifhes,but in
the fhells and crufts or armour of moft forts of zarine Animals fo invefted.

Obferv. XX X1V. Ofthe Sting of a Bee.

THE Sting of a Bee, delineated in the fecond Figure of the XVLschene,
feems to be a weapon of offence, and is as great an Inftance, that
Nature did realy intend revenge as any, and that firft, becaufe there
feems to be no other ufe of it. Secondly, by reafon of itsadmirable fhape,
feeming to be purpofely fhap'd for that very end. Thirdly,from the vi
rulency of the liquor it ejeéts, and the fad effects and fymptoms that fol-
low it.

But whatever be the ufe of it,certain it is,that the ftructure of it is very
admirable ; what it appears to the naked eye, I need not defcribe, the
thing being known almoft to every one,but it appears through the Aicro-
Jeope, to confift of two parts, the one a fheath, without a chape or top,
fhapd almoft like the Holfter of a Piftol, beginning at &, and ending
at E,t'nis fheath I could moft plainly perceive to be hollow, and to con-
tainin it,both a Sword or Dart, and the poifonous lignor that caufes the
pain. The fheath or cafe feem'd to have feveral joints or {ettings together;
marked by fg bi k1 mno, it was arm’d moreover neer the top, with fe-
veral crooks or forks ( p g7/#) on one fide, and ( p ¢ 7 [ #) on the other,
each of which feem'd like fo many Thorns growing on a briar, or rather

like fo many Cat’s Claws; for the crooks themfelves feem’d to be little

fharp tranfparent points or claws, growing out of little protuberancies (}Jln
Za the
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the fide of the fheath, which, by obferving the Figure diligently, is eafie
enough to be perceiv'd 5 and from feveral particulars, I fuppofe the Ani-
mal has'a power of difplaying them, and fhutting them in again as it
pleafes, as a Cat does its claws, or as an Adder or Viper canits teeth
or fangs. .

’I’heg other part of the Sting was the Sword, as 1 may fo call it, which
isfheath’d, as1t were,in it, the top of which 24 appears quite through at
the fmaller end, juft as if the chape of the fheath of a Sword were loft,
and the end of it appear’d beyond the Scabbard 5 the end of this Dart("2)
wasvery fharp, ancf7 it was arm'd likewife with the like Tenterhooks or
claws with thofe of the fheath, fuchas (vxy, xy 22) thefe crooks,Iam
very apt to think, can be closd up alfo, or laid flat tothe fides of the
Sword when it isdrawn into the Scabbard,as I have feveral times obferv’'d
it to be, and can be fpred againor extended when ever the Animal

leafes.
P The confideration of which'very pretty ftructure,has hinted to me,that
certainly the ufe of thefe claws feems to be very confiderable, as to the
main end of this Inftrument, for the drawingin, and holding the fting inr
the flefh ; for the point being very fharp, the top of the Sting or Dagger
(a b) isvery eafily thruft into an Animal’s body,which being once entred,
the Bee, by endeavouring to pull it into the fheath, draws (by reafon of
the crooks (zxy) and ( xyz2z ) whichlay hold of the fkin on either

fide) the top of the theath (¢ [ ) into the fkin after it, and the crooks

t,s, and r,.v, being entred, when the Bee endeavours to thruft out the
top of the {ting out of the fheath again, they lay hold of the fkin on ei-
ther fide, and fo not onely keep the fheath from {liding back, but helps
the top inwards, and thus, by an alternate and fucceflive retracting and
emitting of the Sting in and out of the fheath, the little enraged creature
by degrees makes hisrevengfull weapon pierce the tougheft and thickeft
Hides of his enemies, in fo much that fome few of thefe ftout and refo-
lute foldiers with thefe little engines, do often put to flight a huge mafty
Bear, one of their deadly enemies, and thereby fhew the world how
much more confiderable in Warr a few fkilfull Engineers and refolute
foldiers politickly order’d, that know how to manage fuch engines, are,
then a valt unweildy rude force, that confides in, and acts onely by, its
ftrength. But (to proceed) that he thus gets in his Sting into the fkin,
I conjecture, becaufe, when I have obferv'd this creature living, I have
found it to move the Sting thus, to and fro, and thereby alfo, perhaps,
does, as ‘twere, pump or force out the poifonous liquor, and make it
hang at the end of the fheath about 4 in a drop. The crooks, I fuppofe
alfo to be the caufe why thefe angry creatures, haftily removing them-
felves from their revenge, do often leave thefe weapons behind them,
fheath’d, as ‘twere, in the flefh, and, by that means, caufe the painfull
fymptoms to be greater,and more lafting,which are very probably caus'd,
Eartly by the piercing and tearing of the fkin by the Sting, but chiefly

y the corrofive and poifonous liquor that isby this Syringe-pipe con-
vey'd among the fenfitive parts thercof and thereby more eafily gnaw;
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and corrodes thole tender fibres : As 1 have fhewed in the defcription
of a Nettle and of Cowhage. '

Obferv. XXXV. 0f the contexture and [bape of the particles of

Feathers.

Xamining feveral forts of Feathers, I took notice of thefe particulars
inall forts of wing-Feathers, efpecially in thofe which ferv’d for the

~ beating of the air in the action of flying.

That the outward furface of the Quill and Stem wasofa very hard,{hff,
and horny fubftance, which is obvious enough, and that the part above
the Quill was fill d with a very white and light pith, and, with the Adicro-

Jeope, 1 found this pith to be nothing elfe, but a kind of natural congeries
of fmall bubbles,the films of which feem to be of the fame fub{tance with
that of the Quill, that s, of a {tiff tranfparent horny fubftance.

Which particular feems to me,very werthy a more {erious confiderations
For here we may obferve Nature,as ‘twere,put to its fhifts, to make a fub-
ftance.,which fhall be both light enough,and very {tiff and ftrong,without
varying from its own eftablifl'd principles, which we may obferve to be
fuch, that very {trong bodies are forthe moft part very heavie alfo, a
{trength of the parts ufually requiring a denfity, and a denfity a gravity
and therefore fhould Nature have made a body fo broad and fo {trong as
a Feather, almoft, any other way then what it has taken, the gravity of it
muft neceflarily have many times exceeded this; for this pith {eems to be
like fo many ftops or crofs picces in a long optical tube, which do very
much contribute to the {trength of the whole, the pores of which were
fuch, as that they feem’d notto have any communication with one ano-
ther, as I have elfewhere hinted.

But the Mechanifm of Nature is ufually fo excellent, that one and the
fame fubftance isadapted to ferve for many ends. For the chief ufe of
this, indeed, {eems to be for the fupply of nourithment to the downy or
feathery part of the ftem 5 for ’tis obvious enough in all forts of Feathers,
that ’tis plac’'d juft under the roots of the branches that grow out of ei-
ther fide of the quill or ftalk, and is exactly fhap’d according to the rank-
ing of thofe branches, coming no lower into the quill, then juft the be-
ginning of the downy branches, and growing onely on the under fide of
of the quill where thofe branches do {fo. Now, in a ripe Feather (asone
may call it) it {eems difficult to conceive how the Swuccus nutritins (hould
be convey’d to this pith 5 for it cannot, I think, be well imagin'd to pafs
through the fubftance of the quill, fince, having examin’d it with the
greateft diligence 1 was able, T could not find the leaft appearance of
pores; but he that fhall well examine an unripe or pinn'd Feather, will
plainly enough perceive the Veflel for the conveyance of it to be the thin
filmy pith (as tis call'd) which pafies through the middle of the quill.

Astor the make and contexture of the Down it {elf, it is indeed very
rare

165



166

MicrRoOGRAPHIA,

rare and admirable, and fuch as I can hardly belicve,that the like s to be
difcover'din any other body in the world 5 for there is hardly a large
Feather in the wing of a Bird.but contains neer a million of diftinét parts,
and every one of them fhap'd ina moft regular & admirable form,adapt-
ed to a particular Defign : For examining a middle ciz’d Goofe-quill, I
eafily enough found with my naked eye,that the main ftem of it contain’d
about 300. longer and more Downy branchings upon one fide, and as
many on the other of more ftiff but fomewhat fhorter branchings. Many
of thefe long and downy branchings, examining with an ordinary 24-
erofcope, 1 found divers of them to contain neer 1200. fmall leaves (asI
may call them, fuchas EF of the firft Figure of the 23. Scheme) and as
many ftalks s onthe other fide, fuch asIK of the fame F igure, each of
the leaves or branchings, E F, feem'd to be divided into about fixteen 6r
eighteen fmall joints, as may be feen plainly enough in the Figure, out of
moft of which there feem to grow {mall long fibres, fuch asare exprefs'd
in the Figure, each of them very proportionably fhap’d according to its
pofition, or plac’d on the ftalk E F 5 thofe on the under fide of it, name-
ly, 1,2,3,4,5,6,7,8,9,&. being much longer then thofe dire(tly op-
pofite to them on the upper 3 and divers of them, fuch as 2,3,455,6,7,8,9,
¢c. were terminated with fmall crooks, much refembling thofe {mall
crooks,which are vifible enough to the naked eye, in the feed-buttons of
Bur-docks. The ftalks likewife, I K on the other fide, feem’d divided into
neer as many fmall knotted joints,but without any appearance of ftrings
or crooks,each of them about the middle K feem'd divided into two parts
by akind of fork, one fide of which, namely, K L, was extended neer
the length of K1, the other, M, was very fhort.

The tranfverfe Sections of the ftems of thefe branchings, manifefted
the thape or figure of it to be much like I N O E, which confifted ofa
horny fkin or covering, and a white feemingly frothy pith, much like the
make of the main ftem of a Feather. / :

The ufe of this {trange kind of form,is indeed more admirable then alj
the reft, and fuch as geferves to be much more ferioufly examin'd and
confider'd, thenIhave hitherto found time or ability to do ; for certain-
ly, it may very much inftruct usin the nature of the Air, efpecially as to
{fome properties of it.

The ftems of the Downy branches IN OE, being rang'd in the order
vifible enough to the naked eye, at the diftance of I F , or fomewhat
more, the collatcral ftalks and leaves (if I may {o call thofe bodies I news
ly deferibed) are fo rang'd, that the leaves or hairy ftalks of the one fide
lie at top, or are incumbent on the ftalks of the other, and crofs each:
other, much after the manner exprefi'd in the fecond F igure of the
23. Scheme, by which means every of thofe little hooked Jibres of the
leaved ftalk get between the naked ftalks, and the fralks being full of
knots, and a prety way dif-join’d, fo as that the fbres can eafily get be-
tween them, the two parts are fo clofely and admirably woven together,
that it is able to impede,for the greatelt pagt, the tranfgurﬁon of the Air;
and though they are {0 exceeding fmall, as that the thicknefs of oneof
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thefe ftalks amounts not to a sc0. pare of an Inch, yet do they compofe
fo firong a texture, a3 notwithftanding the exceeding quick and violene
beating of them againit the A, by the ftrength of the Birds win , they
firmly hold together. And ivargues an admirable providence of Nature
in the contrivance and fabrick of them for their texture is fuch, thae
though by any external injury the parts of themare violently dif-joyn'd,
fo asthat the leaves and ftalks touch not one another, and confequent
feveral of thefe rents would impede the Bird'sflying 5 yet, for the m£
part, of themfclves they readily re-join and re-contex themfelves,and are
eafily by the Birds firoking the Feather, or drawing it through its Bill, all
of them fettled and woven into their former and natural pofture 5 for
there are fuch an infinite company of thofc fmall fibres in the under fide
of the leaves, and moft of them have fuch little crooks at their ends,that
they readily catchand held the ftalks they touch.

From which ftrange centexture,it feems rational to fuppofe that there
is a certain kind of meth or hole (o fmall, that the Air will not very eafily
pafs through it, as Thinted alfo in the fixth Obfervation about {mall Glafs
Canes, for otherwife it{feems probable, that Nature would have drawn
over lome kind of thin film which fhould have covered all thofe almoft
fquare mefhes or holes, there {eeming through the Azicrofiope to be more
then half of thefurface of the Feather which is open and vifibly pervi-
ous 3 which conjecrure 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 deferibe. But Nature, that knows beft its own laws,
and the feveral properties of bodies,knows alfo beft how to adapt and fie
them to her defigned ends,and whofo would know thofe properties, muft
endeavour to trace Nature in its working, and to fee what courfe fhe
obferves. And this I fuppofe will be no inconfiderable advantage which
the Schematifins and Structures of Animate 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 of the
nature of the bodies and motions. _

Obferv. XXX V1. 0Of Peacoks, Ducks, aﬁd other Feathers of
changeable colours. -

, THe parts of the Feathers of this glorious Bird. appeat, thtough the
Microfcope, no lefs gaudy then do the whole Feathers; for, as to the
naked eye ‘tis evident that the ftem or quill of each Featherin the tail
{fends out multitudes of Lateral branches, fuch as A B in the third Figure
of the 23. Scheme reprefentsa {mall part of about 5; part of anInch long,
and each of the /ateral'branches emit multitudes of little fprigs, threads
or hairs on either fide of them; fuchas CD, €D, CD, fo each of thofe
threadsin the Azicroféope appearsa large long body confifting of a mni‘?
) tuae
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tude of bright reflecting parts, whofe Figure ‘tis no eafie matter to de-
termine, as he that examinesit fhall find 5 tor every new pofition of it to
the light makes it perfectly feem ofanother form and fhape,and nothing
what it appear'd a little befores; nay, itappeard very differing ofe-

times from fo feemingly inconfiderable a circumftance, that the mter-

pofing of ones hand between the light and it,mak;s a very great ch.ange,
and the opening or fhutting a Cafement ar.ld. the like, very much diverfi-
fies the appearance. And though, by examining the form of it very man
ways, which would be tedious here to enumerate, I fuppofe I have dif-
cover'd the true Figure of it, yet oftentimes, upon looking on it in ano-
ther pofture, I have almoft thought my former obfervations deficient,
though indeed, upon further examination, I have found even thofe alfo
to confirm them.

Thefe threads therefore I find to be a congeries of fmall Lamine or
plates, as ee e e e, &c. each of them fhap’d much like this of 4 b ¢ d, in
the fourth Figure,the part 2 ¢ being a ridge, prominency, or ftem, and
b and d the corners of two {mall thin Plates that grow unto the fmall
{talk in the middle.fo that they make a kind of little feather; each of thefe
Plates lie one clofe to another,almoft like a company of {loping ridge or
gutter Tyles; they grow on each fide of the {talk oppofite to one another,
by two and two, from top to bottom,’in the manner exprefs'd in the
fifth Figure, the topsof the lower covering the roots of the next above
them ; theunder fide of each of thefe laminated bodies, is of a very dark
and opacous fubftance, and fuffers very few Rays to be trajeted, but re-
flects themall roward that fide from whence they come, much like the
foil of a Looking-glafs 5 but their upper fides feem to me to confift of
a multitude of thin plated bodies, which are exceeding thin, and lie ve-
ry clofe together, and thereby, like mother of Pearl fhells, do not one-
ly reflect a very brifk light, but tinge that light in a moft curious man-
ner 5 and by means of various pofitions, in refpect of the light, they re-
fle¢t back now one colour, and then another, and thofe moft vi-
vidly. . .

N};wg that thefe coloursare onely fantaftical ones, that is, fuch as arife
immediately from the refraltions of the light, I found by this, that water
wetting thefe colour’d parts,deftroy’d their colours,which feem'd to pro-
ceed from the alteration of the refletion and refraction. Now, though
I was not able to fee thofe hairs at all tranfparent by a.common ligh, yet
by looking on them againft the Sun, I found them to be ting’d with a
darkifh red colour, nothing a-kin to the curious and lovely greensand
blues they exhibited. A _

What the reafon of colour feems to be in fuch thin plated bodies, I
have elfewhere thewn. But how water'caft upon thofe threads deftroys
their colours, I fuppofe to be perform’d thus; The water falling upon
thele plated bodies from its having a greater congruity to Feathersthen
the Air,infinuates it felf between thofe Plates,and {o extrudes the firong
refleCting Air, whence both thefe parts grow more tranfparent,as the a4~
¢rofcope nforms, and colourlefs alfo, at beft retaining a very faint and
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dull colour. But this wet being walted:away byithe continual evapora-
tions and {teams that pafs through! them from ithe Peacock, whil't that
Bird isyetalive, the colours again appear in their, formet; hltery the 75
terflitia of thele Plates being fill'd with' the firohgly refleCting Air, |
The beauteous and vivid colours of the Featliers: of this; Bird, bei
found to proceed from the curi_éus"'and-zemﬁdin'g.ihmlnnfs:a«nd‘ fmen
of the refleCting parts,we have here the. reafongivenais of all thofe-gan+
deries in the apparel of other Birds alfo,: arid How they come to ¢xceed
the colours of all other kinds of Animatls, befidesInfects s for {incei(as we
here.and elfewhere alio thew) the vividnefs of a colour, :dep'endk:upon
the finenefs and tranfparency of the réflecting and refracting parts3 and
(ince our Aicrofcepe dilcovers to us, that the component patits of feathers
are fuch, and that the hairs of Animals are otherwife 5 and fincewe find
alfo by the Experiment of that Noble and moft Excellent Perfon Iformet:
ly named ; that the difference between Silk and Flax;as toits éﬂlﬁur, is
nothing elfe (for Flax reduc’'d to a very great finenefs of parts; -both
white and colour'd, appears as white and as vividasany Silk; but Jofes
that brightnefs and its Silken afpect as {oon as it istwifted into thread,by
reafon that the component parts, though very fmall: and fine; are yet pli
able Hakes, and not cylinders,and thence,by twifting, become united in-
to one opacous body, whereas the’ threads of Silk arid Feathers: retaim
their luftre, by preferving their cylindrical form intive withoutimixs
ing 5 fo that each reflécted and refracted beam that'compofes: the glofs
of Silk, preferves its own property of*modulating the light intire)3:And
fince we find the famie confirm’d by many other Experiments elféwhere
mentioned, I think we may fafely conclude this for an: Axiome, that
whetefoever we meet: with tranfparent bodies, {pumout into ‘very fine
parts, either cleer, or any ways ting'd, the coloursrefulting ffomfucha
compofition. muft neceflarily be very glorious, vivid;and cleery like thofe
of Silk and Feathers. This may perhaps hine fome ufefull way of making
other badies, befides Silk, be fufeeptible of bright tinétures, bud of this
Onelybytheby. ‘ Vincs iild oty
The changeable colour'd Feathers alfo of Ducks, -and fevetal -other
Birds, I have found by examination with my Aicrofiape, to provéed fiom
much the fame caufesand textures. laenisiq o dlaidler

H i

Obferv, XXX V1L, Of the Feat.of Flies, and feveral
fedts. iith Gl o Bithooee.o

THe foot of a Fly (delineated in the firft: Figuie of the 5%, schents,
. which reprefents three joints, the'two Tallons, and the rws Patterss
in a flat pofture 5 and in the fecond’ Figure: of thic fartie Scheme: Which re-
prefents onely one joint, the Tallons and Pattens i another poftate) is
of amoft admirable and curious contrivance, for by this the Flies are in-
abled to walk againfi the fides of Glafs; perpendictlarly dpivard¢ dnd to

: A a contaip
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contain themfelves in that pofture aslong as they pleafesnay,to walk and
fufpend themfelves againft the under furface of: many bodies,as the ceilin
ofaroom, or thelike, and thiswith as great a feeming facility and firm-
nefs, as if they were a kind of Antipodes, and hada tendency upwards, as
we are fure they have the contrary, ‘which they alfo evidently difcover,
in that they cannot make themfelves{o light, as to ftick or fufpend them-
felves on the under furface of a Glafs well polifl’d and cleans'd 5 their
fufpenfion therefore is wholly to be afcrib’d to fome Mechanical contri-
vance in their feet3s which, what it is, we fhall in brief explain, by thew-
ing, that its Mechanifm cenfifts c[lsrinc:ipally in two parts, thatis, firft its
two Claws, or Tallons, and fecondly, two Palms, Pattens, or Soles.

The two Tallons are very large, in proportion to the foot, and hand-
fomly fhap'din the manner defcrib’d in the Figures, by AB,and AC,
the bigger part of them from A todd, is all hairy, or brifled, but to-
ward the top, at Cand B fmooth, the tops or points, which feem very
{harp turning downwards and inwards, are each ofthemmov'd ona joint
at A, by which the Fly is able toopen or fhut them at pleafure, {o that
the points B and Cbeing entered inany pores, and the F ly endeavouring
to fhut them,the Claws not onely draw one againft another,and o faften
eachother, but they draw the whole foot, GGA DD forward, fothat
on a foft footing, the tenters or points G G G G, (whereof a Fly has about
tenin each foot, to wit,two in every joint)run into the pores,if they find
any, or at leaft make their way s and this is fenfible to the naked eye, in
the feet ofa Chafer, which, ifhe be fuffer'd to creep over the hand, or
any other part of the fkin of ones body, does make his ftepsas fenfible to
the touch as the fight.

But this contrivance,as it often fails the Chafer, when he walks on hard
and clofe bodies, fo would italfo our Fly, though he be a much lefler,
mdﬁmMaammm;mdmudmeNMmfh%ﬁnMﬁdMsbm“Mh
another additamernt much more curiousand admirable, and that is, with
a couple of Palms, Pattens or Soles D D, the ftru¢ture of which is this ¢

From the bottom orunder part of the laft joint of his foot, K, arife
two fmall thin plated horny fubftances, each confifting of two flat pieces,
D D, which feem to be flexible, like the covers of a Book, about F'F, by
which means,the plains of the two fides E E.}do not always lie in the fame
plain, but may be fometimes fhut clofer, and fo each of them may takea
little hold themfelves on a bodys but that isnot all for the under fides of
thefe Soles are all befet with fmall brifles, or tenters, like the Wire teeth
of a Card ufed for working Wool, the points of all which tend for-
wards, hence the two Tallons drawing the feet forwards, as] before
hinted, and thefe being applied to the f%rface of the body with all the
points looking the contrary way, thatis, forwards and outwards, ifthere

eany irregularity or yielding in the furface of the body, the Fly fu-
{pendsiit felfvery firmly and cafily,without the accefs or need of any fuch
Spongcs fill'd with an imaginary gluten, as many have, for want of good
Glafies, perhaps, or a troublefome and diligent examination, fuppos'd.
Now, that the Fly is able to walk on Glaf, proceeds partly from fome

ruggednefs
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ruggednefs of the furfaces and chiefly from a kind of tarnifh, or dirty
{moaky fubftance, which adheres tothe furface of that very hard body
and though the pointed parts cannot penetrate the fubftance of Glafs,yet
may they find pores enough in the tarnifh, or at leaft make them.

{‘his Struéture I fomewhat the more diligently furvey’d, becaufe I
could not well comprehend, how, if there were fuch a glutinous matter
in thofe fuppofed Sponges, as moft (that have obferv'd that Objectina
Microfeape) have hitherto believ'd,how, I fay, the Fly could fo readily un-
glew and loofenits feet : and, becaufe I have not found any other crea-
ture to havea contrivance any ways like it3 and chiefly, that we might
not be caft upon unintelligible explications of the Phenomena of Nature,
at leaft others then the true ones, where our fenfes were able to furnifh
us with an intelligible, rationall and true one.

Somewhat a like contrivance to this of Flies fhall we find in moft other
Animals, fuch as all kinds of Flies and cafe-wing’d creatures; nay, ina
Flea, an Animal abundantly {maller then this Fly. Other creatures, as
Mites, the Land-Crab, &¢. have onely one {mall very fharp Tallon
at the end of each of their legs, whichall drawing towards the center or
middle of their body, inable thefe exceeding light bodies to fufpend and
faften themfelves to almoft any furface.

Which how they are able to do, will not feem ftrange, if we confider,
firft, how little body there is in one of thefe creatures compar'd to their
fuperficies, or outfide,their thicknefs, perhaps, oftentimes,not amountin
to the hundredth part of anInch: Next, the ftrength and agility of the(%
creatures compar'd to their bulk, being, proportionable to their bulk,
perhaps, an hundred times {tronger then an Horfe or Man. And thirdly,
if we confider that Nature does always appropriate the inftruments, fo
as they are the moft fit and convenient to perform their offices, and the
moft fimple and plain that poflibly canbe ; this we may fee further veri-
fy’d alfoin the foot of aLoufe which is very much differing from thofe I
have been defcribing, but more convenient and neceflary for the place
of its habitation, each of his leggs being footed with a couple of {mall
claws which he can open or fhut at pleafure, fhap’d almoft like the claws
of a Lobfter or Crab,but with appropriated contrivances for his peculiar
ufe, which being to move its body toand fro upon the hairs of the crea-
ture it inhabits, Nature has furniih'd one of its claws with joints, almoft
like the joints of 2 man's fingers, fo as thereby itis ableto encompals or
grafp a flair as firmly as aman can a {tick or rope.

Nor, is there a lefs admirable and wonderfull Mechanifnz in the foot
of a Spider, whereby he is able to fpin, weave, and climb, orrunon his
curioustranfparent clew, of whichIfhall fay more in the defcription of
that Animal. '

And to conclude, we fhall in all things find, that Nature does not
onely work Mechanically, but by fuch excellent and moft compendi-
ous, as well as frupendious contrivances, that it were impoflible for all
the reafon in the world to find out any contrivance to do the fame thing

that fhould have more convenient properties. And can any be {o fottifh,
Aas as
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as to think all thofe things the productions of chance? Certz}inly, ci-
ther their Ratiocination muft be extremely depraved,or they did never
attentively confider and contemplate the Works of the Al-mighty.

Obferv. XXXVIIL Of the Struéture and motion of the Wings
of Flies.

THe Wings of all kinds of Infects, are, for the moft part, very
beautifull Objetts, and afford no lefs pleafing an Objet to the mind
to {peculate upon,then tothe eye to behold. This of the blue Fly,among
the reft, wants not its peculiar- ornaments and contrivances 3 it grows
out of the Thorax, or middle part of the body of a Fly, and is feated a
little beyond the center of gravity in the body towards the head, but
that Excentricly iscurioufly balanc’d s firft, by the expanded 4res ofthe
wings which lies all more backwards then the root, by the motion of
them,whereby the center of their vibration is much more backwards to-
wards the tail of the Fly then the root of the wing is. What the vibra-
tive motion of the wings is, and after what manner they are moved, I
have endeavoured by many trials to find out: And for the firft manner
of their motion, I endeavoured to obferve feveral of thofe kind of fmall
{pinning Flies, which will naturally fufpend themfelves, asit were, pois'd
and fteady inone place of the air, without rifing or falling, or moving
forwards or backwardss for by looking down on thofe, I could by a kind
of faint fhadow, perceive the utmoft extremes of the vibrative moti-
on of their wings, which fhadow, whil'ft they {o endeavoured to fufpend
themf{elves, was not very long, but when they endeavourd to flie for-
wards,it was fomewhat longer ; next,I tried it,by fixing the leggs of a Fly
upon the top ofthe ftalk of a feather, with Glew, Wax, &. and then
making it endeavour to flie away s for being thereby able to view it in
any polture, I collected that the motion of the wing was after this man-
ner. The extreme limits of the vibrations were ufually fomewhat about
the length of the body diftant from one another, oftentimes fhorter,and
fometimes alfo longer s that the formoft limit was ufually a little above
the back,and the hinder fomwhat beneath the belly sbetween which two
limits, if one may ghefs by the found, the wing feem’d to be mov'd for-
wards and backwards with an equal velocity : And if one may (from the
thadow or faint reprefentation the wings afforded, and from the confide-
ration of the nature of the thing ) ghefs at the pofture or mamner
of the wings moving betweeen them,it feem’'d to be this: The wing
being fuppos'd placed in the upmoft limit, feems to be put fo tHat the
plain of it lies almoft horizontal, but onely the forepart does dip a little,
or is fomewhat more depreft; in this pofition -is the wing vibrated
or movd to the lower limit, being almoft arrived at the lower li-
mit, the hinder part of the wing moving fomewhat fafter then the

tormer,
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former, the Area of the wing begins to dip behind, 'and in that pofture

feems it to be mov'd to the upper limit back again, and thence back

again in the fir{t pofture,the former part of the Area dipping again.as itis
moved downwards by means of the quicker motion of the main {tem.

which terminates or edges the forepart of the wing. - And thefe vibrati-
ons or motionsto and fro between the two limits leem fo fwift, that 'tis
very probable (from the found it affords, if it be compar'd with the vi-.
bration of a mufical ftring, tun’d unifon to it): it makes many hundreds,:

if not fome thoufands of vibrations in a fecond minute, of time. And, if

we may be allow’d to ghefs by the found, the wing of a Beeis yet more!

{wift, for the tone is much more acute, and that, inall likelihood, pro-
ceeds from the exceeding fwift beating of the air by the: fmall wing.
And it feems the more likely too, becaufe the wing of a Bee is lefsin pro-
portion to itsbody,then the other wing to the bogy ofa Fly fo that for
ought I know, it may be one of the quickeft vibrating fpertantons moti-
ons of any in the world ; and though perhaps there may be many- Fliesin
other places that afford a yet more fhrill noife with their wings, yet ‘tis
moft probable that the quickeft vibrating fpentanecons motion is to be
found in the wing of fome creature. Now, it we confider the exceeding
quicknefs of thefe Animal fpirits that muft caufe thefe motions, we cannot
chufe but admire the exceeding vividnefs of the governing faculty or
Anima of the Infect, whichis able todifpofe and, regulate fo the the mio-
tive facultics, as to caufe every peculiar organ, not onely to move oract
fo quick, butto doit alfo fo regularly. lortw sdiava basgib
Whil'ft I was examining and confidering the curious Mechaziftr of the
wings, I obferv'd that under the: wings of moft kind ‘of Flies, Bees; eve..
there were plac'd certain pendulums or extended drops (asI may {o call
them from their refembling motion and figure) for they much refembled
a long hanging drop of fome tranfparent vifcous liquor 5 and T obferved
them conftantly to moye juft before the wings of the Fly began to move,
fo that at the firft fight I could not but ghefs, that there was fome excel-
lent ufe, asto the regulation of the motion of the wing, and did phancy,
that it might be fomething like the handle of a Gock, which by vibra-
ting to and fro,might,as ‘twere.open and fhut the Cock,and thereby give
a paflage to the determinate influences into the Mufcles 5 afterwards,up-
on fome other trials,I fupposd that they might be for fome ufe in refpira-
tion, which for many reafons I fuppole thofe Animals to ufe, dnd, me
thought, it was not very improbable, but that they might have conve-
nient paflages under the wings for the emitting; at fealt,of the air, if not
admitting, asinthe gills of Fifhes is moft evidentsi :or, - perhaps, this Pes-
dulum might be fomewhat like the {taff to'a Pump; whereby theéfe crea-
tures might exercife their Azalogus lungs, and not only-draw inybut force
out,the air they live by : but thefe were but conjecturés,and upon further

]

examination feem’d lefs probable.

