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H| Do here most humbly lay
® this fmall Present at Tour

Majejties Royal feet. And
though it comes accompa-

ny^ with two disadvantages,the meannefs
of the Author, and of the Subject-y yet
in both I am incouragedTrg thegreatnefi
of your Mercy and your Knowledge.
By the one I am taught, that you can

A forgive



forgive the most presumptuous Offenders:
And by the other, that you will not e-
steem the leastwork of Nature, or Art,
unworthy yomObfervation.NvNx^. the
many felicities that have accompani’d
your Majejiies happy Rejlauration and
Government, it is none of the lead consi-
derable, that Philofophy and Experimental
Learninghaveprosfer2underyour Royal
Patronage. And as the calm prosperity
of your Reign has given us the leifure
to follow these Studies of quiet and re-
tirement, soit is just, that the Fruits of
them should , hy way of acknowledge-
ment , be return’d to your Majejly.
There are, Sir, several other of your
Subjects, of your Royal Society, now
busie about Nobler matters : The Im-
provement of Manufactures and Agricul-
ture, the Increafe of Commerce, the Ad-
vantage of Navigation: In all which
they are assijledby your MajejiiesIncou-
ragement and Example. Amidstall those

greater



Dedicatory.
greater Designs,! here presume to bring
in that which is more proportionable to
the fmalneft- of my Abilities, and to
offer some of the leap of all vifible
things,to that Mighty King, that has esttti
blifhtan Empie over the best of alllzz-
visible things of this World, the Minds
of Men.

■ ■ 11 ’ . ... - .

Tour Majejlies most humble

’ .. 1 ' • ■ j ) • ■ '■ "HTs)
and mo st obedient

J ....

Snbje^l and Servant,



my Aadreft ro onr Great Founder and Pa-
tW, I could not but think my self oblig’d,

L^JSR In conhderation °f those Engagements
y^u have' laid upon me , to offer these my
pwr Lafafrs to. this MOST I LLU-

STRIOUS ASSEMBLY. YOU have been
pleas’d formerly to accept of these rude Draughts. I have since
added to them some Defcriptions-, and some Conjectures of my
own. And therefore, together with YOUR Acceptance^ I must
also beg YOUR pardonCThe Rules YOU have prescrib d YOUR
selves in YOUR Philosophical Progress do leem the best that
have ever yet been practis'd. And particularly that of avoiding
Dogmatizing , and the efyoufal of any Hypotbesis not sufficiently
grounded and confirm’d by Experiments. This way seems the
most excellent, and may preserve both Philofophy and Natural
History from its former Corruptions.In laying which, I may leem
to condemn my own Courlc in this Treatile ; in which there
may perhaps be? spipe Exprejstons^ which may leem morepofitive
then YOUR Prelcriptions will permit: And though I desire
to have them understood only as Conjectures and Queries (which
YOUR Method does not altogether disallow)yet if even in thole
1 have exceeded, ’tie fit that I Ihould declare, that it was not
done by YOUR Directions. For it is most unreasonable, that
YOU Ihould undergo the imputation of the faults of my Cbw-
jedures^ seeing YOU can receive so small advantage of reputa-
tiQnJ^y thfi//eight Obfervations.Qf^

TOUR moft humble and
moft saithful Servant

ROBERT HOOKE



the great prerogative os Mankind above other
ISIB SgS| Creatures., that we are not only able to behold the
BBS iS® works of Nature, or barely to sustein our lives by
®||| SKIt thern^ but we have alfo the power os considering

comparing, altering, a (lifting, and improving
them to various ufees. And as this is the peculiar priviledge. tf' humane
Nature in general, fo us it capable of being fi far advanced by the helps
of Art, and Experience, as to make fime Men excel others in their
Obfervations, and DeduCiions,almoft as much as they doBeafes. By the
addition of fuch artificial Instruments and methods;there may bejn
fome manner.) a reparation made for the mischiefs, and imperfedion,
mankind has drawn upon it sels, by negligence,andintemperance, and a

wilsul and fuperfiitious defecting the Prefcripts arid Rules of Nature,
whereby everyman, both from a deriv'd corruption, innate and born
with him, and from his breeding and converfe with men,is very fubjesi
to' flip into all forts oserrors.

The only way which now remains for us to recover fome degree os
those former perfections, feems to be,by rectifying the operations cf the
Sensejhe Metnory,and Reason,fence upon the evidence,the strength,
the integrity, and the right correspondence of all thefe,all the light,
by which our astioris are to he guided, is to be renewed, and all our com-
mand over things is to be eftablifbt.

It is theresore moss worthy of- our confederation, to recoiled their fe-
several defeats, that fo we may the better underftand.how to fupply them,

and by what afliftances we may inlarge their power,and sccure them in
performing their particular duties.

As for the altions of our Senses, we cannot but obferve them to be in

a many



The Preface.
many particulars much outdone by thofe os other Creatures, and when
at beft,to be sar sbortos the perfection they feem capable of: And theft
infirmities cf the Senfes arise srom a double caufe, either from thedtf-
proportion of the Objcst to the Organ,whereby aninsinite number cf
things can never enter into them,or else from error in the Perception,
that many things, which come within their reach, are not received in a

right manner.
The likesrailties are to be sound in the Memory ; we osten let many

things ssip away srom us, which deferve to be retain'd; and of thofe
which we treafure up, a great part is either frivolous or falle; and is

good, and substantial, either in trabioftimooYYiter^ted, or at beft fo
overwhelmed and buried under more srothy notions, that when there is

need cf them, they are in vain fought for.
The two main soundations being so deceivable, it is no wonder, that

all the fucceedingworkz which we build upon them,of arguing, conclu-
ding,desiningjudging, and all the other degrees of Reafon, are lyable to
the same imperfection, being, at beft, either vain, or uncertain: So that
the errors os the understanding are answerable to the two other, being
desective both in the quantity andgoodness os its knowledge ; for the li*
mils, to which our thoughts are confi nd, are small in reftesi os the vaft
extent os Nature it sels; fome parts of it are too large to be comprehen-
ded, and fome too little to beperceived. And srom thence it rnuft sis
lowshat not having a full senfation os the Objesi, we muft be very lame
and impersesi in our conceptions about it, and in all the proportions
which we build upon it; hence we osten take the shadow of things sor
the substance,small appearances for good similitudes, similitudes
sor definitions; and even many os thofe, which we think, to be the moft
solid definitions, are rather expre/sions of our own misguided apprehen*

sions then cf the true nature of the things themfelves.
The e/sesss cf these imperfections are maniseftedin different ways,ac-

cording to the temper anddijsofition of the sever al minds of men, some
they incline to gross ignorance andftupidity, and others to a pre-
sumptuous imposing on other mens Opinions, and a confident dog-
matizing on matters, whereof there is no assurance to be ^cven.

* Thus



The Preface.
7Zwd all the uncertainty and miftakgs of humane actions, proceed

either srom the narrowness and wandring os our Senses, from theflippe-
rinefi or delufion of our Memory, srom the consinement or rafhnefi os
^rUnderstanding,pt^t 'tis no wonder, that our power over natu-
ral causes and effdtis is so flowl] improv d, feeing we are not only to
contend with the obfcurity and disficulty os the things whereon we work,

and think, siut even the forces of our own minds con/sire to betray us.
These being the dangers in the procefi of humane Reafon, the remedies

of them all can only proceed srom the real, the mechanical, the ex-
perimental Philofophy,which has this advantage over the Philosophy of
discourse xWdisputation^dt whereas that chiesly aims at the fubtilty
of its Deductions and Conclufions, without much regard to the sirft
ground-work., which ought to be well laid on theSenfe and Memory;
so this intends the right ordering os them all,and the making them fer-
viceable to each other.

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

To which end it is requifite, sirft, That there fbouldbe d (crapu-
lous choice,and a Arid examination, of the reality, constancy, and
certainty os the Particulars that we admit:Thic is the sirft rife where-
on truth is to begin, and here the most fevere, andmoft impartial dili-
gence, muft be employed; the ftoring up os all, without any regard to
evidence or lise, will only tend to darkdess and corfuston. We must
not therefore efteem the riches of ourPhilofcphical treafure by the num-

ber only, but chiesly by the weight;^ moft vulgar Inftances are not to
beneglddedsiut above all, the moft insirudive are to be entertain dt,
thefootfteps os Nature are to be trac d,not only in her ordinary course,
but when fbe feems to be put to her fhsitsy:o make many doublings and
turnings, andto use somekindos artinindeavouringto avoid our

difc&very.
The ne^t care to be taken, in resfe^ cs the Senses, is a fupplying cs

their irsirmities with I nsiruments, and, as it were, the adding of arti-
ficial Organs to the natural • this in one of them has been cs late years

dccttri-



The Preface.
accompli flrt withprodigiousbenesit to all sorts os useful knowledge , by
the invention of Optical Glasfes. By the means of Telescopes, there is
nothing fo far distant but may be reprefentedto our view ; and by the
help os Microscopes, there is nothing fo small, as to efcape our inqui-
ry ; hence there is a new viftble World difcovered to the underssanding.
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 Assronomers were utterly Strangers. By this the Earth it fels,
which lyes fo neer us, under our feet, sbews quite a new thing to us, and
in every little particle os its matter, we now behold alrnofl as great a
variety of Creatures, as we were able before to reckon up in the whole

Univerfe# fels.
It leems not improbable, but that by thefe helps the jubtilty of the

composition of Bodies, the ftrusiure of their parts, the various texture
of their matter, the inflrumentsand manner of their inward motions,
and all the other poflible appearances of things, may come to be more

fully difcovered; all which the antient Peripateticks were content to
comprehend in two general and ( unleft further explain'd) ufekft
words of Matter and Form.From whence there, may arise many admi-
rable advantages,towards the increafe of the Operative, and the Me-
clianick Knowledge, to which this Age feems fo much inclined, becaufe
we mayperhassbe inabled todifcern all the fecret workings os Nature,
alrnofl in the fame manner as we do thofe that are the productions of
Art, and are managd by Wheels, and Engines, and Springs, that were
devisedby humane Wit.

In this kind I here prefent to the World my imperfeC Indeavours ;
which though they fh all prove no other way conflder able,yet, I hope, they
may be in fame meafure useful to the main Defign of a reformation
in Philofophy,is it be only by fbewing, that there is not fo much requir'd
towards it,any ftrength (^Imagination,or exasinefs os Method,pr depth
ofContemphtionfthoughthe addition of thefe,where they can be had,
muft needs produce a much moreperseC compofure)as a sincere Hand,
and a faithful Eye, to examine, and to record, the things themfelves
as they appear.

And



The Preface.
And I beg my Reader, to let me take the boldnefi to assure him,

that in this prefent condition of knowledge, a man fo qualisied, as I
have indeavoured to be, only with reflation, and integrity, and plain
intentions of imploying his Senses aright,may venture to- compare the re-
alty and the ufefulnefi of his fervices, towards the true Philofiphy, with
those of other men, that are of much ftronger,and more acute specula-
tions,t/wt fh all not make ufe of the fame method by the Senfes.

The truth is, the Science of Nature has been already too long made
only a work, of the Brain and the Fancy *• It is now high time that it

fhould return to the plainnefi and soundnefl of Oblervations on ma-
terial and obvious things. It is faidof great Empires, That the best
way to preserve them from decay, is to bring them back to the
first Principles, and Arts, on which they did begin. The same
is undoubtedly true in Philofophy,that by wandring far away into invi-
iible Notions,^ almofi quite def royd it felsiand it can never be re-
covered, or continued, but by returning into the fame sensible paths,
in which it did at sirf proceed.

Is therefore the Reader expesis srom me any infallible Deductions,
or certainty of Axioms, I am to fay for my fels, that thofe ftronger
Works of Wit and Imagination are abort my weak Abilities; or is
they had not been so, I would not have made ufe os them in this pre-
fent Subjehi before me: Whereever he sinds that I have ventur'd at
any fmall Conjectures, at the caufes of the things that I have obferved,
Ibefeech him to look upon them only as doubtful Problems,and uncer-
tain ghesses, and not asunquestionable Conclufions, or matters of un-
coisut able Science*, Ihave produced nothing here, with intent to bind
his underfianding to an implicit confent; I am fo far srom that, that
I defire him, not abfolutely to rely upon thefeObfervations of my eyes,
is he sinds them corttradided by the suture Ocular Experiments os fi-
ber and impartial Difcoverers.

As sor my part, Ihave obtained my end, is thefe my fmall Labours
fhall be thought sit to take up fime place in the large ftockof natural
Observationg, which fo many hands are busie in providing. Is Ihave
contributed the meanest foundations whereon others may raise nobler

b Super-



The Prefac e.
Superstru&ures, lam abundantly (atissied; and all my ambition is,
that I may strve to the great Pbibfop hers cf this Age , as the makers
and the grinders of my G Ioffes did tome; that I may prepare and fur-
nifh them with some Materials, which they may asterwards order and
manage with better skill, and to far greater advantage.

The next remedies in thus univerfal cure os the Mind are to be ap-
plyed to the Memory, and they are to conftst of fuch Directions as may
insorm us, what things arebeft to be stor’d up sor our purpofe, and
which is the best way of fo disposing them, that they may not only be
kept in safety, but ready and convenient,to be at any time produc’d^
uft, as occafion fiall require. But I will not here prevent my ftls in
what I may say in another Discourfe , wherein I fball make an at-
tempt to propofe some Considerations of the manner of compiling a Na-
tural and Artisicial History, and os so ranging and regiftring its
Particulars into Philosophical Tables, as may make them moft uftsul

for the raising os Axioms and Theories.
The laft indeed is the moft hazardous Enterprize, and yet the moft

necessary ; and that is, to take such care that the J udgment and the
Reason os Man ( which is the third Faculty to be repair d and im-
prov'd) fbould receive fuch affiftance, as to avoid the dangers to
which it is by nature moft fubjeCi. The Imperfections, which I have al-
ready mention d, to which it is lyable, do either belong to the extent,
or tZ^goodness of its knowledge; and here the disficulty is the grea-
ter, leaft that which may be thought a remedy for the one fbould
prove destru&ive to the other, least by feeking to inlarge our Know-
ledge, we fbould render it weak, and uncertain; and leaft by being
too fcrupulous and exalt about every Circumftance of it, we fbould
confine and ftreigbten it too much.

In both theft the middle wayes are to be taken, nothing is to be
omitted, and yet every thing to paft a mature deliberation; No
Intelligence srom Men cf all Prosessions, and quarters os the World,
to be slighted,andyet all to be so severely examind,that there remain
no room sor doubt or instability ; much rigour in admitting, much
ftridness in compajring^and above all, much slowness in debating, and

shyness
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shyness in determinings it io beprablifed. The Understanding is to
order all the inferiour fervices of the lower Facuities; but jet it is to
do this only as a lawful Master, and not as a Tyrant. It musi not in-
croach upon their Offices, nor take upon it felf the employments which
belong to either of them. It mufi watch the irregularities of the Sen-
sts, but it musi not go before them, or preventer information. It
w/r examine, range, and disposeof the bank, which is laid up in the
Memory ; but it mufi be fure to zz^edistindion between the sober and
well colle&ed heap, and the extravagant Idea’s, and mistaken
Images , which there it may fometimes light upon. So many are the
links, upon which the true Philofophy depends, of which, is any one be loose,

or weak , the whole chains in danger of being dissblvd; it is to be-
gin with the Hands,and Eyes, and to proceed on through the Memory s
to be continued by the Reafon; nor is it to fop there, but to come about
to the Hands and Eyes again, and fo, by a continual pillage round
from one Facuity to another, it is to be maintained in life andfrength^
as much as the body of man is by ^circulation of the blood through the
fever al parts of the body, the Arms, the Fat, the Lungs, the Heart, and the
Head,

If once this method were followed with diligence and attention, there is
nothing that lyes within the power of human Wit (or which is far more
effectual) of human Indufiry , which we might not compafi • we might
not only hope for Inventions to equalize thofe of Copernicus, Galileo,
Gilbert Hai vy, and of others, whofe Names are almofi loft, that were the
Inventors of Gun-powder, the Seamans Compass, Printing, Etching,
Graving, Microscopes, &c. but multitudes that may far exceed them :
soreven thofe diseoveries feern to havebeen the produbis of sorne fuch me-
thod, though but imperfeH ; What may not be therefore expelled from it is
thoroughly profecuted? Talking and contention of Arguments would
foon be turridinto labours; all the sine dreams of Opinions, and uni-
versal metaphy sical natures, which the luxury of fubtil Brains has de-
vis'd, would quickfy vanisb, and giveplace to solid Histories, Experi-
ments and Works. And as at sirfi, mankind fell by tailing of the

forbidden Tree of Knowledge,fo we, their Posierity, may be in part restor’d
by
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by the same way, not only by beholding and contemplating, but by ta-
iling toathofe fruits os Natural knowledge, that were never yet forbidden.

From hence the World may be affifted with variety os Inventions, new
matter for Sciences may be collected, the old improv'd, and their russ:
rubb'daway; and as it is by the benesit os Senfes that we receive all our
Skill in the works os Nature,fo they alfo may be wonderfully benesited by
it, and may be guided to an eafter and more exaCi persormance of their
Ossices; ’tis not unlikely, but that we may sind out wherein our Senfes are
desicient, and as eafily sind wayes os repairing them.

The Indeavours os Skilsul men have been moft converfant about the
affifiance of the Eye, and many noble Productions have followed upon it;
and from hence we may conclude, that there is a way open'd for advancing
the operations, not only os all the other Senfes fut even os the Eye it felfithat
which has been already done ought not to content us,but rather to incourage
us to proceed further, and to attempt greater things in the fame and diffe-

rent wayes. -
’Tvs not unlikely, but that there may be yet invented fever al other

helps for the eye,as much exceedingthofe already found,as thofe do the bare

eyeffuch as by which we may perhaps be able to difcover living Creatures in
the Moon, or other Planets, therms os the compounding Particles os
matter, and the particular Schematisms W Textures os Bodies.

And as Glasses have highly promoted our seeing, fo 'tis not improba-
ble,but that there may be soundMechanical Inventions to improve
our other Senfes, of hearing, smelling, tailing^ touching. ’Tis not
impoffible to hear a whisper a furlongs difiance, ithavingbeen already
done; and perhaps the nature of the thing would not make it moreim-
poffible, though that furlong fbould be ten times multiply d. And though
fome famous Authors have affirm'd it impoffible to hear through the thin-
nest plate of Muscovy-glass; yet I know a way,by which tiseafie enough
to hear one freak through a wall a yard thick. It has not been yet
thoroughly examin'd,how far Otocousticons may be improv’d, nor what
other wayes there may be of quickning our hearing, or conveying found
through other bodies then the Air: for that that is not the only medium,
I can afsure the Beader, that I havefiy the help of d distended wirc,jpropa-



(rated the found to a very confder able diftance in an instant, or with as
feemingly quick, a motion as that of light, at leaf, incompar ably .fwisser
then that, which at the fame time was propagated through the Air; and
thus not only in a ftraight line, or direCry but in one beaded in many,
angles.

Nor are the other three fo perfeCt, but that d iligence, attention,,and
many mechanical. contrivances, may alfo highly improve them, i For,
fmcethe fenfe os smelling/iws to be made by. the swistpaffageef the
Air ( impregnated with the fleams and effluvia os feverdl odorous
Bodies) through the grifly meanders os the Nofewhofefurfdces are
cover’d with a very fenfible nerve , and moistned by a transuda-
tion from the procefflii mamillares of the Brain, and fome ad-
joyning glandules, and by the moifl steam of the Lungs, with a Liquor
convenient for the reception of thofe effluvia and by the adheflon and
mixing of thofe fleams with that liquor,and thereby asfeffiing the nerve, or
perhaps by infinuating themfelves into the juices of the brain, aster the
fame manner, as I have in the following Obfervations intimated, the parts
of Salt topafl through the skins of Efss, and Frogs. Since, I fay, fuelling
seems to be made by fome fuch way, ’tis not improbable, but that fome con-
trivance^ for making a great quantity of Airpafl quickjhroughthe Nofe,
might as much promote the fenfe of fuelling, as the any wayeshindringthat
pasfage does dull and deflroy it. Several tryals I have made , both of
hindring and promoting thia fenfe,and have, fucceeded in fome according to
expectation ; and indeed to me it feems capable of being improv d, for the
judging os the confutations of many Bodies. P er haps we may thereby
alfo judge fas other Creatures feem to doj whdtjs wholfome,what poyfon ;
and in a word, what are the ssecisick. properties of Bodies.

There may be also fome other mechanical wayes found out, of sensibly
perceiving the effluvia of Bodies; sever al Inflances of which, were it here
proper, I could give of Mineral fleams and exhalations ; and it seems not
impofible, but that by fome fuch wayes improved, may be difcovered, what
Minerals lye buried under the Earth, without the trouble to dig sor them ;
some things to confirm this Conjecture may be found in Agri cola, and other
Writers of Minerals, sreaking of the Vegetables that are apt to thrive, or

pine, in thofe fleams. s Whether
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Whether also thbfe sseams, which seem to isssue out os the Earth, and

mix with the Air ( andfo to precipitate fame aqueous Exhalations,where-
with ’tit impregnated ) may not be by fame way detected before they produce
the esfehi, feems hard to determine; yet famething os this kind lam able to
difcover,by an Inftrument I contriv'd to fibew all the minute variations in
thepr eflsur e of the Airby which I conssantly sind,that before, and during
the time os rainy weather, thepr eflsur e os the Air is left, and in dry wea-
ther , but especially when an Eastern Wind ( which having past over
vaft traits of Land is heavy with Earthy Particles y blows, it is much
more, though thefe changes are varied according to very odd Laws.

The Instrument is this. I prepare a pretty capaceous Bolt-head A B, with
a small stem about two foot and a half long D C; upon the end of this D
I put on a small bended Glass,or brazen Syphon DEF ( open at D, E and F,
but to be doled with cement at F and E, asoccasion serves) whole stem F
ihould be about six or eight inches long, but the bore of it not above half an
inch diameter,and very even 5 these I fix very strongly together by the help
bf very hard Cement, and then fit the whole Glass A B CD E F into a long
Board,or Frame,in such manner,that almost half the head A B may lye buri-
ed in a concave Hemisphere cut into the Board RS 5 then I place it soon
the Board R S, as is exprest in the first Figure of the first Scheme 5 and fix
it very firm and steady in that posture, so as that the weight of the Mercury
that is afterwards to be put into it,may not in the least (hake or stir it 5 then
drawing a line X Y on the Frame R T, so that it may divide the ball into
two equal parts, or that it may pass, as ’twere, through the center of the
ball. 1 begin from that, and divide all the rest of the Board towards LIT
into inches, and the inches between the 2 5 and the end E(which need not be
above two or three and thirty inches distant from the line X Y) I subdivide
into Decimals 5 then slopping the end F with loft Cement,or soft Wax, I in-
vert the Frame, placing the head downwards, and the Orifice E upwards ,
and by it, with a small Funnel, I fill the whole Glals with Qyicksilver 5 then
by slopping the small Orifice E with my finger, I oftentimes crest and invert
the whole Glass and Frame,and thereby free the Quicksilver and Glals from
all the bubbles or parcels of lurking Air then inverting it as before,! fill it
top full with clear and well strain’d Quicksilver, and having made ready a
small ball of pretty hard Cement, by heat made very foft, I prels it into the
hole E, and thereby stop it very fast 5 and to secure this Cement from flying
out afterward,! bind over it a piece of Leather, that is Ipread over in the in-
side with Cement, and wound about it whilst the Cement is hot: Having
thus fastned it, 1 gently erest again the Glass after this manner : I first let the
Frame down edge-wayes, till the edge R V touch the Floor, or ly horizon-
tal j and then in that edging posture raise the end RS; this I do , that if
there chance to be any Air hidden in the small Pipe E, it may afcend into the
Pipe F, and not into the Pipe D C : Having thus erested it, and hung it by
the hole Q, or fixt it perpendicularly by any other means, I open the end F,

and



and by a srnall typhon I draw out the Mercury so long,till I find the surface os
it A B in the head to touch exactly the line X Y 5 at which pme I immedi-
ately take away the typhon, and if by chance it be run somewhat below
the line X Y, by pouring in gently a little Mercury at F, I raise it again to
its desired height, by this contrivance I make all the sensible rising and fal-
ling of the Mercury to be visible in the surface of the Mercury in the Pipe F,
and scarceany in the head AB. But because there really is seme small
change of the upper surface also, I find by several Observations how much
it rises in the Ball, and falls in the Pipe F, to make the distance between the
3wo surfaces an inch greater then it was before 5 and the measure that it
falls in the Pipe is the length of the inch by which I am to mark the parts of
the Tube F, or the Board on which it lyes, into inches and Decimals: Ha^
ving thus jusined and divided it, I have a large Wheel M N O P, whole
outmost limb is divided into two hundred equal parts 5 this by certain small
Pillars is fixt on the Frame KT, in the manner exprest in the Figure. In
the middle of this, on the back side, in a convenient frame, is placed a small
Cylinder, whose circumference is equal to twice the length of one of thole
divisions, which I find answer to an inch of aseerit, or deseent, of Mercury z
This Cylinder 1, is movable on a very small Needle, on the end of which is
fixt a very light Index K. L, all which are so pois’d on the Axis, or Needle,
that no part is heavier then another : Then about this Cylinder is wound a
small Clew of Silk, with two small steel Bullets at each end of it G one
of these, which is somewhat the heavier, ought to be so big, as freely to
move to^nd fro in the Pipe F 5 by means of which contrivance, every the
lead variation of the height of the Mercury will be made exceeding visible
by the motion to and sro of the small Index K L.

B/zt this ributone way of difeovering the effluvia of the Earth mixt
with the Air ; there may be perhaps many others,witneft the Hygroscopc^
an Inftrument whereby the watery fleams volatile in the Air are difeerned,
which the Nofe it felfisnot able to find, 7hisl have defcrib'd in the
following 7ra$ in the Defiription of the Beard of a wild Oat. Others there
arejnay be difeovered both by the Nofe , and by other wayes also. Thus
thesmodk of burning Wood it smelt, seen, and Susficiently felt by the
eyes: The fumes of burning Brimstone are smelt anddifeovered alfo
by the defraying the Colours of Bodies as by the whitening of a fed
Role : And who knows, but that the Induftry of man, following this me-
thod,may sind out wayes of improving this fenfe to as great a degree of per
fessiion as it is in any Animal, and perhaps yet higher.

"7is not improbable alfo,but that our taste may be very much improv'd,
either by preparing our taft for the Body, as, aster eating bitter things,
Wine,or other Vinous liquors, are more fenfibly tafled; or elfeby pre-
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paring Bodies for our taft; as the dissblving of Metals with acid Liquors,
make them taflable, which were before altogether infipid; thus Lead be-
comes sweeter then Sugar, and Silver more bitter then Gall, Copper
rt/fc/Iron of moft loathsome tofts. And indeed the bufinefi of this fenfe
being to difcover the prefence of disfolved Bodies in Liquors put on the
Tongue,or in general to difcover that a fluid body has fome folid body dissolvd

in it, and what they are; whatever contrivance makes this difcovery
improves this fenfe. In this kind the mixtures of Chymical Liquors af-
ford many Inftances ; as the fweet Vinegar that is impregnated with
Lead may be difcovered tobefoby the affufton of a little of an Alcalizate
solution: The bitter liquor of Aqua fbrtis and Silver may be difcover d
to be chargd with that Metal, by laying in it fome plates of Copper :
’Tis not improbable also,but there may be multitudes of other wayes of difco-
vering the parts difsolvd, or difsoluble in liquors ; and what is this difco-
very but a kind of secundary rasting.

'Tis not improbable alfo,but that the fenfe of feeling may be highly im-
prov’d, for that being a fenfe that judges of the more gross and robust
motions of the Particles of Bodies, feems capable of being improv'd and
alfisted very many wayes. Thus sor the diftinguifhing of Heat and Cold,tZ>e
Weather-glass and Thermometer, which Ihavedefcrib'din this follow-
ing Treatife, do exceedingly perfect it; by each of which the leaft varia-
tions of heat or cold, which the moft Acute fenfe is not able to diftinguifb,are
- manifefled This is ostentimes further promoted also by the help of Burn-
ing-glasies,<W the like,which collect and unite the radiating heat. Thus
the roughness and smoothness os a Body is made much more fenfible by
the help of a Microscope, thenby the moft tender and delicate Hand.
Perhaps, a Phyfitian might, by fever al other tangible proprieties, difcover
the confutation of a Body as well as by the Pulse. I do but inftancein
thefe,to fhew whatposfibility there may be os many others, and what proba-
bility and hopes there were of finding them,is this method were followed \
sor the Offices of the sive Senfes being to detebi either the subtil and curi-
ous Motionspropagated through all pellucid or perfectly homogeneous
Bodies-, Or the more grok <Wvibrative Pulse communicated through
the Air and all other convenient mediums, whether fluid or folid: Or the

effluvia
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effluvia tf Bodies dissblv’d in the Air ; Or the particles cf bodies dis-
solv’d or dissbluble in Liquors, or the more quick and violent (ba-
king motion o/'heat in all or any of thefe: wbatsoever does any wayespro-
mote any of thefe kinds of criteria, does afford a way of improving fome
one fenfe. And what a multitude of thefe would a diligent Man meet
with in his inquiries ? And this sor the helping and promoting the lensi-
tive faculty only.

Next,as sor the Memory, or retentive faculty, we maybe sufficiently
inftrusiedfrom the written Histories of civil ast ions, what great affi-
siance may be afforded the Memory, in the committing to writing things ob*
servable in natural operations. Is a Physitian be therefore accounted the
more able in his Faculty, becaufe he has had long experience and practice,
the remembrance of which,though perhaps very imperfebi, does regulate all
his aster actions: What ought to be thought of that man, that has not only
a perfect register of his own experience,but is grown old with the. experience
(f many hundreds os years, and many thoufands of men.

And though of late, men, beginning to be fensible of this convenience,
have here and there regiftred and printedfome few Centuries, yet for the
moftpart they are fet down very lamely and imperfectly, and, I fear, many
times not fo truly, they feeming, sever al of them, to be deftgrid more for
Ostentation then publique use : For,not to infiance,that they do,for the
moftpart,omitthofe Experiences they have made, wherein their Patients
have mifcarriedjt is very easie to be perceiv d,that they do all along hyper-
bolically extol their own Prefcriptions, and vilisie those of others. Not*
withsianding all which, thefe kinds of Hisiories are. generally efieem'd ufe*
sul, even to the ablesi Phyfitian.

What may not be expeded from the rational or deduftive Faculty
that is surnisht with Materials, and thofe fo readily adapted, and
rangdfor ufe,that in a moment, as ’twere, thoufands of Infiances, ferving
for the illustration,determination, or invention, of almofi any inquiry,■
may be represented even to the sight ? Now neer the nature of Axioms
must all thofe Propositions be which are examin d before so many
nesses ? And how difficult will it be for any^ though never fo fubtil an er-
ror in Philofophy, to scape from being difcovesd, aster it has induc'd the

touch, andfo many other tryals ? d What
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What kind of mechanical way, andphyfical invention alsi is there re-

quir'd, that might not this way be found out ? The Invention os a way to
sind the Longitude os places is eafily persorm'd, and that to as great per-
fedion as is desis'd, or to as great an accurateness as the Latitude cs
places can be sound at Sea; and perhaps yet alfi to a greater certainty
then that has been hitherto sounds as I fbdll very ffeedily sreely manisest to
the world. The way of ssying in the Air feems principally unprassicable,
by reafon of the want of strength in humane muscles ; is theresore
that could be fupplidjt were,I think., eafietomake twenty contrivances to
perform the office of Wings : What Attempts alfi I have made sor the
[applying that Desess, and my fucceffes therein, which, I think., are wholly
new,and not inconsiderable, Ifhallin another place relate,

*Tis not unlikely alsi, but that Chymists, is they followed this method,
might sind out their fi much fought sor Alkahest. What an universal
Menstruurii, which dissblves all forts of Sulphureous Bodies, lhave
difeover'd s which has not been before taken notice of as fuch ) Ibave
fhewn in the fisteenth Obfervation.

What a prodigious variety of Inventions in Anatomy has this latter
Age afforded, even in our own Bodies.,in the very Heart, by which we live,
and the Brain,which is the feat of our knowledge os other things ? witnefi
alltbe excellent Works of Pecquet, Bartholinus, Billius, and many
others ; and at home, of Dossor Harvy,Dossor Ent,Do ssor Willis, Do ssor
Glisson. In Celestial Observations we have sar exceeded all the An-
cients,even the Chaldeans and Egyptians themfelves, whofe vast Plains,
high Toners,and clear Air, did not .give them fi great advantages over
us, as we have over them by our Gia ties. By the helpcf which, they have
been very much outdone by the famous Galileo, Hevclius, Zulichem ;
and our own Countrymen, Mr. Rook, Dossor Wren, and the great Orna-
ment os our Church and Nation,the Lord Bishop of Exeter. And to fay
no more in Aerial Discoveries, there has been a wonderfulprogreft made
by the Noble Engine of the most Illustrious Mr. Boyle,'whom it becomes
me to mention with all honour, not only as my particular Patron,but as the
Patron of Philosophy it fels .; which be every day increases by his La-
bours, and adorns by his Example.

The
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'The goodfuccefi of all thefe great lA&n,and many others and the now

feemingly great obviousneis of mofi of their and divers other Inventions,
which from thebeginning of the worldhave been, as'twere, trod on, and
yet not minded till thefe laft inquisitive Ages ( an Argument that there
may be yet behind multitudes oj the like") puts me in mind to recommend
such Studies,andtheprofecutionof them by fuch methods, to the Gentlemen
of our Nation,whofe leisure makes them sit to undertake, and the plenty
of their fortunes to accomplish, extraordinary things in this way. And I
do not onlypropefe this kindof Experimental Philosophy as a matter of
high rapture and delight of the mind, but even as a material and sensi-
ble Pleasure. So vaft is the variety of Objects which will come under
their Insfebiions, fo many different wayes there are of handling them, fo
great is the satisfaflion of sinding out new things, that I dare compare
the contentment which they will injoy,not only to that of contemplation,
but even to that which moftmen prefer of the very Senses themselves.

And is they will pleafe to take any incour agement from fo mean
and so imperfect endeavours as mine, upon my own experience, I can
afsure them,without arrogance, That there has not been any inquiry or Pro-

blem in Mechanicks, that I have hithertopropounded to my felf, but by a
certain method ( which I may on fome other opportunity explain ) I have
been able prefently to examine thepoffibility of it; and if fo, as easily to ex*
cogitate divers wayes of performing it: And indeed it ispoffible to do as
much by this method in Mechanicks, as by Algebra can be perform'd in
Geometry. Nor can I at all doubt, but that the fatne method is as ap-
plicable to Physical Enquiries , and as likely to find and reap thence as
plentisul a crop of Inventions; and indeed there feems to be no fubjebi fo
barren,but may with this good husbandry be highly improv'd.

Toward the profecution of this methodizz Physical Inquiries, I have
here and there gleaned up an handful of Obfervations, in the collebiion os
moft of which I made ufe of Microscopes, andfome other Glades and In-
struments that improve the fenfe ; which way I have herein taken, not
that there are not multitudes of ufeful and'pleafant Obfervables,yetuncol-
kbied,obvious enough without the helps of Art, but only to promote the ufe
of Mechanical helps for the Senfes,both in the furveying the already vifible

World,
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World) andforthediscoveryofmany others hitherto unknown) and to make
Mjvith the great Conqueror yo be afsetied that we have notyet overcome one
World when there are fo many others to be difcovered) every considerable
improvement ofTelescopes or Microscopes producingnew Worldsand
Terra-Incognita’s to our view.

The Glajfes I used were cf our Englisb makefiut though very good of the
kind) yet sar fhortos what might be expefted) could we once find a way ts
making Glajfes Elliptical) or of fome more true fbape ; for though both
Microscopes, andTelescopes, as they now are) willmagnifie an Objeft
about a thoufand thoufand times bigger then it appears to the naked eye;
yet the Apertures cs the Objeft-glajfes are fo very jmalfthat very few Rays
are admitted) and even os thofe sew there are fo manyfalfC) that the Objeli
appears dark and indistinst: And indeed these inconveniences are fuch)Os

seem infeparable from Spherical GlajfeS) even when mosi exactly madefiut
the way we have hitherto made ufe cffor thatpurpofe ia fo imperfessthat there
may be perhaps ten wrought besore one be made tolerably good) and mofi os

thofe ten perhaps every one difsering in goodnefi one from another) which is
an Argumentjhat the way hitherto ufed i^at leaft)Very uncertain. So that
thefe Glajses have a double defesfyheonejhat very few of them are exactly
true wrought; the other) that even of thofe that are besi among them) none
will admit a fussicient number os Rayes to magnisie the Objeti beyond a
determinate bignefi. Againft which Inconveniences the only Remedies I
have hitherto met with are thefe.

First, for Microfiopes ( where the Objed: we view is near and within our
power)the best way of making it appear bright in the Glacis to cast a great
quantity of light on it by means ofconvex glases^or thereby ,though the aper-
ture be very smalkyet there will throng in through it such multitudes3that an
Objest will by this means indure to be magnifi’d as much again as it would
be without it. The way for doing which is this. I make choice of some
Room that has only one window open to the South 3 and at about three or
four foot distance from this Window5on a Table., I place my Mi crofc ope 3 and
then so place either a round Globe of Water., or a very deep clear piano con-
vex Glals ( whose convex side is turn’d towards the Window ) that there
is a great quantity of Rayes collested and thrown upon the Object: Or if
the Sun shine, I place a small piece of oyly Paper very near the Objeft3 be-
tween that and the light, then with a good largeBurning-Glass! so colled:
and throw the Rayes on the Paperothat there may be a very great quantity

, of sight pass through it to the Object 5 yet I so proportion that light., that it
may
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may not singe or burn the Paper. Instead of which Paper there maybe
made use of a sinal! piece of Looking-glass plate , one of whose sides is made
rough by being rubb’don aslat Tool with very fine (and, this will, if the
heat be leisurely cast on it, indure a much greater degree of heat, and con-
sequently very much augment a convenient light. By all which means the
light of the Sun, or of a Window, may be so cast on an Object, as to make it
twice as light as it would otherwise be without it, and that without any in-
convenience of glaring, which the immediate light os the Sun is very apt to
create in mosr Objects, for by this means the light isso equally diftused,
that all parts are alike inlightned ; but when the immediate sight of the Sun
falls on it, the ressexions from seme few parts are sb vivid, that they drown
the appearance of all the other, and are themselves also, by reason of the in-
equality of light, indistinst, and appear only radiant spots.

But becaule the light of the Sun, and also that of a Window, is in a conti-
nual variation, and so many Objects cannot be view’d long enough by then!
to be throughly examin’d 5 besidesthat, oftentimes the Weather is so dark
and cloudy, that for many dayes together nothing can be view’d: And be-
cause also there are many Objects to be met with in the night, which cannot
so conveniently be kept perhaps till the day, therefore to procure and cast a
sufficient quantity of light on an Objed in the night, I thought of, and often
used this, Expedient.

I procur’d me a small Pedestal, sitch as is describ’d in the fifth Figure os
the first Scheme on the small Pillar A B, of which were two movable
Armes CD, which by means of the Screws E F, I could fix in any part of
the Pillar 5 on the undermost of thefe I plac’d a pretty large Globe os Glass
G, fill’d with exceeding clear Brine, stopt, inverted, and fixt in the manner
visible in the Figure 5 out of the side of which Arm proceeded another
Arm H, with many joynts 5 to the end of which was fastned a deep plain
Convex glafs I, which by means of this Arm could be moved to and fro, and
fixt in any posture. On the upper Arm was placed a small Lamp K, which
could be so mov’d upon the end of the Arm , as to be set in a fit posture to
give light through the Ball: By means of this Instrument duly plac’d , as is
exprest in the Figure, with the sinall ssame of a Lamp may be cast as great
and convenient a light on the Object as it will well indure,and being always
constant, and to be had at any time. I found most proper for drawing the
reprefentations of thofe small Objects I had occasion to observe.

None of all which ways (though much beyond any other hitherto made
ufe of by any I know ) do afford a sufficient help, but after a certain
degree of magnifying,they leave us again in the lurch. Hence it were very
deserable, that feme way were thought of for making the Ob jed-glass of
such a Figure as would conveniently bear a large Aperture.

As sor Telescopes, the. only improvement they feem capable of rs the
increasing of their length ; for the Objedbeingremate^ there hs no thought

°s n greater light then it ha^; and therefore to augment the
Aperture., the Glasi mu ft be ground of a very large fyhere ; for^by that

e mean^
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means,the longer the Glaft be, the bigger aperture will it bear,is the Glaffes
be os an equal goodneft in their kind. Therefore a fix will indure a
much larger Aperture then a three seet Glaft; and a fixty foot Glaft will
proportionably bear a greater Aperture then a thirty,and will at much ex-
cel it also as a fix foot does a three foot, as I have experimentally obfervd
in one os that length madeby Mr. Richard Reives here at London,
which will bear an Aperture- above three inches over, and yet make
the Object proportion ably big and disiinEl; whereas there are very
few thirty foot Glafsesthat will indurcan Aperture of more then two in-
ches over. So that for Telescopes, fuppofmg we had a very ready way
os making their ObjeEi Glasfesof exaEtly fyherical Surfaces, we might, by
increafing the length) of the Glaft, magnisie the ObjeEi to any afsignable big-

neft. And for performing both thefe, I cannot imagine any way more ea-
sie,andmore exaEi, then by thus following Engine,by means of which, any
Glafses,os what length foever,may be sfeedily made.lt feems the mofi eafie, .
because with one and the fame Tool may be with care ground an ObjeEi
Glaft, of any length or breadthrequifite, and that with very little or no
trouble in sitting the Engine, and without much skill in the Grinder.
It seems io be the mofi exaEt, sor to the very lafi firoke the Glast does
regulate andreEiisie the Tool toitsexaEi Figure; and the longer or more
the Tooland Glaft are wrought together, the moreexaEl will both of them
be of the desir d Figure. Further, the motions of the Glaft and Tool do
so croft each other, that there vs not one point os cithers Surface,but has
ihoufands of croft motions thwartingit, so that there can be no kind os
Fings or Gutters made either in the Tool or Glaft.

The contrivance of the Engine is, only to make the ends of two large
Mandrils so to move, that the Centers of them may be at any convenient
distance asonder, and that the .Axis of the Mandrils lying both in the same
plain produc’d, may meet each other in any assignable Angle y both which
requisites may be very well perform’d by the Engine describ’d in the third
Figure of the first Scheme : where A B lignifies the Beam of a Lath fixt per-
pendicularly or Horizontally, C D the two Poppet heads, fixt at about two
foot distance, E F an Iron MandriLyfaofe tapering neck F runs in an adapt-
ed tapering brals Collar; the other end E runs on the point of a Screw G 5
in a convenient place of this is fastned H a pully Wheel, and into the end of
it,that comes through the Poppet head C, is screweda Ring of a hollow
Cylinder^, or some other conveniently ssiap’d Tool, of what widenels (hall
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be thought most proper for thecize of Glasses, about which it is to be im-
plby d : As, for Object glasses, between twelve foot and an hundred foot
long, the Ring may be about six inches over, or indeed somewhat
more for those longer Glasses. It would be convenient allb, and not
very chargeable, to have four or five leveral Tools, as one for all Glasses
between an inch and a foot j one for all Glasses between a foot and ten foot
long, another for all between ten and an hundred,a fourth for all between a:
hundred and a thousand foot long 5 and if Curiosity shall ever proceed so
far,one for all lengths between a thousand and ten thouland foot long 5 for
indeed the principle is such,that lupposing the Mandrils well made,and of a
good length, and supposing great care be used in working and polilhing
them,! see no reasbnjbut that a Glals of a thouland,nay of ten thouland foot
long, may be as well made as one of ten 5 for the reason is the lame,lupposing
the Mandrils and Tools be made sufficiently strong, lb that they cannot
bend 5 and supposing the Glass, out of which they are wrought, be capable
of so great a regularity in its parts as to refrastion: this hollow Cylinder K
is to contain the Sand, and by being drove round very quick to and fro by
means of a small Wheel,which may be mov'd With ones foot, serves to grind
the Glass: The other Mandril is lhap’d like this, but it has an even neck in-
stead os 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 still adjustned to the wearing or
wasting neck: into the end of this Mandril is screwed a Chock N, on which
with Cement or Glew is fastned the piece of GlassQ_that is to be form’d 5
the middle of which Glass is to be plac’d just on the edge of the Ring, and
the Lath OP is to be set and fixt ( by means of certain pieces and lerews,
the manner whereof will be sufficiently evidenc’d by the Figure ) in such
an Angle as is requisite to the forming of such a Sphere as the Glals is de-
sign’d to be of 5 the geometrical ground of which being sufficiently plain,
though not heeded before, I shall, for brevities lake, pals over. This last
Mandrills to be made ( by means of the former, or some other Wheel) to
run round very swift allb, by which two crols motions the Glals cannot
chuse (if care be us’d ) but be wrought into a most exactly Ipherical
Surface.