The fabrick of the wing,as it appears through a mo-derately:magnif r-
ing Mijcrofeope feems to be a body confifting of two parts,asis vifible in the
4.Frgnre of the 23.Schemesand by the 2.Figure of the 26.5chemes the one is

aquilly
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a quilly or finny fubftance,confifting of feveral long.{lender and varioufly

bended quills or wires, fomething refembling the veins of leaves; thefe
are, as ‘twere,the finns or quills which ftiffen the whole 4res, and keep
the other part diftended, which is a very thin tranfparent fkin or mem-
brane varioufly folded, and platted, but not very regularly, and is be-
fides exceeding thickly beftuck with innumerable fmall brifles, which
are onely perceptible by the bigger magnifying Microfeope, and not
with that neither, but with a very convenient augmentation of fky-
light projected on the Object with a burning Glafs, as I have elfewhere
fhew'd, or by looking through it againft the light.

In fteed of thefe fmall hairs, in feveral other Flies, there are infinite of
{mall Feathers, which cover both the under and upper fides of this thin
film asin almoft all the forts of Butterflies and Moths: and thofe fmall parts
are not onely fhap'd very much like the feathers of Birds, but like thofe
variegated with all the variety of curious bright and vivid colours ima-
ginable ; and thofe feathers are likewife {o admirably and delicately
rang’d,as to ‘compofe very fine flourifhings and ornamental paintings,like
Turkie and Perfian Carpets,but of far more furpaﬁin%beauty, asis evident
enough to the naked eye, inthe painted wings of Butterflies, but much
more through an ordinary Asicrofcape.

Intermingled likewife with thefe hairs, may be pergeived multitudes
of little pits, or black fpots,in the exended membrane, which feemto be
the root of the hairs that grow on the other fide 3 thefe two bodies feem
difpers'd over the whole furface of the wing.

The hairsare beft perceiv'd, by looking through it againft the light,
or, by laying the wing upon a very white piece of Paper, in aconve-
nient light, for thereby every little hair moft manifeftly appears; a
Specimeni of which you may obferve drawn in the fourth Figure of
the 23. scheme, A B, CD, EF whereof reprefent fome parts of the
bones or quills of the wing, eack of which you may perceive to be
cover'd] over with a multitude of fcales, or Eriﬂes, the former A B,
is the biggeft ftem of allthe wing, and may be properly enough call'd
the cut-alr, it being that which terminates and ftiffens the formoft edge
of the wing ; the fore-edge of this is arm’d with a multitude of little
brifles, or Tenter-hooks, in fome ftanding regular and in order, in
others not 3 all the points of which are directed from the bedy to-
wards the tip of the wing, nor is this edge onely thus fring'd , but
even all the whole edge of the wing is cover'd with a fmall fringe,
confifting of fhort and more flender brifles.

This Subjet, had I'time, would afford excellent matter for the con-
templation of the nature of wings and of flying; but, becaufe I may,
perhaps, get a more convenient time to profecute that fpeculation, and
recolleét feveral Obfervations thatI have made of that particular. 1{hall
at prefent proceed to :

Obfery.
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Obferv. XXX1X. Ofthe Eyes and Head of a Grey drone-Flg;
and of feveral other creatures. borihs nilnaid '

took a large grey Droze-Fly, that had a large hedd, buta fmall and

{lender bofy in proportion to it,and cutting off’ itshead, 1 fix'd-it with
the forepart or face upwards upon my Objeét Plate (this I made choice!
of rather then the head ofa great blue Fly,becaufe my enquity being now
about the eyes,I found this Fly o have, firft the biggeft clufters of eyes
in proportion to his head, ofany fmall kind ot Fly that I have yet feen, it
being fomewhat inclining towards the make of the large Dragon-Flies.
Next, becaufe there is a greater variety in the knobs or balls of each
clufter,thenis of any {fmall Fly) Then examinihg it according to my ufual
manner, by varying the degreesof light, and altering its pofition to each
kinde of light, I drew that reprefentation of it which is delineated in
the 24. Scheme, and found thefe things to be us plain and evident, as
notable and pleafant. '

Firf, that the greateft part of the face,nay,of the head, was nothing elfe
but two large and protuberant bunches,or prominentparts, A\B C DE A the
furface of each of which was all cover'd over, orfhap'd into a multitude
of {mall Hemifpheres,plac’'d in a triagonal order,that being the clofeft and
moft compacted, and in that order,rang’d over the whole furface of the
cyein very lovely rows between ¢ach of which, as is neceflary, were left
long and regular trenches, the bottoms of every of which, were perfectly
intireand not at all perforated or drill'd through, which I moft certainly
was aflured of, by the regularly refleéted Image of certain Objects which
I mov'd to and frobetween the head and the light. ‘And by examining
the Cornea or outward fkin, after I had fiript it off from the feveral fub-
ftances that lay within it,and by looking both upon the infide and againft
the light. ‘ ¥

Neft, that of thofe multitudes of Hemifpheres, there were obfervable
two degrees of bignefs, the half of them that were lowermoft,and look’d
toward the ground or their own leggs, namely, CDE, CDE being a
pretty deal fmaller then the other, namely, AB CE, AB CE; that look’d
upward, and fide-ways or foreright,and backward, which variety I have
not found in any other {mall Fly. e 191569

Thirdly, that every one of thefe Hemifpheres,as they feem’d to be pret-
ty neer the true fhape of a Hemifphere, {0 was the furface exceeding
{mooth and regular, reflecting as exat, regular, and perfect an Image of
any Object from the furface of them, as a fmall Ball of Quick-filver of
thatbignefs would do, but nothing neer fo vivid, the refletion from tHefe
being very languid, much like the reflection from the outfide of Water,
Glafs, Cryftal, €. In fo much that in each of thefe Hemifpheres, I have
been able to difcover a Land-fcape of thofe things which lay beforocf my

: window,
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window, one thing of which was a large Tree, whofe trunk and top |
could plainly difcover, as Icould alfo the parts of my window, and my

‘hand and fingers, if I held it between the Window and the Object; a

fmall draught of nincteen of which, as they appear'd inthe bigger Mag-
nifying-glafs to reflet the Image of the two windows of my Chamber,
are delineated in the third Figure of the 23. Scheme. n

Feurthly, that thefe rows were {o difpos'd, that there wasno quarter
vifible from his head that there was not fome of thefe Hemifpheres diretted
againft ; fo that a Fly may be trul(y faid to have a7 eye every way, and o
be really circumfpect. And it was turther obfervable, that that way where
the trunk of his body did hinder his profpect backward, thefe protube~
rances were elevated, as it were, above the plain of his thouldersand
back, {o thathe was able to fee backwardsalfo over his back.

. Fifthly, in living Flies, I have obferv'd, that when any fmall mote or
duft,which flies up and down the air, chances to light upon any part of
thefe knobs, asit isfure to ftick firmly to it and not fall, though through
the Adicrofcope it appears like a large ftone or ftick (which one would ad-
mire,efpecially fince it is no ways probable that there is any wet or gluti-
nous matter upon thefe Hemifpheres,but I hope I fhall render the reafon in
another place) o the Fly prefently makes ule of his two fore-feet in ftead
of eye-lids, with which, as with two Brooms or Brufhes, they being
all beftuck with Brifles, he often fweeps or bruthes off what ever hinders
the profpeCt of any of his Hemifpheres, and then, to free his leggs from
that dirt,he rubs them one againft another,the pointed Brifles or Tenters
of which looking both oneway, the rubbing of them to and fro one
againft another, goes cleanfe them in the fame manner as I have obferv'd
thofe that Card Wool, to cleanfe their Cards, by placing their Cards, fo
as the teeth of both look the fame way,and then rubbing them one againft
another. In the very fame manner do they brufh and cleanfe their bodies
and wings, as] fhall by and by fhew s other creatures have other contri-
vances for the cleanfing and cleering their eyes.

Sixthly, that the number of the Pearls or Hemifpheres in the clufters
of this Fly, wasneer 14000. which I judged by numbering certain rows
of them feveral ways, and cafting up the whole content , accountin
each clufter to contain about feven thoufand Pearls, three thotr‘fang
of which were of a ¢ize, and confequently therows not fo thick, and
the foure thoufand T accounted to be the number of the fmaller Pearls
next the feet and probefeis. Other Animals I obferv'd to have yet a
greater number, as the Dragon-Fly or Adderbolt : And otherstohavea
;m;CCé}; lefs company, as an 4nr, &c. and feveral other fmall Flies and
nfects.

Seventhly,that the order of thefe eies or Hemifpheres wasaltogether euri-
ous and admirable,they being plac’d inallkind of Flies,and aerial animals,
ina'moft curiousand regular ordination of triangular rows, in which or-
?cr they are rang’d the neereft together that poflibly they can, and con-
equently leave the leaft pits or trenches between them. 'But in shrimps,
Crawfijbesy Lobfters, and fach Kindsof cruflaceons water Animals, I Have

yet
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yet obferv'd them rang’d in a quadrangular ordery the rows cutting each
other at right angles,which as it admits of a lefs number of Pearls in equal
furfaces s 1o have thofe creatures a recompence made them, by having
their eyes a little movable in their heads, which the other altogéther
want. So infinitely wife and provident do we find all the Difpenfations in
Nature, that certainly Epicurss, and his followers, mult very little have
confider'd them, who afcrib’'d thofe things to the productionof chance,
that wil,to a more attentive confiderer;appear the produéts of the higheft
Wifdom and Providence. : ‘

Upon the Anatomy or Diffection of the Head, I obferv'd thefe par-
ticulars: Int

Firft, that this outward fkin, like the Cornea of the eyes of the greater
Animals, was both flexible and tranfparent, and feem’d, through the 44-
crofeope, perfectly torefemble the very fubftance of the Corzes of a man’s
eye s for having cut out the clufter, and remov’d the dark and zucous
ftuff chat isfubjacent toit, I could fee it tranfparent like a thin piece of
{kin, having as many cavities in the infide of it, and rang'd in the fame
order as it had protuberances onthe outfide,and this propriety,I found the
fame inall the Animals that had it, whether Flies or Shell-Fith.

Secondly, I found that all Animals that Thave obferv’d with thofe kind
of eyes, have within this Corzea, a certain cleer liquor or juice, though in
a very little quantity, and, :

I obferv’d thirdly, that within that cleer liquor, they had akind of
dark zncows lining, whichwas allfpread round within the cavity ofthe
clufter, and feem’'d very neer adjoining to it, the ‘colour of which, in
fome Flies,was grey ; in others, blacks in others red 3 in others,of a mix’d
colour 3 in others,é’)ottcd s and that the whole clufters, when look’d on
whil'ft the Animal was living, or but newly kill'd, appear'd of the fame
colour that this coat (as Imay fo callit) appear’d of, when that outward

{kin, or Cornea,was remov’d.

Fourthly, that the reft of the capacity of the clufters wasin fome, as
in Dragon Flies, ¢c. hollow, or empty ; in others fill'd with fome kind
of fubitance 5 in blue Flies,with a reddifh mufculous fubftance, with fibres
tending from the center or bottom outwards 3 and divers other,with va-
rious and differing kinds of fubftances.

That this curious contrivance is the organ of fight to all thofe various
Cruftaceous Animals, which are furnifb'd with 1¢, I think we need not
doubt, if we confider but the feveral congruities it has with the eyes of
greater creatures.

Asfirft, that it is furni(h'd with a Cormea,with a tranfparent bumonrand
with awvea or retina, that the Figure of each of the {mall Hemifpheres are

very Spherical, exatly polift’d, and moft vivid, lively and plump,when
the Animal is living,as in greater Animals,and in like manner dull.flaccid,
and irregular, or fhrunk,when the Animal is dead.

Next, that thofe creatures that are furnifh’d with it, have no

other organs that have any refemblance to the known eyes of other

creatures.
B b Thirdly,
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Thirdly,that thofe'which they call the eyes of Crabs,Lobfters,Shrimps,
and the liie, and are really fo, are Hemifpher'd, almoft in the fame man-
ner as thefe of Flies are. And that they really are {o, 1 have very often
try'd, by cutting off thefe little movable knobs, and putting the creature
again into the water, that it would fwim to and fro, and move up and
down as well as befere, but would often hit it felf againt the rocks or
ftones 5 and though I pur my hand juft before its head, it would notat
all ftart or fly back till I touch’d it, whereas whil'ft thofe were remain-
ing, it would ftart back,and avoid my hand or a ftick ata good diftance
beforeit touch’d it. - And if in eruflaceons Sea-animals, then it feemsve
probable alfo,that thefe knobs are the eyesin cruflaceowsInfects, whichare
alfo of the fame kind, onely in a higher and more ative Element ; thisthe
conformity or congruity of many other parts common to either of them,
will ftrongly argue.their eruftaceons armour,their number of leggs,which
are fix, befide the two great claws, which anfwer to the wings in Infelts;
and in all kind of Spiders, as alfo in many other Infects that want wings,
we fhall find the compleat number of them, and not onely the number,
but the very fhape, figure, joints, and claws of Lobfters and Crabs, as is
evident in Scorpions and Spiders, as is vifible in the fecond Figure of the

1.8cheme,and in the little Mite-worm,which I call a Land-crab,defcrib’d
in the fecond Figure of the 33. Scheme,but in their manner of generation
being oviparous, &c. And it were very worthy obfervation, whether
there be not fome kinds of transformation and metamorphofis in the fe-
veral ftates of cruffaceons water-animals, as thereis in feveral {orts of In-
fets; for if fuch could be met with,the progrefs of the variations would
be much more confpicuous in thofe larger Animals, then they can be in
any kind of Infects our colder Climate affords.

Thefe being their eyes, it affords us a very pretty Speculation to con-
template their manner of vifion, which, as it is very differing from that of
biocular Animals, fo is it not lefs admirable.

That each of thefe Pearls or Hezzifpheres is a perfect eye, I think we
need not doubt, if we confider onely the outfide or figure of any one of
them, for they being each of them cover'd with a tranfparent protube-
rant Cornea,and containing a liquor within them, refembling the watry
or glaffie humours of the eye, mult neceffarily refrat all the parallel
Rays that fall onthemout of the air, into a point not farr diftant within
them, where (in all probability) the Retiza of the eye is placed,and that
opacous, dark, and mucous inward coat that (I formerly fhew'd) I found
to fubtend the concave part of the clufter is very likely to be that #x-
nicle or coat, it appearing through the Aicroféope to be plac’d a little
more than a Diameter of thofe Pearls below or within the tunica cornea.
And if {o, then is there in all probability, a little Picture or Image of the
objects without, painted or made at the bottom of the Retina againft
every one of thofe Pearls, fo that there are as many imprefiions on the
Retina or opacousiKin, asthere are Pearls or Hewifpheres on the clufter.
But becaufe it isimpoflible for any protuberant furface whatfoever, whe-
ther fpherial or other, fo to refract the Raysthat come from farr remote

lateral
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lateral points of any Object asto collect them again,and unite them e4ch
- inadiftin¢t point,and that onely thofe Rays which come from fome poine
that lies in the 4xis of the Figure produc’'d, are fo accurately res
fracted to one and the fame point again, and that the Jateral Rays;thefur-
ther they are remov’d, the mere imperfect is their refrated confluence;
It follows therefore, that onely the Picture of thofe parts of the external
objects that lie in, or neer, the duxis of each Hemifphere, 'are difcernably
painted or made on the Retina of each Hemifphere, and that therefore
each of them can diftinctlyfenfate or fee onely thefe parts which are very
neer perpendicularly cpposd to it, or lie in or neer its optick Axis,
Now, though there may be by each of thefe eye-pearls,a reprefentation
to the Animal ofa whole Hemifphere in the fame manner asin a man’s eye
there is a picture or {enfation in the Retiza of all the objets lying almoft
inan Hemifphere 5 yet, asin a man’s eye alfo, there are but fome very
few points which liyng in, or neer, the optick 4xis are diftinctly dif
cern’d : So there may be multitudes of Pictures made of an Objeét in
the feveral Pearls, and yet but one, or fome very few that are diftinct s
The reprefentation of any object that is made in any other Pearl, but that
which 1s directly,or very neer directly,oppos'd,being altogether confus'd
and unable to produce a diftinct vifion. f Nom sy

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 riot indued it
with the faculty of {eeing more then another creature; for whereasthis
canpot move his head,at leaft can move itvery lictle,without moving his

whole body, biocular creatures can in an inftant (or the twinkling of urn

eye, which, being very quick, is vulgarly ufed in the fame fignification)
move their eyes fo asto diret the optick 4xis to any point; nor is it
probable, that they are able to fec’attentively at one time more then one
Phyfical point 5 for though there be a diftiné#lmage made in every eye,
yet ‘tis very likely,that the obferving faculty is only imploy’d about fome
one object for which they have moft concern. 3 :
Now, as we accurately diftinguifh the fite or pofition of an Objetk
by the motion of the Muicles of the eye requifite to put the optick Line
in a direct pofition,and confufedly by the pofition of the imperfect Pi¢ture
of the objet at the bottom of theeye s lg are thefe crufaceons creatures
able to judge confufedly of the pofition of objects by the Piture or im-
preflion made at the bottom of the oppofite Pearl, and diftinétly by the
removal of the attentive or obferving faculty, from one Pearl toanother,
but what this faculty is,as it requires another place, {o a much deeper fpe=
culation. Now,becaufeit were impofiible,even with this multitude of eye-
balls,to fee any object diftinét(for asI kinted before,onely thofe parts that
lay in,or veryneer,the optick Linés could be {o)the Infinitely wife Creator
has not left the creature without a power of moving the head a little in
Aerial cruflaceons animals,and the very eyes alfo in cruffaceous Sea-animalss
fo that by thefe means they are inabled to direct fome optick line or other
againft any object,and by that means they have the vifive faculry as ¢om-
pleat asany Animal that can move its eyes. :

Bba | | Diﬁans:cs
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Diftances of Obje&s alfo, 'tis very likely they diftinguith, partly by
the confonant impreflions made in fome two convenient Pearls, one in
each clufter; for, according as thofe congruous impreffions affect, two
Pearls neerer approach’'d to each other, the neerer is the Object, and
the farther they are diftant, the more diftant is the Object: partly alfo

thealteration of each Pearl, requifite to make the Senfation or Piture

perfeét 5 for 'tis impoffible that the Pictures of two Objelts, varioufly
diftant, can be ]xrfggtly painted, or made onthe fame Retizs or bottom
of the eye not altered, as will be very evident to any one that fhall atten-
tively confider the nature of refraltion. Now, whether this alteration
may be in the Figure of the Cornea,in the motion of accefs or recefs of the
Retina towards t%nc Cornea, or in the alteration of a cruftaline humour, if
fuchthere be, 1 pretend not to determine s though Ithink we need not
doubt, but that there may be as much curiofity ot contrivance and ftru-
&ure in every one of thefe Pearls, as in the eye of a Whale or Elephant,
andthefalmighty’s Fiat could as eafily caufe the exiftence of the one as
the other; and as one day and a thoufand years are the fame with him,fo
may one eye and ten thoufand.

This we may be fure of, that the filaments or fenfative parts of the
Retina muft be moft exceedingly curious and minute, fince the whole
Picture it felf is fuch 3 what muft needs the component parts be of that
Retina which diftinguifhes the part of an objelt’s Piture that "muft be
many millions of millions lefs then that ina man’s eye > And how exceed-
ing curious and fubtile muft the component parts of the medium that
conveys light be, when we find the inftrument made for its reception or
refradtionto be fo exceedingly fmall ? we may,I think, from this {pecula-
tion be fufficiently difcouraged from hoping to dilcover by any optick or
other inftrument the determinate bulk of the parts of the medium that
conveys the pulfe of light, fince we find that there is not lefs accurate-
nefs fhewn in the Figures and polith of thofe exceedingly minute lenti-
cular furfaces, then in thofe more large and confpicuous furfaces of our
own eyes. And yetean I not doubt, but that there is a determinate bulk
of thole parts, fince I find them unable to enter between the parts of
Mercury, which being in motion, muft neceffarily have pores, as I fhall
elfewhere fhew, and here pafs by, as being a digreffion.

Asconcerning the horns FF, the feelers or fmellers, G G, the Pro-
bajeis HH, and 1, the hairs and brifles, KK, I fhall indeavour to de-
feribe inthe 42. Obfervation.

Obferv. X L. Of the Zecth of a Snail.

] Have little more to add of the Teeth of a Snail, befides the Pi&ture
of it, which is reprefented in the firft Figure of the 25. Scheme, fave
that hisbended body, AB C D E F, which feem’d fafhioned very much
like a row of fmall teeth, orderly plac'd in the Gums, and looksas if it

were
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were divided into feveral fmaller and greater black teeth, was nothing
but one fmall bended hard bone,which was plac’d in the upper jaw of the
mouth of a Houfe-Snail, with which I obferv’d this very Snail to feed on
the leaves of a Rofe-tree; and to bite out pretty large and half round
bits, not unlike the Figureof a (C) nor very much differing from itin
bignefs, the upper part A B CD of this bone, I found to be much whiter,
and to grow out of the upper chap of the Snail. G G G,and not to be any
thing neer {o much creas’d asthe lower and blacker part of it HITHK K Ht
which was exatly (hap'd like teeth, the bone growing thinner, or taper=
ing to an edge towards KK K. Tt feem'd to have nine teeth, or prominent
parts IK, IK, I'F, &¢. which were join'd together by the thinner inter=
pos'd parts of the bone. The Animal to which thefe teeth belong, is a
very awomalons creature, and feems of a kind quite diftinct from any
other terreftrial Animal or Infect, the Anatomy whereof exceedingly dif=
fering from what hasbeen hftherto given of itI fhould have inferted,bue
that it will be more proper in another place. Ihave never met with an

kind of Animal whofe teethareall join’d in one, fave onely that Llately
obferv’'d, that all the teeth of a Rhinocerot, which grow on either fide
of itsmouth, are join'd into one large bone, the weight of one of which
I found to be neer eleven pound Hawverdupois. Sothat it {eems one of

the biggeft fort of terreftrial Animals, as well as one of the fmalleft,
has his teeth thus fhap'd.

Obferv. XLI. Ofthe Eggsof Silk-worms,and other Infeéts.

He Eggs of Silk-worms(one of which I have defcrib’d in the fecond
Figure of 25. Scheme) aflord a pretty Objet for a Aicrofespe that
magnifies very much, efpecially if it be bright weather, and the light of a
window be caft or collected onit by a deep Convex-glafs, or Water-ball;
For then the whole furface of the Shell may be perceiv'd all coverd over
with exceeding {mall pits or cavities withinterpofed edges, almoft in the
manner of the %lrface of a Poppy-feed.but that thefe holes are not an hun-
dredth part {carce of theirbignefs; the Shell,when the young ones were
hatch’d (which I found an eafie thing to do, if the Eggs were keptina
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’d very white
(which feem’'d to proceed from its tranfparency) wgence all thofe pit-
tingsdid almoft vanifh, fo that they could not, without much difficuley,
be difcern’d, the infide of the Shell feem’d to be lin'd alfo with a kind of
thin film,not unlike (keeping the proportion to its Shell )that with which
the fhell of an Hen-eggis lin'd 5 and the fhell it felf feem’d like common
Egg-thells, very brittle, and crack’d. In divers other of thefe Eggs I
could plainly enough, through the fhell, perceive the fmall Infect lie
coyled round the edges of the dhell. The fhape of the Egg it felf; the
Figure pretty well reprefents (though by default of the Graver it does
nos
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not appear fo rounded, and lying abeve the Paper, as it were,as it oughe
todo) that is, it was for the moft part pretty oval end-ways, fomewhar
like an Egg.but the other way it was a little flatted on two oppofite fides,
Divers of thefe Eggs, asis common to moft others, I found to be bar-
ren, or addle, for they never afforded any young ones. And thofe |
ufually found much whiter then the other that were prolifick. The
Eggs of other kinds of Oviparous Infects I have found to be perfectly
round every way,like fo many Globules,of this fort I have obferv'd fome
fortsof S ic{ers Eggss and chancing the laft Summer to inclofe a very
large and curioufly painted Butterfly in a Box, intending to examine its
gaudery with my Microfcope, I found within a day or two after Tinclos'd
her, almoft all the inner furface of the Box cover'd over with an infinite
of exattly round Eggs, which were ftuck very faft to the fides of it, and
in fo exactly regular and clofe an order, that made me call to mind m

Hypothefis, which 1 had formerly thought on for the making out of all the
regular Figures of Salt,which L have elfewhere hinted 5 for here I found
all of them rang’d into amoft exact #riagomal order, much after the man-

_ mer as the Hemifpheres are place on the eye of aFly; all which Eggs1

found after a little time to be hatch’d, and out of them to come a multi-
tude of fmall Worms, very much refembling young Silk-worms, leaving
all their thin hollow fhells behind them, fticking on the Box in their #rz-
agonal pofture 3 thefe I found with the aficrofcope 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 fhape of the Eggs of Ovi-
parous Infects as among thofe of Birds,

Of thefe Eggs, a large and lufty Fly will at one time lay neer four or
five hundred, fo that the increafe of thefe kind of InfeGs muft needs be
very prodigious, were they not prey’d on by multitudes of Birds, and de-
ftroy d by Frofts and Rains ; and hence ’tis thofe hotter Climates between
the Tropicks are infefted witch fuch multitudes of Locufts, and fuch other
Vermine.

Obferv. XL1I. Of ablue Fly,

THis kind of Fly,whereofa Microféapical PiGure is delineated in the
firft Figure of the 26..8cheme, isa very beautifull creature, and has
many things about it very notable ; divers of which I have already partly
defcrib'd, ‘namely, the feet, wings, eyes, and head, in the preceding
Obfervations. ‘

And thotigh the head before deferib'd be that of a grey Drone-Fly,
yet for the mainit is very agreeable to this. The things wherein they
differ mott, will be ealily enough found by the following particulars:

Firft, the clufters of eyes of this Fly, are very much fmaller then thofe
of the Droa-Fly,in proportion to the head. ‘ ‘

And
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And next, all the eyes of each clufter feem'd muchof the famé bignef
one with another, not differing as the other, but rang'd:in the fame#ré
agonal order. ~ idod 10 dd=1D 530

Thirdly, between thefe two clufters, 'theré, was a-fealy- prominent
fromt B, which was arm’d and adorn'd with large tapering tharp, black
brifles, which growing out in rows on cither fide, were fabent toward
each other neer the top, as to make a kind of arched -arbour of Brifles,
which almoft cover'd the former firont. A0 L il

e e\d0 L8g o ot b aois
Fourthly, at the end of this Arch, about the middle of the face, ona
prominent part C, grew two fmall oblong bodiés; D D iwhith through
a Microfcope look’d not unlike the Pendants in Lillies, thefefeem’d to:be
jointed on to two fmall parts at C, each of which feem’d again jointed
into the front. Fios b omtnatemedte
Fifthly, out of the upper part and outfides of thefe horns (as I may
call them, from the Figure they are of, in the 24. Schernse, where they
are marked with FF) there grows a fingle feather, or brufhy Brifle; EE;
fomewhat of the fame kind with the tufts of a Gnat, which'| have before
defcribed. 7 B

What the ufe of thefe kind of horned and tufted bodies fhould be;-f
cannot well imagine,unlefs they {erve for {melling or hearing,though hiow
they are adapted for either, it feems very difficult to deferibe ,they are
inalmoft every feveral kind of Flies of fo various a fhape; though certain<
ly they are fome very cfiential part of the head, and have {fome. very
notable office aflign’d them by Nature, fince in all Infects they. are to be
found in one or other form. : i1 28w

Sixthly, at the under part ofthe face F F, were feveral of the former
fort of bended Brifles ;5 and below all, the mouth, out of the middle of
which, grew the probojcis G H I, which,by means of feveral joints,where-
of it feem'd to confift, the Fly was able to move toand fro, and thruftie
inand out as it pleasd ; the end of this hollow body (which was all over
cover'd with fmall fhort hairs or brifles) was, as’twere, bent at H, and
the outer or formoft fide of the bended part HI, flit, as it were, into
two chaps, HI, HI, all the outfide of which where cover'd with hairs;
and pretty large brifles; thefe he could, like two chaps, ver‘y readily
open and fhut, and when he feem’d to fuck any thing from the furface of
a body, he would fpread abroad thofe chaps, and apply the hollow part
of them very clofe toit. : idy vas od

From either fide of the Probofcis, within the mouth, grew two other
{mall horns, or fingers, K K, which were hairy, but fmall in this Figure 5
but ofanother fhape, and bigger in proportion, in the 24. Scheme, where
they are marked with G G, which twoindeed feem'd a kind of fmellers,
but whether {o or not, I cannot pofitively determine. .

The Thorax or middle part of this Fly, wascas'd, both aboveand be-
neath, with a very firm cruft of armour, the upper part more round, and:
covered over with long conical brifles,all whog ends pointed backwardss
out of the hinder and under part of this grew out in a clufter fix leggs,
three of which are apparent in the Figure,the other three were hid bg tc};e

i
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body plac'd in/that pofture.: The leggs were all much of the fame make,
beingall of them cover'd witha ftrong hairy fcale or {hel?juﬂ like the legs
of a Crabb or Lobfter,and the contrivance of the joints feem’d much the
fame 5 each legg feem’d made up of eight parts, 1, 2,3,4,5.6,7, 8, to
the eighth o laft of which, grew the foles and claws, defcribed before
inithe 38. 0bfervation. !
Out of the upper part of this trunck grew the two wings, which I men=
tion'd in the 38. Obfervation, conlfilting of a film, extended on certain
fmall ftiff wires or bones:' thefe in a blue Fly, were much longer then
the body, but in other kind of Flies they are of very differinﬁ propor-
tions to the body. Thefe films,in many Flies,were {o thin,that,like feveral
other plated bodies (mention'd in the ninth Obfervation) they afforded
all varieties of fantaftical or tranfient colours (the reafon of which I have
here endeavoured to explain) they feem’d"to receive their nourithment
from the ftalks or wires, which feem'd to be hollow, and neer the upper
part of the'wing LL feveral of them feem’d jointed, the fhape of which
will fufficiently appear by the black lines'in the fecond Figure of the
36. Scheme, which is a delineation of one of thofe wings expanded di-
tectly to'the eyes.