But becaufe we are certain^ srom the Laws of refra&ion ( wbicH 1
I have experimentally sound to be fofy an Inftrument Ifhall prefent ly de^
fcribe') that the lines of the angles of Incidence are proportio-
nate to the lines of the angles of Refradion, therefore is Glaffes could
be made of thofe kind of Figures^ or fome other, fuch at the moft incompa-
rable Des Cartes hat invented^ and demoniftrated in hit Philofophicaland
Mathematical Works^we might hope for a much greaterperfection of Opticks

then can be rationally expeCted from sphericalones^forthough^tcns^-
ribus, wesind, that the larger the Telescopc Objebi Glajfes are^ and the
shorter thofe of the Microscope, the better they magnisies yet both of them.,

beftde
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befide fitch determinate dimenstons, areby certain inconveniences rendred
unusesul; sor it willbe exceeding difficult: to make and manage a Tube
above an hundred foot long, and it will be as disficult to inlighten an
Obieft left then an hundredpart of an inch dislant srom the Objeft Glast.

I have not as yet made any attempts os that kind, though I know two or
three wayes, which, as far asl have yet constdered, feem very prob able,and
may invite me to mak& a try al as foon as I have an opportunity, of which I
may hereaster perhaps acquaint the world. In the Interim, I fballdefcribe
the Insirument I even now mention'd, by which the refra&ion os all kinds
of Liquors may be mofi exasily meafur d, thereby to give the curious an
opportunity cf making what surther tryals of that kind they fball think
requisite to any os their intended tryals \ and to let them see that the laws
cf Resrasiion are not only notional.

The Insirument consisted of five Rulers , or long pieces placed together,
after the manner exprest in the second Figure of the first Scheme, where
A B denotes astraight piece of wood about six foot and two inches long,
about three inches over, and an inch and half thick , on the back side os
Which was hung a small plummet by a line stretcht from top to bottom, by
which this piece was let exactly upright,and sb very firmly pxt 5 in the mid-
dle of this was made a hole or center, into which one end of a hollow cy-
lindrical brassBox CC, fashion’d as I sball by and by describe, was plac’d,
and could very easily and truly be mov’d to and fro 5 the other end of this
Box being put into, and moving in, a hole made in a small arm DD; into
this box was fastned the long Ruler E F, 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 cross’d with two small threads, and at the end os
it was fixt a small sight G, and on the back side of it was fixt a small Arm H,
with a Screw to fix it in any place on the Ruler L M 5 this Ruler L M was
mov’d on the Center B ( which was exactly three foot dislance from the
middle Center P ) and a line drawn through the middle of it LM, was
divided by a Fine of cords into seme sixty degrees,and each degree was sub-
divided into minutes, sb that putting the cross of the threads in E upon any
part of this divided line, I prefently knew what Angle the two Rules A B
and E F made with each other, and by turning the Screw in H, I could fix
them in any position. The other Ruler alsb R S was made much after the
same manner, only it was not fixt to the hollow cylindrical Box. but,by means
of two small brals Armes or Ears, it mov’d on the Centers of it 5 thisalso,
by means of the eross threads in the hole S, and by a. Screw in K, could be
fastned on any division of another line of cords of the same radius drawn on
N O. And so by that means, the Angle made by the two Rulers, A B and
R S, was also known. The Brass box C C in the middle was shap’d very
much like the Figure X, that is, it was a cylindrical Box slopp’d cjose at ei-
ther end,off of which a part both os the fides and bottomes was cut out, sb

that
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that the Box,' when the Pipe and that was jqyne d to it, would contain the
Water when fill’d half full, and would likewise, without running over, in-
dureto be inclin’d to an Angle , equal to that of the greatest refrastion Of
Water, and no more,without running over. The Ruler E F was fixt very fast
tb the Pipe V, Id that the PipeV directed the length of the kulerE F, and
the Box and Ruler were mov’d on the Pin TT, Id as to make any desF
rablc Angle with the Ruler AB. The bottom of this PipeV was Rop’d
with a small piece of exactly plain Glass, which was plac’d exactly per-
pendicular to the Line of direction, or Jxzr of the Ruler E F. The Pins
allb T T were drill'd with small holes through the ^wi,and through thole
holes was stretcht and fastned a small Wire. There was likewise a sihall
Pipe of Tin loosly put on upon the end of V, and reaching down to the
sight G; the useof which was only to keep any falle Rayes of lightfronl
palling through the bottom of V, and only admitting siich to pals as pier-
ced through the sight G: All things being placed together in the manner
describ’d in the Figure 5 that is, the Ruler A B being fixt perpendicular, I
fill’d the Box CC with Water, or any other Liquor, whose refraftion I in-
tended to try, till the Wire palling through the middle of it were just Co-
vered : then I moved and sixt the Ruler F E at any asiignable Angle, and
placed the ssame of a Candle just against the sight G 5 and looking through
the sight I, I moved the Ruler R S to and sro, till I perceived the light pasi
sing through G to be covered, as ’twere, or divided by the dark Wire pasi
sing through PP: then turning the Screw i.iK, I fixt it in that posttirc:
And through the hole S, lobserved what degree and part of it Was Cut by
the cross threads in S. And this gave me the Angle of Inclination, APS
anlweringto the Angle of Refrastion BPE : for the surface of the Liquor
in the Box will be alwayes horizontal, and consequently A B will be a
perpendicular to it 5 the Angle theresore APS will measute, or be the
Angle of Inclination in the Liquor 5 next EPB must be the Angle of Re-
fradion,for the Ray that passes through the sight G, passes allb perpendicu-
larly through the Glass Diapir agme at F, and consequently also perpendi-
cularly through the lower surface of the Liquor contiguous to the Glass, and
therefore sufters no refraction till it meet with the horizontal liirfaceof the
Liquor in C C, which is determined by the two Angles.

By means of tbii Inflrument I can wt/? little trouble, and a very
[mail quantity of any Liquor, examine, moft accurately, the refra&ion
.of it, not only for one inclination, but for all; and thereby am inabled
to make very accurate Tables; fever al of which Ihave alfo experimentally
made,and sind, that Oylof Turpentine has a much greater RefrdHion
then Spirit of Wine, though it be lighter ; and that Spirit of Wine
has a greater Refraction then Water, though it be lighter alfo \ but that
sait Water alfo has a greater Refrasiion then fresli, though it be heavier r
but Allum water has a left refraffiion then common Watery though hea*
vier also.So that it feems,as to the refra&idsi made in a Liquor,the /peci“
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fick gravity it of no essicacy.By this I have alsofoun^thatloohwhat^rc-
portion the Sine os the Angle os one Inclination has to the Sine of
Angle of Refra&ion, corressiondent toit^ the fame proportion have all
the Sines of other Inclinations to the Sines of their appropriate Reft actions.

My way for measuring how much a Glals magnifies an Object, plac’d ata
convenient distance from my eye,is this. Having retifi’d the Microjccpe^ to
see the desir’d Object through it very distinstly, at the lame time that I look
upon the Objest through the Glals with one eye, I look upon other Objets
at the lame distance with my other bare eye, by which means I am able,
by the help of a Ruler divided into inches and small parts, and laid on the
Pe dest al of the Microftopeyo cast,as it were, the magnifi’d appearance of the
Objest upon the Ruler,and thereby exastly to measure the Diameter it ap-
pears of through the Glals, which being compar’d with the Diameter it ap-
pears of to the naked eye, will easily afford the quantity of its magnify-
ing. >

The Microfcope^ which for the most part I made ufe of, was fliap’d much
like that in the sixth Figure of the first Scheme^ the Tube being for the most
part not above six or seven inches long,though, by reason it had four Draw-
ers, it could very much be lengthened, as occasion required 5 this was con-
triv’d with three Glassesja small Object Glals at A, a thinner Eye Glass about
B, and a very deep one about C: this 1 made use of only when I had oc-
casion to see much of an Objet at once 5 the middle Glals conveying a
very great company of radiating Pencils, which would go another way, and
throwing them upon the deep Eye Glals. But when ever I had occasion to
examine the small parts of a Body more accurately, I took out the middle
Glals,and only made ufe of one Eye Glals with the Objest Glals, for always
the fewer the Refrastions are, the more bright and clear the Objet appears.
And therefore ’tis not to be doubted , but could we make a Microfcope to
have one only reflation, it would, ceteris paribus, far excel any other that
had a greater number. And hence it is, that if you take a very clear piece
of a broken Venice Glals, and in a Lamp draw it out into very (mall hairs or
threads, then holding the ends of thefe threads in the ssame, till they melt
and run into almall round Globnl, or drop, which will hang at the end of
the thread 5 and if further you stick several of these upon the end of a stick
with a little sealing Wax,so as that the threads stand upwards, and then ori
a Whetstone first grind off a good part of them, and afterward on a Imootfi-
Metal plate, with a little Tripoly, rub them till they come to be very
sinocth if one of these be fixt with a little soft Wax against a small needle
hole,prick’d through a thin Plate of Brals, Lead, Pewter, or any other Me-
tal, and an Objest, plac’d very near, be look’d at through it, it will both
magnifie and make seme Gbjeds more distind then any of the great Micro-

Jcopes. But because these, though exceeding easily made, are yet very trou-
blesometo be us’d,becaufe of their sinalness,and the nearnessof theOb jest 5
therefore to prevent both these, and yet ha ve only two Refl ations, I pro-
vided me a Tube of Brafs, shap’d much like that in the fourth Figure of the
first Scheme^ into thesiualler end of this I fixt with Waxagood/’/^zzzz ion-
'USX
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vex Objed Glast,with the convex side towards the Objetft, and into the
bigger end I fixtalso with wax a pretty large piano Convex Glass, with
the convex side towards my eye, then byt means of the small hole
by the side, I fill’d the intermediate space between thest two Glasses
with very clear Water, and with a Screw slopp’d itin5 then putting
on a Cell for the Eye, I could perceive an Object more bright then I could
when the intermediate space was only fill’d with Air,but this, for other in-
conveniences, I made but little ufe of.

My way for fixing both the Glass and Object to the Pedestal most- conve-
niently was thus : Upon one side of a round'Pedestal AB, in the sixth Fi-
gure of the first Scheme jnqs fixt a small Pillar C C, oh this was fitted a small
Iron Arm D, which could be mov’d up and down, and fixt in any part of the
Pillar,by means of a small Screw E, on the end of this Arm was a small Ball
fitted into a kind of socket F, made in the side of the BrassRing G, through
which the small end of the Tube wasscrew’d, by means of which contri-
vance I could place and fix the Tube in what posture I desir’d (which for
many Observations was exceeding,necesTary) and ad justen it mbst exastly
toanyObjest.

For placing the Ob jed,I made this contrivance 5 upon the end of a small
brass Link or Staple H H, I sbfastncd a round Plate! I, that it might be
turn’d round upon its Center K, and going pretty stiff, would stand
fixt in any posture it wasset 5 on the side of this was fixt a small Pillar P,
about three quarters of an inch high, and through the top of this was thrpst
a small Iron pin M, whose top just st bod over the Center of the Plate 5 on
this top I fixt a small Objest, and by means of. thest contrivances I was able
to turn it into all kind of petitions, both to my Eye and the Light 5 for by
moving round the small Plate on its center, I could move it one way, and by
turning the Pin M, I could move it another way, and this without stirring
the Glass at all, or at least but Very little : the Plate likewise I could move
to and fro to any part of the Pedestal ( which in many cases was very con-
venient ) and fix it also in any Petition, by means of a Nut N, which was
screw’d on upon the lower part os the Pillar C C. All the other Con-
trivances are obvious enough from the draught,and will need no destription

though thh were the Inftrument I made moft ufe osy jet I have
made sever al other Try ah with other kinds os Microscopes, which both
sor matter and form were very different from common fyherical Glasses.
I have made a Microscope with one piece os Glaff^ both whofe furfaces
were plains. I have made another only with a piano concave, without
any kind os reflections divers alfo by means os reftedion. Lhavemade
others of Waters., Gums, Resins, Salts, Arsenick, Oyls, and with,
divers other mixtures of watery andoy\y Liquors/ Andindeedthe
subjesi h capable of a great variety; but I sind generally nonemoreufe-
fulthenthatwhich is made with two Glasses, fueb as I have already de^

scrib'd. What
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What the things are I obfervd, the following defcriptions mil maniseft ;

in brief, they were either exceeding small Bodies, or exceeding small
Pores, or exceeding small Motions, fome of each os which the Reader
will sind in the following Notes.,andfuch, as I prefume, ( many of them
at leas) will be new, andperhaps not left strange; Some specimen of
each of which Heads the Reader will sind in the fubfequent delineations,
and indeed of fome more then I was willing there fhould be; which was
occastoned by my sir ft Intentions to print a much greater number then I
have fence found time to compleat. Of fuch theresore as Ihad, I feled-
edonly fome sew os every Head, which for fomeparticulars feemdmoft ob-
servable, rejecting the reft as fuperfluous to the prefent Design.

What each of the delineated Subjects are,the sollowing defcriptions an-
next to each will insorm,of which Ifhall here, only once for all, add, That
in divers os them the Gravers have pretty well follow'd my directions and
draughts; and that in making of them, I indeavoured (as far as Iwas
able ) sirft to difeover the true appearance, and next to make aplain re-
presentation of it. This I mention, the rather, becaufe of thefe kind os
ObjeCls there is much more difficulty to difeover the true fbape, then of
thofe visible to the naked eye, the fame ObjeCi feeming quite differing, in
one pofition to the Light, srom what it really us, and may be difeover d
in another. And theresore I never began to make any draught before by
many examinations in fever al lights, and in feveral pofetions to thofe
lights, I had difeover'd the true form. For it is exceeding difficult in
seme ObjeCls, to distinguifh between a prominency and a depression,
between a fliadow and a black stain, or a ressexion and a whiteness
in the colour. Befides, the tranffarency of moft Objects renders them
yet much more difficult then is they were opacous. The Eyes of a Fly in
one kind (s light appear almoft like a Lattice, drill'd through with abun-
dance os fmall holes; which probably may be the Reafon, why the Ingeni-
ous Dr. Power feems to fuppofe them fuch. In the Sunfhine they look,
like a Surface cover'd with golden Nails; in anotherpofturef ike a Sur-
sace cover'd with Pyramids; in another with Cones; and in other po-
stures os quite other fiapes; but that which exhibits the beft, is the Light
collefted on the ObjeCi, by thofe me ansi have already defcrib'd.

And
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And this w as undertaken in profecution os the Defign which the ROY-

AL SOCIETY hat propos'd to it fels. For the Members ofthe Assembly ha-
wing before their eys fo many fatal Infiances ofthe errors andfalfboodsjn which
the greatefi part of mankind has fo long wandred, becaufe they rely d upon the
firength of humane Reafon alone, have begun anew to correct all Hy-
potheses by fenfe, at Seamen do their dead Reckonings by Coelestial
Observations^w/ to this purpofe it hat been their principal endeavour to en-
large <9* strengthen tZ>eSerises by Medicine,and by fucbQ\xtNm& Instru-
ments at are proper for their particular works. By this means they sindfome
reafon to fuselt,that thofe effeCs os Bodies,which have been commonly attri-
buted to Qualities, and thofe conseftd to be Occult, are perform’d by the
fmall Machines of Nature, which are not to be difcerrid without thefe helps.,
feeming themeerprodufts of Motion,Figure, W Magnitude; and that the
Natural Textures, which fome call the Plastick faculty, may be made in
Looms,nfe/j a greater perfection os Opticks may make difiemable by thefe
Glaffesfb as now they are no morepuzgledabout them,then the vulgar are to
conceive.,/wTapestry or fiowred Stuffs are woven. And the ends ofall thefe
Inquiries they intend to be the Pleasure os Contemplative minds, but above
all,the easc and dispatch of the labours of mens hands.They do indeedneg-
leti no opportunity to bring all the rare things os Remote Countries within the
compafl of their knowledge andpraCtice.But they fiill acknowledg their molt
useful Insormations to arife from common things, and from diversify ing
their mofi ordinary operations upon them. They do not wholly res eCi Experi-

ments cfmeer light and theory; but they principally aim at fuch, whose
Applications will improve and facilitate the prefent way of Manual Arts.
And though fome men, who are perhaps taken up about lefi honourable Em-

ployments, arepleasdto cenfure their proceedings, yet they can fhewmore
fruits os'their sirsi three years,wherein they haveasfembled, then any other
Society in Europe can for a much larger sace oftime.'Tis true, fuch un-
dertakings as theirs do commonly meet with fmallincouragement., becaufe.
mtn are generally rather takenwith the plausible anddiscursive, then the
real and thefolid part of Philofcphy \ yet by the good fortune of their inflitu-
tionjn an Age os all others the mofi inquisitive,^ have been affified by the
contribution and presencejof very many of the chifNeMMty and Gentry,

g and
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and others,who are same ofthe most considerable in their fever al Profelfions.
But that that yet sarther convinces me of the Real esteem that the more se-
rious^rt os men have of thisSoc\evy,is,tbat fever al Merchants, men who
asi in earnefi(wbofe Object us meum t\mm,that great Rudder of humane
assairs)bave adventur'dconsiderable fums of Money,to put in practice what
some of our Members have contrived, and have continued stedfast in their
good opinions of fuch Indeavours, when not one of a hundred of the vulgar
have believed their undertakings feafable. And it is alsofit to be added,that
they have one advantage peculiar to themfelves,that very many of their num-
her are men of Converse and Trassick; which is a good Omen, that their
attempts will bring Philofophy from words to action,feeing the men of Bu li-
ness have had fo great a ss) are in their fir Ji soundation.
And ofthis kind I ought not to conceal oneparticularGenerQiity,which more

nearly concerns my fels.lt is the munificence os Sir JohnCutler,i« endowing
a Lefture sor thepromotion of Mechanick Arts,to be governed and directed
^ZfeSociety.TZ^Bounty I mention for the Honourableness ofthe thingit
felsandfor the expectation which I have of the efficacy ofthe Example ;for
it cannot now be objeCted to them,that their Designs will be efleemed frivolous

and vain, when they have such a real Tcstimony of the Approbation of
a Man that is fuch an eminent Ornament os thia renowned City, and one,
who, by theVariety, and the happy Success, of b is negotiations, has given
evident proofs, that be is not easie to be deceiv'd. This Gentleman has well
obfervd, that the Arts os lise have been too long imprisond in the dark,
sbops of Mechanicks themselves,& there hindred from growth,either by ig-
norance,or fels-intereft:and he has bravely freed them srom thefe inconveni-
ences-.He hath not only obliged Tradesmen,(but Trade it felsiHe has done a
work, that is worthy os London, and has taught the chief City of Commerce
in the world the right way how Commerce is to be improv'd. We have already
seen many other great signs of Liberality and a large mind, srom the fame
hand:For by his diligence about /^Corporation for the Poorly his hono^
Table Sublcriptions/or the rebuilding of S’/.Paul’s;^ his chearsul Disburs-
ment for the replanting cs\rchnB,and by many other fuch publick works.
he has sbewn by what means he indeavours to establish his Memory; and
now by this lastgist he has done that,which became one oftbewLfest Citizens
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of our Nation to accomplisby feeing one. of the wisest of our Statesmen,the
Lord Verulam,^^ propoundedit.

But to return to my Subseclyfrom a dlgresfeony whichy Ihopfyny Beader
will pardon me, feeing the Example is sb rare that I can make no more suck
digresfeons. Isthefe my sirsi Labours/ball be any ways usefulto inqui-
ring meny I muft attribute the incour agement and promotion of them to a ve.->
ry Reverend and Learned Perlon, gf whom this ought in juft ice to- be faidy
That there is fcarceany one Invention, which this Nation has pro-
duc’d in our Age, but it has fome way or other been set forward by
his assistance. My Reader Jbelievejvill quickly ghefiythat it is Dr. WiL
kins that I mean.He io indeed a manbornfor thegpoA of mankind,/Wsor
the honour os ^Country. In the Iweetnels os whose behaviour,in the
calmness of his mind, in the unbounded goodness of his heart, we have
an evident Inftancey what the true and the primitive unpassionate Religk
on waSy before it was sowred by particular Farions. In a wordy his Zeal
has been fo constant and eftcstua! in advancing all good and prositable
ArcSythat as one of the Antient Romans [aid of Scipio, That he thanked
God that he was a Roman ; because whereever Scipio had been born,
there had been the seat of the Empire of the world: So may I thanks
Gody that Dr. Wilkins was an Englishman, for whereever he had lived,
there had been the chies Seat of generous Knowledge and true Philoso-
phy. To the truth os thiSythereare fo many worthy men living that will fuby
scribcy that I am confidenty what I have here faidy will not be lookedupony
by any ingenious Readery as a Panegyrick, but only as a real testir

mony.
By the Advice of'this Excellent man Ifirsi fet upon this Enterprifeyyei

siill came to it with much Beln^ncy ybecaufe I was to sollow the footfieps of
so eminent a Perfon as Dr. Wren , who was the firfi that attempted any
thing of this nature; whofe original draughts do now make one of the Orna-
ments ofthat great Collebiion cf Rarities in the Kings Closet. fhis Ho-
nor, which his sirfi beginnings os this kind have receivdy to be admitted in-
to the moftfamousplace of the worldydid not fo much incourage, as the ha-
zard of coming aster Dr. Wren did affright me; for of him Imufi asfirm^
thaty fence the time of Archimedes, there scarce ever met in one many in fo

great
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great a perfection, fiucha Mechanical Hand, and fo Philosophical a
Mind.

But at laft,being affuredboth by Dr. Wilkins,/W Dr. Wren limsels,
that he had given over his intentions ofprofecuting it, and not sinding that
there was any elfe design'd the pur filing of it,Ifet upon this undertaking, and
was not a little incouragd toproceedin it, by the Honour theRoyzl Society
waspleasdto favour me with,in approving of thofe draughts (which from
time to titne as I had an opportunity of defcribing) I preferred to them. And
particularly by the Incitements of divers os thofe Noble and excellent Per-
fons of it, which were my more eftecial Friends,who were not left urgent with
me for thepublijhing, then for the profecution ofthem.

After I had almoft compleated thefe Pictures and Obfervations ( ha-
ving had divers os them ingraven , and was ready to fend them to the
Preft ) I was informd, that the Ingenious Phyfitian Dr. Henry Power
had made fever al Microscopical Obfervations,which had I not asterwards,
upon our interchangably viewing each others Papers, found that they were
sor the moftpaft differing from mine, either in the Subjebi it fels, or in the
particulars taken notice of; and that his defign was only to print Obfer-
vations without Pictures,I bad even then suppressed what I had fo far pro-
ceeded in. But being further excited by fever al of my Friends, in cornply-
ance with their opinions, that it would not be unacceptable to fever al inqui-

sitive Men, and hoping dlfo, that I fhould thereby discover fomething
New to the-World, I have at length caft in my Mite, into the vast 7‘reasu-
ry of A Philosophical History. And it is my hope, as well as belief that
thefe my Labours will be no more comparable to the Productions of many
other Natural Philosophers, who are now every where bufie about greater
things ; then my little Objects are to be compar'd to the greater and more
beautisulWcyAts of Nature, A Flea, a Mite, a Gnat, to anHorfe,an Ele-
phant, or a Lyon»
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OR SOME
Physiological Descriptions

o F

MADE BY
MAGNIFYING GLASSES,

WITH
Observations and Inquiries thereupon.

Observ. I. Of the Point ofaJbarj? fmall Needle.

S in Geometry^ the most natural way of beginning is Scbem.a
from a Mathematical point ; so is the lame method in
Oblervations and Natural hijlory the most genuine3sim-
ple, and instru&ive. We must first endevour to make
letters., and draw jingle strokes true 3 before we ven-
ture to write whole Sentences, or to draw large Pz-
ttures. And in Phyjical Enquiries, we must endevour
to follow Nature in the more plain and easie ways lhe

treads in the most fimple and uncompounded bodies^ to trace her steps, and
be acquainted with her manner of walking there, before we venture our
selves into the multitude of meanders (he has in bodies os a more complica-
ted nature 5 lest, being unable to distinguilh and judge of our way, we
quickly lole both Nature our Guide,and our felves too,and are left to wan-
der in the labyrinth of groundlest opinions 5 wanting both judgment^ that
lights and experience., that clew., which Ihould direct our proceedings.

We will'begin these our Inquiries therefore with the Observations of
Bodies of the mostsimple nature first,and so gradually proceed to thole of a
more compounded one.In prosecution of which method, we lhall begin with
a Phyjical pointy of which kind the Point of a Needleis commonly reckon’d
for one 5 and is indeed, for the most part, made so (harp, that the naked
eye cannot distinguilh any parts of it: It very easily pierces3 and makes its
Way through all kind of bod ies softer then it self:But if view’d with a very
good M/crof ope. we may find that the top of a Needle (though as to the

B fense
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fenfe very fharpJ appears a broadflunt^ and very irregular end 5 not refem-
bling a Cone, as is imagin’d, but onely a piece os a tapering body, with a
great part of the top remov’d, or deficient. The Points of Pins are yet
more blunt, and the Points of the most curious Mathematital Instruments
do very seldome arrive at so great a sharpness 5 how much therefore can
be built upon demonstraticns made onely by the productions of the Ru-
ler and Compasses, he will be better able to consider that (hall but view
thofe points and lines with a Illicrofeope.

Now though this point be commonly accounted the sharpest (whence
when we would express the sharpness of a point the most juperlatively, we
lay, As (harp as a Needle) yet the Microfeope can afford us hundreds of In-
stances of Points many thousand times (harper: such as thofe of the hairs,*
and brijiles^ and claws of multitudes of Infects 5 the thorns, or crooks^ or
hairs of leaves 3 and othter small vegetables 5 nay, the ends of the jiiri<e or
sinall parallelipipeds of Amianthus, and alumen plumofum 5 of many of
which, though the Points are so sharp as not to be visible, though view’d
with a Asicrojcope (which magnifies the ObjeCs, in bulk, above a million of
times) yet I doubt not, but were we able practically to make Microfcopes
according to the theory of them, we might find hills, and dales,and pores,
and a sufticient bredth, or expansion, to give all those parts elbow-room,
even in the blunt top of the veryPoint of any of these so very lharp bodies.
For certainly the quantity or extension of any body may be Divifible in in-

sinitum, though perhaps not the matter.
But to proceed : The Image we have here exhibited in the

first Figure, was the top of a sinall and very sharp Needle, whofe
point a a nevertheless appear’d through the Mzcrofiope above a
quarter of an inch broad, not round nor ssat, but irregular and un-
even 5 so that it feem’d to have been big enough to have afforded a.
hundred armed Mites room enough to be rang’d by each other without
endangering the breaking one anothers necks, by being thrust oss on ei-
ther side. The surface of which, though appearing to the naked eye very
sinooth,could not nevertheless hide a multitude of holes and scratches and.
ruggednesfes from being difeover’d by the Mzcrojcope to invest it, several
of which inequalities (as A,B,C, feem’d holes made by some sinall specks of
Ruft j and D some adventitious body^ that stuck very close to it) were ca-

sital. All the rest that roughen the surfece, were onely so many marks os
the rudeness and bungling of Art. So unaccurate is it, in all its producti-
ons, even in those which feem most neat, that if examin’d with an organ
more acute then that by which they were made, the more we fee of their
fijape^ the less appearance will there be of their beauty : whereas in the
works of Nature^ the deepest Disccveries shew us the greatest Excellen-
cies. An evident Argument, that he that was the Author of all thefe
things, was no other then Omnipotent 5 being able to include as great a va-
riety of parts and contrivances in the yet smallest Discernable Point, as in
thofe vaster bodies (which comparatively are called also Points) such as
the Earthy Sun^ or Planets. Nor need it feem strange that the Earth it self
may be by an Analogic call’d aThysical PointrFor as its body,though now
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sb near us as to fill our eys and fancies with a sense of the vadness of it,
may by a little Didance, and some convenient Diminifhing Glasses, be
made vanilh into a scarce visible Speck, or Point ( as I have often
try’d on the Moon., and (when not too bright) on the Sun it self.) So,
could a Mechanical contrivance succesfully answerour Theory, we might
see the lead Ipot as big as the Earth it ielf^ and Difcover, as Des Cartes Diep ch.
also conjectures, as great a variety of bodies in the Moon, or Planets, as in l0- § 9.
the Earth.

But leaving these Discoveries to future Industries, we (hall proceed to
add one Observation more of a point commonly so call’d,that is, the mark
Gitsullflop, or period. And for this purpose I observed many both printed
ones and written 5 and among multitudes I found jsezr of them more round
or regular then this which I have delineated in the third figure of the le-
cond Scheme, but very many abundantly more disfigur'd j and for the
mod part if they seem’d equally round to the eye, I found thole points
that had been made by a Copper-plate, and Roll-prels, to be as mislhapen
as those which had been made with Types, the mod curious andlmothly
engraven firokps and points, looking but as so many surrows and holes, anil
their printed imprejslons, but like smutty daubings on a matt or uneven
ssoor with a blunt extinguilht brand or dick’s end. And as for points
made with a pen they were much more rugged and deformed. Nay,having
view’d certain pieces of exceeding curious writing of the kind ( one os
which in the bredth of a two-pence compris’d the Lordsprayer, the Apojlles
Creed, the ten Commandments, and about half a dozen verfies befides os the
Bible, whose lines were so fmall and near together, that I was unable to
number them with my naked eye, a very ordinary Microfeope, I had then a-
bout me,inabled me to see that what the Writer of it had asserted was
true, but withall dilcover’d of what pitiful! bungling fcribbles and fir awls
it was compos'd,Arabian and China characters being almost as well shap’d 5
yet thus much I mud lay for the Man, that it was for the mod part legible
enough, though in some places there wanted a good sianisy well prepofejl
to help one through. If this manner osfmall writing were made eafie and
practicable ( and I think I know such a one, but have never yet made
try al of it, whereby one might be inabled to write a great deale with much
eafie, and accurately enough in a very little roome j it might be of very
good ule to convey fiecret Intelligence without any danger of Dificovery
or miflrufling. But to come again to the point. The irregularities of it
are caused by three or four coadjutors, one of which is, the unevenfiurfiacc
of the paper,, which at bed appears no Imotherthen a very courfe piece of
shagd cloth, next the irregularity os the Type or Ingraving, and a third is the
rough Daubing of the Printing-In s tbit lies upon the indrument that makes
the impression, td all which, add the variation made by the Disferent
lights and jbadows, and you may have sufficient reason to gbels that a point
may appear much more ugly then this, which I have here presented, which
though it appear’d through the Microfeope gray, like a great iplatch of
London dirt, about three inches over 5 yet to the naked eye it was black,
and no bigger then that in the midd of the Circle A. And could I have
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found Room in this Plate to have inserted an O you should have seen that
the letters were not more distinst then the points of Distin&ion, nor a
drawn circle more exactlyJ^then we have now (hewn a point to be a point.

Obferv. II. Of the Edge os a Razor.

THe (harpest Edge hath the same kind of affinity to the sharpest Pointin Physicks, as a line hath to a point 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-
spetf, till more clolely viewed by the Alicrofiope, and there we may ob-
serve its very Edge to be of all kind of (hapes, except what it should be.
For examining that of a very (harp one, . I could not find that any part of
it had any thing of lharpness in it 5 but it appear’d a rough surface of a
very considerable bredth from side to side, the narrowest part not scem-
ing thinner then the back of a pretty thick Knife. Nor is’t likely that it
should appear any otherwise, since as we just now shew’d that a point ap-
pear’d a circle^ ’tis rational a line should be a parallelogram.

Now for the drawing this second Figure(which represents a part of the
Edge about half a quarter of an inch long of a Razor well set) I so plac’d it
between the Objest-glals & the light.that there appear’d a ressection from
the very Edge,represented by the white line abc des. In which you may
perceive it to be somewhat (harper then elsewhere about to be indent-
ed or pitted about />, to be broader and thicker about c, and unequal
and rugged about e, and pretty even between a b and es. Nor was that
part of the Edge g h i 4 so smooth as one would imagine so smooth bo-
dies as a Hone and Oyl should leave it 5 for besides those multitudes of
(cratches, which appear to have raz’d the surface gh i 4, and to crois
each other every way which are not half of them exprest in the Figure,
there were several great and deep scratches, or furrows, such as £ h and
i which made the surface yet more rugged, caus’d perhaps by some
sinal! Dust casually falling on the Hone, or some harder or more ssinty
part of the Hone it self. The other part of the Razor / /, which is polilh’d
on a grinding-stone, appear’d much rougher then the other, looking al-
most like a plow’d field, with many parallels, ridges, and furrows, and a
cloddy, as ’twere, or an uneven surface : nor (hall we wonder at the
roughnesses of those surfaces, since even in the most curious wrought
Glallesfor JlPicrofopes^ and other Optical ufes, I have, when the Sun has
(hone well on them, diseover’d their surfacc to be varioullyraz’d or
scratched, and to consist of an infinite of small broken surfaces, which re-
ssedc the light of very various and dissering colours. And indeed it seems
impossible by Art to cut the surface of any hard and brittle body smcoth,
since Pntte^ or even the most curious Powder that can be made use of, to
polistisuch a body, must consist of little hard rough particles, and each of
them must cut its way, and consequently leave some kind of gutter or
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Micrographia. 5
furrow behind it. And though Nature does teem to do it very readily in
all kinds of ssuid bodies, yet perhaps future observators may difcover
even thcsealso rugged 5 it being very probable, as I elsewhere shew, that
ssuid bodies are made up of small solid particles varioussy and strongly
mov’d, and may find reason to think there is fcarce a sorface in rerum na*
tura perfectly smooth. The black spot m w, I ghest to be some small
speck of rust, for that I have oft observ’d to be the manner of the working
of Corrosive Juyces. To conclude, this Edge and piece of a Razor, if it
had been really such as it appear’d through the Microfiope, would scarce-
ly have serv’d to cleave wood, much lest to have cut off the hair of beards,
unlest it were after the manner that Lucian merrily relates Charon to have
made use of,when with a Carpenters Axe he chop’d oft the beard of a sage
Philosopher, whole gravity he very cautiously fear’d would indanger the
oversetting of his Wherry.

Oblerv. III. Ofsine Lawn,or Linnen Cloth.

npHis is another product of Art, Apiece of the finest Lawn I was able
to get, sb curious that the threads were fcarce difcernable by the na- F>&'

kedeye,and yet through an ordinary Microjcope you may perceive what
a goodly piece of coarjc Matting it is 5 what proportionable cords each of
its threads are, being not unlike, both in ihape and size, the bigger and
coarser kind ot Jingle Rope-yarn,wherewith they usually make Cable/. That
which makes the Lawn so trahsparent, is by the Microfcope, nay by the
naked eye, if attentively viewed, plainly enough evidenced to be the
multitude of square holes which are left between the threads, appearing
to have much more hole in respest of the intercurrent parts then is for the
most part left in a lattice-window, which it does a little resemble, onely
the crosting parts are roimd and not ssat.

These threads that compote this fine contexture, though 'they are as
small asthote that constitute the finer sorts of Silks, have notwithstanding
nothing of their glossie, pleasant,and lively ressexion. Nay, I have been
informed both by the Inventor himself, and fcveral other eye-witnesfes,
that though the ssax,out of which it is made,has been (by a Angular art, of
that excellent Person, and Noble Vertuoso, M. Charts Howard, brother to
the Dujc os Norsolk^) curioussy drest’d and prepar’d,as to appear both to
the eye and the touch, full as js»eand asglossie, and to receive all kinds
of colours,as well as Sleave-Silk 5 yet when this Silken Flax is twisted into
threads, it quite loseth its former luster, and becomes as plain and bate
a thread to look on, as one of the same bignest, made of common Flax.

The reason of which odd Phenomenon teems no other then this 5 that
though the curiously drest Flax has its parts so exceedingly small, as to
equallize, if not to be much smaller then the clew of the Silk-worm, espe-
cially in thinnest, yet the differences between the figures of the consti-
tuting filaments are so great, and their substances so various, that whereas
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6 Micrographia.
thofe of the Silk^ arc finally ound, hard, transparent, and to their bignesi
proportionably fiiss, so as each filament preserves its proper Figure, and
confequently its vivid reflexion intire, though twitted into a thread, if
not too hard 5 those of Flax are ssat, limber,sirfterynd lest transparent, and
in twitting into a thread they joyn,and lie so close together,as to lose their
own, and destroy each others particular ressexions. There teems there-
fore three Particulars very requisite to make the so drest Flax appear Silk
also when spun into threads. First, that the sobstance of it should be
made more clear and tranjparent, Flax retaining in it a kind of opacating
brown, or yellow 5 and the parts of the whitest kind I have yet observ’d
with the Microfcope appearing white, like ssaw’d Horn or Glatt, rather
then clear, like clear Horn or Glatt. Next that, the filaments should each
of them be rounded, if that could be done,which yet is not so very necesi
sary, if the first be perform’d, and this third, which is, that each of the
sinall filaments be Jlisned for though they be square, or ssat, provided
they be tranjparent and stiff, much the same appearances mutt necessarily
follow. Now, though I have not yet made trial, yet I doubt not, but that
both thefe proprieties may be also induc’d upon the Flax,and perhaps too
by one and the same Expedient, which some trials may quickly inform any
ingenious attempter of, who from the use and profit of such an Invention,
may find sofficient argument to be prompted to such Inquiries. As for
the tenacity of the substance of Flax, out of which the thread is made, it
teems much inferiour to that of Silk, the one being a vegetable, the
other an animal substance. And whether it proceed from the better con-
codion, or the more homogeneous constitution of animal fabstances
above those of vegetables, I do not here determine 5 yet since I ge-
nerally find, that vegetable substances do not equalize the tenacity of ani-
mal, nor thefe the tenacity of some purified mineral substances slam
very apt to think, that the tenacity of bodies does not proceed from the
hamous, or hooded particles, as the Epicureans, and some modern Philojb-
phers have imagin’d 5 but from the more exad congruity of the consti-
tuent parts, which are contiguous to each other, and so bulky, as not to
be easily feparated, or shatter’d, by any small pulls or concussion of
heat.

Obterv. IV. Of fine waled Silk.? or T'affety,

Sthem. 3. r"|-< is the appearance of a piece of very fine Taffety-riband in the
fl%’1 JL bigger magnifying Glatt, which you see exhibits it like a very con-

venient substance to make Bed-matts,or Door-matts of,or to ferve for Bee-
hives, Corn-teuttleSjChairs. or Corn-tubs,it being not unlike that kind of
work, wherewith in many parts in England, they make such Utensils 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,
teem’d about the bigness of an ordinary Straw, as appears by the little ir-
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M I C R O G R A P Hl A.
regular pieces,// b.c and es\ The Warper the thread that ran crosting the
Riband,appear’d like a Angle Rope of an Inch Diameter 5 but the Woofa
or the thread that ran the length of the Riband, appear’d not half so
big. Each Inch of six-peny-broad Riband appearing no lest then a piece
of Matting Inch and half thick, and twelve foot square 5 a few yards of
this, would be enough to ssoor the long Gallery of the Lowe at Paris.
But to return to our piece of Riband: It affords us a not unpleasant ob-
ject, appearing like a bundle, or wreath, of very clear and transparent
Cylinders the Silk be white, and curioussy ting’d 5 if it be colour’d,each
of those small horney Cylinders affording in seme place or other of them,
as vivid a ressection, as if it had been lent from a Cylinder of Glass or Horn.
In-so-much, that the ressexions of Red, appear’d as if coming from so
many Granates, or Rubies. The loveliness of the colours of Silks above
thofe of hairy Stuffs,or Linnen,consisting as I else-where intimate,chiessy in
thetransparency,and vivid ressections from the Concave^ inner surface
of the transi ar ent Cylinder^ as are also the colours of Precious Stones 5
for most of the ressections from each of thefe Cylinders^ come from the
Concave surface of the air, which is as ’twere the foil that incompasses the
Cylinder. The colours with which each of these Cylinders are ting’d, feem
partly to be soperficial, and ssicking to the out-sides of them 5 and partly^
to be imbib’d, or sunck into the substance of them : for Silk, seeming to
be little else then a dried thread of Glew, may be suppos’d to be very
easily relaxt.and softened,by being steeped in warm, nay in cold,ifpene-
trant, juyces or liquors. And thereby thofe tinChires, though they tinge'
perhaps but a small part os the substance, yet being so highly impregnated
with the colour, as to be almost black with it, may leave an impression
strong enough to exhibite the desir’d colour. A pretty kinde of artifi-
cial Stuff I have seen, looking almost like transparent Parchment, Horn,
or Ising-glass, and perhaps fame such thing it may be made of, which be-
ing transparent, and of a glutinous nature, and easily 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 substance of the Silk. Andi have often thought, that pro-
bably there might be a way found out, to make an artificial glutinous
composition, much resembling, is not full as good, nay better, then that
Excrement,or whatever other substance it be out of which, the Silk-worm
wire-draws his clew. If such a composition were found, it were certain-
ly an easie matter to find very quick ways of drawing it out into small
wires for use. I need not mention the use of such an lnvention,nor the be-
nefit that is likely to accrue to thefinder,they being sofficiently obvious.
This hint therefore, may, I hope, give some Ingenious inquisitive Person
an occasion of making some trials, which if soccessfull, I have my aim, and
I suppose he will have no occasion to be displeas’d.

Oblcrv. V.



8 Micrographi a .
Observ. V. Os watered Silks, or Stuffs*

Sthem. 3. ^T*Here are but few Artisicial things that are worth obscrving with a
Fi&' *' I APicrofiope s and therefore I (hall (peak but briessy concerning them.

For the Productions of art are such rude mis-fhapen things, that when
view’d with a Microfcopejhere is little else obfervable,but their deformity.
The most curious Carvings appearing no better then thofe rude Russian
Images we find mention’d in Pur ch as, where three notches at the end of a
Stick, flood for a face. And the most sinooth and burnifli’d surfaces appear
most rough and unpolisht: So that my first Reason why Ishalladdbuta
few observations of them, is, their mis-shapen form and the next, is their
uselessness. For why (hould we trouble our selves in the examination of
that form or fliape (which is all we are able to reach with a Microfiope)
which we know was design’d for no higher a ufe, then what we were able
to view with our naked eye ? Why should we endeavour to difcover
mysteries in that which has no such thing in it ? And like Rabbins find out
Caballifins, and £nigmas in the Figure, and placing of Letters, where no
soch thing lies hid : whereas in natural forms there are some sb (mail, and
so curious,and their design’d business so far remov’d beyond the reach os
our sight,that the more we magnify the objcCs, the more excellencies and
mysteries do appears And the more we difeoverthe imperfections of our
senses, and the Omnipotency and Infinite perfections of the great Crea-
tour. I (hall therefore onely add one or two Observations more of artisi-
cial things, and then come to the Treaty concerning soch matters as are
the Productions of a more curious Workman. One of thesejhall be that
of a piece of water’d Silk, reprefcnted in the socond Figure of the third
Schemers it appear’d through the least magnifying Glass. A B. lignifying
the long way of the Stusf,and C D the broad way. This Stufs, if the right
side of it be looked upon, appears to the naked eye, all over so waved,
undulated, or grain’d, with a curious, though irregular variety of brigh-
ter and darker parts, that it adds no small gracefulness to theGlossofit.
It is so known a propriety, that it needs but little explication, but it is ob-
fervable, which perhaps everyone has not considered, that those parts
which appear the darker part of the wave, in one positionto the light, in
another appears the lighter,and the contrary sand by this means the undu-
lations become transient, and in a continual change,according as the po-
sition of the parts in resoed of the incident beams of light is varied. The
reason of which odd phenomena., to one that has but diligently examin’d
it even with his naked eye, will be obvious enough. But he that obferves
it with a Microjcepe, may more easily perceive what this Proteus is, and
how it comes to change its shape. He may very easily perceive, that it
proceeds onely from the variety of the Ressexions of light, which is caus’d
by the various jbape os the Particles, or little protuberant parts of the
thread that compole the sorface s and that thofe parts of the waves that
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M I C R O G R A P H 1 At,
appear the brighter.throw towards the eye a multitude of small reflexi-
ons of light, whereas the darker scarce asford any. The reafon of which
resseXion, the Microfcepe plainly discovers, as appears by the Figure. In
which you may perceive, that the brighter parts of the furface consist of
an abundance of large and strong resseXions,denoted by ay ay ay ay &c*
for the surfaces of those threads that run the long wayy are by the Mecha-
nical process of watering, creas d or angled in another kind of posture
then they were by the weaving: for by the weaving they are onely bent
round the warping threads 5 but by the watering, they are bent with an
angle, or elbowy that is instead of lying, or beingTent round the threads,
as in the third Figure, ay ay ay a^ ay are about b^bj? (bybyb reprelenting the
ends,as ’twere,of the cross threads,they are bent about) they are creas’d
on the top of thole threads, with an angle., as in the fourth Figure, and
that with all imaginable variety 5 so that,whereas before they resseXed
the light onely from one point of the round surface, as about c, c, d, they
now when water’d, resseX the beams from more then half the whole sur-
face,as de^deydey and in other postures they return no refleXions at all
from those sursaces. Hence in one posture they compole the brighter
parts of the waves,in another the darker. And these resseXions arealso
varied, according as the particular parts are varioully bent. The reason
of which creasing we Dial 1 next examine 5 and here wemust fetch our in-
formation from the Mechanism or manner of proceeding in this operation 5
which, as I have been inform’d, is no other then this.