«Allthe hinder part of its body is cover'd with a moft curious blue fhi-
ning armour,looking exaétly like a polifh’d picce of fteel brought to that
blue colour by annealing, all which armour is very thick beftuck with
abundance of tapering brifles, fuch as grow on its back, as is vifible
enough by the Figure.

Nor was theinfide of this creature lefs beautifull then its outfide, for

cutting off a part of the belly, and then viewing it, to fee i I could dif-
cover any Veflels, fuchasare to be found in a greater Animals, and even
in Snails exceeding manifeftly, found,much beyond my expectation,that
there were abundance of branchings of Milk-white veflels,no lefs curious
then the branchings of veins and arteries in bigger terreftrial Animals,in
one of which,I found two notable branches, joining their two main ftocks,
asit were, into one common dudf#s 5 now, to what veins or arteries thefe
Vellells were analogws, whether to the vewa porta, or the meferaick vef-
Jéells; or the like, or indeed, whether they were veins and arteries, or vafa
laifea,properly fo called, I am not hitherto able to determine, having
not yet made fufficient enquiry 5 butinall particulars, there feems not to
be any thing lefs of curious contrivance in thefe Infets, then in thofe
larger terreftrial Animals, for I had never feen any more curious branch-
ings of Veffells, then thofeI obferv’d in two or three of thefe Flies thus
opened. :

It isa creature active and nimble, {0 as there are very few creatures
like it, whether bigger or fmaller, in fo much, that it will feape and
avoid a fmall body, though coming on it exceeding {wiftly, and ifit fees
any thing approaching it, which it fears, it prefently {quats down, as it
were,that it may be the more ready for its rife. '

Nor isit lefs hardy in the Winter, then active in the Summer, indaring
all theFrofts, and furviving till the next Summer, notwithftanding the
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bitter cold of our Climate ; nay, this creature will indure to be frozen,,
and yet not be deftroy’d.for I have taken one of them out of the Snow
whereon it has been frozen almoft white, with the Ice about it, and yet
by thawing it gently by the warmth of a fire, it has quickly reviv'd and
tlown about.

This kind of Fly feems by the fteams or tafte of fermenting and
putrifying meat (which it often kifles,as'twere, with its probofcis as it trips
over it) to be ftimulated or excited to eject its Eggs or Seed on it, per-
haps, from the fame reafon as Dogs,Cats,and many other brute creatures
are excited to their particular lults, by the fmell of their females, when
by Nature prepared for generation; the males feeming by thofe kind
of fmells, or other incitations, to be as much nceceflitated thereto, as
Agua Regis {trongly im regnated _w_lth a {folution of Gold,is forced to pre-
cipitate it by the affufionof fpirit of Urize, or afolution of salt of
Tartar.

One of thefe put in fpirit of Wine, was very quickly feemingly kill'd,
and both its eys and mouth began to look very red, but upon the taking
of it out, and fuffering it to lie three or four hours, and heating it with
the Sun beams caft through a Burning-glafs, it again reviv'd, feeming, as
it were, to have been all the intermediate time, but dead drunk, and af~

ter certain hours to grow frefh again and fober.

Obferv. XLI11L 0f the Water-Infe& or Gnat,

His little creature, defcribed in the firft Figure of the 27. Scheme,
. wasafmall fcaled or crufted Animal, which Ihave often obferv’d
to be generated in Rain-water 5 T have alfo obferv’d it both in Pond and
River-water. It is fuppos'd by fome, to deduce its firft original from the
putrifattion of Rain-water, in which,if it have {tood any time open to the
air, you fhall feldom mifs,all the Summer long, of ftore of them frifking
too and fro.
"Tisa creature, wholly differing in fhape from any I ever obferv'd ; nor
isitsmotion lefs ftrange : It has a very large head, in proportion to its
body, all covered with a fhell, like other #effaceons Animals, but it dif-
fers in this, that it has, up and down feveral parts of it, feveral tufts of
hairs, or brifles, plac'd in the order exprefs'd in the Figure; It has two
horns,whichfeem’d almoft like the horns of an Oxe,inverted,and, as neer
asI could ghefs, were hollow,with tufts of brifles,likewife at the topsthefe
horns they could move eafily this or that way,and might, perchance, be
their noftrils. It has a pretty large mouth, which feem'd contriv’d much
like thofe of Crabs and Lobfters,by which, I have often obferv’'d them to
feed on water, orfome imperceptible nutritive fubftance in it.
I could perceive, through the tranfparent fhell,while the Animal fur-

viv'd, feveral motions in the head, thorax, and belly, very di&in&]yi_
Cc o
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of differing kinds which I may, perhaps, elfewhere endeavour more ac-
curately to examine, and to fhew of how great benefit the ufe ofa 24-
érofcope may be for the difcovery of Nature’s courfe in the operations per-
form'd in Animal bodies, by which we have the opportunity of obfervin
her through thefe delicate and pellucid teguments of t.he bedies of Infects
a&ing according to her ufual courfe and way, undifturbed, whereas,
when we endeavour to pry intoher fecrets by breaking open the doors
upon her, and diflecting and mangling creatures whil'lt there is life yet
within them, we find her indeed at worl, but putinto fuch diforder by
the violence offer’d, as it may eafily be imagin'd how differing a thing we
fhould find,if we could,as we canwitha Microfcope,in thefe imaller crea-
tures, quictly peep inat the windows, without frighting her out of her
ufual byas. L

The form of the whole creature, as it appear’d in the Microfcope, may,
without troubling you with more defcriptions, be plainly enough per-
ceiv'd by the scheme, the hinder part or belly confifting of eight feveral
jointed parts, namely, ABC D EF G H, of the firlt Fignre, from the
mid(t of each of which,on either fide.iffued out three or four {mall brifles
or hairs, I, I, I, I, thetail was divided into two parts of very differing
make 3 one of them, namely, K, having many tufts of hair or brifles, which
feem’d to ferve both for the finns and tail, for the Oars and Ruder of this
little creature, wherewith it was able, by frifking and bending its bod
nimbly to andfro,to move himfelf any whither,and to {kull and fteer him-
felfas he pleas'dsthe other part, L, feem’d to be,as ‘twere,the ninth divifi-
on of his belly,and had many fingle brifles on either fide. From the end V,
of which, through the whole belly, there was a kind of Gut of a darker
colour, MMM, wherein, by certain Periffaltick motions there was a kind
of black fubftance mov'd upwards and downwards through it from the
orbicular part of it, N,(which {eem'd the Ventricle,or ftomach)to the tail
V.and fo back again, which periffaltick motion Ihave obferv'd alfo in a
Loufe, a Gnat, and feveral other kinds of tranfparent body'd Flies. The
Thorax or cheft of this creature O O O O, wasthick and fhort, and pret-
ty tranfparent, for throughit I could fee the white heart (which is the
colour alfo of the bloud in thefe, and moft other Infetts) to beat, and
feveral other kind of motions. It was beftuck and adorn’d up and down
with feveral tufts of brifles, fuch as are pointed out by P,P, P, P, the
head Q was likewife beftuck with feveral of thofe tufts, SS S it was
broad and fhort, had twoblack eyes, T T, which I could not perceive at
all pearl'd, as they afterwards appear’d, and two {mall horns, R R, fuch
as I formerly defcrib’d.

Both its motion and reft is very {trange, and pleafant, and differin
from thofe of moft other creatures I have obferv'd; for, where it ceafes
from moving its body, the tail of it feeming much lighter then the reft
of itsbody,and a little lighter then the water it fwims in, prefently boys
it up to the top of the water, where it hangs fufpended with the head al-
ways downward ;5 and like our Antipodes, if they do by a frifk get be-
low that fuperficies, they prefently afcend againunto it, if they ceafe

moving,
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moving, until they tread, as it were, under that fuperficies with their
tails 5 the hanging of thefe in this pofture, put me in mind of a cer=
tain creature I have feen in Lowdon, that was brovght out of Amrerica,
whith would very firmly fufpend it felf by the tail, with the head down-
wards,and was faid tofleep in that pofture, with hier young ohes in her
falfe belly, which is a Purfe, provided by Nature for the produdion,
nutrition, and prefervation of het youtig ones, which is deferibed by Pifo
in the 24. Chapter of the fifth Book of his Natutal Hiftory of Brafil. :

The motion of it was with the tail forwards,drawing its elf backwatds,
by the frifking to afid fro of that tuft which grew out of one of the
ftumps of its tail. It had anbther thotion,which was more [litable to that
of other creatutes; and that i, with the liead forward 3 for by the moving
of his chaps (if I may fo call the parts of his mouth) it was able to move
it feIf downwards very gently towards the bottoth, and did,as ‘twere,eat
up its way through the water.

But that which was nioft obfervable in this creature, was, its Metas
morphofis or changesfor having kept feveral of thefe Animalsin a Glafs of
Rain=water,in which they wete produc’d, I found,after about a fortnight
or three weeks keeping, that feveral of thet Hew away in Gnats,leaving
their hufks behind them in the water floating utider the furface, the
place where thefe Animals were wont to refide, whil'ft they wete in-
habitants of the water : this made me more diligently to watch them, to
fee if T could find themat the time of their transformation § and fot lon
after, T obferv'd feveral of them to be changed into an unufiial fha e,
wholly differing from that they were of before, their head and body be-
ing grown much bigger ahd deeper; but not broader, and theit belly, or
hinder part fmaller, and coyl'd, about this great body much of the tafhi-
onreprefented by the prick’d line in the fcond Figure of the 27. Schewe,
the head and horns how fivam uppermoft, and the whole bulk of the bo-
dy feem'd to be grown much lighter 5 for when by my frighting of it, it
would by frifking out of itstail (in the manner éxprefid in the Figure
by B C) fink it felf below the furface towards the bottom 5 the body
would more fwiftly re-afcend, then when it Was in its formier fhape.

I ftill marked its progrefs from time to timé,and found its body ftill to
§row bigger and bigger, Nature, as it were, fitting and accoutring it

or the lighter Element, of which it was now going to be dn inhabitant ;
for,by obferving one of thefe with my Microfcope, I found the eyes of it
to be altogether differing from what “they feeri’d before, appearing now
all over pearl'd or knobbd, like the €yes of Gnats. ~as i vifible i
the fecong Fignre by A. At length, 1 faw part of this créature to fwim
above, and part Beneath the furfacé of the water, below which though
it would quickly plunge it felf if I by any means frighted it;and prefently
re-afcend into its former poftures after a little longér expeation, T
found that thehead and body of a Gnat,began to' appear and ftand cleer
above the furface, and by degreesit drew out its leggs, firft the two for-
moft,then the other.at length its whole body perfect and entire appéar’d
out of the hufk (which it left in the water) ftanding on its leggs upﬁn
: Ce2 the
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thetop of the water, and by degrees it began to move, and after flew
about the Glafs a perfect Gnat.

I have been the more particular, and large in the relation of the tranf-
formation of divers of thefe little Animals which I obferv’d, becaufe I
have not found that any Authour has obferv'd the likes and becaufe the
thing it felf is {o {trange and heterogeneous from  the ufual progrefs of
other Animals, that I judge it may not onely be pleafant, but very
ufefull and neceflary towardsthe compleating of Natural Hiftory.

Thereis indeed in Pifo, a very odd Hiftory, which this relation may
make the more probable 5 and that isin the 2. Chapter of the 4. Book of
his Natural Hiftory of Brafil, where he fays,Porro prater tot documenta fer-
tilitatis circa vegetabilia & fenfitiva marina telluris amula,accidit & illud,
quod pancis & Paranambucenfi milliaribus pifcatoris uncum citraintentionem
contingat infigi vadis petrofis & loco pifcis [pongia,coralla,aliafgue arbufculas
marinas capr. Inter hac innfitaie forme prodit (pongiofa arbgfrula, Jefquipedis
longitudinis, brevioribus radicibus, lapideis nitens vadis, © rupibus infixa,
erigiturque in corpus [bongiofum molle oblongun: rotundum turbinatum: intus
miris cancellis & alveis fabricatum, extus autem tenaci glutineinftar Apum
propolis undigue veflitum, oftio fatis patulo & profundo in fummitate relicto,

fieut ex alieraiconum probe depicta videre licet ({ee the third and fourth
Figures of the 27. Scheme.) Ita ut Apiarium rravinum vere dixeris 5 primo
enim intuitu & Mare ad Terrane delatum vermiculis [catebat ceruleis parvis,
qui mox & calore folis indMufcas, vel Apes potins,eafq; exignas & nigras tranf-

vrmebantur, circumuvelantelgue evanefcebant ita ut de eornm mellificatione
#nibil certi confpici datum fuerit, cum tamen carofa materia propolis Apum-
que celle manifefte apparerent,atque ipfa mellis qualifcunque fubftantia procul-
dubio urinatoribus patebit, ubi curiofius inquifverint hac apiaria, eaque in
natali [olo & [alo diverfis temporibus penitins luftrarint.

Which Hiftory contains things fufficiently ftrange to be confider'd, as
whether the hufk were a Plant, growing at the bottom of the Sea before,
of it {elf, out of whofe putrifaction might be generated thefe firange kind
of Magots ; or whether the feed of certain Bees, finking to the bottom,
might there naturally form it felf that vegetable hive, and take root;
or, whether it might not be placed there by fome diving Fly; or,
whether it might not be fome peculiar propriety of that Plant,whereby
it might ripen or formits vegetable juice into an Animal {fubftance ; or,
whether it may not be of the nature of a Sponge, or rather a Sponge of
the nature of this, according to fome of thofe relations andiconjectures]
formerly made of that body, is a matter very difficult to be determined.
Butindeed,in this defcription,the Excellent Pifo has not been fufficiently
particular in the fetting down the whole procefs, asit were to be with'd :
There are indeed very odd progrefles in the production of feveral kinds
of Infects, which are not lefs inftructive then pleafant, feveral of which,
the diligent Goedartins has carefully obferv’d and recorded, but among
all his Obfervations, he has none like this, though that of the Hemerobins
be fomewhat of this kind, which is added as an Appendix by Fohannes
Ney.

I have



MIiICROGRAPHIA,.

- Thave, formy own particular, befides feveral of thofe mention’d by
him, obferv’d divers other circumftances,perhaps, not much taken notice
of, though very common, which do indeed afford us a very coercive argu-
ment to admire the goodnefs and providence of the infinitely wife Crea=
tor in his moft excellent contrivances and difpenfations.I have obferv'd,at
feveral times of the Summer,that many of the leaves of divers Plants have
been fpotted, or, asit were {cabbed, and looking on the underfides of
thofe of them that have been but a litte irregular, I have perceiv’d them
to be {prinkled with divers forts of little Eggs,which letting alone,I have
found by degrees to grow bigger, and become little Worms with leggs,
but ftill to keep their former places,and thofe places of the leaves,of their
own accords, to be grown very protuberant upwards, and very hollow,
and arched underneath, whereby thofe young creatures are, as it were,
{helter'd and houfed from external injury 5 diversleaves I have obferv'd

to grow and {well fo farr, as at length perfectly to inclofe the Animal,

which, by other obfervationsI have made, I ghefs to contain it, and be-

come, as it were a womb to it, fo long, till it be fit and prepar'd to be

tranflated into another ftate, at what time, like (what they fay of ) Vi-
pers, they gnaw their way through the wombthat bred them ; divers of
thefe kindsIhave met with upon Goofberry leaves, Rofe-tree leaves,

Willow leaves, and many other kinds. loqat

There are often to be found upon Rofe-trees and Brier bufhes, little

red tufts,which are certain knobs or excrefcencies;growing out from the
Rind, or barksof thofc kinds of Plants, they are cover'd with {trange
kinds of threads or red hairs, which feel very foft, and look not unplea-
fantly. Inmoft of thefe, if it hasno hole init, you fhall find certain little
Worms, which I fuppofe to be the caufes of their production; for when
that Worm has eat its way through, they, haying performed what they
were defign'd by Nature to do, by degrees die and wither away.

Now,the manner of their production,I fuppofe to be thus; that the Al-
wife Creator has as well implanted in every creature a faculty of know-
ing what place is convenient for the hatching, nutrition, and prefervati-
on of their Eggs and of-fprings,whereby they are {timulated and direted
to convenient places, whichbecom, as ‘twere the wombs that perform
thofe offices :  Ashe hasalfo fuited and adarpted_a property to thofe
places wherby they grow and inclofe thofe feeds, and having inclofed
them, providea convenient nourithment for them, butas foonas they
have done the office of a womb, they die and wither. :

The progrefs of inclofure I have often obferv'd in leaves, which in
thofe places where thofe feeds have been caft, have by degrees fwell'd
and inclos'd them, fo perfeCily round, as not to leave any perceptible
paflage out.

From this fame caufe, T fuppofe that Galls, Oak-apples, and feveral
other productions of that kind, upon the branches and leaves of Trees,
have their original 5 for if you open any of them, when almoft ripe, you
fhall find a little Wormin them. Thus, if you open never fo many dry

Galls, you fhall find either a hole whereby the Worm has eat its pafiage
. out,
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out, or if you find no paffage, you may,by breaking or cutting the Gall,
find in the middle of it a fmall cavity, and in it a fmall body, which does
plainly enough yet retain a fhape, to mamfeﬁ it once to have been a
Worm, though it dy’d byatoo ear_ly feparation from the Oak on which
it grew,its navel-ftring,as twere,being broken off from the leaf or branch
by which the Globular body that invelop'd it, received its nourithment
from the Oak.

And indeed,if we confider the great care of the Creator in the difpen-
fations of his providences for the propagation and increafe of the race,not
onely of all lgind of Animals, but even of Vegetables, we cannot chufe
but admire and adore him for his Excellencies, but we fhall leave off to
admire the creature, or to wonder at the ftrange kind of acting in feveral
Animals, which feem to favour fo much of rea%on 5 it feeming to me moft
manifeft,that thofe are but actings according to their ftructures, and fuch
operations as fuch bedies, {o compos'd, muft neceflarily, when there are
fuch and fuch cireumftances concurring, perform : thus,whenwe find Flies
fwarming,about any piece offlefh that does begin a little to ferment;But-
terflies about Colworts,and feveral other leaves,which will ferve to hatch
and nourifh their young s Gnats, and feveral other Flies about the Wa-
ters, and marifhy places,or any other creatures, fecking and placing their
Seeds in convenient repofitories, we may, if we attentively confider and
examine i, find that there are circumftances fufficient,upon the fuppofals
of the excellent contrivance of their machine,to excite and force them to
act after fuch or fuch a manner; thofe fteams that rife from thefe feveral
places may, perhaps, fet feveral partsof thefe little Animals at work,even
asin the contrivance of killinga Fox or Wolf with a Gun, the movin
of a firing, is the death of the Animial ; for the Beaft, by moving the ﬂel’g
that is laid to entrap him, pulls the ftring which moves the trigger, and
that lets go the Cock which on the fteel firikes certain fparks of fire
which kindle the powder in the pann, and that prefently flies into the
barrel, where the powder catching fire rarifies and drives out the bullet
which kills the Animal ; in all which actions, there is nothing of intention
or ratiocination to, be afcrib’d either to the Animal or Engine, but all to
the ingenioufnefs of the contriver.

But to return to the more immediate confideration of our Cnat :
We have in it an Inftance, not ufual or common,jof a very ftange asmphi-
bious creature, that being a creature that inhabits the Air, does yet pro-
duce a creature, that for fome time lives in the water as a Fifh, though
afterward (which is as ftrange) it becomes an inhabitant of the Air, like
its Sire,in the form of aFly. And this, me thinks, does prompt me to pro-
pofe certain conjectures, as Queries, having not yet had fufficient oppor-

tunity and leifure to anfwer them my felf from my own Experiments
or Obfervations.

And the firft is, Whether all thofe things that we fuppofe to be bred
from corruption and putrifation, may not be rationally fuppos'd ro have
their origination as natural as thefe Gnats, who, ’tis very probable,
were firft dropt into this Water, in the form of Eggs. Thofe Seeds or

Eggs
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Eggs muft certainly be very fmall, which fo fmall a creature 4s a Gra¢
yields, and thercfore: we need not wonder that we find not the Eggs
themfelves, fome ofthe younger of them, which I have obfery’'d, having
not exceeded a tenth part of the bulk they have afterwardscome to s ang
next,l have obferved fome of thofe little ones which muft have been gene-
rated after the Water was inclofed in the Bottle, and therefore moft pro-

bably from Eggs, whereas thofec creatures have been fuppos'd tobe bred

of the corruption of the Water, there being not formerly known any
probable way how they fhould be generated. RET :

A fecond is, whether thefe Eggs are immediately dropt into the Water
by the Gnats themfclves, or, mediately, are brought down by the falling
rain; for it feems not very improbable,but that thofe fmall feeds of Gnats
may (being, perhaps, of fo light a nature, and, having fo great a propor-
tionof furface to fo fmall a bulk of body) be ejected into the Air, and
fo, perhaps, carried for a good whiletooand froin it, till by the drops
of Rainit be waflrd out of it.

A third is, whether multitudes of thofe other little creatures that are
found to inhabit the Water for fome time, do not, at certain times, take
wing and fly into the Air, others dive and hide themfelves in the Earth,
and fo contribute to the increafe both of the one and the other Element.

Pofifeript. . ’

A good while fince the writing of this Defcription, I was prefented by
Doctor Peter Ball, an ingenious Member of the Koya! Society,with a little
Paper of Nuts, which he told me was fent him from a Brother of his out
of the Countrey,from Aumhead in Devonfhire, fome of them were loofe,
having been, as I fuppofe, broken off, others were ftill growing faft on
upon the fides of a ftick, which feem’d by the bark, pliablenefs of it, and
by certain ftrings that grew out of it, to be fome piece of the root of
aTree; they were all of them dry’d, and a lictle fhrivell’d, others more
round, of a brown colour; their {hape was much like a Figg, but very
much fmaller,fome being about the bignefs of a Bay-berry others,and the
biggeft, of a Hazel-Nut. Some of thefe that had no hole in them, I care-
fully opened with my Knife, and found in them a good large round white

Maggot, almoft as bigg as a fmall Pea, which feem'd fhap’d like other

Maggots, but fhorter. Icould not find them to move, thoughI ghefs'd
themto be alive, becaufe upon pricking them witha Pinn, there would ift
fue out a great deal of white zncons matter,which feem’d to be froma vo-
luntary contraction of their fkin ; their hufk or matrix confifted of three
Coats,like the barks of Trees, the outermoft being more rough and fpon-
gie, and the thickeft, the middlemoft more clofe, hard, white, and thin,
the innermoft very thin,feeming almoft like the fkin within an Egg’sthell.
The two outermoft had root in the branch or ftick, but the innermoft
had no ftem or procefs, but was onely a fkin that cover'd the cavity of
the Nut. All the Nutsthat had no holes eaten in them, I found to con-
tain thefe Maggots, but all that had holes, I found empty, the Maggotfs
it
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it feems, having eaten their way through, taken wings and flown away,
as this following account (which I receiv'd in writing from the fame per-
fon, as it was fent him by his Brother) manifefts. Iz 2 moorifh black
Peaty mould, with fome [mall veins of whitifh yellow Sands, upon occafion
of digeing ahole two or three foot deep, at the head of a Pond or Pool, to
Jet a Tree im, at that depth, were found, about the end of Oftober 1663. in
thofe very veins of Sand, thofe Buttons or Nuts, flicking to a little loofe
Stick,, that is, not belonging to any live Tree, and fome of them alfo free by
themfelves.

Four or five of which being then oper'd, fome were found to contvin
live Infeits come to perfetion, moft like to flying Ants, if not the fame s in
others, Infeéls, yet imperfect, having but the head and wings form'd, the reft
remaining a [oft white pulpy fubflance.

Nowas this furnifhes us with one odd Hiftory more,very agreeable to
what I before hinted, fo I doubt not, but were men diligent obfervers,
they might meet with multitudes of the fame kind, both inthe Earth and
in the Water, and in the Air, on Trees, Plants, and other Vegetables, all
places and things being,asit were,animarum plena. And Ihave often,with
wonder and pleafure,in the Spring and Summer-time, look’d clofe to,and
diligently on, common Garden mould, and in a very fmall parcel of it,
found fuch multitudes and diverfities of little reptiles,jome in hufks,others
onely creepers, many wing'd, and ready for the Air 3 divers hufks or ha-
bitatiens left behind empty. Now, ifthe Earth of our cold Climate be {o
fertile of animate bodies, what may we think of the fat Earth of hotter
Climates? Certainly,the Sun may there, by its activity, caufe as great a
parcel of Earth to fly on wingsin the Air, as it does of Water in {teams
and vapours. And what {warms muft we fuppofe to be fent out of thofe
plentifull inundations of water which are poured down by the {luces of
Rain in fuch vaft quantities ? So that we need not much wonder at thofe
innumerable cloudsof Locufts with which 4frica, and other hot coun-
tries are {o peftred, fince in thofe places are found all the convenient
caufes of their produttion, namely, genitors, or Parents, concurrent re-
ceptacles or matrixes,and a fufficient degree of natural heat and moifture.

I was going to annex a little draught of the Figure of thofe Nutsfent
out of Dewvonfhire , but chancing to examine Mr. Parkinfor’s Herbal
for fomething elfe, and particularly about Galls and Oak-apples, Ifound
among no lefs then 24. {everal kinds of excrefcencies of the Oak, which I
doubt not,but upon examination,will be all found to be the zzatrixes of
{0 many feveral kinds of Infects 5 1having obferv’d many of them my felf
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 feen,the de-
{cription, becaufe but fhort, Thave here adjoin’d Theatri Botanici trib.16.
Chap. 2. There groweth at the roots of old Oaks in the Spring-time, and

Jemetimes alfo in the wvery heat of Summer, a peculiar kind of Mufbrom or
Excrefeence, call’d Uva Quercina, fwelling ont of the Earth, many growing
one clofe unto another , of the fafbion of a Grape, and therefore took
the mame , the Oak-Grape, and is of a Purplifh colonr on the ouﬁdg
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MicROGRAPHI1A.

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 fecms not to take notice of the hollownefs or Worm, for
which ‘tis moft obfervable. And therefore ‘tis very likely, if men
did but take notice, they might find very many differing Species of thefe
Nuts, Ovaries, ot Matrzxes, and all of them to have much the fame
defignation and office. And I have very lately found feveral kinds of Ex-
crefcencies on Trees and Shrubs, which having endured the Winter, up-
on opening them, I found molt of them to contain little Worms, but
dead, thole things that contain’d them being wither'd and dry.

Obferv. XLIV. Of the tufted or Brufb-horn'd Gnat.

His little creature was one of thofe multitudes that fill our Englifh

air all the time that warm weather lafts, and is exactly of the fhape
of thatTobferv'd to be generated and hatch’d out of thofe little Infects
that wriggle up and down in Rain-water. But,though many were of this
form, yet [obferv'd others to be of quiterother kindss nor were all
of this or the other kind generated out of Water Infectsy for whereas 1
obferv’d that thofe that proceeded from thofe Infects were at their full
growth, I have alfo found multitudes of the fame fhape,but much fmaller
and tenderer {eeming tobe very young ones, creep up and downupon
the leavesof Trees, and flying up and down in{mall clufters, in places
very remote from waters and this Spring, I obferv'd one day, when the
Wind was very calm, and the afternoon very fair, and pretty warm,
though it had for a long time been very cold weather, and the wind con-

, tinued {till in the Eaft, feveral fmall fwarms of them playing to and fro

in little clouds in the Sun, each of which were not a tenth part of the
bignefs of one of thefe I here have delineated, though very much of the
fame fhape, which makes me ghefs, that each of thefe fwarms might be

* the of-{pring of one onely Gnat, which had been hoorded up in fome fafe

repofitory all this Winter by fome provident Parent, and were now, by
the warmth of the Spring-air, hatch’d into little Flies,

And indeed, fo various, and feemingly irregular are the generations or
productions of Infects, that he that fhall carefully and diligently obferve
the feveral methods of Nature therein, will have infinitely caufe further
to admirethe wifdom and providence of the Creator; for not onely the
fame kind of creature may be produc’d from feveral kindsof ways, but
the very fame creature may produce feveral kinds : For,as divers Watches
may be made out of feveral materials, which may yet have all the fame
appearance,and move after the fame manner,that is,{hew the hour equally
true, the one as the other, and out of the fame kind of matter, like

Watches,may be wrought differing ways; and,as one and the fame Watch
Dd may,
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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 may it be with
thefe moft curious Engines'of In?e&’s bodies; the All-wife God of Nature,
may have fo ordered and difpofed the little Autonmatons, that when nou=
rithed, ated, or enlivened by this caufe, they produce one kind of effett,
or animate fhape, when by another they a¢t quite another way, and ano-
ther Animal is produc’d. So may he {o order feveral materials, as to
make them,by {everal kinds of methods, produce (imilar Automatons.

But to come to the Defcription of this Infect,as it appears through a 4-
erofcope,of which a reprefentation is made in the 28.8chense. Its head A, is
exceeding {fmall, in proportion to its body, confifting of two clufters of
pearl'deyes B B, on each fide of its head, whofe pearlsor eye-ballsare
curioufly rang'd like thofe of other Flies ; between thefe,in the forehead
of it, there are plac’'d upon two {mall black balls, C C, two long jointed
horns, tapering towards the top, much refembling the long horns of
Lobfters, each of whofe {tems or quills, DD, were brifled or bruthed
with multitudes of {mall {tiff hairs, ifluing out every way from the feve-
ral joints, like the ftrings or fproutings of the herb Horfe-tail, which is
oft obferv’d to grow among Corn, and for the whole fhape, it does very
much refemble thofe brufly Vegetables 5 befides thefe, there are two other
jointed and brifled horns, or feelers, E E, in the forepart of the head, and
a probofcis, F,underneath,which in fome Gnats are very long, fireight
hollow pipes, by which thefe creatures are able to drill and penetrate
the fkin, and|thence, through thofe pipes fuck fo much bloud asto ftuff
their bellies {o full till they be ready to burft.

This fmall head,with its appurtenances,is faftned on by a fhort neck,G,
to the middle ofthe zhorax, whichis large, and feems cafed with a ftrong
black fhel,H I K, out of the under part of which, iflue fix long and flender
legs, L LLLLL,fhapd juft like the legsof Flies, but {pun or drawn out
longer and flenderer,which could not be exprefs'd in the Figure,becaufe
of their great length 5 and from the upper part, two oblong, but {lender
tranfparent wings, M M, thaped fomewhat like thofe of a Fly,underneath
each of which, asI have obferv'd alfo in divers forts of Flies, and other
kinds of Gnats, was placed a fmall’ body, N, much refembling a drop

of fome tranfparent glutinous fubftance, hardned or cool'd, asit wasal-

molft ready to fall, for it hasa round knob at the end, which by degrees
grows{lenderer into a fmall ftem.and neer the infertion under the wing,
this {tem again grows bigger 5 thele little Penduluns,as 1 may fo call them,

the litle creature vibrates to and fro very quick when it movesits wings,

and I have fometimes obferv'd it to move themalfo, whil {t the wing lay
ftill, but always their motion feem’d to further the motion of the wing
ready to follow 5 of whatufe they are, asto the moving of the wing, or
otherwife, I have not now time to examine.