They double all the Stufs that is to be water’d, that is,they creaso it just
through the middle of it, the whole length of the piece, leaving the right
(ide of the Stuff inward, and placing the two edges, or silvages just upon
one another,and,as near as they can,place the wale so in the doubling of it,
that the wale of the one side may lie very near parallel, or even with the
wale of the other 5 for the nearer that posture they lie, the greater will
the wateringappear 5 and the more obliquely,or across to each other they
lie, the Imaller are the waves. Their way for folding it for a great wale
is thus: they take a Pin,and begin at one side of the piece in any wale,and
so moving it towards the other side, thereby direX their hands to the op-
posite ends of the wale, and then, as near as they can, place the two op-
posite ends of thejame wale together, and so double, or fold the whole
piece, repeating this enquiry with a Pin at every yard or two’s distance
through the whole length 5 then they sprinkle it with water,and fold it the
longways, placing between every fold a piece of Pastboard, by which
means all the wrong side of the water’d Stuff becomes ssat, and with little
wales, and the wales on the other side become the more protuberant j
whence the creasings or angular bendings of the wales become the more
perlpicuous. Having folded it in this manner,they place it with an inter-
jacent Pastboard into an hot Press, where it is kept very violently prest,
till it be dry and stiff; by which means, the wales of either contiguous
lides leave their own impressions upon each other, as is Very mani-
fest by the second Figure, where ’tis obvious enough, that the wale of the
piece A B C D runs parallel between the pricked lines es, es> ef> and as
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IO MlCROGRAP HIA.
ffianifest to discern the impressions upon thefe wales, left by thofe that
were prest upon them,which lying not exactly parallel with them,but a lit-
tle athwart them, as is denoted by the lines of/; o o o*gh. gh*gh* between
which the other wales did lie parallestthey are so variously,and irregular-
ly creas’d that being put into that shape when wet,and kept so till they be
drie, they so set each others threads, that the Moldings remain almost as
long as the Stuff lasts.

Hence it may appear to any one that attentively considers the Figure,
why the parts of the wale a* a* a* a* a* a* should appear bright $ and why
the parts b* b* b* b* b* b* should appear shadowed, or dark; why feme, as
d*d*d*d*d*d* should appear partly light,and partly dark: the varieties of
which ressexions and shadows are the only cause of the appearance of wa-
tering in Silks, or any other kind of Stuffs.

From the variety of ressexion, may also be deduc’d the cause why a
small breez or gale of wind ruffling the surface of a smooth water, makes
it appear black 5 as also,on the other side, why the smoothing or burnish-
ing the sorface of whitened Silver makes it look black 5 and multitudes of
other phenomena might hereby be solv’d, which are too many to be here
insistedon.

Observ. Vl. Ofsmall Glafs Canes.

Stltm. 4. 'pat i might be satisfi’d, whether it were not possible to make an
j Artisicial pore asfmall as any Natural I had yet found, I made se-

vejal attemps with small glafs pipes.* melted in the ssame of a Lamp, and
then very fitddenly drawn out into a great length. And, by that means*
without much difficulty, I was able to draw some almost as small as a
Cobweb* which yet, with the Microfiope* I could plainly perceive to be
persorated* both by looking on the ends of it, and by looking on it againsi
the light 5 which was much the eafier way to determine whether it were
solid or perforated 5 for, taking a small pipe of glass, and closing one
end of it, then filling it halssull of water, and holding it againfi the light*
I could, by this means, very easily find what was the dissering ajpetf of a
folid and a persorated piece of glass 5 and so easily distinguish, without
feeing either end, whether any Cylinder of glass I look ’d on, were a. folid
ssicks* or a hollow cane. And by this means,! could also presently judge of
any small silament of glass, whether it were hollow or not* which would
have been exceeding tedious to examine by looking on the end. And
many siich like ways I was fain to make uie of, in the examining of di-
vers other particulars related in this Book, which would have been no
easie task to have determined meerly by the more common way of look-
ing on, or viewing the Object. For, if we consider first, the very saint
light wherewith the objest is enlightened, whence many particles ap-
pear opacous* which when more enlightned, appear very tranjparent* so
that I was fain to determine its transparency by one glass, and its texture
by another Next, the unmanageablenefs of most Objetts* by reason
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of their fmalnefs^ The difficulty osfinding the desired point, and of
placing it so, as to reflect the light conveniently for the Inquiry, Lastly,
ones being able to view it but with one eye at once, they will appear no
sinal! objirullions^ nor are they easily remov’d without many contrivan-
ces. But to proceed, I could not find that Water, or some deeply ting’d
liquors would in small ones rise so high as one would exped 5 and the
highejl I have found it yet rise in any of the pipes I have try’d, was to
21 inches above the level of the water in the vessel: for though I found
that in the sinall pipes it would nimbly enter at first, and run about 6 or
7 inches upwards 5 yet I found it then to move upwards fo flowy that I
have not yet had the patience to observe it above that height of 21 in-
ches (and that was in a pretty large Pipe, in companion of those I for-
merly mentioned 5 for I could obferve the progress of a very deep ting’d
liquor in it with my naked eye^ without much trouble 5 Whereas many of
the other pipes were so very finally that unlels in a convenient pofure to the
light, I could nojt perceive them :) But ’tis very probable, that a greater
patience and assiduity maydifeover the liquors torz/e, at least to remain
jujpcnded.j at heights that I should be loath now eventogZ>e/J at, if at
least there be any proportion kept between the height of the attending
liquor, and the bignefs os the holes of the pipes*

An Attempt for the Explication of this Experiment.

My Conjcsturc, That the unequal height of the farfaces of the water
proceeded srom the greater prejjitre made upon the water by the Air
without the Pipes ABC, then by that within them \ I (hall endeavour to
confirm from the truth of the two following Proportions:

The first of which is, That an unequalprefure os the incumbent Air^
will caufe an unequal height in the water’s Sursaces.

And the second is, That in this experiment there is fuch an unequal
prefure.

That the first is true, the following Experiment will evince. For if
you take any Vessel so contrived, as that you can at pleasure either in-
crease or diminijh the prefure of the Air upon this or that part of the Su-
perficies of the water, the equality of the height of thofe parts will pre-
fently be lofi 5 and that part of the Superficies that lu st a ins the greater pref
jure, will be inferior to that which undergoes the lefs. A. fit Vessel for
this purpose, will be an inverted Glass Syphon^ such an one as is defcri-
bed in the Sixth Figure. For if into it you put Water enough to fill it as
high as A B, and gently blow in at D, you fliall deprefs the Superficies
and thereby raife the opposite Superficies A to a conjtderable height, and
by JucI^ng you may produce clean contrary esfects.

Next, That there is such an unequal prefure^ I (ball prove from this,
That there is a much greater incongruity os Air to Glafs .and^fame other Bodies^
then there is oslEater to the fame.
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By Congruity, I mean a property os a ssuid Body, whereby any part os it

is readily united with any other part, either os it fels or os any other simi-
lar xssuid, or folid body : And by Incongruity a property os a fluid, by which
it is kindred srom uniting with any dissimilar,ssuid,orfolid Body.

This last property, any one that hath been observingly conversant
about ssuid Bodies, cannot be ignorant of. For (not now to mention
several Chymical Spirits and Oyls, which will very hardly, if at all, be
brought to mix with one another , insomuch that there nsay be found
feme 8 or 9, or more, several di stinCt Liquors, whichfwimming one up-
on another, will not presently mix) we need leek no further for Exam-
ples of this kind in ssuids, then to observe the drops of rain falling through
the air, and the bubbles os air which are by any means conveyed under
the sorface of the water 5 or a drop of common Sallet Oyl swimming upon
water. In all which, and many more examples of this kind that might
be enumerated, the incongruity of two ssuids is easily diicernable. And
as for the Congruity or Incongruity of Liquids, with several kinds of sirm
Bodies, they have long since been taken notice of, and called by the
Names of Drinefs and Moifture (though these two names are not compre-
hensive enough, being commonly used to signifie only the adhering or
not adhering of water to some other folid Bodies)®?this kind we may ob-
serve that water will more readily wet feme woods then others 5 and that
water, let fall upon a Feather, the whiter side of a Colwort, and some
other leaves, or upon almost any dufly, unUuous, or refinous superficies,
will not at all adhere to them, but easily tumble off from them, like a solid
Bowls whereas, ifdropt upon Linnen, Paper, Clay,green Wood, &c. it will
not be taken ofs, without leaving some part of it behind adhering to them.
So guickffdver, which will very hardly be brought to flic kt® any vegeta-
ble body, Will readily adhere to, and mingle with, several clean metalline

bodies.

And that we may the better finde what the caufi of Congruity and
Incongruity in bodies is, it will be requisite to consider, First, what is the
caufe o£ssuidnefs) And this, I conceive, to be nothing elfe but a certain
pulsi or jhakg o?heat 5 for Heat being nothing else but a very brisked. ve-
hement agitation of the parts of a body (as I have elswhere made proba-
bable) the parts of a body are thereby made so loofe from one another,
that they easily move any way, and become fluid. That I may explain
this a little by a grots Similitude, let us soppose a dish of land set upon
some body that is very much agitated, and shaken with some quick, and

strongvibratingmotion,^ on a Milfione turn’d round upon the under done
very violently whilst it is empty ^or on a very stiffDrz/zHiead,which is ve-
hemently or very nimbly beaten with the Drumsticks. By this means,
the sand in the dish, which before lay like a^z///and una&ive body, be-
comes a ycxbettssuid 5 and ye can no sooner make a hole in it with your
finger, but it is immediately filled up again, and the upper sursace of it
levell'd. Nor can you bury a light body, as a piece of Cork under it, but
it presently emerges or fwims as twere on the top 5 nor can you lay a
heavier on the top of it, as a piece of Lead, but it is immediately buried

in
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in Sand, and (as ’twere) sinks to the bottom. Nor can you make a hole
in the side of the Dish, but the (and fliall run out of it to a level, not an
obvious property of a ssuid body, as such, but this dos imitate 5 and all
this meerly caused by the vehement agitation of the conteining vessel 5
for by this means, each sind becomes to have a vibrative or dancing mo-
tion, so as no other heavier body can reft on it, unless fasteind by some
other on either side: Nor will it suffer any Body to be beneath it, unless
it bea^zwr then it self Another Instance of the strange/^w’z^
nature of a violent jarring Motion, or a strongand nimblevibrative
one, we may have from a piece of iron grated on very strongly with a

sile : for is into that a pin be fcrew d so firm and hard, that though it has
a convenient head to it, yet it canby no means be unfcrewd by the fin-
gers 5 is, I say, you attempt to unscrew this whilst grated on by the sile, it
will be sound to undoe and turn very eafily. The first of these Examples
manifests, how a body actually divided into small parts, becomes a ssuid.
And the latter manifests by what means the agitation of heat so easily
loosens and unties the parts of solid and sirm bodies. Nor need we sup-
pose heat to beany thing else, besidessuch a motion 5 for suppofing we
could Mechanically produce such a one quicsszndftrong enough, we need
not spend suel to melt a body. Now, that I do not speak this altogether
groundless, I must refer the Reader to the Observations I have made up-
on the shining (parks of Steel, for there he shall find that the same efleds
are produced upon small chips or parcels of Steel by the flame, and by a
quicss and violent motion 5 and is the body cbfteel may be thus melted
(as I there shew it may) I think we have little reasbn to doubt that al-
most any other may not alsb. Every Smith can inform one how quickly
both his File and the Iron grows hot with filing, and if you rub almost
any two hard bodies together, they will do the same : And we know,
that a sufficient degree of heat causes fluidity, in some bodies much (bon-
er, and in others later 5 that is, the parts of the body of sbme are so laofe
from one another, and so unapt to cohere, and so minute and little, that a
veryfmall degree of agitation keeps them always in the ft ate osssuidity.
Of this kind, Isoppofe, the JEther, that is the medium or ssuid\>odcg, in
which all other bodies do as it were swim and move 5 and particularly,
the Air, which seems nothing else but a kind of tin&ure or folution of ter-
restrial and aqueous particles difldiv d into it, and agitated by it, just as
the tinElure of Cocheneel is nothing but some finer difloluble parts of that
Concrete lick’d up or diflblvd by the fluid water. And from this Notion
of it, we may easily give a more Intelligible reasbn how the Air becomes
so capable otRarestflion and Condenfation. For, as in tinctures,one grain
of some strongly tinging substance may fenflbly colour some hundred thou-
sand grains of appropriated Liquors,so as every drop os it has its proportio-
nate share, and be sensibly ting’d, as I have try’d both with Logwood
and Cocheneel : And as some few grains of Salt is able to infed: as
great a quantity,as may be found by precipitations, though not so easily
by the sight or afte 5 so the Air, which seems to be but as ’twere a tintture
or faline^fubstance, diflolvd and agitated by the fluid and agilAEther,may disi

perse
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perse and expand it self into a waff fface, if it have room enough, and
infed,as it were,every part of that {pace. But,as on the other side,if there
be but some sew grains of the liquor, it may extract all the colour of the
tinging sobstance, and may disfblve all the Salt, and thereby become
much more impregnated with thofe sobstances, so may all the air that sofc
ficed in a rarisyd sate to fill some hundred thoufaud (paces of ./Ether, be
compris’d in only we,but in a position proportionable denfe. And though
we have not yet found out soch ssrainers for Tinsturcs and Salts as we
have for the Air, being yet unable to feparate them from their dissdiving
liquors by any kind off It re, without precipitation, as we are able to fe-
parate the Air from the ./Ether by Glafs, and fcveral other bodies. And
though we are yet unable and ignorant of the ways of precipitating Air
out of the /Ether as we can Tin&ures, and Salts out of several diffblwents'j
yet neither of thesc seeming impossible from the nature of the things, nor
so improbable but that some happy future industry may find out ways to
effed them 5 nay, further, since we find that Nature does really perform
(though by what means we are not certain) both thefc actions, namely,
by precipitating the Air in Rain and Dews, and by sopplying the Streams
and Rivers of the World with fresh water, ffraind through fecret sob-
terraneous Caverns: And since, that in very many other proprieties they
do so exadly seem of the fame nature 5 till further obfervations or
tryals do inform us of the contrary, we may fasely enough conclude them of
the fame kind. For it seldom happens that any two natures have so ma-
ny properties coincident or the fame, as I have observ’d Solutions and
Air to have, and to be disserent in the rest. And therefore I think it nei-
ther impossible, irrational, nay nor dissicult to be able to predict what is
likely to happen in other particulars also, besides thofc which Observation
or Experiment have declared thus or thus 5 especially, if the circum-
stances that do often very much conduce to the variation of the effeds be
duly weigh'd and consider'd. And indeed, were there not a probability of
this, our inquiries would be endlefs, our tryals vain., and our greatest in-
ventions would be nothing but the meet products of chance, and not of
Reajbn 5 and, like Mariners in an Ocean, destitute both of a Compajs and
the sight of the Celeffialguids, we might indeed, by chance, Steer directly
towards our desired Port, but ’tis a thoufand to one but we mifs our aim.
But to proceed, we may hence also give a plain reason, how the Air comes
to be darkled by clouds, &c. which are nothing but a kind of precipitati-
on, and how tbcfeprecipitations fall down in Showrs. Hence also could
I very easily, and I think truly, deduce the caufc of the curious (ixangu-
lar sigures of Snow, and the appearances of Haloes, &c. and the sodden
thickgiing of the Sky with Clouds, and the vanissjing and disappearing of
thofc Clouds again, for all thefc things may be very easily imitated in a
glass os liquor,'with some (light Chymical preparations as I have often try’d,
and may somewhere else more largely relate, but have not now time to
set them down. But to proceed, there are other bodies that consist of
particles more Grofs, and of a more apt figure for cohefion, and this re-
quires a fomewhatgreater agitation 5 such, I soppofc 5. fermented vinous
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Spirits, leveral Chymical Oils, which are much of kin to thole Spirits, &e.
Others yet require a greater, as water, and sb others much greater, for al-
most infinite degrees: For, I suppose there are very sew bodies in the
world that may not be made aliquatenus fluid, by feme or other degree of
agitation or heat.

Having therefore in short set down my Notion of a Fluid body, I come
in the next place to consider what Congruity is 5 and this, as I laid before,
being a Relative property of a ssuid, whereby it may be laid to be like or
unlike to this or that other body, whereby it does or does not mix with
this or that body. We will again have recourle to our former Experi-
ment, though but a rude one 5 and here if we mix in the hhsever al kinds
of lands, some of bigger, others of lefs and finer bulks, we shall find that
by the agitation the fine fand will ejett and throw out of it self all those
bigger bulks of smallfiones and the like, and those will be gathered toge-
ther all into one place , and if there be other bodies in it of other natures,
those allo will befiparated into a place by themselves, and united or tum-
bled up together. And though this do not come up to the highefi proper-
ty of Congruity, which is a Cohffion of the parts of the ssuid together, or
a kind of attraction and tenacity, yet this does as twere Jhadow it out,
and somewhat reserable it 5 for just after the lame manner, I luppole
the pulfe ob heat to agitate the small parcels of matter, and thole th^t are
of a like bignefi, and sigure, and matter, will hold, or dance together, and
thole which are of a differing hind will be thrufi or jhovd out from be-
tween them 5 for particles that are all fimilar, will, like lb many equal
muficalfirings equally firetcht, vibrate together in a kind of Harmony or
unison 5 whereas others that are dissimilar, upon what account lbever,un-
lelsthe disproportion be otherwile counter-ballanc’d, will, like lb many
sirings out of tune to those unilbns, though they have the lame agitating
pulse, yet make quite disstering kinds of vibrations and repercujsions, sb that
though they may be both mov’d,yet are their vibrations so different, and
sb untun d, as twere to each other, that they crofs and jar against each
other, and conlequently, cannot agree together, but sly back^hom. each
other to their similar particles. Now, to give you an instance how the
disproportion of lome bodies in one respest, may be counter-ballancd by
a contrary difproportion of the same body in another respe^t, whence we
find that the subtil vinous Jpirit is congruous, or does readily mix with wa-
ter, which in many properties is of a very dissering nature, we may con-
sider that a unifonmay be made either by two firings of the same bigftefii
length, and tenfion, or by two sirings of the same bignefi, but of dissering
length, and a contrary dissering tenfion-, or siy. by two firings of unequal
length and bignefs, and of a differing tension, or of equal length, and disse-
ring bigness and tenfion, and leveral other such varieties. To which three
properties \nfirings, will correlpond three proprieties allo in fand, or the
particles of bodies, their Matter or Subsiance, their Figure or shape, and
their Body or Bulk, And from the varieties of thele three, may arile in-
finite varieties in ssuid bodies, though all agitated by theyS^e pulfe 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 muficalfirings. Having
therefore scen what is the cause of Congruity or Incongruity, those rela-
tive properties of ssuids, we may, from what has been said, very easily
collect, whatisthere^w of those Relative proprieties also between/«-
id bodies and folidfor since all bodies consist of particles of such a Sub-
siance, Figur e, and. Bulky but in some they are united together more firm-
ly then to be loofened from each other by every vibrative motion (though
I imagine that there is no body in the world, but that some degree of a-
gitation may, as I hinted before, agitate and looson the particles so as to
make them ssuid) those cohering particles may vibrate in the same man-
ner almost as thofe that are loofe and become unifions or difcords, as I
may so (peak, to them. Now that the parts of all bodies, though never
sosiblid, do yet vibrate, I think we need go no snrther for proof, then
that ^bodies have some degrees of heat in them, and that there has not
been yet found any thingcold: Nor can I believe indeed that there
is any such thing in Nature, as a body whofe particles are at reFl, or lazy
and unallive in the great Theatre of the World, it being quite contrary to
the grand O economy of thellniverse. We fee therefore what is the rea-
son of Fnefympathy or uniting of some bodies together, and of the anti-
pathy or ssight of others from each'Other : For Congruity feems nothing
else but a Sympathy, and Incongruity an Antipathy of bodies 5 hence simi-
lar bodies once united will not eafily part, and disslmilar bodies once disi
yoyn will not easily unite again, from hence may be very easily deduc’d
the reason of thejujpenfion oF water and guicsifilver above their usualsia-
tion, as I shall more at large anon shew.

Thefe properties therefore (alwayes the concomitants of ssuid bodies)
produce thefe following visible Fss'e&s :

First, They unite the parts of a fluid to itssimilar Solid, or keep them
siparate from its disiimilar. Hence guicsifilver will (as we noted before)
Slicks to Gold, Silver, Tin, Leadfizc. and unite with them: but roul off from
Wood, Stone, Glass, &c. if never so little scituatedout of itshorizontalle-
vel 5 and water that will wet fait and dijfolve it, will Jlip off from Tallow,
or the like, without at all adhering 5 as it may likewife be obferved to
do upon a dufiy soperficies. And next they caufe the parts of homogene-
alssuid bodies readily to adhere together and mix, and of heterogenealyo
be exceeding averf thereunto. Hence we find, that two small drops of
water, on any soperficies they can roul on, will, if they chance to touch
each other, readily unite and mix into one 3d drop: The like may be ob-
ferved with two small Bowls of gMicsifilver upon a Table or Glals, pro-
vided their sorfaces be not dufiy 5 and with two drops of Oyl upon fair
water, &c. And further, water put unto wine, fait water, vinegar, spirit
of wine, or the like, does immediately (especially if they be shaken to-
gether) diJperSe it self all over them. Hence, on the contrary, we also
find, that Oyl os Tartar poured upon guicsifilver, and Spirit os Wine on
that Oyl, and Oyl os Turpentine on that Spirit, and Air upon that Oyl, though
they bestopt clofely up into a Bottle, and Shaken never so much, they
will by no means long suffer any of their bigger parts to be united or in-
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eluded within any of the other Liquors(by which recited Liquors,may be
plainly enough represented the four Peripatetical Elements, and the more
subtil /Ether above all.) From this property’tis, that a drop of Water does
not mingle with, or vanilh into Air, but is driven (by that Fluid equally
protruding it on every side) and forc’t into as little a space as it can poP
sibly be contained in, namely, into a Round Globule. So likewife adit-
tie Air blown under the water, is united or thrust into a bubble by the
ambient water. And a parcel of ^uic^silver enclosed with Air, Water,
or al mod any other Liquor, isfor med into a round Ball.

Now the caufe why all thefe included Fluids, newly mentioned5 or as
many others as are wholly included within a heterogeneous ssuidj are
not exa&ly of a Spherical Figure (seeing that is caufed by these Principles
only, it could be of no other) must proceed from feme other kind of
pressure against the two opposite ssatted sides. This adventitious or acci-
dental presure may proceed from divers caufes, and accordingly mud di-
versisie the Figure of the included heterogeneous ssuid : For seeing that a
body may be included either with a ssuid only, or only with a solid, or
partly with a ssuid, and partly with a solid, or partly with one ssuid, and
partly with another 5 there will be found a very great variety of the ter-
minating jursaces, much difsering from a Spherical, according to the vari-
ous residahce or pressure that belongs to each of these encompassing bo-
dies.

Which Properties may in general be deduced from two heads, vi%.
Motion, and ReFl. For, either this Globular Figure is altered by a natu-
ral Motion, such as is Gravity 5 or a violent, fach as is any accidental motion.
of the ssuids, as we see in the wind ruffling up the water,and the purlings
of Streams, and foaming of CatarraEls, and the like. Or thirdly, By the
Ref, Firmnefs and Stability of the ambient Solid. For if the including
Solid be of an angular or any other irregular Form, the include d ssuid will
be near of the like,as a Pint-Pstf full of water,ov a Bladder full of Air. And
next, if the including or included ssuid have a greater gravity one than
another,then will the globular Form be depress into anElliptico-jpherical:
As if, for example, we soppofe the Circle A B C D, in the sourth Figure,
to reprefent a drop os water, sudcbflilver, or the like, included with the
Air or the like, which soppoling there were no gravity at all in either of
the ssuids, or that the contained and containing were of the fame weight,
would be equally compreFi into an exactly spherical body ( the ambient
ssuid sorcing equally against every fide of it. ) But supposing either a
greater gravity in the included, by reason whereof the parts of it being
prefl from A towards B, and thereby the whole put into motion, and
that motion being kindred by the resissance of the subjacent parts os the
ambient, the globular Figure A D B C will be deprejl into the Elliptico-
spherical, E G F H. For the side A is detruded to E by the Gravity3 and
B to F by the refislance of the sobjacent medium: and therefore C must
necessarily be thrust to G-, and D to H. Or elfe, supposing a greater gravi-
ty in the ambient, by whofe more then ordinarypresfure against the under
side os the included globule 5 B will be forced to F, and by its resislance of
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the motion upwards, the side A will be deprest to E, and therefore C being
thrust to G and D to H j the globular Figure by this means also will be
made an Elliptico-Jpherical. Next if a ssuid be included/wtZy with one,
and partly with another fluid, it will be found to be lhaped diverssy, ac-
cording to the proportion of the gravity and incongruity of the 3 ssuids
one to another : As in the ssecond Figure, let the upper M MM be Air,the
middle L M N 0 be common Oyl, the lower O 0 0 be Water, the Oyl
will be form’d, not into a jpherical Figure, soch as is represented by the
pricked Line, but into such a Figure as LMN O, whole side L M N
will be of a ssatter Ellipticalh\g\xxe, by reason of the great disproportion
between the Gravity of Oyl and Air, and the side L O M of a rounder,
becaufe of the sinaller difference between the weight of Oyl and Water.
Lastly,'The globular Figure will be changed,if the ambient be partly fluid
and partly folid. And here the termination of the incompassed ssuid to-
wards the incompassingisshap’d according to the proportion of the con-
gruity or incongruity of the ssuids to the folids, and of the gravity and
incongruity of the ssuids one to another. As luppose the sub jacent me-
dium that hinders an included ssuids defcent,be a folid, as let K I, in the

sourth Figure, represent the smooth superficies of a Table 5 E G F H, a
parcel of running Mercury 5 the side G F H will be more ssatted, ac-
cording to the proportion of the incongruity of the Mercury and Air to
the Woo J,and of the gravity of Mercury and Air one to another 5 The side
G E H will likewise be a little more deprest by reason the subjacent
parts are now at rest,which were before in motion.

Or further in the third Figure, let A I L D represont an including fo*
lid medium of a cylindrical lhape ( as supposc a small Glafs Jar ) Let
F G E M M represont a contain’d ssuid, as water 5 this towards the bot-
tom and sides, is figured according to the concavity of the Glafs : But its
upper Sursace, ( which by reason of its gravity, ( not considering at all
the Air above it, and so neither the congruity or incongruity of either of
them to the Glass) Ihould be terminated by part of a Sphere whose dia-
meter should be the same with that of the earth, which to our sense would
appear a straight Line, as F GE, Or which by reason of its having a
greater congruity to Glals than Air has, ( not considering its Gravity )
would be thrust into a concave Sphere, asC H B, whole diameter would
be the same with that os the concavity of the Vessel:) Its upper Surface,
I lay, by reason of its having a greater gravity then the Air, and having
likewife a greater congruity to Glals then the Air has, is terminated, by a
concave Elliptico-jphericalV\^ave, as C K B. For by its congruity it easily
conforms it selt, and adheres to the Glass, and constitutes as it were one
containing body with it, and therefore Ihould thrust the contained Air on
that side it touches it,into a sphericalFigure, as B H C, but the motion of
Gravity depressing a little the Corners B and C, reduces it into the afore-
said Figure CKB. Now that it is the greater congruity of one of the
two contiguous fluids,then of the other,to the containing folid,that causes
the separating surfaces to be thus or thus figured: And that it is not be-
caufe this or that figurated surface is more proper, natural, or peculiar to

one
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one of these ssuid bodies,then tOthe other,will appear from this 5 thatthS
same ssuids will by being put into differing , change theirfitrfaoes,
For the lame water , which in a Glass Or wooden Vessel will haVe a con-
cave surface upwards,and will rise higher in a sffialler then a greatch Pipe,
the same water, I say, in the same Pipes greafed over or oyled. will ps de-
duce quite contrary efsects 5 for it will have a protuberant aridr^ex fiis-
sace upwards, and will not rife so high in small, as in bigger Pipe’s Y Nay,
in the very same solid Vessel, you may make the very same two contigu-
ous Liquids to alter their Surfaces 5 sor taking a sinall Wine-glass,or sueh
like Vessel, and pouring water gently into it, you shall perceive thefur-
sace of the water all the way concave^ till it rife even with the top. when
you shall find it (if you gently and carefully pour in more ) to grew
very protuberant and convex 5 thereasonof which is plain, for that the
folid tides of the containing body are no longer extended , to which the
water does more readily adhere then the air 5 but it is henceforth to be
included with air, which would reduce it into a hemisphere^, but by reason
of its gravity it is flatted into an OvaL Quicksilver alsb which to Glafs
is more incongruous then Air ( and thereby being put into a Glafs-pipe^
will not adhere to it, but by the more congruous air will be forced to have
a very protuberant surface, and to rife higher in a greater thena lesser
Pipe 5 this Quicksilver to clean especially GsGoldySilverfin.Lead^
See. Iron excepted,is more congruous then Air and will not only flick to
it,but have a concave Surface like water3 arid rife higher in a less, then iri d
greater Pipe.

In all thefe Examples it is evident, that there is an extraordinary and
adventitious sorce, by which the globular Figure of the contained hetero^
geneous ssuid is altered 5 neither can it be imagined, how it should other-
wise be of any other Figure then Globular : For being by the heterogene-
ous ssuid equally protruded every way ,whatsbever part is protuberant^ will
be thereby deprejl. From thiscauseit is, that in its eflests it does very
much reserable a round Spring (huchasa Hoop.) For as in* a round Spring
there is required an additional preflure against two opposite lides, to re-
duce it into an Oval Form, or to force it in between the sides of a Hole?
whose Diameter is lest then that os the Spring., there must be a considesa-5
ble force orprotrufon against the concave or inner side of the Spring 5 So
to alter tMts sphericalconssituticn of an included ssuid body , there is re-
quired more pressure against opposite sides to reduce it into ah1 Ovaf arid,
to press it into an Hole less in Diameter then it felf, it requires a great er pro-
trusion against all the other sides. What degrees of force are requisite
to reduce them into longer and longer Ovals, or to press fherri into lest
and less holesy I have not yet experimentally calculated 5 but thus much
by experiment I find in general, that there is alwayes required a greater
pressure to clofe them into longer Ovals, or protude them into stnaller
holes. The necessity and reaibn of this, were it requisite,I could easily ex-
plain : but being- not so necessary, and requiring more room and time
then I have for it at present, I shall here omit it 5 arid proceed to shew,
that this may be prefently found true , if Experiirient1 be made with a
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round Spring (the way of making which trials is obvious enough. ) And
with the ssuid bodies of Mercury, Air, &c, the way of trying which, will
be somewhat more difficult, and therefore I shall in brief defcribe it. He
therefore that would try with Air, must first be provided of a GUss-pipe,
made of the shape of that in the sisth Figure, whereof the side A B, re-
prefents a straight Tube of about three foot long, C, reprefents another
part of it,which consists of a round Bubble, Id ordered,that there is left a
pajfage or hole at the top, into which may be fattened with cement several
stnaU Pipes of determinate cylindrical cavities : as let ikfchollon> of

F. " s | ]G. |
H. IjI. > be < t* of an inch.

There may be added as many more, as the Experimenter shall think fit5
with holes continually decreasing by known quantities, so far as his fenfes
are able to help him 5 I say, sb far, because there may be made Pipes sb
small that it will be impossible to perceive the persoration with ones na-
ked eye,though by the help of a Microfiope, it may easily enough be per-
ceived : Nay, I have made a Pipe perforated from end to end, sb small,
that with my naked eye I could very hardly see the body of it, insbmuch
that I have been able to knit it up into a knot without breaking : And
more accurately examining one with my Microfiope, I found it not sb big
as a sixteenth part of one of the smaller hairs of my head which was of
the smaller and finer sort of hair, so that sixteen of these Pipes bound fag-
got-wife together, would but have equalized one single hair 5 how sinal 1
therefore must its persoration be ? It appearing to me through the Micro-
fcope to be a proportionably thicksided Pipe,

To proceed then, fbr the trial of the Experiment, the Experimenter
must place the Tube A B, perpendicular, and fill the Pipe F ( cemented in-
to the hole E ) with water, but leave the bubble C full of Air., and then
gently pouring in water into the Pipe A B, he must obferve diligently
how high the water will rise in it before it protrude the bubble of Air C,
through the narrow passage of F, and denote exadly the height of the
Cylinder of water, then cementing in a fecond Pipe as G, and filling it
with water 5 he may proceed as with the former, denoting likewife the
height of the Cylinder of water, able to protrude the bubble C through
the passage of G, the like may he do with the next Pz/e,and the next.d'r.
as far as he is able : then comparing the feveral heights of the Cylinders,
with the feveral holes through which each Cylinder did force the air (ha-
ving due regard to the Cylinders of water in the smallTzr/'e/J it will be
very easie to determine, what force is requisite to press the Air in-
to such and such* hole, or (to apply it to our prefent experiment J)

how
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how much of the pressure of the Air is taken oss by its ingressinto smal-
ler and smaller holes. From the application of which to the entring of
the Air into the bigger hole of the Vejfel, and into the smaller hole of tile
Pipe, we (ball clearly find, that there is a greater pressiire of the air upon
the water in the Vejjelor greaterp/pe, then there is upon that in the lesser
pipe: For stncethe pressure of the air every way is found to be equal,
that is, as much as is able to prels up and lustain a Cylinder of Quicksilver
of two foot and a half high, or thereabouts 5 And since of this pressiire
sb many more degrees are required to force the Air into a smaller then
into a greater hole that is full of a more congruous fluid. And lastly,
since those degrees that are requisite to press it in, are thereby taken off
from the Air within, and the Air within left with sb many degrees of
pressiire less then the Air without 5 it will follow, that the Air in the lels
Tube or pipe , will have less pressiire againsr the superficies of thew/d*
therein, then the Air in the bigger: which was the minor Proposition to
be proved.

The Conclusion therefore will necessarily follow, viz,. That this une-
qual presace of the Air caufed by its ingref into unequal holes.* is a caufe jusfi-
cient to produce this esfi:Ll, without the help of any other concurrent \ and
therefore is probably the principal (if not the only) caufe of these Ph<£no*
mena.

This therefore being thus explained, there will be divers Phenomena
explicable thereby, as, the rising of Liquors in a Fibre, the rising of Spirit
os Wine, Oyl, melted Tallow, &c. in the Wees of a Lamp, (though made
of sinall Wire, Threeds of Asbeflus, Strings of Glass, or the like ) the rising
of Liquors in a Spunge, piece of Bread,Sand, &c. perhaps also the afeend-
ing of the Sap in Trees and Plants, through their sinall, and feme of them
imperceptible pores, (of which I have said more, on another occasion ) at
leasl the palling of it out of the earth into their roots. And indeed up-
on the consideration of this Principle, multitudes of other uses of it oc-
curr’d to me, which I have not yet so well examined and digested as to
propound for Axioms, but only as Queries andConjeLlures which may
ferve as hints toward feme further difeoveries.

As first, Upon the consideration of the congruity and incongruity of Bo-
dies,as to touch, I found also the like congruity and incongruity s if I may *
lb ipeak ) as to the Tranfmitting of the Raies of Light: For as in this re-
gard, water ( not now to mention other Liquors) seems nearer of affini-
ty to Glafs then Air,and Air then Quicksilver : whence an oblique Ray out
of Glafs, will pass into water with very little resratfion from theperpendi-
cular, but none out of Glass into Air, excepting a dirett, will pass without
a very great refraction from the perpendicular, nay any oblique Ray un-
der thirty degrees, will not be admitted into the Air at all. And Quick:

stlver will neither admit oblique or direst, but ressests all 5 seeming, as to
the transmitting of the Raies of Light, to be of a quite dissering consti-
tution,from that of Air,Wat er,Glafs, &c. and to referable mofr thofe opa-
cous and strong ressesting bodies of Metals: So allb as to the property os
cohesion or congruity, Water feems to keep the lame order, being

more



22 Micrographia.
more congruous to Glass then Air, and Air then Quicksilver.

A Second thing ( which was hinted to me, by the consideration of the
included ssuids globular form , cauled by the protrusion of the ambient
heterogeneous ssuid J was, whether the Phenomena of gravity might not
by this means be explained,by supposing the Globe of Earth, Water, and
Air to be included with a ssuids heterogeneous to all and each of them,
id subtil, as not only to be every where interjperfed through the Air^ (or
rather the air through it but to pervade the bodies of Glafs, and even
the clofejl Metals, by which means it may endeavour to detrude all earth-
ly bodies as far from it as it can 5 and partly thereby,and partly by other
of its properties may move them towards the Center of the Earth. Now
that there is feme such ssuid,I could produce many Experiments and Rea-
ibns, that do seem to prove it: But because it would ask some time and
room to set them down and explain them, and to consider and anlwer all
the Objections ( many whereof I foresee ) that may be alledged against
it 5 I (hall at prelent proceed to other Queries^contenting my self to have
here only given a hint of what I may say more ellwhere.

A Third Query then was , Whether the heterogeneity of the ambient
ssuid may not be accounted a fecondary caufe of the roundness or globular
sorm of the greater bodies of the world,soch as are thofe of the Sun^Stars^
and Planets, the fitbftance of each of which leems altogether heterogene-
ous to the cir cum-ambient sluid <£ther ? And of this I shall say more in the
Qbservation of the Moon.

A Fourth was, Whether the globular sorm of the smaller parcels os
matter here upon the Earthy as that of Fruits^ Pebbles^ or Flints , &c.
( which teem to have been a Liquor at firss:) may not be cauled by the
heterogeneous ambient ssuid. For thus we see that melted Glass will be
naturally formed into a round Figure \ so likewise any small Parcel of any
sufible body, if it be perfectly enclosed by the Air , will be driven into a
globular Form 5 and,when cold, will be found a folid Ball. This is plainly
enough manifested to us by their way of making jhot with the drops os
Lead‘d which being a very pretty curiosity,and known but to a very few,
and having the liberty of publifliing it granted me, by that Eminent Vir-
tuofo Sir Robert Moray, who brought in this Account of it to the Royal So-
ciety , I have here transcribed and inserred.

To make small shot of different sizes; Communicated by his
Highness P. R.

TAke Lead out of the Pgg what quantity youpleafe^ melt it down^
ssip and clear it with an iron Ladle , gathering together the

tlackisb parts that swim at top like fcum^ and when you fee the co-
lour os the clear Lead to begreenifhj)ut no fioner^ ftrew upon it Auri-

pigmentum
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pigmentum powdered according to the quantity of Lead, about as
much as will lye upon a half Crown piece will ferve for eighteen or
twenty pound weight os fome forts of Leadothers will require more, Or
left. After the Auripigmentum isput in, ftir the Lead well, and the
Auripigmentum will flame: when the same isover, take out fome
cf the Lead in a Ladle having a lip or notch in the brim for convenl-
entpouringout of the Lead,and being well warmed amongftthe melted
Lead,, and with a flickmake fome fingle drops cf Lead trickle out of
the Ladle into water in a Glafs, which is they fall to be round and
without tails, there is Auripigmentum enough put in, and the temper
os the heat is right, otherwife put in more. Then lay two bars of Iron
( or fome moreproper Iron-, oil made on purpofe) upon a P'ail of wai-
ter,and place upon them a round Plate of Copper, of the suze and sigure
cf an ordinary large Pewter or Silver Trencher, the hollow whereof is to
be about three inches over, the bottom lower then the brims about hals
an inch, pierced with thirty, forty, or more fmall holes*, the fm alter the
holes are, the finaller the fhot will be*, and the brim is to be thicker then
thebottom,to conferve the heat the better.

Thebottom of the Trencher being fome four inches diftant frumthe
water in the Pail,lay upon it fome burning Coles,to keep the Lead melt-
ed upon it. Then with the hot Ladle take Lead ofs the Pot where it
stands melted, and pour it sostly upon the burning Coles over the bottom
os theTrencher, and it willimmediately run through the holes into the
water in fmall round drops. Thus pour on new Leadfill as fass as
it runs.through theTrencher till all be done; blowing now and then
theColes with hand-Bellows, when the Lead in the Trencher cools fo as
to fi°P frorn running.

Whilft one pours on the Lead, another muft, with another Ladle,
thrufiedfour or sive inches under water in the Pail, catch from time
to time fome of the fhot,as it drops down, to fee the fize of it, and whether
there be any faults in it. The greatefi care is to kgep the Lead upon
the Trencher in the right degree of heat; if it be too cool, it will not
run through the Trencher, though it ftand melted upon it; and this is to
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fe helped by blowing the Coak a little, or pouring on new Lead that is
hotter: but the cooler the Lead,the larger the Shot; and the hotter,the
[mailer; when it is too hot, the drops will crack, and sly; then you
muft flop pouring on new Lead,and let it cool; and fo long asyou ob-

ferve the right temper of the beat, the Lead will constantly drop into very
round Shot, without [o much as one with a tail in many pounds.

When all is done,take your Shot out of the Pail of water, and put it
in a Frying-pan over the fire to dry them , which mufl be done warily,
[ill [baking them that they melt not; and when they are dry you may
[eparate the [mall from the great, in Pearl Sives made of Copper or
Lattin let into one another, into as many fizesasyouplease. But is
you would have your Shot larger then the Trencher makes them, you
may do it with a Stick., making them trickje out of the Ladle, as hath
been [aid.

If theTrencher bebuttoucht a very little when the Lead flops from
going through it, and be not too cool,it will drop again, but it is better
not to touch it at all. At the melting of the Lead take 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

Aiiripigmentum; for, as foon as it is put in among the melted Lead,
it lofes its [Fining brightnefs, contr adding Mantly a grayifb silm or
skin upon it, when you [cum it to make it clean with the Ladle. So
that whenthe Air comes at the fallingdrop of the melted Lead, that
skin constriHsthem every where equally: but upon what account, and
whether this be the true caufe, is left to surther disquifition,

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

To which may be added this other known Experiment, That if yoit
gently let fall a drop of water upon small flind or dufl^ you (hall find, as it
were, an artificial round [one quickly generated. I cannot upon this oc-
casion omit the mentioning of the strange kind os Grain, which I have
observed in afione brought from Kettering in Northamptonjhire^x\(\ there-
fore called by Masons Kettering-Slone, of which lee the Delcription.

Which



Which brings into my mind what I long since observed in the fiery Sparks
that are struck out os a Steel. For having a great desire to see what was
left behind, after the Spark was gone out, I purposely struck fire over a
Very white piece os Paper, and oblerving diligently where some conspi-
cuous sparks went out, I found a very little black spot no bigger then
the point of a Pin, which through a IWicrofcope appeared to be a perfect-
ly round Ball, looking much like a polisht ball of Steel, insomuch that
I was able to see the Image of the window ressected from it. I cannot
here stay s having done it more fully in another place ) to examine the
particular Reasons of it, but shall only hint, that I imagine it to be feme
sinall parcel of the Steel, which by the violence of the motion of the
stroke ( most of which seems to be imprest upon those sinall parcels ) is
made so glowing hot, that it is melted into a Vitrum^ which by the ambi-
ent Air is thrust into the form of a Ball.

A Fifth thing which I thought Worth Examination was. Whether the
motion of all kind of Springs, might not be reduced to the Principle
whereby the included heterogeneous fluid seems to be moved , or to that
whereby two Solids, as Marbles, or the like, are thrust and kept together
by the ambient ssuid.

A Sixth thing was,Whether the Rising and Ebullition of the Water out
of Springs and Fountains ( which lie much higher from the Center of the
Earth then the Superficies of the Sea, from whence it seems to be derived)
may not be explicated by the rising of Water in a smaller Pipe .• For the
Sea-water being (trained through the Pores or Crannies of the Earth, is,
as it were, included in little Pipes, where the pressure of the Air has not
so great a power to resist its rising: But examining this way, and finding
in it several difficulties almost irremov able, I thought upon a way that
would much more naturally and conceivably explain it , which was by
this following Experiment: I took a Glals-Tube, of the form of that
described in the sixth Figure, and chuling two heterogeneous ssuids, soch
as Water and Oyl, I poured in as much Water as filled up the Pipes as
high as A B, then putting in some Oyl into the Tube AC, I deprest the
superficies A of the Water to E, andB I railed to G, which was not so
high perpendicularly as the superficies of the Oyl F, by the (pace F I,
wherefore the proportion of the gravity of these two Liquors was as
GHtoFE.

This Experiment! tried with several other Liquors, and particularly
with fresh Water and Salt s which I made by dissblving Salt in warm
Water ) which two though they are nothing heterogeneous, yet before
they would perfe&ly mix one with another, I made trial of the Experi-
ment .* Nay, letting the Tube wherein I tried the Experiment remain for
many dayes, I observed them not to mix 5 but the (uperficies of the fresh
was rather more then leis elevated above that of the Salt. Now the
proportion of the gravity of Sea-water, to that of River-water, accord-
ing to Stevinus andVarenius and as I have since found pretty true by
making trial my self, is as 46. to 45. that is, 46. Ounces of the (alt Wa-

F ter
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ter will take up no more room then 45. of the frefli. Or reciprocally
45 pints of salt-water weigh as much as 46 of fresh.