Its belly waslarge,as it is ufually in all Infects, and extended into nine
lengths or partitions, each of which was cover'd with round armed rings
or thells; fix of which, OP QRS T were tranfparent, and divers kinds
of Periftaltick, motions might be very eafily perceiv’d, whil'(t the Animal

was
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Was alive, but efpecially a fimall cleer white patt V; feemed to beat like
the heart of a larger Animal.  The laft three divifios, W X Y, wereco-
verd with black and opacous fhells. o conclude, take this creature
altogether, and for beauty and curious contrivances, it may be compared
with the largeft Animal upon the Earth. Nordoth the Alwie Creator
{feem to have fhewn lefs care and providence inthe fabrick of it, thenin
thofe which feem moft confiderable.

Obferv. XL V. 0Of the great Belly'd Gnat or female Guat,

He fecond Gnat , delineated in the twenty ninth Scheme, is of a

very differing fhape from the formersbut yet of this {ort alfo,I found
feveral of the Gnats, that were generated out of the Water Infect : the
wings of this, were much larger then thofe of the other, and the belly
much bigger, thorter and of an other fhape 5 and, from feveral particu-
lars, I gheft it to be the Female Gnat, and the former to be the Male.

The thorax of this,was much like that of the other,having a very firong
and ridged back-piece, which went alfoon either fide of its leggs; about
the wings there were feveral joynted picces of Armor, whichfeem'd cu=
tioufly and conveniently contriv'd, for the promoting and firengthning
the motion of the wings:its head was much differing from the other,being
much bigger and neater fhap'd, and the horns that grew out between his
eyes ontwo little balls, were of a very differing fhape from the tufts of
the other Gnat, thefe having but a few knots or joynts, and each of
thofe but a few, and thofe fhort and ftrong, brifles.  The formoft hoins
or feelers, were like thofe of the former Gnat.

One of thefe Gnats I have fuffer'd to pierce the fkin of my hand, with
its probofcis, and thence todraw out as much blood as to fill its belly
‘as full as it could hold, making it appear very red and tranfparent 5 and
this without any further pain, then whil ft it was finking in its probofcis, as
it is alfo in the ftinging of Fleas: a good argument, that thefc creatures
do not wound the {kin, and fuck the blood out of enmity and revenge,
but for meer neceflity, and to fatisfy their hunger. By what means this
creature is able to fuck, we fhall fhew in another place.

Obferv. XLV1. Of the white featherwingd Moth or Tined
Argentea,

T His white long wing'd Moth, which is delineated in the 30.8chemes
afforded alovely objeét both to the naked Eyesand through a A7
erofeepe : to the Eye it appear'd afmall Milk white Fly with four white

Ddo2 Wings
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‘Wings, the two formoft.fomewhat longer then the two hindermoft, and
thetwo fhorter dbouthalfan Inch long, each of which four Wingsfeem'd

toconfift of two fmall long Feathers, very curioufly tufted, or hairedion
each fide, with purely white, and exceedingly fine and fmall Haires, pro-
portion’d to the ftalks or ftems, out of which they grew, much like the
tufts of along wing-feather of fome Bird, and their ftalks or ftems ‘were,
like thofe, bended backwards and downwards, as may be plainly feen by
the draughts of them in the Figure.

Obferving one of thefe in my Microféope,l found,in the firft place, that
all the Body,Legs, Horns and the Stalks of the Wings, were covered over
with various kinds of curious white Feathers, which did. with handling
or touching, eafily rubb off and fly about, in fo much that looking on my
Fingers, with which Thad handled thisMoth, and perceiving on them lic-
tle white fpecks, I found by my aicrofcope, that they were feveral of the
fmall Feathers of this little creature, that ftuck upand down in the r#-
gofities of my Skin. '
- Next, Ifound that underneath thefe Feathers, the pretty Infect was co-
vered allover with a crufted Shell, like other of thofe Animals, but with
one much thinner and tenderer.

“ Thirdly, Ifound, asin Birds alfo isnctable, it had differing and ap-
propriate kinds of Feathers, that covered feveral parts of its body. -

Fourthly, furveying the parts of its body, with a more accurate and

- better Magnifying Aicrofcope, 1found that the tufts or haires ofits Wings

were nothing elfe but a congeries, or thick fet clufter of fmall vimina or
twiggs, refembling a fmall ewigg of Birch, ftript or whitned, with which
Brufhes are ufually made, tobeat out or brufh off the duft from Cloth
and Hangings. ~Every one of the twiggs or branches that compofed the
Bruth of the Feathers, appeared in this bigger Magnifying Glafs &2 which
E F which reprefents ;- part of an Inch, s the fcale, asG isof the lefler,
which is only $) like the figure D. The Feathers alfo that covered a
part of his Body, and were interfperfed among the brufh of his Wings, ‘I
found,in the bigger Magnitying Glafs, of the fhape A, confifting of a ftalk

or {tem in the middle, and afeeming tuftednefs or brufhy partoneach

fide. The Feathersthat cover'd moft part of his Body and the ftalk of
his wings, were,in the fame Microféope, much of the figure B, appearing of
the fhape of a fmall Feather, and {eemed tufted : thofe which covered
the Horns and fmall parts of the Leggs, through the fame Aicrofcope, ap-
pear'd ofthe fhapeC. Whether the tufts of any or all of thefe {mall
Feathers, confilted of fuch component particles as the Feathers of Birds,
I much doubt, becaufe Ifind that Nature does not alwaies keep, or ope-
rate after the fame method , in fmaller and bigger crearures. '“And
of this, we have particular Inftances in the Wings of feveral creatures.
For whereas, in Birds of all kinds , itcompofes each of the Feathers of
which its Wing conlfifts, of fuch an exceeding curious and moft admirable
and ftupendious texture, as I elfe where fhew, in the Obfervations on a
Feather; we find it to alter its method quite, inthe fabrick of the Wings
of thefe minute creatures, compofing fome of thin extended membranes

or
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ot 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 Flefh-flics 5

in others, thofe filmes are.covered, bothon the upper and under fide,
with fmall Feathers, plac’d almoft like the tyles on a Houfe, and are
curioufly rang'd and adorn’d: with moft lively colours, as is ob-
fervable in Butter-flies, and feveral kinds of Moths 3, Inothers, inftead of
their filns, Nature has provided nothing, but 4,niatter of half a {core
ftalks(if I well remember the numbers for I have not lately met with any,
of thefe flys, and did not,when I firft obferv'd them, take fufficient notice
of divers particulars ) and eachof thefe ftalks, with a few fingle branch-
ings on each fide, refembling much the branched back-bone of a Herring
or the like Fifh, or a thin hair'd Peacocks feather; the top. or the eye
being broken off. With afew of thef¢ on either fide(which it was ableto
fhutup or expand at pleafure, much like a Fann, or rather, like the po-
fture of the fcathers n a wing, whichly. all one ynder another; when
fhut,.and by the fide: of each other, when expanded) this pretty little
grey Moth (for fuch was the creature I obfervd, thus wing’d) could ve-
ry nimbly, and asitfeem’d very eafily move its corpufcle , through the
Air.from place to place. Other Infets have their wings cas'd, or cover'd
over,with certain hollow fhells, fhap’d almoft like thofe hollow Trayes,
in which Butcherscarry meat, whofe hollow fides being turn’d down-
wards, do not only fecure their folded wings from injury of the earth,
in which moft of thofe creatures refide, but whilft they fly, fervesas a
help to fuftain and bear them up. *"And thefe'are obetvablein schrabess
and a multitude of other terreftrial crgﬁaceaw Infcts 5 in whichi wethay
yet further obferve a particular providence of Nature. '
Now in all thefe kinds of wings, we obferve thisparticular, as a thing
moft worthy remark ; that where'ever a wing confifts of difcontinue
parts, the Pores or 7zterftitia between thofe parts are'very feldom, either
much bigger,or much {maller, thenthefe which we here find between the
particlesof thefe brufhes, fo that it fhould {éem to intimate, that the
parts of the Air are fuch, that they will not eafily or readily, if at all, pafs
through thefe Pores, {o that they feem to be ftrainers fine cnoughi to hin-
der the particles of the Air (whether hinder’d by theirbulk, or by their
agitation, circulation,rotation or undulation , 1{hall not here determine)
from getting through them,and,by that means,ferve the Animal as well if
not better, thenif they were little films.  Ifay, if not better, becaufe I
have obferv'd that all thofe creatures, that have film'd wings, move them
aboundantly quicker and more firongly,fuch as all kind of Flies and Se4-
rabees and Batts, then fuch ashave their wings covered with feathers, as
Butter-flies and Birds, or twiggs, as Moths, which have each of thema
much flower motion of their wings; That little ruggednefs perhaps of
their wings helping them fomewhat,by taking better hold of the parts of
the Air, or not fuflering them fo eafily to pafs by, any other way then one.’
But what ever be the reafon of it ‘tis moft evident, that the fmooth
wing'd Infects have the ftrongeft Mufcles or movent parts of their wings,
and the other much weaker; and this very Infect, we are now defcribing,

had
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Had a very {mall thorax or middle pare of his body, if compar'd to the
ength and number of his wings 5 which therefore, as he mov'd them ve
xynl%owléy,fo muft he move them very weakly. And thislaft propriety do
we find fomewhat obferv'd alfo in bigger kind of Flying creatures,Birds 3
fo that we fee that the Wifdom and Providence of the All-wife Creator,
isnot lefs fhewn in thefc {mall defpicable creatures, Flies and Moths,
which we have branded with a name of ignominy, calling them Vermine,
then in thofe greater and more remakable animate bodies, Birds.

I cannot here ftand to add any thing about the nature of flying,
though, perhaps, on another oceafion, I may fay fomething on that fub-
ject, it being fuch as may deferve a much more accurate examination and
ferutiny then it has hitherto met with; For tomei there feems nothing
wanting to make a manable to fly, but what may be eafily enough fup-
ply’'d from the Mechanicks hitherto known, fave onely the want of
ftrength, which the¢ Mufcles of a man feem utterly uncapable of, by rea-
fon of their imalnefsand texture, buthow even ftrength alfo may be me-
chanically made, an artificial Muicle fo contriv d that thereby a man fhall
be able to exert what ftrength he pleafes, and to regulate it alfoto his
own mind, I may elfewhere endeavour to manifeft.

Obferv. XLVIL Of the Shepherd Spider, or lng legg'd
Spider.

T He Carter,Shepherd Spider,or long-legg’d Spider,has, for two parti-

cularities, very few fimilar creatures that I have met with 3 the firft,
which is difcoverable onely by the Aicrofcope, and isin the firlt and fe-
cond Figures of the 31. Scheme, plainly defcrib’d, is the curious contri-
vance of his eyes, of which (differing from moft other Spiders) he has
onely two, and thofe plac’d upon the top of a fmall pillar or hillock,rifing
out of the middle of the top of its back, or rather the crown of its head,
for they were fix'd on the very top of this pillar (which is about the
heighth of one of the tranfverfe Diameters of the eye, and look’d on in
another pofture,appear'd much of the fhape, B CD) The two eyes, BB,
were placedback to back, with the tranfparent parts,or the pupils, look-
ing towards either fide, but fomewhat more forward then backwards,
€ was the column or neck on which they ftoed, and D the crown of the
head out of which that neck fprung. .

Thefe eyes,to appearance, Eem’d to be of the very fame {tructure with
that of larger binocular creatures, feeming to have a very fmooth and ve-
ry protuberant Corzea,and in the midft of it to have a very black pupil,
incompafled about with a kind of grey Irés, as appears by the Figure 5
whether it were able tomove thefe eyes to and fro, [have not obfervd,
but 'tis not very likely he fhould,the pillar or neck C, feeming to be co-
ver'd and ftiffen'd with a crufty fhell 5 but Nature,in probability,has ﬁa;g
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ply’d that defect, by making the Cornea fo very protuberant, and fetting

it fo cleer above the fhadowing or obftructing of its profpect by the body,
that'tis likely each cye may perceive,though not fee diftin¢tly, almoft a
Hemifpkere, whence having {o fmall and round a body plac’d upon fuch
long leggs, it is quickly able o to wind, and turn it, as to fee any thing
diftinét. This creature, as do all other SpidersT have yet examin’d, does
very much differ from moft other Infeéts in the Figure of its eyes; for
[ cannot, with my beft asicrofcepe, difcover its eyes to be any ways
knobb'd or pearl'd like thofe of other Infeéts.

The fecond Peculiarity which is obvious to the eye, is alfo very re-
markable, and that is the prodigious length of its leggs, in proportion to
its fmall round body, each legg of this I drew, being above fixteen times
the length of its whole body, and there are fome which have them yet
longer, and others that {eem of the fame kind,that have them a great deal
fhorter ; the cight leggs are each of them jointed, juft like thofe of a
Crab, but.every of the parts are fpun our prodigioufly longer in pro-
portion 5 each of thefe leggsare terminated in a finall cafe or {bell,fhap’d
almoft like that of a Mufle-fhell, as is evident in the third Figure of the
fame Scheme (that reprefents the appearance of the under part orbell
of the creature) by the thape of the protuberant conical body, 1111, cve.
Thefe are as twere plac’d or faften'd on to the protuberant body of the
Infect,which isto be fuppos'd very high at M,making a kind of blunt cone
whereof M is to be fuppos'd the Apex, about which greater cone of the
body,the fmaller cones of the leggs are plac’'d,each of them almoft reach-
ing to the top info admirable a manner, as does not a little manifeft the
wildom of Nature in the contrivance ; for thefe long Leavers (asImayfo
call them)of the legs havingnot the advantage of a long end on the other
fide of the Ayporochiion or centers on which the parts of the leggs move,
mult neceffarily require a valt ftrength to move them, and keep the
body ballanc’d and fufpended, in fo much, that if we fhould fuppofe a
man’s body fufpended by fuch a contrivance, an hundred and fifty
times the ftrength of a man would not keep the body from falling on the
breaft. To fupply therefore each of thefe leggs with its proper {trength,
Nature hasallow'd to eacha large Cheft or Cell, in which is included a
very large and ftrong Mufcle, and thereby this little Animalis not onely
able to fufpend its body uponlefs then thefe eight, but to move it very
fwiftly over the tops of grafs and leaves.

Nor are thefe eight leggs {o prodigioufly long, but the ninth, and
tenth, which are the two claws, K K, are as fhort, and ferve in fteed of a
probaféis, for thofe feem’d very little longer then his mouth; each of them
had three parts, but very fhort, the joints K K, which reprefented
the third, being longer then both the other. This creature, feems
(which I'have feveral times with pleafure obferv’d) to throw its body
upon the prey, infteed of its hands, not unlike a hunting Spider, which
leapslike a Cat at aMoufe. The whole Fabrick was a very pretty one,
and could I have difieted it,I doubt not but I fhould have found as ma-
ny fingularities within it as without,perhaps, for the moft part,not unlike

the
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the parts of a Crab, which this little creature does in many things, very
much refemble; the curiofityof whofe contrivance,l have in another place
examin'd. I omit the defcription of the horns, A A, of the mouth, L L,
which feem’d like that of a Crab 5 the fpecklednefs of his fhell, which
proceeded from a kind of feathers or hairs,and the hairinefs of his leggs,
his large thorax and little belly, and the like, they being manifefted %y
the Figure 5 and fhall onely take notice that the three parts of the body,
namely, the head,breaft,and belly,are in this creature ftrangely confus'd,
{o that 'tis difficult to determine which is which,as they are alfo ina Crab 5
and indeed, this feemsto be nothing elfe, but an Air-crab, being made
more light and nimble, proportionable to the medium wherin it refides
and as Air feems to have but one thoufandth part of the body of Water, (o

. does this Spider feem not to be a thoufandth part of the bulk of a Crab.

Obferv. XL VIIL. Ofthe hunting Spider,and feveral other forts
of Spiders.

He hunting Spider is a fmall grey Spider, prettily befpeck’d with

black fpots all over its body, which the Aficrofcope difcoversto be a
kind of feathers like thofe on Butterflies wings, or the body of the
white Moth I lately defcrib’'d. Its gate is very nimble by fits, fometimes
running, and fometimes leaping, like a Grafhopper almoft,then ftanding
ftill,and fetting it felf on its hinder leggs, it will very nimbly turn its
body, and look round it {elf every way : It has fix very confpicuous
eyes, two looking directly forwards, plac’d juft before 5 two other, on
either fide of thofe, looking forward and fide-wayssand two other about
the middle of the topof its back or head, which look backwards and
fide-wards ; thefe feem’d to be the biggeft. The furface of them all was
very black,{pharical, purely polifh'd, refleCting a very cleer and diftinét
Image of all the ambient objelts, fuch as a window,a man’s hand,a white
Paper, or the like. Some other properties of this Spider, obferv'd by the
moft accomplifh’d Mr. Evelyz, in his travels in fraly, are moft empha-
tically fet forth in the Hiftory hereunto annexed, which hewas pleas'd
upon my defire to fend me in writing.

Of all the forts of Infeéts, there i3 none has afforded me
more divertifements then the Venatores, which are a fort of Lupi,
that have their Denns in the rugged walls, and crevices of our
houfes ; a fmall brown and delicately fpotted kind of Spiders,
whofe hinder leggs are longer then the reft.

Such I did frequently obferve at Rome, which efpying a Fly
at three or four yards diftance,upon the Balcony (where I ftood)

would
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would not make direftly to her, but craul under the Rail; till
being arriv’d tothe Antipodes, it would fteal up, {eldom miffing
its aim ; butif it chanced to wantany thing of being perfectly
oppofite,would at firft pecp, immediatly flide down again, till
taking better notice, it would come the next time exactly upon
the Fly’s back: But, if this hapn'd not to be withina compe-
tent leap, then would this Infett move fo foftly, as the very
fhadow of the Gnomon feem’d not to be more imperceptible;
unlefs the Fly mov'd ; and then would the Spider move alfo in
the fame proportion, keeping that juft time ‘with her motion,as
if the fame Soul had animated both thofe little bodies ; and
whether it were forwards, backwards, or to ¢ither fide, without
at all turning her body, like a well mannag’d Horfe: But, if
the capricious Fly took wing, and pitch’'d upon another place
behind our Huntrefs, then would the Spider whirle its body fo
nimbly about, as nothing could be imagin’d more fwift ; by
which means,fhe always kept the head towards her prey,though
to appearance, as immovable,. as if it had been a Nail driven
into the Wood, till by that indifcernable progrefs (being ar-
rivid within the fphere ‘of her 'reach) fhe madea fatal leap
(fwift as Lightning) upon the Fly, catching him in the pole,
where fhe never quitted hold till her belly ‘was full, and then
carried the remainder home. 1 have beheld them inftructing
their young ones, how to hunt, which they would fometimes
difcipline for not well obferving ; but, when any of the old
ones did (as fometimes) mifs a leap, they would run out of
the field, and hide them in their crannies, as alham’d, and
haply not be feen abroad for four or five hours after ;. for fo
long have I watched the nature of this ftrange Infett, the con-
templation of whofe fo wonderfull fagacity and add,rcﬁ‘. has
amaz'd me; nor do I find in any chafe whatfoever, mare, cuns
ning and Stratagem obferv’d : 1 have found fome of thefe Spis

ders in my Garden, when the weather (towards the Sprmg)
Ee 1s
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is very hot, but they are nothing fo éagcr of hunting as they
are in faly.

There are multitudes of other forts of Spiders, whofe eyes, and moft
other parts and properties, are {0 exceedingly different both from thofe
I have defcrib d, and from one another, that it would be almoft endlefs,
at leaft too long for my prefent Effay, to defcribe them,as fome with fix
eyes, plac’'d in quite another order 5 others with eight eyes; others with
fewer, and fome with more. They all feem to be creatures of prey,and
to feed onother {mall Infects, but their ways of catching them feemver
differing : the Shepherd Spider by running onhis prey 5 the Hunting Spi-
der by leaping on it,other forts weave Nets, or Cobwebs, whereby they
enfnare them, Nature having both fitted them with materials and tools,
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 foon as ever en-
tangled.

’%heir thread or web feems to be fpun out of fome vifcous kind of
excrement, lying in their belly, which, though foft when drawnout, is,
prefently by reafon of its fmalnefs, hardned and dried by the ambient
Air. Examining feveral of which with my Adicrefeepe,l found them to. ap-
pear much like white Hor{-hair, or fome fuch tranfparent horny fubftance,
and to be of very differing magnitudes; fome appearing as bigg asa
Pigg'sbrifle, others equal toa Horfs-hair ; other no bigger then 2 man’s
hair; othersyet {maller and finer. 1 obferv'd further, that theradia-
ting chords of the web were much bigger, and fmoother then thofe that
were woven round, which feem’d fmaller,and all over knotted or pearld,
with fmall tranfparent Globules, not unlike fmall Cryftal Beads or feed
Pearls, thin {trung on a Clew of Silk 5 which, whether they were {o fpun
by the Spider, or by the adventitious moifture of a fogg (whichIhave
obferv’'d to cover all thefe filaments with fuch Cryftalline Beads) I will
not now difpute. -

Thefe threads were fome of them {o fmall, that I could very plainly,
with the Aicrofeope, difcover the fame confecutions of colours as in a
Prifme, and they feem’d to proceed from the fame caufe with thofe co-
lours which I have already defcrib'd in thin plated bodies.

Much refembling a Cobweb, or a confus'd lock of thefe Cylin-
ders, is a certain white fubftance which, after afogg, may be obferv'd
to fly up and down the Air; catching feveral of thefé, and examining
them with my Microfeope, 1 found them to be much of the fame form,
looking moft like to a flake of Worfted prepar'd to be fpumy though
by what means they fhould be generated, or produc’d, is not eafily
imagined : they were of the fame weight, or very little heavier then the
Aif'5 and “tis not unlikély, but that thofe great white ¢clouds; that' appeat
all the Summer time, may be of the fame fubf{tance.

Obférv;
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Obferv. XLIX. Of an Ant or Pifmire. ;

His was a creature, more troublefom to be drawn, then any of the
reft, for I could not, for a good while, think of a wayto makeit

fuffer itsbody to ly quiet ina natural pofture 5 “but whil'lt it was alive,
if its feet were fetter'd in Wax or Glew , it would f{o twift and wind its
body, that I ceuld notany wayes geta good view of it 5 and if I killed
it, its body was folittle, that Idid often fpoile the fhape of ' it, before I
could throughly view itz for thisis the nature of thefe minute Bodies ,
that as {oon,almoft, as ever their life is deftroy'd, their parts immediate-
ly fhrivel, and lofe theirbeauty ; and {ois it alfo with {fmall Plants, asl
inftanced before, in the defcription of Mofs.  And thence al{o is the rea-
{fon of the variations inthe beards of wild Oats,and in thofe of Muik-
grafs feed, that their bodies, being exceeding fmall, thofe fmall variations
which are made inthe furfaces of all bodies, almoft upon every change
of Air, efpecially if the body be porous, do here become fenfible, where
the whole body is fo fmall, that it is almoft nothing but furface ; for asin
vegetable fubftances, Ifee nogreat reafon to think, that the moifture of
the Aire(thar, fticking to a wreath'd beard, does make it untwift )fhould
evaporate, or exhale away, any fafter then the moifture of other bodies,
but rather that the avolation from, or accefs of moifture to, the furfaces
of bodies being much the fame, thofe bodies become moft fenfible of it,
which have the leaft proportionof body to their furface. - Soisit alfo
with Animal fubftances ; the dead body of an Ant, or fuch little creature,
does almoft inftantly fhrivel and dry, and yourobjectfhall be quitean=
other thing, before you can half delineate it, which proceedsnot from the
extraordinary exhalation, but from the fmall proportion of body and jui-
ces, to the ufual drying of bodies in the Air; efpecially if warm.. For
which inconvenience, where I could not otherwile remove it, . I thought
of this expedient. iJ

I took the creature, [had defign'd to delineate, and put it into a drop
of very well retified {pirit of Wine,thisI found would prefently difpatch,
as it were, the Animal, and being taken out of it, and lay'd ona paper,
the fpirit of Wine would immediately flyaway, and> leave the Animal
dry, inits natural pofture, or at leaft, in'a conftitution, that it might eafi-
ly witha pin be plac’d, in what pofture you defired to draw ity and the
limbs would fo remain, without cither moving, or fhriveling. And thus I
dealt with this Ant, which Thave here delineated, which wasoneiof' ma-
ny, of a very large kind, that inhabited under the Roots of a Tree, from
whence they would fally out in great parties, and make moft grievous
havock of the Flowers andFruits, : in the ambient Garden, and return
back again very expertly, by the fame wayes and paths they went.:

It wasmore then half the bignefs of an Eatwig;' of a dark bfowny or
reddifh colour, with long legs, onthe hinder  of which' it would ftand

; e up,
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up,and raife its head as high as it could above the ground, that it might
ftare the further aboutit, juft after the fame manner asI havealfo ob-
ferv'd a hunting Spider to do: and putting my finger towards them,
they have at firlt all run towardsit,till almolft at it; and then they would
ftand round about it, at a certain diftance, and {mell, asit were, and con-
fider whether they fhould any of them venture any further, till one more
bold then the reft venturing to climb it,all the reft, if I would have fuffer-
ed them, would have immediately followed : many fuch other feeming-
ly rational actions I have obferv’d in this little Vermine with much plea-
fure,which would be too long to be here related 5 thofe that defire more
of them may fatisfie their curiofity in Ligens Hiftory of the Barbadoes.
Having ininar’d feveral of thefe into afmall Box, I made choice of the
talleft grown among them, and feparating it from the reft,I gave ita Gill
of Brandy, or Spirit of Wine, which after a while e’en knock'd him down
dead drunk, fo thathe became movelefs, though at firlt putting in he
ftruggled for a pretty while very much, till atlaft, certain bubbles ifiu-
ing out of its mouth, it cealed to move 5 this (becaufc 1 had before
found them quickly to recover again, if they were taken out prefently )
I fuffered to lye above an hour in the Spirit; and after I had taken it
out, and put its body and legs into a natural pofture, remained move-

lefs about an hour; but then , upen a fudden, asif it had been awa-

ken out of adrunken {leep, it fuddenly revivd and ran away s be-
ing caught, and ferv'd as before, he for a while continued ftruggling and
{triving till at laft there iffued feveral bubbles out of its mouth,and then,

tanguam animam expiraffet, he remained movelefs fora %’OOd while 5 bue

at length again recovering, it wasagain redipt, and fuffered to lye fome
hours in the Spirit 5 notwithftanding which, after it had layen dry
fome three or four hours, it again recovered life and motion : Which
kind of Experiments, if profecuted, which they highly deferve, {eem
to me of no inconfiderable ufe towards the invention of the Latent
Schewse, (asthe Noble Verulam calls it) or the hidden, unknown Texture
of Bodies.

Of whatFigure this Creature appear’d through the Microfcope ; the
32. Schewe (though notfo carefully graven as it ought ) will repre-
fent to the eye, namely, Thatithad a large head A A, attheupper
end of which were two protuberant eyes, pearld like thofe of a Fly,
but fmaller BB 5 outof the Nofe,or foremoft part, iffued two horns C C,
of a fhape fufficiently differing from thofe of a blew Fly, though indeed
they feem tobe both the fame kind of Organ, and to ferve for a kind
of imelling 5 beyond thefe were two indented jawsD D, whichhe.o-
pen'd fide-wayes, and was able togapethem afundervery wide 5 and
the endsdf them being armed with teeth, which meeting went between
each other, it was able to-grafp and hold aheavybody , three or four
times the bulk and weight of itsownbody: It had only fix legs, (hap'd
like thofe of aFly, which, asIfhewed before, is an Argumentthatitisa
wi Infett, and thoughIcould not perceive any fign of them inthe
middlepartof its body (“which feem’d to. confift of three jointsor pie-
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ces EF G, out of which fprung two legs, yet tisknown that there are
of them that have long wings, and fly up and down in the air.

The third and laft part of its body 111 was biggerand larger then

the other two , unto which it was jeyn'd by a very fmallmiddle, and
had a kind of loofe fhell, oranother diftinct part of its body H, which
feem’d to be interpos'd, and to keep the thorax and belly from touch-
ing.
The whole body was cas’d over with a very ftron armout, and the
belly 1I1 was covered likewife with multicudes of {mall white {hining
brifles 5 the legs, horns, head, and middle parts of its body were beftuck
with hairs alfo, but fmaller and darker. «

Obferv. L. 0f the wandring Mite,

N septessber and Ocfober, 1661. 1 obfervd in Oxfordfeveral of thefe
R lictle precey Creatures vo wander to and fro,and often t6 travel over
the plainsof my Window. And in September and O ober. 1663. 1 ob-
{erv'd likewife feveral of thefe very fame Creatures traverfing a window
at London, and looking without the window upon the fubjacent wall,
found whole flocks of the fame kind running toand fro among the fmall
grovesand thicketsof green mofs, and upon the curioufly {preading ve-
getable blew or yellow mofs, which is a kind of a Mufhrome or Jgews«
car.

Thefe Creatures to the naked eye feemed to be a kind of black Mite,
but much nimbler and ftronger then the ordinary Cheefe-Mites; but
examining themin a icrafcope , Ifound them to be a very fine crufted
orfhell'd Infeét, much like that reprefented in the firft Figure of the
threcand thirtieth Scheme, with a protuberant oval fhell A, indented
or pitted with an abundance of fmall Eits » all covered over withlittle
white brifles, whofe points all directed backwards.

Ithad cight legs, each of them provided witha very fharp tallon, or
<law at the end, which thisfittle Animal, inits going, faltned into the
poresof the bodyover which it went.  Each of thefe legs were beftuck
nevery joyntof themwith multitudes of fmall hairs, or (" if we re-
fpect the proportionthey bore to the bignefs of the leg ) turnpikes, all
pointing towards the claws. _ :

The Zhorax,or middle parts of the body of thisCreature,was exceed-
ing fmall, in refpect bothof the head and belly , it being nothing but
that part which was covered by the two thells BB, thoughitfeem'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 finall pro-
portion of this Thorax , nor at the vafter bulk of the belly, for could

-we exatily anatomife this lictle Creature, and obferve the particular de-
figns of each part, we fhould doubtlefs, as we doin all her more ma-

nageable
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nageable and tractable fabricks, find much more reafonto admire the
excellency of her contrivance and workmanthip, then to wonder, it was
not made otherwife.

The head of this little Infect was thap'd fomewhat like a Mite’s, thae
is,it had a long fnout , in the manner ot a Hogs, with a knobbed ridge
running along the middle of it, which was beftuck on cither fide with
many fmall brifles, all pointing forward, and two very large pikes or
horns, which rofe from thetop of the head, juft over each eye, and
pointed forward alfo. It had two pretty large black eyes on cither fide
of thehead EE, from one of which I could fee a very bright refle&tion
of the window, which made me ghefs, that the Corneaof it was {mooth,
like thofe of bigger Infects. Its motion was pretty quick and ftrong,
it being able very eafily to tumblea ftone or clod four timesas big asits
whole body.

At the fame time and place, and diverstimes fince, Ihave obferved
with my 2icrofcope , another little Infect , which, though I have not an-
nexed the picture of, may be worth noting, forits exceeding nimblenefs
as well as fmalnefs; it was as fmall as a Mite, with a body deep and
ridged, almoft like aFlea 5 it had cight blood-red legs, not very long,
but flender; and two horns or feelers before. Its motion was fo exceed-
ing quick, that I have oftenloft fight of onel have obferved with m
naked eye 3 and though, when it was not frighted, Iwasable to follow
the motionsof fome with my Microfcope 5 yetif it vvere never fo little
ftartled, it pofted avvay vvith fuch {peed, and turn’d and vvinded it felf
fo quick, that I fhould prefently lofe fight of it.

When Ifirft obferv'd the former of thefe Infects, or Mites, I began to
conjecture, that certainly I had found eut the vagabond Parents of thofe
Mites we find in Cheefes, Meal, Corn, Seeds, multy Barrels, mufty Lea-
ther, @c. thefe little Creatures, vvandring to and fro every vvhither,
might perhaps, as they vvere invited hither and thither by the mufty

eams of feveral putrifying bodies, make their invafions upon thofe new
and pleafing territories , and there fpending the remainder of their life,
which might be perhaps a day, or thereabouts, invery plentiful and rio-
tous living, might leave their off-{pring behind them, which by the
change ot the foil and Country they now inhabite, might be quite al-
ter'd from the hew of their primogenitors, and, like Mores tranflated into
Northern European Climates, after a little time, change both their skin
and fhape. And thisfeems yet more probable inthefe Infects, becaufe
that the foil orbody they inhabit, feemsto be almoft half their parent,
forit notonly hatches and brings thofe little eggs, or feminal principles,
to perfection, but feemsto augment and nourifh them alfo before they
are hatch'd or thaped 5 for it is obvious enoughto be obferv’d, that the
epps’ of many other Infects, and particularly of Mites, are increas'd in
bulk after they are laid out of the bodies of the Infects, and plump’d
{fomerimes into many times their former bignefs , fo that the bodiesthey
are laid in being, asit were, half their mothers, we thall not wonder that
it ihould have fuch an altive powerto change their forms. We find by

relations,,
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relations how much the Negro Women do befmeer the of-[pring of the
Spaniard, bringing forth meither white-fkinn'd nor black, but tawny
hided Aulattos.

Now, though I propound this as probable, T have not yet been fo farr
certify'd by Obfervationsas to conclude any thing, cither pofitively ot
negatively,concerning it. Perhaps,fome more lucky diligence may pleafe
the curious Inquirer with the difcovery of this;to be a truth,which I now
conjeCture, and may thereby give him a fatisfactory account of the caufe
of thofe creatures,whofe original feems yet fo cbfcure, and may give him
caufe to believe,that many other animate beings, that feem alfo to be the
mere product of putrifaction, may be innobled with a Pedigtee as anci-
ent as the firft creation, and farr exceed the greateft beings in their nu=
merous Genealogies. But on the other fide, 1f it fhould be found that
thefe,or any other animate body,have no immediate fimilar Parent,l have
in another place fet down a conjettural Hypothefis whereby thofe Phe+
nomena may likely enough be folv'd, wherein the infinite wifdom and
providence of the Creator is no lefs rare and wonderfull,

Obferv. L L 0Of the Crab-like Jyfedt.

REading one day in Septemb. T chanced to obferve a very fmal creatute
creep over the Bock I'was reading,very flowly 3 having a Microfcepe
by me,l obferv'd it to be a creature of a very unufual form,and that not
lefs notable s fuch asis deferib’d in the fecond Fignre of the 33. 8cheme. It
was dbout the bignefs of a la rge Mite,or fomewhat longer;it had tett legs,
cight of which, A A A A, were topt with veryfharp claws, and were thole
upon which he walk’d; feeming fhap’d miuch like thofe of a Crab, which
in many other things alfo this little creature refembled; for the tivo
other claws,B B, which were the formoft ofall the ten,and feem’d to grow
out of his head,like the horns of other Animals;ere exactly form’'d in the
manner of Crabs or Lobfters claws, for they were fhap'd and jointed
much like thofe reprefened in the Scheme ahd the ends of ther were furs
nill'd with a pair of claws or pincers,C C,which this little animal did open
and fhut at pleafure : It {cem'd to make ufe of thofe two horns or claws
both for feelersand holders ; for in its motion it carried thefe aloft ex-
tended before, moving them to and fro, juft as a- man blindfolded
would do his hands when he is fearfull of running againft a wall, and if I
put a hair to it, it would readily take hold of it with thefe claws,
and feem to hold it faft. Now, though thefe horns feem'd. to ferve him
for twoufes,namely,for feeling and holding s yet he feem’d neither blind,
having two fmall black fpots, D D, which by the make of them, and the
bright reflection from them feem’d to be his eyesy nor did it'want other
ds, having another pair of claws, EE,- very nieer plac’d to its mouth;

and feem’d adjoining to it. il
The whole body was cafed over with armouir-fhells, as is uftiall in a{l_l
thole
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thofe kinds of cruftaceons creatures, efpecially about their bellies, and
feem’d of three kinds ; the head F feem'd cover'd with a kind' of fealy
fhell, the thorax with two fmooth fhells, or Rings, G G, and the belly
with eight knobb’d ones. Icould not certainly find whether it had under
thefe laft fhells any wings, but I fufpect the contrary s for I have mot found
any wing’d Infect with eight leggs, two of thofe leggs being always con-
verted into wings, and, for the moft part, thofe that have but fix, have
wings.

'lghis creature, though I could never meet with more then one of
them, and fo could not make fo many examinations of it as otherwife 1
would,Idid notwithftanding,by reafon of the great curiofity that appear’d
to me in its {hape,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 be in 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 fhe begins to difplay any excellency, if
the fubjet be further fearch’d into, it will manifeft, that there is not lefs
curiofity in thofe parts which our fingle eye cannot reach, then in thofe
which are more obvious. '

Obferv. L 11. Of the fmall Silver-colour’d Book-worm.

S among greater Animals there are many that are fcaled, both for
A ornament and defence, fo are there not wanting fuch alfo among the
lefler bodies of Infects, whereof this little creature gives usan Inftance.
Itis a fmall white Silver-fhining Worm or Moth,which I found much con-
verfant among Books and Papers, and is fuppos'd to be that which cor-
rodes and eats holes through the leaves and coverss it appears to the
naked eye, afmall gliftering Pearl-colour'd Moth,which upon the remov-
ing of Books and Papers in the Summer, is often obferv'd very nimbly to
{cud, and pack away to fome lurking cranney, where it may the better
protect it felf from any appearing dangers. Its head appears bigg and
blunt, and its body tapers from it towads the tail, fmaller and {maller,be-
ing fhap’d almoft like a Carret.

This the Aicrofcopical appearance will more plainly manife{t,which ex-
hibits,in the third Figure of the 33. Scheme, a conical body, divided into
fourteen feveral partitions,being the appearance of fo many feveral fhels,
or fhields that cover the whole body, every of thefe fhells are again co-
verd ortiled over with a multitude of thin tranfparent {cales, which,
from the multiplicity of their reflecting furfaces,make the whole Animal
appear of a perfect Pearl-colour.

Which
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Which,by the way,may hint us the realon of that fo much admired ape

pearance of thofe {0 highly efteem’'d bodies, asalio of the like in mother
of Pearl-fhells, and in multitudes of other fhelly Sea-fubftances; for they
each of them confifting of an infinite number of very - thin: thells or 14-
minated orbiculations, caufe fuch multitudes ofreflections, that thedom-
pofitions of them together with the refleétions of others that are fo thin
asto afford colours (of which I elfewhere give ‘the reafon) givés a' ve-
ry pleafant reflection of light. And that this is thestrue caufefeems likely,
firft, becaufe all thofe fo appearing bodies are compounded of multitudes
of plated fubftances. And next that.by ordering any trafparent fubftahce
after this mannér,the like Phenomena may be produc’d 5 this willbe made
very obvious by the blowing of Glafs intor exceeding thini fhells, ‘and
then breaking theminto {cales,which any lamp-worker will prefently dos
for'a goodquantity of thefe {cales,laid ina heap together,have much the
fame refemblance of Pearls. Another way, not lefs inftru&tive and plea-
fant, is 2 way which [ have feveral times done, which is by working and
tofling,as ‘twere, a parcel of pure cryftalline glafs whilft it 1s kept glowing
hot in the blown flame of a Eamp, ton,by that meags,that purely tranfpa-
rent body will be fo divided into an infitite number of plates, or fmall
ftrings, with interpos'd aerial plates and fibres, that from the multiplicity
of the refleftions from each of thofe internal furfaces, it may be drawn
out into curious Pearl-like or Silver wire, which though fmall, will yet
be opacous’s the fame thing I have done with a- compofition ‘of réd co/o-
phon and Tyrpentine, and a lictle Bee’s Wax,'and’ may be'done likewifé
withBirdlime, and fuch like glutinous and ttanfparent bodies ;' Bt to ré-
turn to our defeription. ' A e i A

The fmall blunt head of this Infect was furnifb’d on either fide of it
witha clufter of eyes, each of whichifeem'd to'contain but a very few, in
comparifon of what I'had obferv'd the clufters of other Infects to' abound
witl 5 each of thefe clufters were befet witl' a'row of fmall briflés, much
like the ci/ia or hairs onthe eye-lids, and; perhaps,they fetv'd for the
fame purpofe. It had two long horns before, which were ftreight, and
tapering towards the top, curioully ring'd or knebb’d; and brifled much
like the Marfh Weed, call’d Horfe-tail, or'Cats-tail; having at each knot
afring'd Girdle,as I may fo call it, of fmaller hairs, and feveral bigger and
larger brifles,here and there difpers'd among thém ;' befides thefe, it had
two fhorter horns, or feelers, which were knotted'and fring’d, juft as the
former, but wanted brifles, and were blunt‘at thé'endss the hihder part
of the creature was terminated with threé ails,in every, partictlar re
fembling the twolonger horns that grew out of theliead s The leggs a
it werelcal’d and hair'd 'much like the reft but are not'¢xpréfd'd’ in this
Fignre, the Moth being intangled all in Glew, and fo t}'i’é-‘lq'g'g'sféf this

agpiar'i not through the Glafs which looked" perpen‘diéﬁlﬁf}jﬁppon
the back, 11 03 il '3 | il 10 71899101307 ni ¢ 2169 2t

“'This Animal probably feeds upon the Paper and covérs'of BBk, ‘and
perforates in them feveral fmall round holes, 'finding, pérhaps, 4 conve-
nient nourifhment-in thofe hufks of Hemp and Flax, which havé pafs'd

tss Ef through
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through fo many fcourings, wafhings,dreffings and dryings,” as the parts
of old Paper muft neceflarily have fuffer'd; the digeltive faculty,it feems,
of thefe little creatures being able yet further to work upon thofe ftub-
born parts, and reduce them into another form. :

And indeed, when Iconfider what a heap of Saw-duft or chips this
fittle creature (which is one of the teeth of Time) conveys intoitsin-
¢rals. Icannotchufe but remember and admire the excellent contrivance
of Nature, in placing in Animals fuch a fire, as is continually nourifhed and
fupply’d by the materials convey’d into the ftomach, and fonented by the
bellows of the lun%‘ss and in {o contriving the moft admirable fabrick of
Animals, as to make the very fpending and wafting of that fire, to be
inftrumental to the procuring and collecting more materials to augment
and cherith it {elf, which indeed feems to be the principal end of all the
contrivances obfervable in bruit Animals.

Obferv. LIII. Of a Flea.

T He ftrength and beauty of this {mall creature, had it no other rela-
tion at all to man, would deferve a defcription.

For its {trength, the Microfcope is able to make no greater difcoveries
of it then the naked eye, but onely the curious contrivance of its leggs
and joints, for the exerting that {trength,is very plainly manifefted, fuch
as no other creature, I have yet obferv'd, has any thing like it ; for the
joints of it are fo adapted,that he can,as ‘twere,fold them fhort one with-
in another.and fuddenly {tretch,or fpring them out to their whole length,
that is, of the fore-leggs, the part A, of the 34. Scheme, lies within. B,
and B within C, parallel to,or fide by fide each other; but the parts
of the two next, lie quite contrary, that is, D without E, and E with-
out F, butparallelalfo; butthe parts of the 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 of a man; thefe fix leggs he clitches up al-
together, and when he leaps, fprings them all out, and thereby exerts
his whole ftrength at once. Lo

But, as for the beauty of it, the Aicrofcope manifefts it to be all over
adorn’d witha curieully polifhd fuit of /zble Armour, neatly jointed,
and befet with multitudes of fharp pinns, thap’'d almolft like Porcupine’s
Quills, or bright conical Steel-bodkins ; the head is on either fide beau-
tify’d with a quick and round black eye K, behind each of which alfo
appears a fmall cavity, L, inwhich he feems to move to and fro acer-
tain thin film befet'with many {fmall tranfparent hairs,which probably may
behis ears; in the forepart of hishead, between the two fore-leggs, he
hastwo {mall long jointed feelers, or rather {mellers, M M, which have
four joints,and are hairy, like thofe of feveral other creatures ; between
thele, it hasa fmall probofcis, or probe, NN O, that feems to confift of 2

tube,
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tube NN, and a tongue orfucker O, which I have perceiv’d him to flip
in and out. Befides thefe, it hasalfo two chaps or bitersP P, which are
fomewhat like thofe of an Ant, butIcould not perceive them tooth'd 3
thefe werefhap'd very like the blades of a pair of round top'd Scizers,
and were opened and fhut juft after the fame manner 5 with thefe Inftru-
ments does this little bufie Creature bite and pierce the fkin, and fuck
out the blood of an Animal,leaving the fkin inlamed with a fmall round
red fpot. Thefe parts are very difficult to be difcovered, becaufe, for
the moft part, they lye covered between the fore-legs. There are many
other particulars, which, being more obvious, and aflording no great
matter of information, I thall pafs by, and refer the Reader to the Fi-
gure.

Obferv. L1V, Of a Loufe.

T Hisis a Creature fo officious , that ‘twill be known to every one at
one time or other, fobufie, and fo impudent, that it will be intru-
ding it {elf in every ones company, and fo proud and afpiring withall,
thatit fears not to trample on thebeft, and affeéts nothing {0 much as a
Crown; feedsand lives very high, and that makes it fo faucy, asto pull
any one by the cars that comes initsway, and will never be quiet till it
has drawn blood : it is troubled at nothing {o much as at a man that
fcratches hishead, as knowing that man is plotting and contriving fome
mifchief againftit, and that makes it oftentime fculk into fome meaner
and lower place, and run behind a mans back, thoughit go very much
againft the hair; which ill conditions of it having made it better known
then trufted, would exempt me from making any further defcription of
it, did not my faithful ercury, my Microfcope, bring me other infor-
mation of it. ~ For this has difcovered tome, by means of a very bright
light cafton it, that it is a Creature of a very odd fhape 5 it hasa head
fhapd like that expreft in 35. Schesme marked with A, which feems al-
moft Conical, butisa little flatted on the upper and under fides, at the
biggeft part of which, on either fide behind the head (as it were, be-
ing the place where other Creatures ears ftand) are placed itstwo black
fhining goggle eyes BB, looking backwards, and fenced round with fe-
veral imall cilia or hairs that incompafs it,{o that it feems this Creature
has no very good forefight : It does not feem to have any eye-lids , and
therefore perhapsits eyes were fo placed, that it might the better cleanfe
them with its fore-legs; and perhaps this may be the reafon, why they
fo much avoid and run from the light behind' them, for being made to
live in the fhady and dark recefies of the hair, and thence probably their
eye having a great aperture, the open and clear light, efpecially that
of the Sun, muft needs very much offend thems to fecure thefe eyes
from receiving any injury from the haFirsf through which it pafles, it has

2 two
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two hornsthat grow before it, in the place where one would have
thought the eyes fhould be 5 each of thefe CC hath four joynts, which
are fringed, as ‘twere, with {mall brifles, from which to the tip of its
fnout D, the head feems very round and tapering, ending in a very
fharp nofe D, which {eems tohave a fmall hole, and to be the paffage
through which he fucks the blood. Now whereas if itbe plac’'d on its
back, with its belly upwards, asitis in the 35. Schene, it feems in feve-
ral Pofitions to have a refemblance of chaps, or jaws, asis reprefented
in the Figure by EE, yet in other poftures thofe dark ftrokes difappear ;
and having kept {everal of them in a box for two or three dayes, f{o thae
for all that time they had nothing to feed on, Tfound, uponletting one
creep onmy hand, thatit immediately fell to fucking, and did neither
feem to thruft its nofe very deep into the fkin, nor to openany kind of
mouth, but I could plainly perceive afmall current of blood, which
came directly from its fnout, and paft intoitsbelly ;5 and about A there
feem’d a contrivance, fomewhat refembling a Pump, pair of Bellows, or
Heart, for by a very fwift [yflole and diaftele the blood feem’d drawn
from the nofe, and forced into the body. It did not feem at all,though
I viewed ita good while as it was fucking, to thruft more of its nofe in-
to the {kin thenthe very fnout D, nor did it caufe the lealt difcernable
pain, and yet the blood feem’d to run through itshead very quick and
freely, fo that it feems there isno part of the fkin but the blood isdi-
fpers'd into, nay, even into the euticula 5 for had it thruft its whole nofe
infrom D to CC, it would not have amounted to the fuppofed thick-
nefs of that tegument,the length of the nofe being not more then a three
hundredth partof aninch. Ithasfixlegs, covered witha very tranfpa-
rent fhell, and joynted exalily like aCrab’s, or Lobfter’s; each legis
divided into fix parts by thefe joynts, and thofe have here and there
feveral fmall hairs; and at the end of each leg it has two claws, ver
properly adapted for its peculiar ufe, being thereby inabled to wal
very {ecurely both on the fkin and hair 5 and indeed this contrivance of
the feet is very curious, and could not be made more commodioufly and
compendioully, for performing both thefe requifite motions, of walking
and climbing up the hair of a manshead, thenitis: for, by having the
leffer claw (a) fet fo much fhort of the bigger (b) when it walks on
the fkin the fhorter touches not, and then the feet are the fame with
thofe of a Mite, and feveral other fmall Infects, but by means of the
fmall joynts of the longer claw it can bend it round, andfo with both
clawstake hold of a hair, inthe manner reprefented in the Figure, the
long tranfparent Cylinder FFF, being a Man’shair held by it.

The Thorax feem’d cas’d with another kind of fubftance then the bel-
ly, namely, witha thin tranfparent horny fubftance, which uponthe
fafting of the Creature did not grow flaccid s through thisI could plain-
ly fee the blood, fuck’d from my hand, to be varioufly diftributed, and
mov'd to and fro; and about G there feem'd a pretty big white fub-
ftance, which feem'd to be moved within its thorax 5 befides, there ap
pear'd very many fmall milk-white veflels, which croft over the brealt
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between the legs, out of which, on either fide, were many fmall Bran-
chings,thefe feem'd to be the veins and arteries,for that which is analogus
to blood in all Infeéts is milk-white. : :

The belly is covered witha tranfparent fubftance likewife, but more
refembling afkinthen afhell, for 'tisgrain’d all overthe bellyjuft like
the skin in the palms of a man’s hand, and when the belly is empty,grows

very flaccid and wrinkled 5 at the upperend of thisis placed the fto-

mach HH,and perhaps alfo the white fpot 11 may be the liver.or parereas,

which,by the periftaltick motion of the guts, isa litcle mov’d to and fro;.

not witha fyffole and diaffole, but rather with a thronging or. juitling:
motion. Viewing one of thefe Creatures, after it had fafted two daves
all the hinder part was lank and flaccid , and the whitefpot L1 hardl;r
mov’d, moftof the white branchings difappear’d , and moft alfo of the
rednefs or fucked blood in the guts, the périffaltick motion of which:
was fcarce difcernable s but upon the fuffering it to fuck , it prefently.
fill'd the fkin of the belly, and of the fix {colop'd embofments on either
fide, as full as it could be ftuft 5 the ftomach and guts were as full as
they could hold 5 the periflaltick motion of the gut grew quick,and the
juftling motion of Il accordingly 5 multitudes of milk-white veflels
feem’d quickly filled, and tur‘gid, which were perhaps the veins and ar-
teries, and the Creature was {o greedy, that though it could not contain
more, yet it continued {ucking as faft asever, and asfaft emptying it felf
behind : the digeftion of this Creature mult needs be very quick, for
though I perceivid the blood thicker and blacker -when fuck'd yety:
when in the guts, it wasof a very lovely ruby colour, and that part of
it, which was digefted into the veins, feemed white; whence ivappears,
that a further digeltion of blood may make it milk, at leaft of a refem<
bling colour : What is elfc obfervable inthe figure of this Creature, may
be feen by the 35. Scheme. bk

Obferv. LV. Of Mites.

THe leaft of ReptilesT have hitherto met with, isa Mite, a Creature
whereof there are fome f{o very fmall , that the fharpeft fight, un-
affifted with Glafles, isnot able to diicern them, though, being white of
themfelves, they move on a black and {fmooth furface; and the Eggs,
out of which thefe Creatures {eem to be hatch'd, are yet fmaller, thofe
being ufually not above a four or five hundredth part of a well grown
Mite, and thofe well grown Mites not much above one hundredth
of aninchinthicknefs; fothataccording to this reckoning there may be
no lefs then a million of well grown Mites contain’d in a cubick inch, and

five hundred times as many Eggs.
Notwithftanding which minutenefs a good Micrefcope difcoversthofe
fmall movable fpecks tobe very prettily thap'd Infects, eachof them_g:r;
nifh'd
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nifb’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 moft part, with a very tranfparent fhell, and
the lower end of the fhell of each joynt is fringed with feveral fmall
hairs ; the contrivance of the joynts feems the very fame with that of
Crabsand Lobfterslegs, and like thofe alfo, they are each of them ter-
minated with a very fharp claw or point 5 four of thefe legs are fo pla-
ced, that they feem to draw forwards, the other four are placed in a

uite contrary pofition , thereby to keep the body backwards when
g'x;erc is occafion.

The body, as in other larger Infects, confifts of three regions or
parts; the hinder or belly A, feems covered with one intire fhell , the
middle, or cheit, feems divided intotwo fhells B C. which running one
within the other, the Mite is able to fhrink in and thruft out asit finds
occafion, as it can alfo the fnout D. . The whole body is pretty tranfpa-
rent, {othat being look’d on againt the light, divers motions within its
body may be perceived 3 as alfo all the parts are much more plainly de-
lineable, then in other poftures, tothe light. The fhell, efpecially that
which covers the back, is curioufly polifht, fo that’tis eafie tofee, asina
convex Looking-glafs, or foliated Glafs-ball, the picture of all the ob-
jects round about 5 up and down, infeveral parts of itsbody, it has fe-
veral fmall long white hairs growing out of its fhell , which are often
longer then the whole body, and are reprefented too fhort inthe firft
and fecond Figures s they{eemall pretty {traight and plyable, fave only
two upon the fore-partof its body, which feem tobe the horns, as may
be feenin the Figures; the firft whereof isa profpect of a {maller fort of
Mites ( which are ufually more plump ) as it was paffant to and fro ; the
fecond is the profpect of one fixt onits tail ( by means of a little mouth-
glew rub’d on the object plate) exhibiting the manner of the growing of
the legs, together with their {everal joynts.

This Creature is very much diverfity’d in fthape, colour, and divers
other properties, according to the nature of the fubftance out of which
it feems to be ingendred amf nourifhed,being in one {ubftance more long,
in another more round, in fome more hairy, in others more {mooth, in
this nimble, in that {low, here pale and whiter, there browner, blacker,
more tranfparent, ¢c. I have obferved it to be refident almoft on all
kinds of fubftances that are mouldy, or putrifying, and have feen it very
nimbly mefhing through the thickets of rnoulc'f!'3 and fometimesto lye
dormant underneath them; and ’tis not unlikely, but that it may feed on
that vegetating fubftance , [pontancous Vegetables feeming afood proper
enough for fpontancous Animals,

But whether indeed this Creature, or any other, be fuch or not, I can-
not pofitively, from any Experiment, or Obfervation, Thave yet made,
determine. But,asI formerly hinted, it feems probable, that fome kind
of wandring Mite may fow, as ‘twere, the firft feeds, or lay the firft eggs,
inthofe places, which Nature has inftructed them to know convenient
for the hatching and nourifhing their young 5 and though perhapsthe
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prime Parent might be of a fhape very diffeting from whar the off:
fpring, aftera little while, by reafon of the fubftance they feed on, or
the Region (as 'twere ) they inhabite 5 yet perhaps even one of thefe
alterd progeny, wandering again from its native foil, and lighting on by
chance the fame place from whence its prime Parent came, and there fet-
tling, and planting, may produce a generation of Mites of the fame
fhapes and properties with the firft wandring Mite: And from forme fuch
accidents asthefe, T am very apt to thisk, the moft fortsof Animals, ge-
nerally accounted fpontaneous , have their origination , and allthofe va-
rious forts of Mites, that are to be met with up anddown in divers pu-
trifying fubftances, may perhapsbe allof the fame kind, and have fprung
fromone and the fame fort of Mitesat the firft.

Obferv. LVI 0Ofa fmall Creature batchd on a Vine.

Here is, almolt allthe Spring and Summer time, a certain fmall
. R round, whitc Cobweb, as ‘twere, about the bignefs of a Pea,which
fticks very clofe and faft to the ftocks of Vines nayl'd againft a warm
wall : being attentively viewed,they feem cover’d, upon the upperfide
of them, witha fmall husk, not unlike the fcale, of fhellof a Wood-
loufe, or Hog-loufe, a fmall Infett ufually found about rotten wood,
which upon touching prefently rouls it felf into the form of a peppet-
corn: Scparating feveral of thefe frem the ftock , I found them, with
my Microfcope, to confift of a fhell, whichnow feemed more likely to be
the hulk of one of thefe Infeéts : And the fur feem’d a kind of cobweb,
confilting of abundance of fmall filaments, or {leaves of cobwebs, In
the midft of this, if they were not hatch'd,and runaway before, the time
of which hatching was ufually about the latter endof Juwe, or begin-
ning of Fuly, Ihave often found abundance of {mall brown Eggs, fuch
asAand B in thefecond Figure of the 36. Scheme, much about the big-
nefs of Mites Eggs; and at other times, multitudes of {mall Infects, fha-
ped exactly like that in the third Figure marked with X. Itshead large,
almoft half the bignefs of its body, which is ufual in the fetus of moft
Creatures. Ithad twofmall black eyes « 4, and two fmali long joynted
and brifled horns 4 4. The hinder part of its bodyfeem’d to confift of
nine {cales, and the laft ended inaforked tayl, much like that of a cu-
ti0, or Wood-loufe, out of which grew two long hairs; they ran to
and fro very fwiftly, and were much of the bignefs of a common Mite,
but fome of themlefs : The longeft of them feenid not the hundredth
part of an inch, and the Eggs ufually notabovehalf asmuch. - They
feemed to have fix legs, which were not vifible in this 1 have here deline-
ated, by reafon they were drawn under its body. :
If thefe Minute creatures were #ood-lice(as indeed from their owh fhape
and frame, the {kin,or fhell,that grows on them one may with great pro-
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bability ghefs) itfaffords us an Inftance, whereof perhapsthete are not
many like in Nature,and that is,of the prodigious increafe of thefe Crea-
tures,after they are hatch'd and run about :for a common Wood-loufe,of
about half aninch long, isno lefs then a hundred and twenty five thou-
fand times bigger then one of thefe, which though indeed it feems very
{trange, yet L have obferved the young ones of fome Spiders have almoft
kept the fame proportion to their Dam. L

This, methinks, if it be fo, doesin the next place hint a Quary,which
may perhaps deferve a little further examination : And that is, Whether
there be not many of thofe minute Creatures,fuch as Mites, and the like,
which, though they are commonly thought of otherwife, are only the
pully, or young ones, of much bigger Infects, and not the generating,
or parent Infect, that has layd thofe Eggs 5 for having many times ob-
ferv'd thofe Eggs, which ufually are found in great abundance where
Mites are found , it feems fomething ftrange, that fo fmall an Animal
fhould have an Egg {0 big in proportion to itsbody. Though on the
other fide, I muft confefs, that having kept divers of thole Mites inclofed
ina box for a gcod while, I did not find them very much augmented be-

ond their ufual bignefs.

What the husk and cobweb of thislittle white fubftance fhould be, I
cannot imagine, unlefsitbe, that the old one, whenimpregnated with
Eggs, fhould there ftay, and fix it {elf on the Vine, and dye, and all the
body by degrees thould rot, fave only the husk,and the Eggsinthe 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
afhes, as ‘twere, ( asit is fabled of the Phenix ) fhould raife a new off-
{pring for the perpetuation of the fpecies. Norwill the cobweb, asit
were, in which thefe Eggs are inclos'd, make much againft this Conje-
&ure 5 for we may, by thofe cobwebs that are carried up and down the
Air after a Fog (which with my Aicrofcope T have difcovered ro be made
upof an infinite company of fmall filaments or threads) learn, that
fuch a texture of body may be otherwife made thenby the {pinning of
a Worm.

Obferv. LVII. Of the Eels in Vinegar.