But I found the proportion of Brine to frelh Water to be near 13 to 12;
Supposing therefore G H M to represent the Sea, and F I the height os
the Mountain above the Superficies of the Sea, F M a Cavern in 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 strained , lb as that the frelher parts are only permitted to
transiide,and the saline kept back 5 if therefore the proportion of G M
to F M be as 45 to 46, then may the Cylinder of Salt-water GM make
the Cylinder of Frelh-water to rile as high as E, and to run over at N.
I cannot here stand to examine or confute their Opinion , who make the
depth of the Sea, below its Superficies, to be no more perpendicularly
mealured then the height of the Mountains above it: ’Tis enough for
me to lay, there is no one of thole that have asserted it, have experimen-
tally known the perpendicular of either 5 nor lhall I here determine,whe-
ther there may not be many other caules of the leparation of the fresh
water from the lalt, as perhaps Ibme parts of the Earth through which it
is to pals, may contain a Salt, that mixing and uniting with the Sea-lalt,
may precipitate it 5 much after the lame manner as the Al^alizate and
Acid Salts mix and precipitate each other in the preparation of Tart a-
rum Vitriolatum. I know not allb whether the exceeding cold (that
must necessarily be ) at the bottom of the Water, may not help towards
this leparation , for we find, that warm Water is able to dissblve and
contain more Salt, then the lame cold 5 insomuch that Brines strongly
impregnated by heat, if let cool, do susser much of their Salt to lubside
and crystallize about the bottom and tides. I know not allb whether
the exceeding pressure of the parts of the Water one against another,
may not keep the Saltfrom descending to the very bottom, as finding
little or no room to inlert it lelf between thole parts, protruded lb vio-
lently together , or else Iqueeze it up wads into the superiour parts of the
Sea, where it may more ealily obtain room for it lelf, amongst the parts
of the Water , by realbn that there is more heat and lesspressiire. To
this Opinion I was Ibmewhat the more induced by the relations I have
met with in Geographical Writers., of drawing frefli Water from the bot-
tom of the Sea , which is lalt above. I cannot now stand to examine,
whether this natural perpetual motion may not artificially be imitated :
Nor can I stand to answer the Objections which may be made against this
my Supposition: As, First, How it comes to pals.that there are lometimes
sait Springs much higher then the Superficies os the Water? And, Se-
condly,Why Springs do not run faster and ssower, according to the vary-
ing height made of the Cylinder of Sea-water, by the ebbing and ssow-
ing of the Sea ?

As to the First, In Ihort, I lay, the frelh Water may receive again a^
laline Tincture near the Superficies of the Earth, by palling through
lomelalt Mines, or elle many of the saline parts of the Sea may be kept
back, though not all.

And
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And as to the Second , The same Springmay be fed and iupplyed by

divers Caverns, coming srom very far distant parts of the Sea, so as that
it may in one place be high, in another low water 5 and so by that means
the Spring may be equally supply’d at all times. Or else the Cavern may
be so straight and narrow, that the water not having so ready and free
pallage through it, cannot‘upon lo short and quick mutations of pressurei
be able to produce any sensible effed at such a distance. Betides that
to confirm this hypothecs, there are many Examples found in Natural Histo-
rians,os Springs that do ebb and ssow like the Sea : As particularly,thofe
recorded by the Learned Camden, and after him by Speed, to be found in
this Ijland'. One of whichjhey relate to be on the Top of a Mountain,
by the small Village Kilken in Flintshire , Maris cemulus qui siatis tempo-
re bus foot evomit & rejorbet Aquas 5 Which at certain times rifeth and
falleth after the manner of the Sea. A Second in Caermardenjhire,
near Caermarden, at a place called Cantred Bichan 5 Qui s ut firibit Gi-
ral dus J naturali die bis undis deficiens, & toties exuberans , marinas
imitatur injlabilitates 5 That twice in four and twenty hours ebbing and
ssowing, resembleth the unstable motions of the Sea. The Fhaenomena
of which two may be easily made out, by supposing the Cavern, by which
they are fed, to arise from the bottom of the next Sea. A Third, is a
Well upon the River Ogmore in Glamorganshire, and near unto Newton, of
which Camden relates himself to be certified,by a Letter from a Learned
Friend of his that observed it, Fons abeji hinc, &c. The Letter is a little
too long to be inferted,but the substance is this 5 That this Well ebbs and
ssows quite contrary to the ssowing and ebbing of the Sea in thole parts:
for ’tis almost empty at Full Sea, but full at Low water. This may hap-*
pen from the Channel by which it is supplied , which may come from the
bottom of a Sea very remote from those parts, and where the Tides are
much difsering from thofe of the approximate fliores. A Fourth, lies in
Westmorland, near the River Loder 5 Qui injlar Euripi fcpius in die reci-
procantibus undis fluit & refluit, which ebbs and ssows many times a day;
This may proceed from its being supplyed from many Channels, coming
from several parts of the Sea, lying sufliciently distant asunderto have the
times os High-water difsering enough one from the other 5 so as that
whensoever it (hall be High water over any of thofe places, where thefe
Channels begin, it (hall like wife be so in the Well 5 but this is but a suppo*
sition.

A Seventh Query was, Whether the diS/blution or mixing of several bo-5
dies, whether fluid dr solid,with saline or other Liquors,might not partly
be attributed to this Principle of the congruity of those bodies and their
distolvents ? As of Salt in Water,Metals in several MenSiruums, Un&uous
Gums in Oyls, the mixing of Wine and Water, &c. And whether preci-
pitation be not partly made from the feme Principle of Incongruity ? I
fey partly, becaule there are in some Dissblutions,some other Causes con-
current.

I lhall lastly make a much more seemingly strange and unlikely Query 5
and that is, Whether this Principle, well examined and explained, may

F 2 not
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not be found a coefficient in the most considerable Operations of Na-
ture? As in thole of He<tf,and £zg^t,and consequently.of Raresaction and
Condenfation, Hardnejs, and Fluidnefs, Ferjpicuity and Opacoiffief ftesracti-
ons ana Colours.* &c. Nay,I know not whether there may be many things
done in Nature,in which this may not ("besaidtoj have a Finger ? This
I have in some other passages of this Treatile further enquired into and
(hewn, that as well Light as Heat may be caused by corrofonpsAxich is ap-
plicable to r<?«gmty,and consequently all the rest will be but jubsequents'.
In the mean time I would not willingly be guilty of that Error,which the
thrice Noble and Learned Verulam justly takes notice of, as such,and calls
Thilofophize Genus Empiricum , quod inpaucorum Experimentorum Angujii/s

Obscuritate fundatum eJi. For I neither conclude from one single Expe-
riment,nor are the Experiments I make use of all made upon one Subject:
Nor wrest I any Experiment to make it quadrase with any preconceiv’d
Notion. But on the contrary, I endeavour to be conversant in divers
kinds of Experiments, and all and every one of thole Trials, I make the
Standards or Touchstones, by which I try all my former Notions, whether
they hold out in weight, and measure,and touch, &c. For as that Body is
no other then a Counterfeit Gold, which wants any one of the Proprie-
ties of Gold, (such as are the Malleablenels, Weight, Colour, Fixtnels
in the Fire,Indissblublenels in Aqua fortis,and the like ) though it has all
the other5 lb will all thole Notions be found to be falseand deceitful,
that will not undergo all the Trials and Tests made of them by Experi-
ments. And therefore luch as will not come up to the desired Apex os
Perfection, I rather wholly reject and take new, then by piecing and
patching,endeavour to retain the old,as knowing luch things at best to be
but lame and imperfeCt. And this courle I learned from Nature; whom
we find neglectful of the old Body, and sullering its Decaies and Infirmi-
ties to remain without repair, and altogether sollicitous and careful os
perpetuating the Species by new Individuals. And it is certainly the most
likely way to erect a glorious Structure and Temple to Nature, luch as lhe
will be found ( by any zealous Votary ) to reside in 5 to begin to build a
new upon a lure Foundation of Experiments.

But to digrels no further from the consideration of the Phenomena,
more immediately explicable by this Experiment, we Ihall proceed to
fliew, That, as to the rising of Water in a Filtre, the realbn of it will be
manifest to him,that does take notice,that a Filtre is constituted of a great
number of imall long solid bodies, which lie lb dole together, that the
Air in its getting in between them, doth lose of its prellure that it has a-
gainst the Fluid without them, by which means the Water or Liquor not
finding lb strong a resistance between them as is able to counter-ballance
the pressure on its luperficies without, is railed upward, till it meet with a
preffure of the Air which is able to hinder it. And as to the Rising of
Oyl, melted Tallow, Spirit of Wine, &c. in the Week of a Candle or
Lamp, it is evident, that it differs in nothing srom the former, save only
in this, that in a Filtre the Liquor deseends and runs away by another
part 5 and in the Week the Liquor is dilpersed and carried away by the

Flame 5



Flame 5 something there is afcribable to the Heat, for that it may rarifie
the more volatil and spirituous parts of thosc combustible Liquors, and so
being made lighter then the Air , it may be protruded upwards by that
more ponderous ssuid body in the Form of Vapours 5 but this can be
ascribed to the ascension of but a very little,and most likely of that On-
ly which ascends without the Week. As for the Riling of it in a Spunge,
Bread,Cotton.dv. above the superficies of the subjacent Liquor 5 what
has been said about the Filtre ( if conlidercd ) will easily suggest a
reason , considering tnat all these bodies abound with small holes or
pores.

From this lame Principle allo ( viz. the unequal prefiure of the Air a*
gainjl the unequal fitpersicies os the water ) proceeds the cause of the ac-
cession or incursion of any ssoating body against the sides of the con-
taining Vessel, or the appropinquation of two ssoating bodies, as Bubbles,
Corky > Sticks., Straws, &c. one towards another. As for instahce, Take
a Glass-jar, such as A B in the leventh Figure, and filling it pretty near the
top with water , throw into it a small round piece of Cork, as C, and
plunge it all over in water, that it be wet , so as that the water may rise
up by the sides of it,then placing it any where upon the superficies, about
an inch,or one inch and a quarter from any side, and you (hall perceive it
by degrees to make perpendicularly toward the nearestpart os the side,
and the nearer it approaches, the faster to be moved 5 the reason of
which Phenomenon will be found no other then this, that the Air has a
greater pressure against the middle of the fuperficies , then it has against
those parts that approach nearer, and are contiguous to the sides. Now
that the pressure is greater, may ( as I (hewed before in the explication
of the third Figure ) be evinced from the ssatting of the water in the
middle, which arises from the gravity of the under fluid: for since, as I
lhewed before,if there were no gravity in the under fluid,or that it were
equal to that of the upper, the terminating Surface would be spherical,
and since it is the additional pressure of the gravity of water that makes
it lb ssat,it follows, that the pressure upon the middle must be greater then
towards the sides. Hence the Ball having a stronget pressure against that
side of it which respects the middle of the fitperficies, then against that
which respedts the approximate side , must necessarily move towards that
part, from whence it finds least resistance, and so be accelerated^ as the re-
sistance decreases. Hence the more the water is raised under that part
of its way it is palling above the middle, the faster it is moved : And
therefore you will find it to move faster in E then in D, and in D then
in C. Neither could I find the ssoating substance to be moved at all, un-
til it were placed uponlbme part of the Superficies that was lensibly ele-
vated above the height of the middle part. Now that this may be the
true cause, you may try with a blown Bladder, and an exactly round Ball
upon a very smooth side of Ibrne pliable body , as Horn or Quicksilver.
For if the Ball be placed under a part of the Bladder which is upon one
side of the middle of its pressure , and you press strongly against the
Bladder,you (hall find the Ball moved from the middle towards the sides.

Having
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Having therefore (hewn the reason of the motion of any ssoat towards
the sides, the reason of the incursion of any two ssoating bodies will easi-
ly appear : For the rising of the water against the sides of either of
them,is an Argument sufficient,to (hew the pressure of the Air to be there
less,then it is further from it,where it is not so much elevated 5 and there-
fore the reason of the motion of the other toward it, will be the same as
towards the side of the Glals 5 only here from the lame reason, they are
mutually moved toward each other, whereas the side of the Glass in the
former remains fixt. If also you gently fill the Jar so full with water,
that the water isprotuberant above the sides, the same piece of Cork that
before did hasten towards the sides, does now ssy from it as fall towards
the middle of the Superficies 5 the reason of which will be found no o-
ther then this, that the pressure of the Airis stronger against the sides of
the Superficies G and H, then against the middle 15 for since, as I (hewed
before, the Principle of congruity would make the terminating Surface
Spherical, and that the ssatting of the Surface in the middle is from the
abatement of the waters pressure outwards, by the contrary indeavour
of its gravity 5 it follows that the pressure in the middle must be less then
on the sides5 and therefore the consocution will be the same as in the
former. It is very odd to one that considers not the reason of it, to soe
two ssoating bodies of wood to approach each other,as though they were
indued with some magnetical vigour 5 which brings into my mind what I
formerly tried with a piece of Cork or such like body, which I so order-
ed, that by putting a little stick into the same water, one part of the said
Cork would approach and make toward the stick, whereas another
would diseede and ssy away,nay it would have a kind of verticity, so as
that if the Equator ( as I may so speak ) of the Cork were placed to-
wards the stick, if let alone, it would instantly turn its appropriate Pole
toward it, and then run a-tilt at it:and this was done only by taking a dry
Cork, and wetting one side of it with one small stroak 5 for by this means
gently putting it upon the water, it would depress the superficies on eve-
ry side of it that was dry, and therefore the greatest pressure of the Air,
being near those sides, causod it either to chase away,or elfc to ssy oft from
any other ssoating body, whereas that side only, against which the water
aseended, was thereby able to attrast.

It remains only, that I (hould determine how high the Water or other
Liquor may by this means be raifed in a smallerPipe above the Superfi-
cies of that without it, and at what height it may be sustained: But to
determine this, will be exceeding difficult, unicss I could certainly know
how much of the Airs pressure is taken off by the smalness os such and
such a Pipe,and whether it may be wholly taken off,that is,whether there
can be a hole or pore so small, into which Air could not at all enter,
though water might with its whole force 5 for were there Rich, ’tis mani-
fest, that the water might riso in it to some five or (ix and thirty English
Foot high. I know not whether the capillary Pipes in the bodies of small
Trees, which we call their Microfcopicalpores not be such 5 and whe-
ther the congruity of the sides of the Pore may not yet draw the juyce

even
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even higher then the Air was able by its bare pressure toraiseit: For,
Congruity is a principle that not only unites and holds a body joyned to
it, but, which is more, attrasts and draws a body that is Very near it, and
holds it above its usoal height*

And this is obvious even in a drop of water suspended under any Si-
milar or Congruous body : For,besides the ambient pressure that helps to
keep it sustein’d, there is the Congruity of the bodies that are contigu-
ous. This is yet more evident in Tenacious and Glutinous bodies 5 soch
as Gummous Liquors, Syrups, Pitch, and Rosin melted, &c. Tar, Tur-
pentine, Balsom, Bird-lime, &c. for there it is evident, that the Parts
of the tenacious body, as I may so call it, do ssick and adhere so close-
]y together, that though drawn out into long and very (lender Cylin-
ders, yet they will not easily relinquish one another 5 and this, though
the bodies be aliquatenus ssuid, and in motion by one another 5 which,
to such as consider a ssuid body only as its parts are in a confused irregu-
larmotion, without taking in alio the congruity of the parts one among
another, and incongruity to some other bodies, does appear not alittle
strange. So that besides the incongruity of the ambient ssuid to it, we
are to consider also the congruity of the parts of the contein’d ssuid one
with another.

And this Congruity ("that I may here a little further explain it J is both
a Tenaceous and an Attractive power 5 for the Congruity, in the Vi-
brative motions,may be the cause of all kind of attrastion, not only Ele-
ctrical, but Magnetical also, and therefore it may be also of Tenacity
and Glutinousness. For, from a perfeCt congruity of the motions of two
distant bodies, the intermediate ssuid particles are soparated and dro-
ven away from between them, and thereby those congruous bodies are,
by the incompassing mediums, compeli’d and forced neerer together 5
wherefore that attraCriveness must needs be stronger, when, by an im-
mediate contaCt, they are forc’d to be exaCtly the lame: As I (hew more
at large in my Theory of the Magnet. And this hints to me the reason os
the solpension of the Mercury many inches, nay many seet, above the ussi-
al station of 30 inches. For the parts of Quickfflver., being so very
similar and congruous to each other, if once united, will not easily sofier
a divulsion : And the parts of water, that were any wayes heterogeneous^
being by exantlation or rarefaCtion exhausted, the remaining parts being
also very similar, will not easily part neither. And the parts of the Glals
being solid, are more difficultly disjoyn’d 5 and the water, being some-
what similar to both, is, as it were, a medium to unite both the Glass and
the Mercury together. So that all three being united, and not very diss
similar, by means of this contast, if care be taken that the Tube in e-
reCting be not (hogged, the Quicksilver will remain suspendetk notwith-
standing its contrary indeavour of Gravity, a great height above its or-
dinary Station 5 but if this immediate ContaCt be removed, either by a
meer feparation of them one from another by the force of a (hog, where-
by the other becomes imbodied between them, and licks up from the
surface some agil parts, and so hurling them makes them air 5 or elfe
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bysome imall heterogeneous agil part of the Water, or Air, orQuick-
silver, which appears like a bubble, and by its jumbling to and fro there is
made way for the heterogeneous Either to obtrude it self between the
Glass and either of the other Fluids, the Gravity of Mercury precipitates
it downward with very great violence 5 and if the Vessel that holds the
restagnating Mercury be convenient, the Mercury will for a time vibrate to
and fro with very large reciprocations s and at last will remain kept up by
the pressiire of the external Air at the height of neer thirty inches. And
whereas it may be objected, that it cannot be, that the meer imbodying
of the &ther between these bodies can be the cause,since the JEther ha-
ving a free paffage alwayes, both through the Pores of the Glals, and
through thole of the Fluids, there is no reason why it Ihould not make a
separation at all times whilst it remains suspended, as when it is violently
dis-joyned by a Ihog. To this I answer, That though the Either passes
between the Particles, that is, through the Pores of bodies, so as that any
chasme or separation being made, it has infinite passages to admit its en-
try into it, yet such is the tenacity or attractive virtue of Congruity, that
till it be overcome by the meer strength of Gravity, or by a Ihog assisting
that Conatus of Gravity, or by an agil Particle, that is like a leaver agi-
tated by the dEtber 5 and thereby the parts of the congruous substances
are separated lb far alunder, that the strength of congruity is lb far wea-
kened,as not to be able to reunite them, the parts to be taken hold of be-
ing removed out of the attractive Sphere, as I may so Ipeak, of the con-
gruity 5 such, I lay, is the tenacity of congruity, that it retains and holds
the almost contiguous Particles of the Fluid, and suffers them not to be
separated, till by meer force that attractive or retentive faculty be over-
come : But the separation being once made beyond the Sphere of the
attractive activity of congruity, that virtue becomes of no efleCt at all,
but the Mercury freely falls downwards till it meet with a resistance from
the pressure of the Air, able to resist its gravity, and keep it for-
ced up in the Pipe to the height of about thirty inches.

Thus have I gently railed a Steel pendulum by a Loadstone to a great
Angle,till by the shaking of my hand I have chanced to make a separa-
tion between them, which is no sooner made, but as if the Loadstone had
retained no attractive virtue, the Pendulum moves freely from it towards
the other side. So vast a difference is there between the attractive vir*
tueof the Magnet when it aCts upon a contiguous and upon a disjoyned
body: and much more must there be between the attractive virtues of
congruity upon a contiguous and disjoyned body 5 and in truth the attra-
ctive virtue is so little upon a body disjoyned, that though I have with a
Microscope observedvery diligently, whether there were any extraordi-
nary protuberance on the side of a drop of water that was exceeding neer
to the end of a green slick, but did not touch it, I could not perceive the
least, though I found, that as soon as ever ittoucht it the whole drop
would presently unite it self with it, so thatitseems an absolute con-
tact is requisite to the exercising of the tenacious faculty of congruity.

Observ.



Observ. VII. Offome Phenomena of Glafs drops.

MT' Hese Glass Drops are small sparcels of coarse green Glass taken out of
J- the Pots that contain the Metal ( as they call it) in fusion, upon the

end of an Iron Pipe 5 and being exceeding hot, and thereby of a kind of
sluggish ssuid Consistence, are suffered to drop from thence into a Bucket
of cold Water, and in it to lye till they be grown sensibly cold.

Some of these I broke in the open air, by snapping off a little of the
small sterii with my fingers, others by crulhing it with a (mall pair of Fly-
ers 3 which I had no sooner done, then the whole bulk of the drop ssew
violently, with a very brisk noise, into multitudes of small pieces, some of
which were as small as dust, though in some there were remaining pieces
pretty large,without any ssaw at all,and others Very much ssaw’d, which
by rubbing between ones fingers was easily reduced to dust 5 these di-
sperfed every way so violently , that some of them pierced my skin. I
could not find,either with my naked Eye,or a Microjcope., that any of the
broken pieces were of a regular figure,nor any one like another, but for
the most part those that ssaw’d off in large pieces were prettily bran-
ched.

The ends of others os these drops I nipt off whilst all the bodies and
ends of them lay buried under the water,which, like the former, ssew all
to pieces with as brisk a noise, and as strong a motion.

Others of these I tried to break, by grinding away the blunt end, and
though I took a seemingly good one, and had ground away neer two
thirds of the Ball, yet would it not ssy to pieces, but now and then some
small rings of it would snap and ssy off, not without a brisk noise and
quick motion,leaving the Surface of the drop whence it ssew very pretti-
ly branched or creased, which was easily discoverable by the Microfi&pe.
This drop,after I had thus ground it, without at all impairing the remnant
that was not ground away, I caused to ssy immediately all into sand upon
the nipping off the Very tip of its slender end.

Another of these drops I began to grind away at the smaller end , but
had not worn away on the stone above a quarter of an inch before the
whole drop ssew with a brisk crack into sand or small dust , nor would
it have held so long , had there not been a little ssaw in the piece that I
ground away, as I afterwards found.

Several others of these drops I covered over with a thin but very tuff
skin of Icthyocolla.) which being very tough and very transparent,was the'
most convenient fubstance for these tryals that I could imagine, having
dipt,I say, several of these drops in this transparent Glue whilst hot, arid
differing them to hang by a siring tied about the end of them till they1
were cold, and the skin pretty tough 5 then wrapping all the body of theG drop
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drop (leaving out only the very tip J in fine supple Kids-leather very
clofely,! nipped off'the small top, and found, as I expefted, that notwith-
standing this skin of Glue, and the dole wrapping up in Leather, upon
the breaking of the top, the drop gave a crack like the rest, and gave my.
hand a pretty brisk impulse: but yet the skin and leather was so strong as
to keep the parts from ssying out of their former posture 5 and, the skin
being transparent, I found that the drop retained exactly its former fi-
gure and polish, but was grown perfectly opaCous and all over ssaw’d, all
those ssaws lying in the manner of rings, from the bottom or blunt end, to
the very top or small point. And by se veral examinations with a Micro*

jcope, of several thus broken, I found the ssaws, both within the body of
the drop, and on the outward surface, to lye much in this order.