F thefe fmall Eels, whichare to be found in divers forts of Vine-

gar, I have little to add befides their Pi¢ture, which you may

find drawn in the third Figure of the 25. Scheme: Thatis, they were
fhaped much like an Eel, fave onlythat their nofe A, ( whichwasa lit-
tle more opacous then the reft of their body ) was a little fharper, and
longer, in proportion to their body, and the wrigling motion of their
body feem'd to be onely upwards and ' downwards, whereas that of
Ecls is oncly fide wayes : They feem’d to have a more opacous part
about
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about B, which might, perhaps,be their Gills it feeming aiways the fame
proportionate diftant from their nofe, from which, to the tip of their
tail, C, their body feemd to taper.

Taking feveral of thefe out of their Pond of Vinegar, by the net of 4
fmall picce of filtring Paper, and laying them on a black fmooth Glaf
plate, I found that they could wriggle and winde their body, as much
almoft as a Snake, whichmade me doubt, whether they were a kind of
Eal or Leech. )

[ fhall add no other obfervations made on this minute Animal, being
prevented herein by many excellent ones already publifld by the inge-
nious, Doctor Pewer, among his icrefiopical Obfervations, fave one]

- that aquantity of Vinegar repleat with them being included in a fmail
Viol, and ftop’d very clofe from the ambient air, all the included Worms
in a very fhort time died, as if they had been ftifled.

And that their motion feems (contrary to what we may obferve in the
motion of all other Infects) exceeding flow. But the reafon of it feems
plain, for being to move to awd fro after that manner which they do, by
waving onely, or wrigling their body 5 the tenacity, or glutinoufnefs;
and the denfity or refiftance of the fluid medinm becomes fo exceeding
fenfible to their extremely minute bodies,that it is to me indeed a greater
wonder that they move them {0 faft as they do,then that they move them
no falter. For what a vaftly greater proportion have they of their fuper-
ficies to their bulk, then Eels or other larger Fithes, and next, the tenas
city and denfity of the liquor being much the fame to be moved,both by
the one and the other, the refiftance or impediment thence arifing to
the motions made through it, muft be almoft infinitely greater to the
fmall one then to the great. This we find experimentally verify'd in the
Air, which thougha wedinm a thoufand times more rarify’d then the wa=
ter,the refiftance ofit to motions made through it,is yet{o fenfible to ve=
ry minute bodies,that a Down-feather(the leaft of whofe parts feem yet
bigger then thefe Eels, and many of them almoft incomparably bigger;

fuch as the quill and ftalk) is fufpended by it, and carried to and fro as if
it had no weight.

Obferv. LVIIL. Of a new Property in the Air, and feveral other
tranfparent Mediums nam’'d Infle&ion, whereby very many con-

[iderable Phaenomena are attemptedto be folv'd, and divers other
ufes are binted.

SInce the Invention (and perfecting in fome meafiwre) of Telefeopes, it has
been obferv'd by feveral, that the Sun and Moon neer the Horizon,
are disfigur'd ( loﬁng that exactly-fmooth terminating circular limb,
which they are obfervid to have when fituated neerer the Zenith) and
are bounc?::d with an edge every way (efpecially upon the right and left

' \ Gg fides)
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fides) ragged and indented like a Saw : which inequality of their limbs, ¥
have further obferv'd, notto remain always the fame, but to be conti-
nually chang’d by a kind of flutuating motion, not unlike that of the
wavesof the Scas fo as that part of the limb, which was but even now
nick’d orindented in, is now protuberant, and will prefently be finking
again 5 neither is this all but the whole body of the Luminaries, do in the
Telefeope, feem to be deprefs'd and flatted, the upper,and more efpecially
the under fide appearing neerer to the middle then really they are,and the
right and left appearing more remote:whence the whole 4reafeems to be
terminated by a kind of Oval.It is further obferv’d,that the body.for the
moft part, appears red, or of fome colour approaching neer unto it, as
fome kind of yellow 5 and this I have alwaysmark d, that the more the
limb is flatted or ovalled,the more red does the body appear, though not
always the contrary. Tt is further obfervable, that both fix’d Stars and
Planets, the neerer they appear to the Horizon, the more red and dull
they look, and the more they are obferv'd to twinkle 5 in fo much, that
I have feen the Dog-ftarr to vibrate fo {trong and bright a radiation of
light, as almoft to dazle my eyes, and prefently, almoft to difappear.
Itis alfo obfervable, that thofe bright {cintillations neer the Horizon, are
not by much fo quick and fudden in their confecutions of one another, as
the nimbler twinklings of Stars neerer the Zenith. This is alfo notable,
that the Starrs neer the Horizon, are twinkled with feveral colours; {o as
fometimes to appear red fometimes more yellow.and fometimes blue,and
this when the Starris a pretty way elevated above the Horizon.  Ihave
further, very often feen fome of the fmall Starrs of the fifth or fixth ma-
gnitude, at certain times to difappear for a fmall moment of time, and
again appear more confpicuous, and with a greater lufter. Ihavefeveral
times,with my naked eye, feen many fmaller Starrs, fuch as may be call'd
of the feventh or eighth magnitude to appear for a fhort fpace, and then
vanifh, which, by directing a fmall Telefcope towards that part they ap-
pear'd and difappeard ins I could prefently find to be indeed fmall Starrs
fofituate.asI had feen them with my naked eye, and to appear twinkling
like the ordinary vifible Stars 5 nay, in examining fome very notable parts
of the 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 vanilhing,
but noting diligentiy the places where they thus feem'd to playat boe-
peep, I made ufe of avery good twelve foot Tube, and with that it was
not uneafie to fee thofe, and feveral other degrees of fmaller Starts,, and
fome fmaller yet, that feem’d again toappear and difappear; and thefe
alfo by giving the fame Obje(t-glafs a much bigger aperture, Teould
plainly and conftantly fee appear in their former placess {o that Fhave
obferv’d fome twelve feveral magnitudes of Starrs lefs then thofe ofthe
fix magnitudes commonly recounted in the Globes. '

It has been obfervid and confirm'd by the accurateft Obfervati-
ons of the beft of our modern Aftronomers, that all the Luminous bodies

appear above the Horizon, when they really are below it. So that the
Sun
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Sun and Moon have both been feen above the Horizon, whil'ft the Moot
has been in an Eclipfe. 1 fhall not here inftance in the great refractions;
that the tops of high mountains, feen at a diftance, have been found to
have s all which feem to argue the Horizontal refraction, much greater
then it is hitherto generally believ'd. '

I have further taken notice, that not oriely the Sun, Moon and Starrs,
and high tops of mountains have fuffer'd thefe kinds of refraction, but
Trees, and feveral bright Objects on the ground : I have often taken no-
tice of the twinkling of the refleCtions of the Sun from a Glafs-window
at a good diftance,and ofa Candle in the night, but that is not {o cons
fpicuous.and in'obferving the fetting Sun,I have often taken notice of the
tremulation of the Trees and Buthes, as well as ofthe edges of the Sung
Divers of thefe Phenomena have been taken notice of by feveral, who
have given feveral reafons of them. but I have not yet met with any alto-
gether fatisfaCtory, though fome of their conjectures have been partly
true,but parly alfo falfe.sctting my felf therfore upon the inquiry of thefe
Phenomena, 1 firft endeavourd to be very diligent in taking notice of
the feveral particulars and circumftances 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 adzquate
caufe of each 5 and upon the whole, T find much reafon to think, that
the true caufe of all thefe Phenomena is from the infleltion, or multi-
Plicate reffaliion of thofe Rays of light within the body of the Atmofphere,
and that it does not proceed from a reffadtion causd by any terminating

Juperficies of the Air above, nor from any fuch exactly defin’d fuperficies
within the body of the Atmafphere.
This Conclufion is grounded upon thefe two Propofitions :

Fir(t, that a medmm, whole parts are unequally denfe, and mov'd by
various motions and tranfpofitions as to one ancther, will produce all
thefe vifible effects upon the Rays of light, without any other coefficient
caufe.

Secondly, that there is in the Air or Atmofpbere, fuch a variety in the
conftituent parts of it, both as to their denfity and rarity, and as to their
divers mutations and pofitions one to another. :

By Denfity and Rarity, Tunderftand a property of a tranfparent body,
that does either more or lefs refraét a Ra y oflight (coming obliquely
uponits fuperficies out ofa third medium) toward its perpendicular : As
I call Glafs a more denfe bod y then Water, and Water a more rare bod
then Glafs, becaufe of the refrattions (more or lefs defletting rowards the
perpendicular) that are made in.them, of a Ray of light out of the Air
that has the fame inclination upon either of their fuperficies.

Soasto the bufinefs of Refraction, fpirit of Wine is a more denfe body
then Waterit having been found by an accurate Inftrument that meafures
the angles of Refractions to Minutes that for the fame refracted angle of
30: 00" in both thofe Asedinms, the angle of incidence in Water was
but 41°. 3's. but the angle of the incidence in the trial with fpirit of
Wine was 42°+ 45'. But as togravity, Water is a more denfe body then

Gga {pirie
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{pirit of Wine, for the proportion of the fame Water, to the fame very
well rectity'd {pirit of Wine was, as 21. to 19.

So as to Refraction, Water is more Denfe then Ice; forI have found
by a moft certain Experiment, which 1 exhibited betore divers illuftrious
Perfons of the Royal Society, that the Refraction of Water was greater
then that of Ice, though fome confiderable Authors have aftirm’d the con-
trary, and though the Ice be avery hard, and the Water a very fluid

y. : : Ul

T hat the former of the two preceding Propofitions is true,may be ma-
nifelted by feveral Experiments:As firft.if you take any two liquors differ-
ing from one another in denfity,but yet fuch as will readily mix:as SaltWa-
ter,or Brine,& Frefhsalmoft any kind of Salt diflolv'd in Water,and filtra-
ted, {o that it be cleer,fpirit of Wine and Water 5 nay, {piritof Wine,and
{pirit of Wine, one more highly rectify’d then the other, and very many
other liquorss if(1{ay) you take any two of thefe liquors, and mixing
them in a Glafs Viol, againft one fide of which you have fix'd or glued a
{mall round piece of Paper, and fhaking them well together (fo that the
parts of themmay be fomewhat difturb’d and move up and down)you
endeavour to fee that round piece of Paper through the body of the li-
quors 5 youfhall plainly perceive the Figure to wave; and to be indented
much after the fame manner as the limb of the Sun through a Telefeope
feemsto be,fave onely that the mutations here,are much quicker. And if;
in fteed of this bigger Circle, you take a very fmall fpot, and faften and
view it as the former, you will find it to appear much like the twinkling
of theStarrs, though much quicker : which two Poenomena (forI {hall
take notice of no more at prefent, though I could inftance in multitudes
of others) muft neceflarily be causd by an inflection of the Rays within
the terminating fuperficies of the compounded #zedium, lince the furfaces
of the tranfparent body through which the Rays pals to the eye, are not
at all altered or chang'd.

This inflefion (if I may o call it) Iimagine to be nothing clle, buta
multiplicate refraifion, caufed by the unequal deafity of the conftituent
parts of the medium , whereby the motion, action or progrefs of the Ray
of light is hindred from proceeding in a {treight line, and infleited or de-
fleéted by a curve. Now, that itis a curve line is manifeft by this Expe-
viment : I took a Box,fuchas A D GE, in the firft Fignre of the 37.5chewe,
whofe fides ABCD, and EF G H, were made of two fmooth flat
plates of Glafs, then filling it half full with avery {trong folution of
Salt, I filled the other half with very fair frefh water, then expofing
the opacous fide, D HG C, to the Sun, Tobferv'd both the refrattion and
inflection of the Sun beams,1 D & K H, and marking as exactly as1.could,
the points, P, N, O, M, by which the Ray, K H, pafled through the com-
pounded mediun, 1found them to bein a curve line; for the partsofthe
medium being continually more denfe the neerer they were to the bot-
tom, the Ray p f was continually more and more deflected downwards
from the {treight line.

This Infleftion may be mechanically explained, either by Monfienr
Des
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Des Cartes principles,by conceiving the Globulsof the third Element to -

find lefs and lefs refiftance againft that fide of them which is downwards,
or by a way, which Thave turcher explicated in the Inquifition about Co.
lours, to be from anobliquation of the pulfe of light, whence the ruder
part is continually promoted, and conl!;quent]y' refratted towards the
perpendicular, which cuts the Orbs at right angles.  What the particus
lar Figure of the Curve line, delcrib’d by this way of light, is, I thall no¢
now {tand to examine, ¢fpecially fince there may be fo many forts of it as
there may be varieties of the Pofitions of the intermediat degreesof den-
Jity and rarity between the bottom and the top of the inflecting Medium;

I could produce many more Examples and Experiments, toilluftrate
and prove this firft Propofition, wiz. that there is fiich a confttution of
{fome hedies as will caule inflection.  As not to mention thofe I have ob-
fexv'd in Horn, Tortoife-fhell, tranfparent Gums, and refinous Subflances :
The weinsot Glafs, nay, of melted cryftal, found, and much complained
ot by Glals-grinders, and others, might fufhciently demonftrate the
truth of icto any diligent Obfervator.

But that, I prefume, I have by this Example given proof fufficient
( wiz.. ocular demonfiration’) to evince, that there 13 fuch a modulation,
or bending of the rayes of light , as I have call'd inflefion, differing
both {rom reflection, and refraction (fince they.are bothmade in the fu-
perficies, thisonlyinthe middle )y and likewife, that this is able or fuf-
ficient to produce the effects Thave aleribed to it.

[t remains theretore tothew , that there is fuch a propertyinthe Air,
and that itis fufficient to produceall the above mentioned Pheromena,
and therefore may be the principal, if not the only caufe of them.

Firft, That thereisfucha property, may be proved from this, that the
partsof the Air are {ome of them more condens'd, others more rarified,
either by the differing heat, or differing preffure it fuftains, orby the
{fomewhat heterogeneous vapours interfpers'd throughit. Forasthe Air
1s more or lefsrarified, {o doesit more or lefsrefract aray of light ( that
comes out of a denfer medium) from the perpendicular.  This youmay
find true, if you make tryal of this Experiment. :

Take a {mall Glafs-bubble, made in the form of that in the fecond
Figure of the 37. Scheme, and by heating the Glafs very hot, and there-
by very much rarifying the included Air, or, whichisbetter, by rarify-
ing a fmall quantity of water, included init, intovapours, which wilt
expel the moft part, if not all the Air, and thenfealing up the fmali
neck of it, and letting it cool, you may find, if you placeitin a conve-
nient Inftrument, that there will be a manifeft difference, asto the refra-
Ction.

As if inthis fecond Figure you fuppofe A to reprefent a fmall fight or
hole, through which the eye looks upon an objett, as C, through the
Glafs-bubble B, and the fecond fight L 5 all which remain exaétly fixt
in their feveral places, the objett C being fo cized and placed, that it
may jult feem to touch the upper and under edge of the hole L : and
fo allof it be feen through the {mall Glafs-ball of rarified Air 5 then by

breaking
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breaking off the fmall feal’d neck of th.e Bubble ( without at all ftirring
the fights, object, or glafs ) and admitting the external Air, you will
find your felf unable to {ee the utmoft ends of the objet; butthe termi-
nating rayes A E and A D (which Were.before refrated to G and F
by the rarified Air ) will proceed almoft direCtly toI and H ;5 which al-
teration of the rayes (feeing there is no other alteration made in the
Organ by which the Experiment is tryed, fave only the admiffion, or ex-
clufion of the condens’d Air ) muft neceflarily be caufed by the variation
of the medium contain’d inthe Glafs Bs the greateft difficulty in the ma-
king of which Experiment, is from the uneven furfaces of the bubble,
which will reprefent an uneven image of the object.

Now,that there is fuch a difference of the upper and under parts of the
Air is clear enough evinc’'d from the late improvement of the Torricellian
Experiment, which has been tryed at the t(z‘?s and feet of Mountains
and may be further illuftrated , andinquired into, by ameans, which
fome whiles fince I thought of, and us'd, for the finding by what degrees
the Air pafles from fuch a degree of Denfity to fuch a degree of Rarity.
And another, for the finding what prefiure wasrequifite to make it pafs
from fuch a degree of Rarefaltion to a determinate Denfity : Which
Experiments, becaufe they may be ufeful to illuftrate the prefent Inqui-
ry, 1 fhall briefly defcribe.

Itook then a fmall Glafs-pipe A B, about the bignefs of aSwansquill,
and about four foot long, which was very equally drawn, {othat, asfar
asI could perceive, no one part was bigger thenanother: This Tube
(being open at both ends) I fitted into another fmall Tube DE, thae
had afmall bore juft big enough to contain the fmall Pipe, and this was
feal’d up at one, and open at the other, end 5 about which open end I
faftned a fmall wooden box C with cement, fo that filling the bigger
Tube, and part of thebox, with Quickfilver, T could thruft the {maller
Tube intoit, till it were all covered with the Quickfilver : Having thus
done, I faftned my bigger Tube againt thefide of awall , thatit might
ftand the fteadier , and plunging the fmall Tube cleer under the Aercu-
#y in the box, I ftopt the upper end of it very faft with cement, then
lifting up the {mall Tube, [drew it up by a {fmall pully, and a ftring that
I had faftned to the top of the Room, and found the height of the Aer-
curial Cylinder to be about twenty nine inches.

Then letting down the Tube again, T opened the top, and then thruft
down the fmall Tube, till I perceived the Quickfilver torife withinit to
a mark that I had plac’d juft an inch from the topsand immediately clap-
ping on a fmall peice of cement that T had kept warm, I witha hot Iron
feal'd up the top very faft, then letting it cool (thatboth the cement
might grow hard , and more efpecially, that the Air might come toits
temper, natural for the Day I try’d the Experimentin) Iobferv'd dili-
gently, and found the included Air to be exactly anInch.

Here you are to take notice, that after the Air is feal'd up, thetop of
the Tubeis not to be elevated above the fuperficies of the Quickfilver

m
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in the box, till the furface of that within the Tube be equalto it, for
the Quickfilver ( asI have elfewhere provid ) being more heterogene--
ous to the Glafs then the Air, will not naturally rife up {o high within
the fmall Pipe,as the fuperficies of the Aercury in thebox 5 and therefore’
youare toobferve, how much below the outward fuperficies of the
Adercury in the box, that of the fame in the Tube does{tand, When the
top being open, freeingr {sis admitted to the outward Air. " 110
Having thus done, 1permitted the Cylinder, or imall Pipe, to rife out
of the box, tillIfound the furface of the Quickfilverinthe Pipe tobe
two inches above thatinthebox, and found the Airto have expanded
it felf but one fixteenth part of an inchs then drawing up the {mall
pipe, till Ifound the height of the Quickfilver within to be four inches
above that without, Tobferved the Air to be expanded only £ 'of aninch
more then it was at firft , and to take up theroom of 17 inch: thenI
raifed the Tube till the Cylinder was fix inches high, and found the Air
to takeup 13 inches of room in the Pip€s then to8, 16,32, &e.
the expanfion of the Air that I found to each of which Cylinders are
fet down in the following Table; where the firft row fignifies the
height of the Mercurial Cylinder 5 the next, the expanfionof-the Airs;
the third, the preflure of the Atmofphere or the higheft Cylinder of
Mercury, which was then neer thirty inches : The laft fignifies the force
of the Air {o expanded , which is found by fubftracting the firft row of
numbers out of the third 5 for having found; that the outward Air would
then keep up the Quickfilver to thirty inches, look whatever of that
height is wanting muft be attributed to the Elater of the Air depreffing,
And therefore having the Expanfion in the fecond row,and théiﬁeight of
the fubjacent Cylinder of Mercury in the firfty and the greatelbheight of
the Cylinder ot Mercury, which of it felf counterballances the whole
preflure of the Atmofphere 5 by fubftracting the numbers of the Erﬂ: row
out of the numbers of the-third, you will'have the meafure of the cy/in-
ders fodepreft, and confequently the forecof the Ajr,in the feyeral Ex-
panfions, regiftred. P T
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The height of the
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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 [ made
them ; and by that means having forgot  many circum{tances and par-
tjculars , T was refolved to make them over once again, which I'did
Augnft the fecond 1661, with the very fame Tube which Tufed theyear
before, when [ firft made the Experiment (* for it being a very good
one, I had carefully preferv'd it: ) And after having tryed it over and
over again; and being not well (atisfied of fome particulars, I, at lait,
having put all things in very good order, and being as attentive, and
obfervant, aspofiibly I could, of every circum(tance requifite to be ta
ken notice of,. did regifter my {cveral Obfervations in this following
Table. In the makingof which, Idid not exaltly follow the meth
that [ had ufed at firlt 5 bur, having lately heard of Mr. Townly's Hypa-
thefis, 1fhap'd my courfein fuch fort, as would be meoft convenient for
the examination of that Hypothefis 5 the event of which you have in the
latter part of the laft Table, :
~ Theother Experiment was, to find what degrees of force were requi-
fite to comprefs, or condenfe, the Air into fuc¢h 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 of the
37. Scheme, one fide whercof AD, that was open at A, was about fifty
inches long, theother fide BC, fhut at B, was not much above feven in-
chies long 5 then placing it exacily perpendicular , I pourd in a little
Quickfilver, and found that the Air B C was €3 inches, Or 'VEry nearto

feven 5 then pouring in Quickfilver at the longer Tube, I continued

filling of it till the Air inthe fhorter part of it was contracted into half
the former dimenfions, and found the height exacily nine and twenty in-
ches; and by making feveral other tryals, in feveral other degreés of
condenfation of the Air, I found them exactly anfwer the former Hypo-
thefis. . ‘ ‘ :

'"lgut having (by reafon it wasa good while fince 1 firft made) forgot-
ten many particulars,and being much unfatisfied in others, I made the Ex-
periment over again, and, from the feveral tryals, collected the former
partof the following Table : Where in the row next the left hand 24.
fignifies the dimenfions of the Air, fuftaining only the prefiure of the 4#-
mofpkere, which at that time was equal to a Cyliwderof Mercury of nine
and twenty inches: The next Figure above it {20) was the dimenfi-
onsof the Air induring the firft compreffion, made by a Cylinder of Mer-
¢ury 5i high, to which the preflure of the dtzofpbere nine and ewenty
inchesbeing added , the elaftick ftrength of the Airfo compreft will be
found 341, &
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A Table of the Elaftick, power of the Air,
both Experimentally and Hypothetically calculated,
according to its various Dimenfions.
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From which Experiments, Ithink, we may fafely conclude, that the
Elater of the Airisreciprocal to its extenfion, or at leaft very neer. So
that to apply it to our prefent purpofe ( which was indeed the chief
caufe of mventing thefe wayes of tryal ) we will fuppofe a Cylinder in-
definitely extended upwards, [ I faya Cylinder, not a piece of aCore,
becaufe, asT may elfewhere fhew in the Explication of Gravity, that #ri-
plicate proportion of the fhelsof a Sphere, to their refpective diameters,
I fuppofe to be removed in this cafe by the decreafe of the power of Gra-
vity | and the preflure of the Airat the bottom of this Cylinder to be
ftrong enoughtokeep up a Cylinder of Mercury of thirty inches : Now
becaufe by the moft accurate tryals of the mott illuftrious and incompa-
rable Mr. Boyle, publifhed in his defervedly famous Pneumatick Book,
the weight of Quickfilver, to thatof the Air here below, is found neer
about as fourteen thoufand toone: If we fuppofe the parts of the ¢y-
linder of the Atmofphere tobe every where ot anequal denfity, we (hall
( as he there deduces ) find it extended to the height of thirty five
thoufand feet, or feven miles: But becaufe by thefe Experiments we have
fomewhat confirm’d the hypothefis of the reciprocal proportion of the
Elaters to the Extenfions we fhall find, that by fuppofing this Cylinder of
the Atmofphere divided into a thoufand parts, each of which being equi-
valent to thirty five feet, or feven geometrical paces,that is,each of thefe
divifions, containing as much Air as is fuppos’d in a Cylinder neer the
earth of equal diameter,and thirty five foot high, we fhall find the lower-
moft to prefs againft the furface of the Earth with the whole weight of
the above mentioned thoufand parts; the preflure of the bottom of the
fecond againft the top of the firlt to be 1c0o0——1=999. of the third
againft the fecond to be 1006—2==998. of thefourth againft the third
tobe 1000 — 3=—997. of the uppermoft againft the 999. or that next be-
low it, to be 1coo—999— 1. fo that the extenfion of the lowermoft
next the Earth, will be tothe extenfion of the next below the upper-
moft, ‘as 1.to 999. for asthe preflure fuftained by the ggg. isto the
preflure fuftaind by the firft, fo is the extenfion of the firft to the ex-
tenfion of the 999. {o that, from this hypothetical calculation, we fhall
find the Air tobe indefinitely extended : Forif we fuppole the whole -
_thicknefs of the Air to be divided, as I juft now inftanced, into a thou-
fand parts, and eachof thofe under differing Dimenfions, or Altitudes,
to containan equall quantity of Air, we fhall find; that the firft Cylinder,
whofe Bafe is fuppofed to lean on the Earth, willbe found to be exten-
ded 357 foot; thefecond equal Divifion, or Cylinder, whofe bafis is
fuppofed to lean on the top of the firft,{hall have its top extended higher
by 35753 the third 35,5 5 the fourth 35;5;5 and foonward, each e-
qual quantity of Air having its dimenfions meafured by 35. and fome
additional number expreft alwayes in the manner of a frattion, whofe
numerator isalway the number of the place multiplid by 35. and
whofe denominator isalwayes the preflure of the Atmefphere fuftain'd by
that part, {o that by this means we may eafily calculate the height of 999.
divifions of thofe 1eco. divifions, Ifuppos'd ; whereas the uppermoft:
2 may
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extend it felf more then as high again,nay, perhaps indefinitely, or
beyond the Moon 3 for the Elaters and Expanfions being in reciprocal
roportions, fince we cannot yet find the p/ws ultra, beyond which the Air
will not expand it felf, we cannot determine the heightof the Air: for
fince, as we have fhewn, the proportion will be alway asthe preffure
faftain'd by any part is to 35. {0 1000. to the expanfion of that part;
the multiplication or product therefore of the preflure, and expanlion,
that is, of the two extream proportionals, beingalwayes cqualto the
roduct of the means, or 35000. it follows, fince that Rectangle or
grodu& may be made up of the multiplication of infinite diverfities of
numbers, that the height of the Air is alfo indefinite 5 for fince (asfar as
I have yet been able to try) the Air feems capable of an indefinite Ex-
panfion, the preflure may be decreafed in infinitum, and ccnfequently its
expanfion upwards indefinite alfo.

There being therefore fuch a difference of denfity, and no Experi-
ment yct known to provea Saltws, or fkipping from one degree of rari-
ty to another much differing from it, thatis, thatan upper part of the
Air fhould fo much differ from that immediately fubjacent toit, as to
make a diftin¢t fuperficies, fuch as we obferve between the Air and Wa-
ter, ¢ Butitbeing morelikely, that there isa continual increafe of
rarity in the parts of the Air, the further they are removed from the
furface of the Earth: It will hence neceflarily follow, that (as in the
Experiment of the falr and frefh Water ) the ray of Light paffing ob-
liquely through the Air alfo, which isof very diflerent denfity, will be
continually, and infinitely inflected, or bended, from a ftreight, or direck
motion.

This granted , the reafon of all the above recited Phenonena, con-
cerning the appearance of the Celeftial Bodies, will very eafily be de-
duced. As, .

Firft, The rednefs of theSun, Moon, and Stars, will be found tobe
caufed by the inflection of the rays within the Atmofphere. - That it is
not really in or near the luminous bodies, will, Ifuppofe, be very eafily
granted, feeing that this rednefs is obfervable in feveral places differing
in Longitude, tobe at the ame time different, the fetting and rifing Sun
of all parts being for the moft part red :

And fecondly, Thatit is not meerly the colour of the Air interpos'd;
will, I fuppofe, without. much more difficulty be yiclded, {eeing that we
may obferve a very great interflitium of Air betwixt the Object and the
Eye, makes it appear of a dead blew, far enough differing from a red,
or yellow.

But thirdly, That it proceeds from the refraction,or infletion, of the
raysby the Atmafphere, this following Experiment will, Ifuppole, fuffici-
ently manifeft.

Take a fpharical Cryftalline Viol, fuch asis defcrib’d in the fifth Fi-
gure ABCD, and, having fill'd it with pure clear Water, expofe itto
the Sun beams 5 then taking a piece of very fine Yenice Paper, a.pﬂly it

againft that fide of the Globe thatis oppolite to the Sun, as again 1!26
1ae
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fide BC, and you rhail perceiveabright red Ring to appear caus’'d
the refractionofthe Rays, A A A Ag; which is rr%ade bl;;pthe G lobe b;ﬁ
which Experiment, ifthe Gla& and Water be very cleer, {o that there be
no Sands nor bubbles in the Glafs, nor dirt in the Water, you fhall not
perceive any appearance of any other colour.  To apply which Experi-
ment, we may imagine the Atwdfphere 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 Jaws of refrattions made in a trian-
gular Prifm, and the generation of colour fet down in the defcription of
Mufcovi-glafs,there muft neceflarily appeara red colour in the tranfitus
or paflage of thofe tangent Rays. To make this more plain, we will fup-
pofe (in the fixth Figure) ABCD, to reprefent the Globe of the 4¢-
wofphere, EF GH to reprefent the opacous Globe of the Earth, lying
in the midit of it, neer to which, the parts of the Air, fuftaining a very
great preflure, are thereby very much condens'd, from whence thofe
Rays that are by infletion made tangents to the Globe of the Earth,and
thofe without them, that pafs through the more condens'd part of the 4s-
mofphere, as fuppofe between A and E, are by reafon of the inequality
of the medium, inflected towards the center, whereby there muft necef-
farily be generated a red colour, as is more plainly fhewn in the former
cited place 5 hence whatfoever opacous bodies (as vapours,or the like )
{hall chance to be elevated into thefe parts,will reflet a red towards the
eye ; and therefore thofe evenings and mornings appear reddeft that have
the moft ftore of vapours and halituous fubftances exhaled to a conve-
nient diftance from the Earth; for thereby the inflection is made the
greater,and thereby the colour alfo the more intenfesand feveral of thofe
exhalations being opacous, reflect feveral of thofe Rays, which, through
an Homogeneons tran{parent mediunt would pafs unfeen s and therefore we
fee, that when there chances to be any clouds fituated in thofe Regions
they reflect a firong and vivid red. Now, though one great caufe of
the rednefs may be thisinflection,yet I cannot wholly exclude the colour
of the vapours themfelves, which may have fomething of rednefs in them,
they being partly nitrous,and partly fuliginous; both which ftearms tinge
the Rays that pafs through them, as ismade evident by looking at bodtes
through the fumes of Aqwa fortis, or fpirit of Nitre [as the newly menti:
oned Illaftrious Perfon has demonfirated ] and alfo through the {moak of
aFire or Chimney.

Having therefore made it probable at leaft, that the morning and
evening rednefsmay partly proceed from this inflection or refradtion of
:ihfi Ray;,we fhall next fhew, how the Oval Figure will be likewife eafily

educed.

Suppofe we therefore, EF GH in the fixth Figure of the 37. Schesse,
to reprefent the Earth; ABCD, the dtmofpere; ET, and E L, two Rays
coming from the Sun, the one from the upper,the other from the n?'thf:

: imby;
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Limb, thefe Rays, being by the Armq@b_cre inflected, appear to the eye
at E, as if they had come from the points, N and O3 and becaufe the
Ray L has a greater inclination upon the inequality of the Atmofpbere
then I, therefore muft it fuffer a greater inflection, and confequent_ly be
further elevated above its true place, then the Ray I, which hasalefs
inclination, will be elevated above its true places whence it will
follow, that the lower fide appearing neerer the upper then really it is,
and the two lateral fides, viz. the right and left fide, fuffering no fenfible
alteration from the inflection, at lealt what it does fuffer, does rather
increafe the vifible Diameter then diminifh it, as I{hall fhew by and by,
the Figure of the luminous body muft neceflarily appear {omewhat
Eliptical. _

This will be more plain, if in the feventh Figure of th 37. Scheme we
fuppofe A B toreprefent the fenfible Horizon; CD EF, the body of the
Sun really belowits GHIK, the fame appearing above it, elevated
by the inflettion of the Atmofphere : For if, according to the beft obfer-
vation, we make the vifible Diameter of the Sunto be about three or
four and thirty minutes,and the Horizontal refrattion according to Ticke
be thereabout,or fomewhat more,the lower limb of the Sun E,will be ele-
vated to I3 but becaufe,by hisaccount, the point C will be elevated but
29. minutes, as having not {o great an inclination upon the inequality of
the Air, therefore 1 G, which willbe the apparent refracted perpendicu-
lar Diameter of the Sun,will be lefs then C G,which is but2g. minutes,and
confequently fix or feven minutes fhorter then the unrefracted apparent
Diameter. The parts, D and F, will be likewife elevated to H and K,
whofe refraction, by reafon of itsinclination, will be bigger then that of
the point C,though lefs then that of Estherefore will the femidiameter IL,
be fhorter then L G, and confequently the under fide of the appearing
Sun more flat then the upper.

Now, becaufe the Raysfrom the right and left fides of the Sun, &ve.
have been obferv'd by Ricciolo and Grimaldus, to appear more diftant
one from another then really they are,though(by very manyObfervations
that I have made for that purpofe,with a very good Telefcope,fitted witha
divided Ruler) I could never perceive any great alteration, yet there be-
Ing really {ome,it will not be amifs,to fhew that this alfo proceeds from the
refraction or inflection of the Atzofphere 5 and this will be manifeft,if we
confider the Atmofphere as a tranfparent Globe, or at leaft a tranfparent
thell, encompafling an opacous Globe,which, being more denfe then the
medium encompailing ic, refracts or inflects all the entring parallel Rays
into a point or focus,fo that wherefoever the Obfervator is plac’d wichin
the Atmofphere, between the focus and the luminous body, the lateral
Rays mult neceflarily be more converg’d rowards his eye by the refradi-
on or infletion, then they would have been withoutits and therefore
the Horizontal Diameter of the luminous body muft necefiarily be aug-
mented. '

This might be more plainly manifeft to the eye by the fixth Figures
but becaufe it would be fomwhat tedious, and the thing being obvious

enough
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enough to be imagin'd by any one that attentively confiders it, I fhall ra
ther omit it, and proceed to fhew, that the mafs of Air neer the furface of
theEarth,confifts,or ismade up,of parcels,which do very muchdiffer from
one another in point of denfity and rarity 5 and confequently the Rays of
light that pafs through them will be varioufly infle¢ted,here one way,and
there another,according as they pafs fo or fo through thofe differing parts;
and thofe parts being always in motion,either upwards or downwards,or
to the right or left, or in fome way compounded of thefe, they do by this
their motion inflect the Rays, now this way, and prefently that way.

This irregular,unequal and unconftant infle¢tion of the Rays of light,
is the reafon why the limb of the Sur, Moon, Fupiter, Saturn, Mars, and
Venus, appear to wave or dance ; and why the body of the Starrs appear
to tremulate or twinkle, their bodies,by this means, being fometimes ma-
gnify’d,and fometimes diminifhed 5 fometimes elevated, otherwhiles de-
prefsd s now thrown to the right hand, and then to the left.

And that thereis fuch a property or unequal diftribution of parts, is
manifef(t from the various degrees of heat and cold that are found in the
Air; from whence will follow a differing denfity and rarity, both as to
quantity and refraction s and likewife from the vapours that are inter-
posd, (which,by the way, Iimagine,as to refraction or inflection, to do
the fame thing, asif they were rarify’d Air 5 and that thofe vapours that
afcend,are both lighter, and lefs denfe, then the ambient Air which boys
themup; and that thofe which defcend, are heavier and more denfe)
The firft of thefe may be found true, if you take a good thick piece of
Glafs,and heating it pretty hot in the fire, lay it upon fuch another piece
of Glafs, or hang it in the open Air by a piece of Wire, then looking
upon fome far diftant Object (fuch asa Steeple or Tree) fo as the Rays
from that Object pafs directly over the Glafs before they enter your eye,
you fhall find fuch a tremulation and wavering of the remote Objec, as
will very much offend your eye: The like tremulous motion you may
obferve to be caus'd by the afcending fteams of Water, and the like.
Now, from the firft of thefe it is manifeft, that from the rarifation of the
parts of the Air,by heat,thereis caus'd a differing refraction,and from the
afcenfion of the more rarify’'d parts of the Air, which are thruft up by the
colder, and therefore more condens'd and heavie, is caus'd an undula-
tion or wavering of the Object; for I think, that there are very few
will grant, that Glafs, by as gentle a hearas may be endur'd by ones
hand, fhould fend forth any of its parts in fteams or vapours, which does
not feem to be much wafted by that violent fire of the green Glafs-houfe 3
but,if yetit be doubted, let Experiment be further made with that bo-
dy thatis accounted, by Chymifts and others, the moft ponderous and
fix'd in theworld ; for by heating of a piece of Gold, and proceeding in
the fame manner, you may find the fame effets.

This trembling and fhaking of the Rays, is more fenfibly caus’'d by an
actual flame, or quick fire, or any thing elfe heated glowing hot 5 asby
a Candle, live Coal, red-hot Iron, or a piece of Silver, and the like : the
fame alfo appears very confpicuous, if you look at an Object 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 once the opportunity to obferve,
which was, the Sun rifing tomy eye juft over a Chimney that fent forth
a copious {team of fmoak 3 and taking a thort Telefcope, which Thad then
by me, I obfery'd the body of the Sun, though it was but juft peepd
above the Horizon, to have its undeffide, not onely flatted, and prefs'd
inward, as it ufually is when neer the Earth ; but to appear more pro-
tuberant downwards then if it had fuffered no refration at all; and
befides all this, the whole body of the Sun appear’d to tremble or dance,
and the edges or limb to be very ragged or indented, undulating or wa-
ving, much in the manner of a flag in the Wind.

This I have likewife often obferv’d in a hot ‘Sunfhiny Summer’s day,
that looking on an Object uver a hot ftone,or dry hot earth,I have found
the Obje¢t to be undulated or fhaken, much after the fame manner. And
if you look upon any remote Object through a Telefcope (in a hot Sum-
mer's day efpecially ) you fhall find it likewife to appear tremulous. And
turther, if there chance to blow any wind, or that the air between you
and the Obje¢t bein a motion or current, whereby the parts of it, both
rarify’d and condens'd, are fwiftly remov’d towards the right or left, if
then you obferve the Horizontal ridge of a Hill far diftant.through a ve
good Zelefcope, you fhall find it to wave much like the Sea, and thoz
waves will appear to pafs the fame way with the wind.

From which,and many other Experiments, 'tis cleer that the lower Re-

- gion of the Air,efpecially that part of it-which lieth neercft to the Earth,

has, for the moft part,its conftituent parcels varioufly agitated, either by
heat or winds, by the firft of which, fome of them are made more rare,
and fo fuffer a lefs refraction 3 others are interwoven, either with afcend-
ing or defcending vapours 5 the former of which being more light, and
{o more rarify’d,have likewife a lefs refraction’; the latter being more hea-
vie, and confcquently more denfe;have a greater.

Now, becaufe that heat and cold are equally diffus'd every way 5 and
that the further it is fpread, the weaker it growss hence it will follow,
that the moft part of the under Region of the Air will be made up of fe-
veral kinds of lentes, fome whereot will have the properties of Convex,
others of Concave glaffes 5 which, thatI may the moreintelligibly make
out, we will fuppofe in the eighth Figure of the 37. Scheme, that A re-
prefents an afcending vapour, which, by reafon of its being fomewhat
Heterggeneons to the ambient Air,is thereby thruft into a kind of Globular
form, not any where terminated, but gradually finifhed, that is, it is moft
rarity’d in the middle about A, fomewhat more- condens'd about B B,
more then that about C C3 yet further,about D D, almoft of the fame
denfity with the ambient Air about EE 3 and laftly, inclofed with the
more denfe Air F F, fo thatfrom A, to FF, there is a continual in-
creafe of dentity. The reafon of which will be manifeft, if we confider the
rifing vapour to be much warmer then the ambient heavie Air; for by
the coldnefs of the ambient Air, the fhell E E will be more refrigerated

then D D,and that then CC,which will be yet more thenB B, and that
more



MicrocrAaPHA,

more then A 5 {o that from F to A, there is a continual increafe of heat,
and confequently of rarity 5 from whence it will neceflarily follow, that
the Rays of light will be infleted or refracted in it, in the fame man-
ner as they would beina Coﬂcave-gl:zé 5 for the Rays GKI, ¢ K.I will
beinfletted by ¢ K H, @ K H, which will eafily follow from whatI be-
fore explained concerning the infleétion of the Atmofphere. bl (2763

On the other fide, a defcending vapour,or any part of the air included
by an afcending vapour,will exhibit the fame effeéts with a Convex lens §
for,if we fuppofe,in the former Figure,the quite contrary conftitution to
that laft defcrib’d 5 that is, the ambient Air F F being hotter then any:
partof that matter within any circle, therefore the coldeft part maft:
neceflarily be A, as being fartheft remov'd from the heat, all the
mtermediate {paces will be gradually diferintinated by the continuall
mixture of heat and cold, fo that it will be hotter at E'E, then D D, ify
DD then CC,in CC thenEB,andin BB then A: From which, a like
refraction and condenfation will follow ; and confequently a lefler or
greater refraction, fo that every included part will refrac more then the
including, by whichmeans the Rays, GK I, G K 1, coming from a Starr,
or fome remote Object, are fo inflected, that they will again concurr and
meet, in the point M. By the interpofition therefore of this defcending
- vapour the vifible body of the Star, or other Object, isvery much aug>:
mented, as by the former it was diminifhed. '

From the quick confecutions of thefe two,one after another, betweer
the Object and your eye,caufed by their motion upwards or downwardsy
proceeding from their levity or gravity, or to the right or left,proceed-
ing fromthe wind, aStarr may appear, now bigger, now lefs, then really
it would otherwife without them and this is that property of a Starr;
which is commonly call'd twinkling, or fcintillation.

The reafon why aStar will now appear of one eolour,now ofanother,
which for the moft part happens when ’tis neer the Horizon, may very
eafily be deduc’d fromits appearing now in the middle of the vapour,
other whiles neer the edge s *for if you look againft the body of a Starr
with a Telefcope that has a pretty deep Convex Eye-glafs, and (o order it,
that the Star may appear fometimes in one place,and fometimes in another
of itsyou may perceive this or that particular colour to be predomimant
in the apparent Figure of the Starr, according asitis more or lefs rermote
from the middle of the Lexs. This I had here further explain’d, but that
it does more properly belong te another place.

[fhall therefore onely add fome few Quaries, which the confideration
of thefe particulars hinted, and fo finifh this Seftion: '

And the firft I fhall propound is, Whether there may not be made ati
artificial tranfparent body of an exa Globular Figure that fhall fo
inflect or refract all the Rays, that,coming from one point, fall upon any
Hemifphere of it; that every one of them may meet on the oppofite fide,
and crofs one another exattly in a point 5 and that it may do the like alfo
withall the Rays that, coming from a lateral point, fall upon any other
Heémifpheres for if o, there wereto be hopeti a perfection of Dioptriakg

i an
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and a tran{migration into heaven, even whil'{t we remain here upon earth
inthe flefh, and a defcending or penetrating into the center and inner-
moft recefles of the earth, and all earthly bodies s nay, it would open not
onely a cranney, but a large window (as I may fo {peak) into the Shop of
Nature, whereby we might be enabled to fee both the tools and opera-
tors, and the very manner of the c;peration it {elf of Nature 5 this, could
it be effetted, would as farr furpafs all other kind of perfpectives asthe
vaft extent of Heaven does the {mall point of the Earth, which diftance
it would immediately remove, and unite them, as twere, into one,at leaft,
that there fhould appear no more diftance between them then the length
of the Tube, into the ends of which thefe Glaffes fhould be nferted:
Now, whether this may not be effe(ted with parcels of Glafs of feveral
denfities, I have fometimes proceeded fo farr as to doubt (though in
truth, as to the general, 1 have wholly defpair'd of it) for I have often
obferv'd in Optical Glafies a very great variety of the parts, which are
commonly called Veins ; nay, fome of them round enough (for they are
for the moft part, drawn out into firings) to conftitute a kind of /exs.

This I fhould further proceed to ope, had any one been fo in-
quifitive as to have found out the way of making any tranfparent body,
either more denfe or more rare; for then it might be poffible to compole
a Globule that fhould be more denfe in the middle of it, then inany
other part, and to compofe the whole bulk, fo as that there fhould be a
continual gradual tranfition from one degree of denfity to another 5 fuch
as fhould be found requifite for the defired inflettion of the tranfmigra-
ting Rays; but of this enough at prefent, becaufe I may fay more of it
when I {et down my own Trials concerning the melioration of Digptricks,

‘where I fhall enumerate with how many feveral fubftances I have made.

both 2icrofcopes, and Telefcepes, and by what and how many, ways : Let
fuch as have leifure and opportunity farther confider it.

The next Quary fhall be, whetherby the fame colleétion of a more
denfe body thenthe other, or at lealt, of the denfer part of the other,
there might not be imagin'd a reafon of the apparition of fome new fix'd
Stars, as thofe in the Swan, Caffiope’s Charr, Serpentarius, Pifiis, Ce-
tus, &c.

Thirdly, Whether it be poflible to define the height of the dtmaofphere
from this infleCtion of the Rays, or from the Quickiilver Experiment of
the rarifaction or extenfion of the Air.

Fourthly, Whether the difparity between the upper and under Air be
not fometimes {o great, as to make a reflecting fuperficies; I have had fe-
veral Obfervations which feem to have proceeded from {fome fuch caufe,
but it would be too long to relate and examine them. An Experiment,
alfo fomewhat analogous to this, I have made with Salt-water and Frefh,
which two liquors,in moft Pofitions,fcem’d the fame, and not to be fepa-
rated by any dcterminate fuperficies,which feparating furface yet in fome
other Pofitions did plainly appear.

And if fo, Whether the reafon of the equal bounding or terminus of
the under parts of the clouds may not proceed from this caufe 5 whether,

fecondly,
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fecondly, the Reafonof the apparition of many Suns may not be found
out, by confidering how the Raysof the Sun may fo be reflected, as to
defcribe a pretty true Image of the body,as we find them from any regu-
lar Superficies. Whether alfo thismay not be found to caufe the appa-
rition of {ome of thofe Parelii, or counterfeit Suns, which appear colou-
red by refracting the Rays {o, asto make the body of theSunappear in
quite another place thenreally itis.  Butof this more elfewhere:

5. Whether the Phenosena of the Clouds may not be made outby
this diverfity of denfity in the upper and under parts of the Air, by
fuppofing the Air above themto be much lighter then they themfelves
are, and they themfelves to be yet lighter then that whichis fubjacent
to them, many of them feeming to be the fame fubftance with the Cob-
webs that fly in the Air after a Fog.

Now that fuch a conftitution ot the Airand Clouds, if fuch there be,
may be fufficient to perform this effet, may be confirm’d by this Expe-
riment.

Make as {trong a Solution of Saltas you are able, then filling a Glafs
of {ome depth half full withit, fill the other halt’ with freth Water, and
poyfe alittle Glafs-bubble, fo as thatit may fink pretty quick in frefh
Water, which take and put into the aforefaid Glafs, and you (hall find
it to fink till it comes towards the middle, where it will remain fixt,
without moving either upwardsor downwards. And by afecond Ex-
periment, of poifing fuch a bubblein water, whofe upper part is warmer,
and confequently lighter, then the under, which is colder and heavier;
the manner of which follows in this next Query, which is,

6. Whether the rarifattion and condenfation of Water be not made
after the {ame manner, as thofe effects are produc’din the Air by heat;
for [ once pois'd a feal’d up Glaf-bubble {o exattly, that never fo fmall
an addition would make it fink, and as fmall a detraction make it fwim,
which fuffering to reft in that Veflel of Water for fome time ; Talwayes
found it about noon to'beat the bottom of the Water, and at night, and
in themorning, at the top : Imagining this to proceed from the Rari-
faction of the Water, caus d by the heat , I madetryal, and found molt
true 5 for I'wasable at any time, either to deprefs, or raife it, by heat
and cold 5 for if T let the Pipe ftand for fome time in cold water, I
could eafily raife the Bubble from the bottom, whither I had alittlea-
fore detruded it, by putting the fame Pipe into warm Water. And this
way [ have been able, fora very confiderable time, to keep aBubble fo
poys’din the Water, asthatit fhould remain in the middle, and neither
fink, nor wim : For gently heating the upper part of the Pipe with a
Candle, Coal, orhot Iron, till I perceived the Bubble begin to defcend,
then forbearing, Thave obferved it to defcend to fuch or fuch a ftation,

and there toremain fufpended for fome hours, till the heat by degrees
were quite vanithed , when it would again afcend to its former place.
This Thave alfo often obferved naturally performed by the heat of the
Air, which being able to rarifie the upper parts of the Water fooner
then the lower , by reafon of its immediate contaét, the beat of the I]:If

i as
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has fometimes {o {lowly increafed, that T have obferved the Bubble to be
fome hours in patiing between the top and bottom.

7. Whether the appearance of the Pzke of Tenerif, and feveral other
high Mountains, at {o much greater a diftance then feems to agree with
their refpective heights , be notto be attr}buted to the Curvature of the
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#nfleifion of the Rays by the differing denfity of the
partsof the Air; and fince Ihave found , by {everal Experiments made
on places comparatively not very high, and have yet found the preffure
fuftain’d by thofe parts of the Airat the top and bottom, and alfo their
differing Expanfions very confiderable : Infomuch that I have found the
preflure of the Atmofphere lighter at the top of St. Panl’s Steeple in Lon-
don ( which is about two hundred foot high ) then at the bottom by a
fixtieth or fifticth part, and the expanfion at the top greater then that at
the bottom by neer about fo much alfo ; for the Mercurial Cylinder atthe
bottom was about 3. inches, and at the top halfaninch lower; the Air
alfo included in the Weather-glafs,that at the bottom fill d only 155. {pa-
ces, atthe top fill'd 158. though the heat at the top and bottom was
found exactly the fame with a fcal’'d Thermometer: 1 think it very rational
to fuppofe , that the greateft Curvature of the Rays is made neareft the
Earth,and that the infleCtion of the Rays, above 3. or 4. miles upwards, is
very inconfiderable, and therefore that by this means fuch calculations of
the height of Mountains, as are madc from the diftance they are vifible in
the Horizon,from the fuppofal that that Ray is a {traight Line ( that from
the top of the Mountain is, as twere, a Tangent to the Horizon whence it
1sfeen) which really is a Carove, is very erroneous. Whence, I fuppofe,pro-
ceeds the reafon of the exceedingly differing Opinions and Aflertions of
{everal Authors, about the height of feveral very high Hills.

8. Whether this Inflection of the Air will not very much alter the fup-
pofed diftances of the Planets, which feem to have a very great depen-
dence upon the Hypothetical refraction or inflection of the Air, and that
refraction upon the hypothetical height and denfity of the Air: For
fince (as I hope) Ihave here fhewn the Airto be quite otherwife then
has been hitherto fuppos'd, by manifefting it to be, both of a vaft, at
leaft an uncertain, height, and of an unconftant and irregular denfity 5
It muft neceflarily follow, that its inflettion muft be varied accordingly :
And therefore wemay hence learn, upon what fure grounds all the A-
{tronomers hitherto have built, who have calculated the diftance of the
Planets from their Horizontal Parallax 5 for fince the Refraction and Ps-
rallax are {o nearly ally’d, that the one cannot be krnown without the
other, efpecially by any wayes that have been yet attempted, how uncer-
tain muft the Parallax be,when the Refraction is unknown? And how eafie
isit for Aftronomers to atlign what diftance they pleafe to the Planets,and
defend them,when they have fuch a curious f#bterfuge as that of Refraéti-
on,wherein a very little variation will allow them liberty enough to place
the Celeftial Bodies at what diftance they pleafe. If
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If therefore we would come to any certainty in this point, we mut go

other wayesto work ;5 and asIThave here examined the height and refra-
Ctive property of the Air by other wayes then are ufual , fo muft we
find the Parallax of the Planetsby wayes not yet practifed 5 and to this
end, I cannot imagine any better way, then the Obfervations of them by
two perfonsat very far diftant parts of the Earth, that lye as neer as may
be under the fame Meridian, or Degree of longitude , but differing as
much n latitude, as there can be places conveniently found : Thefe two
perfons, at certain appointed times, fhould (asnear as could be ) both
atthefametime, obferve the way of the 202, Mars, Venus, Fupiter,
and Saturn,amongft the fixt Stars, witha 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 of the Center of the Planet, and
the exalt meafure of the apparent Diameter ;5 from the comparing of
fuch Obfervaticns together, we might certainly know the true diftance,
or Parallax, of the Planet. And having any onetrue Parallax of thefe
Planets, we might very eafily have the other by their apparent Diame-
ters, which the Telefeope likewife affords us very accurately. And thence
their motions might be much better known, and their Theories more ex-
actly regulated.  And for this purpofe Iknow notany one place more
convenient for fuchan Obfervation to be made in, then in the Ifland of
St. Helena, upon the Coaftof 4frick, which lyes about fixteen degrees
to the Southwards of the Line, and 1s very near, according to the lateft
Geographical Maps, in the fame Meridian with Zordoz 5 for though
they may not perhaps lye exatly in the fame, yet their Obfervations,
being ordered according to what I fhall anon fhew, it will not be diffi-
cultto find the true diftance of the Planct.  But were they both under
the fame Meridian, it would be much better.

And becaufe Obfervations may be much eafier, and more accurately
made with good Telefcapes, then with any other Inftruments, it will not,
Ifuppofe, feem impertinent to explain a little what wayesI judge moft
fit and convenient for that particular. Such therefore as fhall be the
Obfervators for this purpofe, fhould be furnifhed with the beft Zelefcapes
that canbe had, the longer thebetter and more exaét will their 0b£r~
vations be, though they are fomewhat the more difficultly manag’d.
Thefe fhould be fitted with a Rete, or divided Scale, plac’'d at fucha di-
ftance within the Eye-glafs,that they may be diftinétly feen,which thould
be the meafures of minutes and feconds 5 by this Inftrument each Ob-
fervator fhould, at certain prefixt times, obferve the Moon, or other
Planet, in, or very near, the Meridian 5 and becaufe it may be very diffi-
cult to find two convenient ftations that will happen to be juft under the
fame Meridian, they fhall, each of them, obferve the way of the Planet,
both for an hour before, and an hour after, it arrive at the Meridian 3
and by a line, or firoke, amongft the fmall fixed Stars, they fhall denote
out the way that each of them obferv'd the Center of the Planct to be
mov'd in for thofe two hours : Thefe Obfervations each of them fhall
repeat for many dayestogether, that bothit may happen, that bot}h of

them
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them may fometimes make their Obfervations together, and that from
divers Experiments we may be the better aflured of what certainty and
exaétnefs fuch kind of Obfervations are like to prove. And becaufe ma-
ny of the Stars which may happen to come within the compafs of fuch
an Iconifm, orMap, may be fuch as are only vilible through a good 7efe-
feape, whofe Pofitions perhaps have not been notcd, nor their longitudes,
or latitudes, any where remarked; therefore each Obfervator fhould in-
deavour to infert fome fixt Star,whofe longitude, and latitude, is known 5
or with his Telefcope he fhall find the Pofition of {ome notable telefcopical
Star, inferted in his Map, to fome known fixt Star, whofe place in the Zo-
diack is well defin’'d.

Having by this means found the true diftance of the Moon, and ha-
ving obferved well the apparent Diameter of it at that time with a good
Telefcope, itis eafic enough, by one fingle Obfervation of the apparent
Diameter of the Moon with a good Glafs, to determine her diftances
in any other part of her Orbit, or Dragon, and confequently, fome few .
Obfervations will tell us, whether the be mov’'d in an Espfis, (which, by
the way, may alfo be found, even now, thoughT think we are yet igno-
rant of her true diftance) and next ( which without fuch Obfervati-
ons, I think, we fhall not be fure of ) we may know exatly the bignefs of
that E/ipfis, or Circle, and her true velocity in each part, and thereby be
much the better inabled to find out thetrue caufe of all her Motions,
And though, even now alfo, we may, by fuch Obfervations in one ftati-
on, as here at London, obferve the apparent Diameter and motion of the
Moon in her Dragon , and confequently be inabled to make a better
ghefs at the Species or kind of Curve, in which fheis mov'd, that is,
whether it be fpharical, or e/iptical, or neither, and with what propor-
tional velocities fhe is carried in that Curve; yettill her true Paralax
be known, we cannct determine either.

Next, for the true diftance of the Sun, the beft way will be, by accu-
rate Obfervations, made in both thefe forementioned ftations, of fome
convenient Eclipfe of the Sun, many of which may fo happen, as tobe
feen by both; for the Penumbra of the Moon may, if fhe befixty Semi-
diameters diftant from the Earth, and the Sun above feven thoufand, ex-
tend toabout feventy degrees on the Earth , and confequently be feen
by Obfervators as far diftant as Loxzdor, and St. Helena, which are not
full fixty nine degreesdiftant. And this would much more accurately,
then any way that has been yetufed, determine the Parallax, and di-
ftance, of the Sunj for asfor the Horizontal Parallax I have already
fhewn it fufficiently uncertain 3 nor is the way of finding it by the Eclipfe
of the Moon any other then hypothetical 5 and that by the difference of
the true and apparent quadrature of the Moon is lefs not uncertain, wit-
nefs their Dﬁdll),l&ions from it,who have made ufe of it ; for Vendeline puts
that difference to be but 4. 30". whence he deduces a vaft diftance of
the Sun, asThave before fhewn. Ricciolo makes it full 30 co. but Res-
#noldw, and Kircher,no lefs then three degrees.  And no wonder, for if
we examine the Theory, wé fhall find it {o complicated with uncertain-
ties. Firft,
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Firft, From the irregular furface of the Moon, and from feveral Paral-
laxes, that unlefs the Dichotonsy happen in the Nonagefimus of the Eclip-
tick, and thatin the Meridian, gc. all which happen fo very feldom,
that it is almoft impoffible to make them otherwife then uncertainly.
Befides, we are not yet certain, but that there may be fomewhat about
the Moon analogus to the Air about the Earth, which may caufe a refra-
¢tion of the light of the Sun, and confequently makea great difference
in the apparent dichotomsy of the Moon. Their way indeed is very
rational and ingenious 3 and fuch asis muchto be preferr'd before the
way by the Horizontal Parallax, could all the uncertainties be remov'd,
and were the true diftance of the Moon known, :

- But becaufe we find by the Experiments of Vendiline, Reinoldws, &c.
that Obfervations of this kind are very uncertain alfo: It were to be
wifht, that fuch kind of Obfervations, made at two very diftant ftati-
ons, were promoted. And it is fo much the more defirable, becaufe, from
what T have now fhewn of the nature of the Air, itis evident, thatthe
refraction may be very much greater thenall the Aftronomers hitherto
have imagined it : And confequently, that the diftance of the Moon, and
other Planets, may be much lefie then what they have hitherto made
it.

For firft, this InfleCtion, I have here propounded, will allow the {ha-
dow of the Earth to be much fhorter thenit canbe made by the other
Hypothefis of refraction, and confequently, the Moon will not fuffer an
Eclipfe, unlefs it comes very much nearer the Earth then the Aftronomers
hitherto have fuppofed it.

Secondly, There will not in this Hypothefis be any other fhadow of the
Earth, fuch as Kepler fuppofes, and calls the Pemuntbra, whichis the fha-
dow of the refracting Atmofphere 5 forthe bending of the Raysbeing al-
together caus'd by Infleition, as [ have already thewn, all that part
which is alcribed by Kepler, and others after him, to the Penumbra, or
dark part, which is without the umbra terre, doesclear vanith; for in
this Hypothefis there is norefracting furface of the Air, and confequently
there can beno fhadows, fuch as appear inthe ninth Figure of the 37.
Scheme, wherelet ABC D reprefent the Earth, and EFG H the 4¢-
mofphere;which according to Keplers fuppofition, s like a Sphare of Water
terminated-with an exact furface EF G H, Jet the lines M F; LB, ID,
KH, reprefent the Rays of theSun ’tis manifeft, that all the Rayes be-
tween LB, and I D, will be reflected by the furfaee of the Earth
BAD, and confequently, the conicalfpace’ BOD would be dark and
obfeure; but, fay the followers of Kepler, the Raysbetween M F, and
LB, and between ID, and K H, falling on the Atwmofphere, are re-
fracted, both at their ingrefs and egrefs out of the Atmofphere, nearer to:
wards the Axis of the fpzrical fhadow CO, and confequently, inlighten
agreat partof that former dark Cone, and fhorten, and contract, its top
toN. And becaufe of this RefleGtion of thefe Rays, faythey, there is
fuperinduc’d another fhell of a dark Cone F P H, whofe Apex P s yet
further diftant from the Earth: By this Pemumbra, fay they, the Moon

is
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is Eclipfed, for it alwayes pafles between the lines 1 2, and

;. "f"l:o which Ifay, Thatif the Air befuch, asI have newly thewn it to
be, and confequently caufe fuchan inflection of the Raysthat fallinto
it, thofedark Penumbras FYZQ_ HX VT, andORP S. willall va-
nith. For if we fuppofe the Air indehinitely extended, and to be no
where bounded. with a determinate refraciing furface, asIhaveihewn
it uncapable of having, from the nature of it; it will tollow, that the
Moon will no where be totally obfeured, but whenit 1s below the Apex
N, of the dark blunt Cone of the Earth’s thadow:Now,from the fuppofi- .
tion, that the Sunis diftant about {feven thoufand Diameters, the point
N, according to calculation, being not above twenty five terreftrial Se-
midiameters from the Center of the Earth: Tt follows, that whenfoever
the Moon eclipled is totally darkned, without affording any kind of
light, it muft be within twenty five Semidiameters of the Earth, and con-
fequently much lower then any Aftronomers have hitherto put it.
This will feem much more confonant to the reft of the fecundary Pla-
nets 5 for the higheft of Jupiter's Moons is between twenty and thirey
ovial Semidiameters diftant from the Center of Fupiter ; and the Moons
of Saturn much about the fame number of Saturnial Semidiameters from
the Center of that Planet. -
But thefe are but conjectures alfo,and muft be determin’d by fuch kind
of Obfervationsasl have newly mention’d. _
Nor willit be difficult, by this Hypothefis, tofalve all the appearances
of Eclipfes of the Moon, for in this Hypothefis alfo, there will be,on each
fide of the fhadow of the Earth, a Penumbra, not caus'd by the Refracti-
onof the Air, as in the Hypothefis of Kepler 5 but by the faint inlight-
ning of it by the Sun : For if, in the {ixth Figure,we {uppofe ES Q_ and
G SR to be the Rays that terminate the fhadow from eitherfide of the
Earth 5 E § Q_coming from the upper limb of the Sun, and G SR from
the under 5 it will follow, that the fhadow of the Earth, within thofe
Rays, that is,the Cone GSE, will betotally dark. But the Sunbein
not a point, but a large area of light, there will be a fecondary dar
Cone of fhadow EP G, which willbe caus'd by the carth’s hindring
part of the Rays of the Sun from falling on the parts G PR, and EP Q.
of which halved fhadow, o Penumbra, that part will appear brighteft
which lyes neareft the terminating Rayes G P, and EP, and thofe dar-
ker that lye neareft to G S, and E S : whentherefore the Moon ap-
Eears quite dark in the middle of the Eclipfe,fhe muft be below S,that 1s,
etween § and F 5 when the appears lighter near the middle of the
Eclipfe, fhemuft pafs fome where between R Q_and S5 and when fhe
;snzli[lf;c light through the whole Eclypfe, the muft pafs between R(Z,
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Obferv. LIX. Of multitudes of fmall Stars difcoverable by the
Telefcope. + St

Aving,in the laft Obfervation, premis'd fome patticulars obfervable

in the medium,through which we muit look upon Celeftial Obje(ts,

I1ihall here add one Obfervation of the Bodies themfelves 3 and for a
Jpecimen ] have made choice of the Pleiades, or {even Stars, commonly fo
called ( though in our time and Climate there appear no more then fix
tothe naked eye ) and this I did the rather, becaufe the defervedly fa-
mous Galileo, having publifhe a Piture of this dfferifine, was able, it
feems, with his Glafs to difcover nomore then thirey (ix, whereas with a
pretty good twelve foot Telefcope,by which I drew this 38 Teonifim,] could
very plainly dilcover feventy eight, placed in the order they are ranged
in the Figure, and of as many diflering Magnitudes as the Afferisks,
wherewith they are Marked, do fpecifie 5 there being no lefs then four-
teen {everal Magnitudes of thofe Stars, which are compris'd within the
draught, the biggeft 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, efpecially by the help of
a Telefeope 5 for then by it may be perceiv'd, thatits {plendor, to the na-
ked eye, may be fomewhat augmented by the three little Starsimmedi.
ately aboveit, which are nearadjoyning to it. The Telefcope alfo difco.
vers a great variety, evenin the bignefs of thofe, commonly reckon’d, of
the firft, fecond, third, fourth, fifth, and fixth Magnitude 5 fo that fhould
they be diftinguifh'd thereby, thofefix Magnitudes would, at leaft, af-
ford no lefs then thrice that number of Magpitudes, plainly enough di-
ftinguifhable by their Magnitude, and brightnefs ; {o thata good twelve
foot Glafs would afford us no lefs then twenty five feveral Magnitudes.
Nor are thefeall, but a Jonger Glafs does yet further, both more nicely
diftinguifh the Magnitudes of thofe already noted, and alfo difcover fe-
veral other of fmaller Magnitudes, not difcernable by the twelve foot
Glafs: Thus havelbeen able, witha good thirty fix foot Glafs, to difco-
ver many more Stars in the Pleiades then are here delineated, and thofe
of three or four diftinét Magnitudes lefs then any of thofe {potsof the
fourteenth Magnitude. And by the twinkling of divers other placesof
this Afferifme, when the Sky was very clear, I am apttothink, that with
longer Glafies, or fuch as would bear a bigger aperture, there might be
difcovered multitudesof other fmall Stars, yet inconfpicuous. Andin-
deed, for the difcovery of fmall Stars, the bigger the aperture be, the
better adapted is the Glafs 3 for though perhaps it does make the feveral
fpecksmore radiant, and glaring, yet by thatmeans, uniting more Rays
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cuous, which, by putting on a lefs aperture, may be found to vaniflis
and therefore, both for the difcovery of the fixt Star, and for finding the
Satellites of Fupiter, before it be out of the day, ortwilight , Talwayes
leave.the Objet-glafs as clear without any apertureas I can , and have
thereby been able to difcover the Satellites a long while before 3.1 was
able to difcern them, when the fmaller apertures were put ons and at o-
ther times, to fee multitudes of other fmaller Stars, which a fmaller aper-
ture makes to difappear.

Inthat notable A4fterifiz alfo of the Sword of Orion, where theingeni-
ous Monficur Hugens van Zulichem has difcovered only three little Stars
in a clufter, [have with a thirty fix foot Glafs,without any aperture (the
breadth of the Glafs being about fome three inches and a halt )difcover'd
five, and the twinkling of divers others up and down in divers partsof
that fmall milky Cloud. ;

So that 'tis not unlikely, but that the meliorating of Telefcopes will af-
ford as great a variety of new Difcoveriesin the Heavens, asbetter A4+
erofcopes would among fmall terreftrial Bodies, and both would give us
infinite caufe, more and more to admire the omnipotence of the Crea-
tor.

Obferv. LX. Ofthe Moon.

Aving a pretty large corner of the Plate for the feven Stairs, void,

for the filling it up, I have added one {mall Specimen of the ap-
pearance of the parts of the Moon, by defcribing a fmall{pot of it,which,
though taken notice of, both by the Excellent Hezelixs, and called Atons
Olympus (‘though T think fomewhat improperly, being rather a vale) and
reprefented by the Figure X, of the 38. Schewe, and alfo by the Learn'd
Ricciolys, who calls it Hipparchus, and defcribes it by the Figure Y, yet
how far fhort both of them come of the truth, may be fomewhar per-
ceiv'd by the draught, which Ihave hereadded of it, intheFigureZ,
( which I drew by a thirty foot Glafs, in 0O&ober 1664. juft before the
Moon washalf inlightned) but much better by the Reader’s diligently
obferving it himfelf, at a convenient time, witha Glafs of that length,
and much better yet with one of threefcore foot long 5 for through thefe-
it appears a very fpacious Vale, incompafled with a ridge of Hills, not
very highin comparifon of many otherinthe Moon, nor yet very ﬂccfp.
The Vale it felf ABCD, is much of the figure of a Pear, and from fe-
veral appearances of it, feems to be fome very fruitful place, that is, to
have its furface all covered over with fome iinds of vegetable fubftan-
ces; forin all pofitions of the light on it, it feems to give a much fainter
reflection then the more barren topsof the incompafling Hills, and thofe
a much fainter then divers other cragged, chalky, or rocky Mountains
of theMoon. SothatI am not unapt to think, that the Vale may have
Vegetables
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Vegetables analogni to our Grafs, Shrubs,and Trees'; and moft of thefe
incompaffing Hills may be covered withfo thina vegetable Coat, as we
may obferve the Hills with usto be, fuch as the {hort Sheep palture which
covers the Hills of $a/isbury Plains. 13 S e

Upand down in feveral pares of this place lere deferib’'d (" asthere
are multitudes in other places all over the furface of the Moon ) ma

be perceived feveralkinds of pits; which are fhap'd almoft like a difh;
fome bigger, fome lefs, fome {hallower, fome deéper, that is, they fzem
to be a hollow Hewifphere, incompafled with around rifing Bank, as if
the fubftance in the middle had been digg’d up;i and thrown on either
fide. Thefe feem to me to have been the effectsof fome motions within
the body of the Moon, axalogus to our Earthquakes, by the eruption
of which, asit has thrown up a brim, or ridge,round about, higher then
the Ambient furface of the Moon, fohasitleft a hole, or depreffion, in
the middle, proportionably lower 3 divers places refembling fome of
thefe, I have obferv'd here in England, on the tops of fome Hills, which
might have been caus'd by fome Earthquake in the younger dayes of the
world.  But that which does moftincline me to thisbelief; is, firft, the
generality and divexfity of the Magnitude of thefe pits all over the bo-
dy of the Moon. Next, the two experimental wayes, by which I have
made a reprefentation of them.

The firft was with avery{oft and well temper’d mixture of Tobacco-
pipe clay and Water, into which, if I let fall any heavy body, asaBul-
let, it would throw up the mixture round the place, which for a while
would make a reprefentation, not unlike thefe of the Moon 3 but con-
fidering the ftate and condition of the Moon, there feems not any proba-
bility to imagine, that it {hould proceed from any caufe analogus to this 5
for 1t would be difficult to imagine whence thofe bodies thould come ;
and next, how the fubftance of the Moon fhould be fo {oft 5 but if a
Bubble be blown under the furface of it, and fuffer’d torife, and break s
or if a Bullet, orother body, funkinit, be pull'dout fromit, thefe de=
parting bodies leave animpreflion on the furface of the mixture, exaltly
like thefe of the Moon, fave that thefe alfo quickly fubfide and vanifh.
But the fecond, and moftnotable, reprefentation was, what I obferv'd
in a pot of boyling Alabafter, for there that powder being by the erupti-
on of vapours reduc’d to a kind of fluid confiftence, if,whil'it it boyls, it
be gently remov'd befides the fire , the Alabafter prefently ceafing to
boyl, the whole furface, efpecially that where fome of the laft Bubbles
haverifen, will appear all over covered with fmall pits, exattly fhap'd
like thefe of the Moon, and by holding a lighted Candle in a large dark
Room, indivers pofitions to this furface, youmay exaétly reprefent all
the Phenomena of thefe pitsinthe Moon, according'asthey are moré or
lefsinlightned by the Sun.

And that there may have been in the Moon fome fuch motion as
this, which may have made thefe pits, will feem the more probable,
if we fuppofe itlike our Earth, for the Earthquakes here with usfeem
to proceed from fome fuch caufe, as the boyling of the pot of Ala-

2 bafter,

243



244

MICROGRAPHI A.

bafter ; there feeming to be generated in the Earth from fome fubter-
raneous fires, or heat, great quantities of vapours, that is, of jexpan-
ded aerial fubftances, which not prefently finding a paflage through the
ambient partsof the Earth, do, as theyare increafed by the fupplying
and generating principles, and thereby (having not fufficient room to
expand themfelves ) extreamly condens'd, at laft overpower., with
their elaffick properties, the refiftence of theincompafiing Earth, and
lifting it up, or cleaving it, and o fhattering of the parts of the Earth
above it, do at length, where they find the parts of the Earth above them
more loofe, make their way upwards, and carrying a great partof the
Earth before them, not only raife afmall brim round about the place,out
of which they break , but for the moft part confiderable high Hills and
Mountains , and when they break from under the Sea, divers times,
mountainous Ilands 3 this feems confirm'd by the Fulcans in {everal
places of the Earth, the mouths of which, for the moft part, are incom-
paffed witha Hill of a confiderable height, and the tops of thofe Hills,
or Mountains, are ufually thap'd very much like thefe pits, or dithes, of
the Moon » Inftances of this we have in the defcriptions of ##»a in 8i-
cily, of Heclain Iceland, of Tenerif inthe Canarics, of the feveral Vul-
cansin New-Spain, defcrib’d by Gage, and more efpecially in the erupti-
onof late yearsin onc of the Cazary Iflands.  Inall of which there is not
only a confiderable high Hill raifed about the mouth of the Fulcan , but,
like the fpots of the Moon, the top of thofe Hills are like adifh, or ba-
fon. And indeed, if oneattentively confider the nature of the thing,
one may find fufficient reafon to judge , that it cannot be otherwife 5 for
thefe eruptions, whether of fire, orfmoak, alwayesrayfing great quan-
tities of Farth before them, muft neceffarily, by the fall of thofe parts
on either fide, raife very confiderable heaps.

Now, both from the figures of them, and from feveral other cir-
cumftancess thefe pits in the Moon feem to have been generated
much after the fame manner that the holes inAlabafter, and the #ul-
cans of the Earth are made. For firft, itis not improbable, but that
the fubftance of the Moon may be very much like thatof our Earth,
that is, may confift of anearthy, fandy, or rocky fubftance, in feveral of
its fuperficial parts, which parts being agitated, undermin’d, or heav'd
up, by eruptions of vapours, may naturally be throwninto thefame
kind of figured holes, as the fmall duft, or powder of Alabafter. Next,
it is not improbable, but that there may be generated, within the body
of the Moon, divers fuch kind of internal fires and heats, asmay pro-
duce fuch Exhalations for fince we can plainly enough difcover with a
Teleféope , that there are multitudes of fuch kind of eruptions in the
body of the Sun it felf, which is accounted the moft noble Ztherial bo-
dy, certainly we need not be much {candaliz'd at fuch kind of altera-
tions, or corruptions, in the body of this lower and lefs confiderable
part of the univerfe, the Moon, which is only fecundary, or attendant,
on the bigger, and more confiderable body of the Earth.  Thirdly, ‘tis

not unlikely, butthat fappofing fucha fandy or mouldring fubftance i\;o
e
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MICROGRAPHI A,

be there found, and fuppofing alfo a poffibility of the generation of the
internal elaffical body (whether you will call it air or vapours ) ‘tis
not unlikely. I fay, but that there isin the Moon a principle of gravita-
tion, {uch as inthe Earth.  And to make this probable, Ithink, we need
o better Argument, then the roundnefs, or globular Figure of the bo-
dy of the Moon it felf, ‘which we may perceive very plainly by the Te-
lefeope, to be (bating the fmall inequality of the Hills and Vales init,
which are all of ‘them likewife fhap’d, or levelled, as it were, to anfwer
to the center of -the Moons body ) perfectly of a Spherical figure, that
is, all the partsof it are forang'd (bating the comparitively fmall rug-
- gednefs of the Hills and Dales ) that the outmoft bounds of them are
equally diftant from the Center of the Moon, and confequently, it is
exceedingly probable alfo, that they are equidiftant from the Center of
gravitation 3 and indeed, the figure of the fuperficial parts of the Moon
are {0 exactly fhap'd, according as they fhould be, fuppofing it had «
gravitating principle as the Earth has, that even the figure of thofe
parts themlelvesisof fufficient efficacy tomake the gravitation, and the
other two fuppofitions probable : {othat the other fuppofitions may be
rather prov'd by this confiderable Circumftance, or Obfervation, then
this fuppos'd Explication can by them ; for he that fhall attentively
obferve with an excellent Telefeope, how all the Circumftances, notable in
the fhape of the fuperficial parts, are, as it were, exactly adapted to
fuit with fuch a principle,will,if he well confiders the ufual method of Na-
ture inits other proceedings,find abundant argument to believe it to have
really there alfo fuch a principle; for T could never obferve,among all the
mountainous or prominent partsof the Moon ( whereofthere isa huge
variety ) thatany one part of it was plac'd in fuch a manner,that if there
{fhould be a gravitating, or attracting principle in the body of the Moon,
it would make that part to fall, or be mov'd out of its vifible pofture,
. Next, the fhape and pofition of the parts is fuch, that they all feem put
into'thofe very fhapes they are inby a gravitating power ¢ For firft,there
are but very few clifts, or very fteep declivities in the afcent of thefe
Mountains ; for befidesthofe Mountains, whichare by Hevelius call’'d the
Apennine Mountains, and fome other, whichfeem to border on the Seas
of the Moon, and thofe only upon one fide, asis common alfoin thofe
Hills that are here on the Earths there are very few that feem to have
very {teep afcents, but, for the moft part, they are made very round,
and much refemble the make of the Hills and Mountains alfg of the
Earth ;5 thismay be partly perceived by the Hills incompaffing this Vale,
which Thave here defcrib’d 5 and as on the Earth alfo, the middlemoft
of thefe Hills feems the higheft, fo is it obvious alfo, througha good Te-
lefcope, in thofe of the Moon 5 the Vales alfo in many are much fhap'd
like thofe of the Earth, and Iam apt to think, that could we look upon
the Earth from the Moon, with a good Telefcope, we might eafily enough

perceive its furface to be very much like that of the Moon. ; _
Now whereas in this {mall draught, (as there would be multitudes if
the whole Moon were drawn after this manner) there are feveral little
Ebullitions,
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Ebullitions, or Difhes, even in the Vales themfelves,and in the incompaf*
fing Hillsalfo 5 this will, from this fuppofition, (which I have, I think, up-
on very good reafon taken) be exceeding eafily explicable; for, as I
have feveral timesal{o obferv'd, inthe furface of Alabafter {0 ordered,
as I before defcrib’d, fo may the later eruptions of vapoursbe evenin the
middle, or on the edges of the former 5 and other fucceeding thefe alfo
in time may be in the middle or edges of thefe, &v. of which thereare
Inftances enough in divers parts of the body of the Moon, and by a
boyling pot of Alabafter will be fufficiently exemplifi'd.

To conclude therefore, it being very probable, that the Moon has 3
principle of gravitation, it affords an excellent diftinguifhing Inftance -
in the fearch after the caufe of gravitation, or attraction, to hint, that it
does not depend upon the diurnal or turbinated motion of the Earth, as
fome have fomewhat inconfiderately fuppofed and affirmed it to do 3 for
if the Moon has an attractive principle, whereby it is not only fhap'd
round , but does firmly contain and hold all its parts united, though
many of them {eem as loofe asthe fand on the Earth, and that the Moon
isnot mov’d about its Center 5 then certainly the turbination cannot be
the caufe of the attrattion of the Earth; and therefore fome other
principle muft be thought of, that will agree with all the fecundary as
well as primary Planets.  But this, Iconfefs, is but a probability, and
not a demonftration, which (from any Obfervation yet made)) it feems
hardly capable of, though how fuccefsful future indeavours (promoted
by the meliorating of Glafles, and obferving particular circumftances)
may be in this, or any other, kind, muft be with patience expected.
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[ages and pores of the skin tranfpira-
tion feems to be made. Experiments
to prove the poroufnefs of the skin of
Vegetables.

Obferv. 33. Of the Scales of a 54,
Soale,

A defeription of their beauteous
form,

Obferv.34.0f the Sting of a Bee. 44

A defeription of its [hape, mechas
nifme, and ufe.

Obferv. 35. Of Feathers. 165
166

A defeription of the fbape and cu- 1654
rious contexture of Featbers : and
fome conjeitures thereupon.

Obfer, 36.0f Peacocks Feathers.

A defeription of their curious form 168
and proprieties 5 with a conjellureat 169
the caufe of their variable colonrs,

Obfer. 37.. Of the Feet of Flyes,
and other Infedts.

A deferigtion of their figure,parts, §,4
and ufe 5 and fome confiderations g,y
thereupen,

Obferv,

164
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172 Obfer.38. Ofthe Wings of Flyes,

After what mannerand bow fiwifs.

173 lythe wingsof Infefls move. .A de.
[eription of the Pendulums under the

174 Zg: s and their motion : the [hape
and fErutture of the parts of the wing.

175 Obfer. 39. Of the Head of a Fly.

1. AR the fase of a Drone-fly is no-
thing almoft but eyes, 2. Thofé are
176 of two magnitudes. 3. They are
" Hemifpheres, and veryrefleitive and
fmooth. 4.Seme direfled tewards eve.-
ryquarter. §. How the Fly cleanfes
them.s Their number. 7. Their order -
177 divers particulars obferv’d inthe dif:
178 fefling a bead. That thefe are very
probably the eyes of the Creature 5 ars
gued from feveral Obfervations and
179 Experiments, that Crabs, Lobflers,
Shrimpsofeem to be water Infeéts,and
to be framed mucb like Air Infeéts.
180 Several Confiderations about their
manner of vifion,

Obfer.40.0f the Teeth of a Snail.
181 A brief defeription of it

Obferv. 41. Of the Eggs of Silk-
worms,

Several Obfervables about the
Eggs of Infedts: :

Obferv. 42. Of ablue Fly,

182

183

184 A defcription of its outward and
inward parts. Its bardine[s to indare
185 freexing,and fleeping inSpurit of wine.

Obferv. 43. Ofa water Infeé.

greffivesand transformation, A4 Hiffo- i 87
7y [omewhat Analogus cited'out of
Pifo. Several Obfervations about the 188
various wayes of the generation; of
Infeéls : by what means they a& fo 189
Jeemingly wifely and prudently’ Seve- -
ral Quaries propounded. Pafiféript, 191
centamning a relation of anether very yg2
odd way of the generitionof 1 nfeéts.

An Obfervation about the fertility ‘of

the Earth of our Climate in producing
Infeils, and of divers other wayes'of 193
their generation. VR

Obferv. 44. Ofthe tufted Gnat,

Several Obfervables about Inﬁ’&;r, )
and & mere particular defcription of 10;
the parts of this Gnat, P 4

Ob.45.0f the great belly’d Gnat, , 95

A Jhort defvrt}bﬁon of it,
Obfer. 46, Of a white Moth,

< A defeription of the feathers and 196
wings of this, and feveral other In. 197
[eéts. Divers Confiderations absutthe 198
wings, and the flying of Infeéts and

Birds.
Obf. 47. Of the Shepherd Spider.

A defeription of its Eyes : and the
fockets of tslong legs : " and a Conje- 199
dure of the meshanical reafon of its - |
fabrisks topether with a (uppofition,
that tis not anlikely,but Spiders may
bave the make of their inmard paris
exaétly like a Crab, which may be 444
call d a water Spider. FLIs

Obfer.48. Of the hunting Spider.
A Jhort defeription of it 5to which

186 A defcription of its [oape, tran[pa-
rency, motien, bothinternal andpro.

is anmext an excellent Hiffory of it5 2°*
made by Mr, Evelyn. Some further -
Mm Ob/‘r'a-
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202 Obfervations an other Spiders , and
their Webs , together with an exami-
nation of awhite Subftance flying up
and down in the Air after a Fog.

208 Obfer. 49. Of an Ant.
That all (mall Badies, both Vege-
table and Animal, do quickly dry m‘:d
wither.The beft remedy 1 found to bin-
der it,and to make the Animallye fiil
204 to be obferv d, Several particulars re-
lated of the aftions of this Creature 5

205 and a [bort defcription of its parts.

Obf. 50. Of the wandring Mite,

206 A defeription of this Creature, and
of anatber very (mall ane , which ufu-

a0, ally bore it company. A Comjeliure at
the original of Mates,

Obferv.51. Of a Crab-like Infe&.

208 A brief defeription of it.

Obferv. 52. Ofa Book-worm.

A defeription of it 5 where by the
way is inferted a digreffion, experi-
mentally explicating the Phenome-
a10 na of Pear!. A confideration of its
digeftive faculty.

209

Obferv. §3. Of a Flea,

axy A lbort defeription of it.

Obferv. 54. Of a Loufe.

212 A defersptionaf its parts,and fome
a1 3 notable circumftamces.

" Qbferv. 55. Of Mites,

The exceeding [malneff of [ome
Mites,and their Eggs. Adefeription
214 of the Mites of € beefe: andan inti.

TABLE.

mation of the variety of forms im other
Mites, with a Conjeélure atthereas 2y

fon.
Ob. 56. Of fmall Vine-Mites.

A deferiptionef them s & ghefs at
their original ; their exceeding (mal-
nefs compar’d with that of a Wood- 216
loufe,from which they may be [uppes'd

tocome.
Obferv. 57. Of Vinegar-worms.
A defeription of them , with fome 317

comfiderations en their metions,

Obf. 58. Ofthe Infle@ion of the
Rays of Lightin the Air.

A Jhortrebear(al of feveral Phee- 218
nomena. Anattempt toexplicate 219
them:the [uppofition founded on two
Prepofitions 5 both which are indea-
voured to be made out by feweral Ex-
periments.  What denfity and rarity
isin refpeél of refrallian: the refraéli-
on of Spirit of Wine ¢ompared roith
that of common Water : the refraétion 320
of Ice. An Experiment of making an
Undulation of the Rays by the mixing
of Liquors of differing denfity. The
explicationof infle@ion, mechani» >
cally and hypothetically : what Bodies
have [uch aninfleftion. Several Ex-
periments to fbew that the Atr has
this propriety 5 that it proceeds from 222
the differing denfity of the Air : that
the upper and under part of the Air
are of differing denfity . fome Experi- 223
ments ta prove this. A Table of the
Sirength of the [pring of the dir , an.
Jwering toeach degree of extenfian ;
when ﬁ,ﬂ made , and when repeated. 344
Anotber Experiment of compreffing 225
the Air.A Table of the firength of the 3256
Air , anfwering to each compreffion
and expanfion 3 fromwhich the height

9
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227 of the Air may be [uppos’d indefinite s
228 to what degree the Air is rarifid at
any diftance above the Surface of the
Earth how, from this, Infleétionis
22g inferrds and_ [everal Phznomena
230 explain'd. That the Air near the
Earthis compos'd of parts of differing
231 denfity 5 made probable by feveral
232 Experiments and Obfervatiens ; kow
this propriety produces the effeils of
the waving and dancing of Bodies s
and of sbe twinkling of the Stars,
233 Several Phznomena explicated.
Some Queries added.
1. Whoether this Principle may not
be made ufe of, for perfeting Optick
234 Glaffes ¢ What mr;gfm be /mped frem
it if it were to be done ¢

2. Whether from this. Prinsiple 1

the apparition of [ome new Stars may
not be explicated ?

3. Whether the beight of the Aur
may be defind by it ?

4. Whether there may mat fome.
times be fo great a difparity of den-

Jity between the upper and under parts’

of the Airy as to make a reflefling
Surface ?

5. Whether, if (o, this will not ex-
plicate the Phznomena of the
Clouds.  An Experiment to this pur-
pofe ?

7. Whether the Rayes frem the
top of Mountains are not bended into

- Carve-lines by infle8lion? An Arou-
ment for it,paken from ar Experiment
madeon St. Paul's Steeple.

8. Whether the diftance of the
Planets wilk not be more difficult to
237 be found? What wayes are moft like-
ly toreElifie the diftance of the Moon:
the way of firting Telefcopes for
fuch Obfervations. How te make the
Obfervations , andbhow fromthem to
find the true diftance of the Maon at
any time, How the diftance of the Sun
may be found by two Obfervators The
739 way by the Dicotomy of the Afoon un-

235

236

238

certain.  That the diffance of the
Moon may be lefs then it has been
bitherto fuppes'd. Kepler's Suppofiti-
onnot fo probable : the explication of 340
the Il_’lw:nomeua by anather Hypo-
thefis,

Obferv. §9. Ofthe fixt Stars,

Of the multitudes of Stars diféo-
verable by the Telclcope , and the
variety of their maguitudes:78. Stars
diftinguifbt in the Pleiades:that there
are degroes of bignefs evenin theStare
accounted of the (ame magnitude . the
longer the Glafies are, and the bigger
apertures they will indure , the more
fit they are for thefe difcoveries : that
'tis probable, longer Glafjis would 'yet
make greater difeoveries, 5. Stars 4 42
diftover'd in the Galaxie of Orion’s
Sword,

Obferv, 60. Ofthe Moon.

A defeription of a Vale in the -
Moon s what call d by Hevelius and
Ricciolus,and bow deferib’'d by them:
with what fubflances the bills of the , 43

141

| Moon may be cover'd. 4 defeription

of the pits of the Moon , and a conje-
éure at their canfe : two Experiments
that make it probable, that of the fur-
faseof boyl:d Alabafler duft [eeming 244
the maft likely tobe refembled by eru.
ptions of vapours out of the body of the
Moon : that Earthguakes feem to be
generated much the fame way, and
their effeéls feemvery fimilar. An Ara
gument that there may be fuch varia-
tions inthe Moon , besaufe greater
have been obferv'd inthe Sun:besaufe , 45
the fubftance of the Moon and Earth
[eem much alike : and becanfe “tis pro-
bable the Moon has & gravitating
principle : this is argued from feveral
particulars., Thereafon why [tveral
pits areone within another. The ufe
that may be made of this Inftance of
a gravity inthe Moon,
ERRATA,

145
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ERRATA

N the Preface, Page7. line 18. read fees : line 24, read Gilbers, Harvy.

Page 13.Tine ult. read tafle : p.34.1.18.r.fmsall tens ;1. penulc. «, that proceeds from : p.40.l.44.t.0bew you:
p.48.1.34. v, broadefl: p.§7. 1 39.delebe:p. 63. 1.36. r. water-drop ; p.64. L.9.r.dutdion of G ACH:L3s.1. im-
prefsions s p: 96.). 33. 1. compofe.> p.1@0 1. X1, . Merfennus : p.1061.8.r.exmeamly : p. 110 18.r.a ¢ L1z,
r.thofe: p.u1sl. 32.0. Al dvowandus,Wormius 3 p.1 21.lg.dele of : p.128.1.43, dele from:p.129 1.18.x. fifih place ¢
pe130.1.29. 1. Aevial menfiruum :p. 136.1.39.r. knew bow ¢ p.144.. 3. parts of the t po147,136. 1. look'don:
p.161. Li3.r. body 2 p.162.1.17. deleonly: p. 16€.0L.11.r.22 ¢ L 13,delethe Semicolon: L 37,1, place:

8.r. and firfl forthe : p. 1 98.0.17.r:and am avtific. p-215. hult.x and fromthe :

p-167.1.40, raz:p 17311
P. 23LL 4. t.phence the under : p.234.L1 S.tobope: p.338.l43.risnorlefi: p.249:1.19.v. Moow.
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