Let A B in the Figure X of the fourth Scheme reprelent the drop cafed
over with I&hyocolla or isinglafrymd ( by being ordered as is before pre-'
fcribed ) crazed or ssawed into pieces, but by the skin or cafe kept in its
former figure, and each of its ssawed parts preferved exactly in its due
posture , the outward appearance of it somewhat plainly to the naked
eye, but much more conspicuous if viewed with a small senss appeared
much after this shape. That is, the blunt end B for a pretty breadth,
namely, as far as the Ring C C C feemed irregularly ssawed with divers
clefts, which all feemed to tend towards the Center of it, being, as I af-
terwards found , and (hall anon shew in the defeription of the figure Y,
the Basis, as it were, of a Cone, which was terminated a little above the
middle of the drop, all the rest of the Surface from C C C to A was
ssawed with an infinite number of small and parallel Rings, which as they
were for the most part very round , lb were they very thick and close
together, but were not so exactly ssaw’d as to make a perfed: Ring, but
each circular part was by irregular cracks ssawed likewife into multitudes
of irregular ssakes or tiles 5 and this order was obferved likewife the
whole length of the neck,

Now though I could not so exaftly cut this conical Body through the
Axis, as is reprefented by the figure Y 5 yet by anatomizing, as it were,
of feveral, and taking notice of divers particular circumstances, I was in-
formed, that Could I have artificially divided a ssaw’d drop through the
Axis or Center, I should with a Microjcope have found it to appear much
of this form, where A lignisies the and B the blunt end, CC the
Cone of the Basis, which is terminated at T the top or end of it, which
feems to be the very middle of the blunt end, in which, not only the co-
nical body of the Basis C C is terminated, but as many of the parts of the
drop as reach as high as D D.

And it feemed to be the head or beginning of a Pith, as it were, or a
a part of the body which feemed more spungy then the rest, and much
more irregularly ssawed, which fromT afeended by EE, though lessvi-
sible, into the sinall neck towards A. The Grain, as it were, of all the
ssaws, that from all the outward Surface A D C C D A, was much the
same,as is reprefented by the black strokes that meet in the middle DT,
DT,DE,DE,€^.

Noy
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Nor is this kind of Grain, as I may call it, peculiar to Glass drops th us

quenched 5 for s not to mention Coper as-fiones, and divers other Mar-
chutes and Minerals , which I have often taken notice of to be in the
very same manner flaked or grained, with a kind of Pith in the middle J)
I have observed the same in all manner of cass Iron , especially the coar-
sersort, suchas Stoves, and Furnaces, and Backs, and Pots are made of?
For upon the breaking of any os those Substances it is obvious to ob-
serve, how from the out-sides towards the middle. there is a kind of
Radiation or Grain much resembling this of the Glass-dtop 5 but this
Grain is most conspicuous in Iron-bullets , if they be broken: the same
Phenomena may be produced by calling regulus of Antimony into
a Bullet-mold, as also with Glass os Antimony^ or with almost any such
kind of Vitrified fubsiance, either call into a Cold Mold or poured into
Water.

Others of these Drops I heat red hot in the fire,and then suffered them
to cool by degrees. And these I found to have quite lost all their sulmi-
nating or flying quality, as also their hard, brittle and springy texture 5
and to emerge of a much softer temper, and much easier to be broken or
snapt with ones fingerjbut its strong and brittle quality was quite destroy-
ed, and it seemed much of the same consistence with other green Glafs
well nealed in the Oven.

The Figure and bigness of these for the most part was the same with
that of the Figure Z 5 that is,all the surface of them was very smooth and
polisht,and for the most part round, but very rugged or knobbed about
D, and all the length of the stem was here and there pitted or flatted.
About D, which is at the upper part of the drop under that side of the
stem which is concave, there usually was made seme one or more little
Hillocks or Prominences. The drop it sels, before it be broken, appears
very transparent, and towards the middle of it, to be very full of sinal!
Bubbles, of some kind of aerial substance, which by the refrastion of the
outward surface appear much bigger then really they are 5 and this may
be in good part removed, by putting the drop under the surface of clear
Water, for by that means moft part of the refraction of the convex Sur-
face of the drop is destroyed, and the bubbles will appear much sinaller.
And this, by the by, minds me of the appearing magnitude of the aper-
ture the iris^ovpupil of the eye, which though it appear, and be there-
fore judged very large, is yet not above a quarter of the bigness it ap-
pears of, by the lenticular refraction of the Cornea.

The caufe of all which Phenomena I imagine to be no other then this,
That the Parts of the Glass being by the excessive heat of the fire kept
off and separated one from another, and thereby put into a kind of slug-
gish ssuid consistence, are suffered to drop off with that heat or agitation
remaining in them, into cold Water 5 by which means the outsides of the
drop arc prefently cool’d and crufied and are thereby made of a looso
texture,because the parts of it have not time to settle themselves leisurely
together , and so to lie very close together: And the innermost parts of
the drop, retaining still much of their former heat and agitations, remain

G □ os
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of a loofe texture also,and,according as the cold strikes inwards from the
bottom and (ides, are quenched., as it were, and made rigid in that very
posture wherein the cold finds them. For the parts of the crujl being
already hardened , will not sufler the parts to (brink any more from the
outward Surface inward 5 and though it (brink a little by reason of the
stnall parcels of some Aerial substances dispersed through the matter of
the Glass, yet that is not neer so much as it appears s as I just now hint-
ed 0 nor if it were,would it be sofficient for to consolidate and condenfe
the body of Glass into a tuss and dole texture , after it had been so ex-
cessively ratified by the heat of the glass-Furnace.

But that there may be Rich an expansion of the aerial sobstance con-
tained in those little blebbs or bubbles in the body of the drop, this fol-
lowing Experiment will make more evident.

Take a (mall Glass-Cane about a foot long, soal up one end of it her-
metically ,then put in a very small bubble of Glass, almostof theshape of
an Essence-viol with the open mouth towards the sealed end, then draw
out the other end of the Pipe very small,and fill the whole Cylinder with
water, then set this Tube by the Fire till the Water begin to boyl, and
the Air in the bubble be in good part ratified and driven out, then by
sucking at the smalling Pipe, more of the Air or vapours in the bubble
may be suck’d out, so that it may sink to the bottom5 when it is sunk to
the bottom,in the flame of a Candle,or Lamp,nip up the slender Pipe and
let it cool: whereupon it is obvious to obferve, first, that the Water by
degrees will sobside and shrink into much lest room: Next, that the Air
or vapours in the Glass will expand themselves so, as to buoy up the little
Glass: Thirdly, that all about the inside of the Glass-pipe there will ap-
pear an infinite number of small bubbles,which as the Water grows colder
and colder will swell bigger and bigger, and many of them buoy them-
felves up and break at the top.

From this Differing of the heat in Glass drops,that is, by the quenching
or cooling Irradiations propagated from the Surface upwards and in-
wards , by the lines CT, CT, D T, D E, &c. the bubbles in the drop
have room to expand themselves a little, and the parts of the Glass con-
tract themselves 5 but this operation being too quick for the sluggish parts
of the Glass, the contrastion is performed very unequally and irregularly,
and thereby the Particles of the Glass are bent, some one way, and some
another, yet soasthatmost of them draw towards the Pith or middle
T E E E, or rather from that outward: so that they cannot extricate or
unbend themselves, till some 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 so
till their hold at T E E E be loosened they cannot ssy asunder, but up-
hold, and shelter, and fix each other much like the stones in a Vault,
Where each stone does concurre to the stability of the whole Fabrick,
and no one stone can be taken away but the whole Arch falls.And where-
soever any of thofe radiating wedges DTD, &c. are removed, which
are the component parts of this Arch,the whole Fabrick prefently falls to

pieces j
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pieces^ for all the Springs of the several parts are set at liberty, which
immediately extricate themfelves and ssy asunder every way 5 each part
by its spring contributing to the darting of it felf and some other contigu-
ous part. But if this drop be heat so hot as that the parts by degrees can
unbend themselves, and be settled and annealed in that posture, and be
then suffered gently to sobside and cool5 The parts by this nealing lo-
sing their springiness, cohstitute a drop os a more (oft but less brittle tex-
ture,and the parts being not at all under a ssexure, though any part of the
middle or Pith T E E E be broken,yet will not the drop at all ssy to pieces
as before.

This Conje&ure of mine I shall indeavour to make out by explain-’
ing each particular Assertion with analogous Experiments 3 The Assertion#
arethefe.

First, That the parts of the Glass, whilst in a ssuid Consiftence and
hot, are more ratified, or take up more room, then when hard and
cold.

Secondly, That the parts of the drop do suffer a Twofold contra-
dion.

Thirdly , That the dropping or quenching the glowing metal in the
Water makes it of a hard, springing, and ratified texture^

Fourthly , That there is a ssexion or force remaining upon the part?
of the Glass thus quenched, from which they indeavour to extricate
themselves*

Fifthly, That the Fabrick of the drop, that is able to hinder the parts
from extricating themselves, is analogue to that of an Arch.

Sixthly, That the sudden ssying asunder of the parts proceeds from
their springiness.

Seventhly, That a gradual heating and cooling does anneal or reduce
the parts of Glass to a texture that is more loofe, andeasilier to be bro/
ken, but not sb brittle.

That the first of these is true may be gathered front this, That Heat fc
a. property os a body arising from the motion or agitation os its parts 5 and
therefore whatever body is thereby toucht must necessarily receive fome
part of that motion,whereby its parts will be shaken and agitated, and so
by degrees free and extricate themselves from one another, and each
part so moved does by that motion exert a conatus of protruding and dis-
placing all the adjacent Particles. Thus Air included in a vessel, by be-
ing heated will burst it to pieces. Thus have I broke a Bladder held
over the fire in my hand, With sitch a violence and noife , that it almost
made me deaf for the present,and much surpass'ed the noife of a Musket:
The like have I done by throwing into the fire small glass Bubbles her-
metically fealed, with a little drop of Water included in them. Thus
Water also,orany other Liquor,included in a convenient vestcl,by being
warmed, manifestly expands it fels with a very great violence, soasto
break the strone-est vessel, is when heated it be narrowly impriloned in it.

This
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This is very manifest by fe ale dEher mo meters^ which I have, byseve-
ral tryals, at last brought to a great certainty and tenderness: for I have
made some with hems above four foot long, in which the expanding Li-
quor would so far vary,as to be very neer the very top in the heat of Sum-
mer, and prety neer the bottom at the coldest time of the Winter. The
Stems I ufe for them are very thick,straight,and even Pipes of GIals,with
a very sitiall persoration, and both the head and body I have made on
purpole at the Glass-houso, of the lame metal whereof the Pipes are
drawn: theso I can easily in the ssame of a Lamp, urged with theblast of
a pair of Bellows, seal and close together, lb as to remain very firm, close
and even ; by this means I joyn on the body first,and then fill both it and
a part of the stem, proportionate to the length of the stem and the
warmth of the soason I fill it in,with the belt rectified Spirit os Wine high-
ly tingd with the lovely colour of Cocheneel., which I deepen the more
by pouring some drops of common Spirit of Urine, which must not be
too well rectified, because it will be apt to make the Liquor to curdle
and flick in the sinal! perforation of the stem. This Liquor I have upon
tryal found the most tender of any spirituous Liquor,and thole are much
more fensibly affected with the variations of heat and cold then other more
flegmatick and ponderous Liquors, and as capable of receiving a deep
tinsture, and keeping it,as any Liquor whatsoever 5 and ( which makes
it yet more acceptable J is not lubjess: to be frozen by any cold yet
known. When I ha ve thus filled it,I can very easily in the foremention-
ed ssame of a Lamp soal and joyn on the head of it.

Then, for graduating the stem, I fix that for the beginning of my di-
vision where the surface of the liquor in the stem remains when the
ball is placed in common distilled water, that is so cold that it just begins
to freeze and (hoot into ssakes j and that mark I fix at a convenient place
of the stem, to make it capable of exhibiting very many degrees of cold,
below that which is requisite to freeze water: the rest of my divisions,
both above and below this (which I mark with a [oj or nought J I place
according to the Degrees of Expansion^ or Contraction 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 easily and accurately enough done by
this following way 5 Prepare a Cylindrical vessel of very thin plate Brass
or Silver, A B C D of the figure Z 5 the Diameter A B of whose cavity
let be about two inches, and the depth B C the lame 5 let each end be
cover’d with a ssat and smooth plate of the same substance, clofely soder’d
on, and in the midst of the upper cover make a pretty large hole E F,
about the bignesi of a fifth part of the Diameter of the other 5 into this
fasten very well with cement a straight and even Cylindrical pipe ofGlasi,
E F G H, the Diameter of whose cavity let be exastly one tenth of the
Diameter of the greater Cylinder. Let this pipe be mark’d at G H with
a Diamant, so that G from E may be distant just two inches, or the lame
height with that of the cavity of the greater Cylinder, then divide the
length E G exactly into 10 parts, so the capacity of the hollow of each
of these divisions will be part of the capacity of the greater Cylin-

der.



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

Fill this Cylindrical vessel with the same liquor wherewith the Ther-
mometers are fill’d, then place both it and the Thermometer you are to
graduate., in water that is ready to be frozen, and bring the surface of the
liquor in the Thermometer to the first marke or [0^5 then so proportion
the liquor in the Cylindrical vessel, that the surface of it may just be at
the lower end of the small glass-Cylinder 5 then very gently and gradu-
ally warm the water in which both the Thermometer and this Cylindrical
vessel stand, and as you perceive the ting’d liquor to rise in both stems,
with the point of a Diamond give several marks on the stem of theTher-
mometer at those places, which by comparing the expansion in both
Stems 5 are found to correspond to the divisions of the cylindrical vessel,
and having by this means marked some few of these divisions on the
Stem, it will be very easie by these to mark all the rest of the Stem,
and accordingly to assign to every division a proper character.

A Thermometer, thus marked and prepared, will be the fittest Instru-
ment to make a Standard of heat and cold that can be imagined; For
being sealed up, it is not at all subjest to variation or wasting, nor is it lia-
ble to be changed by the varying pressure of the Air, which all other
kind of Thermometers that are open to the Air are liable to. But to pro-
ceed.

This property of Expansion with Heat, and Contraction with Cold, is
not peculiar to Liquors only, but to all kind of solid Bodies alio, especi-
ally Metals, which will more manifestly appear by this Experiment.

Take the Barrel of a Stopcock of Brass, and let the Key, which is west
fitted to it,be riveted into it,so that it may slip,and be easily turned round,
then heat this Cock in the fire, and you will find the Key so swollen, that
you will not be able to turn it round in the Barrel 5 but if it be sullered
to cool again, as loon as it is cold it will be as movable, and as easie to be
turned as before.

This Quality is also very observable in Lead., Tin, Silver., Antimony,
Pitch,Rosin,Bees-roaxTutter^nd the likes all which,if after they be melted
you sufler gently to cool, you shall find the parts of the upper Surface
to subside and fall inwards, losing that plumpness and smoothness it had
whilst in fusion. The like I have also observed in the cooling of Glass
os Antimony. which does very neer approach the nature of Glass,

But because these are all Examples taken from other materials then
Glass,and argue only, that possibly there may be the like property also in
Glass, not that really there is 5 we shall by three Or four Experiments in-
deavour to manifest that also.

And the First is an Observation that is very obvious even in these very
drops,to wit,that they are all of them terminated with an unequal or ir-
regular Surface , especially about the smaller part of the drop •, and the
whole length of the stem 5 as about D, and from thence to A, the whole
Surface, which would have been round if the drop had cool’d leisurely,
is, by being quenched hastily,very irregularly ssatted and pitted 5 which
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I soppofe proceeds partly from the Waters unequally cooling and pres-
ling the parts of the drop, and partly from the seli-contra&ingor subsi-
ding quality of the substance of the Glals: For the vehemency of the
heat of the drop causessuch hidden motionsand bubbles in the cold Wa-
ter,that sbme parts of the Water bear more forcibly against one part then
against another , and consequently do more suddenly cool those parts to
which they are contiguous.

A Second Argument may be drawn from the Experiment of cutting
Glasses with a hot Iron. For in that Experiment the top of the Iron
heats, and thereby ratifies the parts of the Glass that lie just before the
crack, whence each of thole agitated parts indeavouring to expand its
self and get elbow-room, thrusts off all the rest of the contiguous parts,
and consequently promotes the crack that was before begun.

A Third Argument may be drawn from the way of producing a crack
in a sound piece or plate of Glals. which is done two wayes, either First,
by suddenly heating a piece of Glass in one place more then in another.
And by this means Chymifls usually cut oss the necks of Glass-bodies,
by two kinds of Instruments, either by a glowing hot round. Iron-Ring,
which justincompasses the place that is to be cut, or elie by a Sulphur'd
Threed,which is often wound about the place where the separation is to
be made,and then fired. Or Secondly,A Glass may be cracked by cooling
it suddenly in any place with Water, or the like, after it has been all lei-
surely and gradually heated very hot. Both which Phenomena, leem ma-
nifestly to proceed from the expanfion and contraction of the parts of
the Glass, which is also made more probable by this circumstance which
I have observed , that a piece of common window-glass being heated in
the middle very suddenly with a live Coal or hot Iron,does usually at the
first 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 ssaws it, but does not break it asunder immedi-
ately.

A Fourth Argument may be drawn from this Experiments Take a
Glass-pipe, and fit into it a solid stick of Glals, lb as it will but just be mo-
ved in it. Then by degrees heat them whilst they are one within ano-
ther,and they will grow stiffer, but when they are again cold,they will be
as easie to be turned as before. This Expansion of Glass is more mani-
fest in this Experiment.

Take a stick of Glals of a considerable length,and fit it sb between the
two ends or screws of a Lath,that it may but just easily turn,and that the
very ends of it may be just toucht and susteined thereby 5 then applying
the ssame of the Candle to the middle of it, and heating it hot, you will
prefently find the Glass to stick very fast on those points, and not without
much disficulty to be convertible on them, before that by removing the
ssame for a while from it, it be suflered to cool, anden you will find it
as easie to be turned round as at the first.

From all which Experiments it is very evident, that all those Bodies,
and particularly Glals, suffers an Expansion by Heat, and that a very con ¬
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siderable one, whilst they are in a state ofFusion. For Fluidity yts I elsewhere
mention, being nothing but an essect os a very ffrong and quicsffahjng motion^
whereby the parts arenas it werejoofened from each. other ^and consequently leave
an interjacent jpace or vacuity 5 it follows, that all those shaken Particles must
necessarily take up much more room then when they were at rest, and lay
quietly upon each other. And this is further confirmed by a Pot of boyling
Alabajier^ which will manifestly rise a sixth or eighth part higher in the Pot,
whilst it is boyling, then it will remain at, both before and after it be boyl-
ed.The reasbn of which odd Fhecnomenon (to hint it here only by the way)
is this, that there is in the curious powder of Alabaster, and other calcining
Stones, a certain watery substance, which is sb fixt and included with the
solid Particles, that till the heat be very considerable they will not ssy away$
but after the heat is increased to such a degree, they break out every way
in vapours, and thereby so shake and loosen the small corpusses ofthe Pow-
der from each other, that they become perfectly of the nature of a ssuid bo-
dy, and one may move a stick to and fro through it, and stir it as easily as
water, and the vapours burst and break out in bubbles just as in boyling
water,and the like ■> whereas, both before those watery parts are ssying
away, and after they are quite gone 5 that is, before and after it have done
boyling,all those eflests cease, and a stick is as difficultly moved to and fro
in it as in land, or the like. Which Explication I could easily prove, had I
time 5 but this is not a fit place for it.

To proceed therefore, I say,that the dropping of this expanded Body in-
to cold Water, does make the parts of the Glass suffer a double contraction :
The first is, of those parts which are neer the Surface of the Drop. For Cold,
as I laid before, contracting Bodies, that is fy the abatement of the agitating sa-
culty the parts salling neerer together t, the parts next ad joying to the Water
must needs lose much of their motion, and impart it to the Ambient-water
(which the Ebullition and commotion of it manifests) and thereby become
a solid and hard crust, whilst the innermost parts remain yet ssuid and ex-
panded 5 whence,as they grow cold alio by degrees,their parts must necessa-
rily be left at liberty to be condenfed, but becauseof the hardnessof the
outward crust,the contraction cannot be admitted that way;but there being
many very sitiall, and before inconspicuous, bubbles in the substance of the
Glass,upon the subsiding of the parts of the Glass,the agil substance contain-
ed in them has liberty of expanding it selfa little,and thereby those bubbles
grow much bigger,which is the second Contraction. And both these are con-
firmed from the appearance of the Drop it self: for as for the outward parts,
we see,first,that it is irregular and shrunk, as it were, which is caused by the
yielding a little of the hardened Skin to a Contraction, after the very out-
tnost Surface is settled 5 and as for the internal parts, one may with ones
naked Eye perceive abundance of very conspicuous bubbles, and with the
Microfiope many more4

The Consideration of which Particulars will easily make the Third Politic
on probable,that is,that the parts of the drop will be of a very hard, though
of a ratified Texture 5 for if the outward parts of the Drop, by reasbn of it£
hard crust, will indure very little Contraction, and the agil Particles, inclu-

HJ ded
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ded in those bubbles, by the losing of their agitation, by thcdecrease of the
Heat,lose also most part of their Spring and Expansive power jit follows (the
withdrawing ofthe heat being very hidden) that the parts must be left in a
very loose Texture, and by reasbn of the implication of the parts one about
another,which from their lluggistmes and glutinousnest I hippole to be much
after the manner of the sticks in a Thorn-bush,or a Lock of Wooljit will fol-
low, I lay, that the parts will hold each other very strongly together,and in-
deavour to draw each other neerer together, and consequently their Tex-
ture must be very hard and stiss^ but very much ratified.

And this will make probable my next Position, That the parts of the Glass
are under a kind os.tenfion or ssexure .put oswhich they indeavour to extricate and
sree themfelvespind 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 leisurely (as in baking of GlassesJ contrast the bulk of the
drop into a much lest compast. For since.as 1 proved before,the Internal parts
of the drop, when ssuid,were of a very ratified Texture.and,as it were,tos’d
open like a Lock of Wool.and if they were sullered leisurely to cool, would
be again prest, as it were,dole together: And iince that the heat,which kept
them bended and open, is removed, and yet the parts not sullered to get as
neer together as they naturally would j It follows,that the Particles remain
under a kind of tenfion and flexure s and conlequently have an indeavour to
free themselves from that bending and diftenfion.* which they do, as loon as
either the tip be broken, or as soon as by a leisurely heating and cooling,
the parts are nealed into another posture.

And this will make my next Position probable,that the parts ostheGlafs drops
are contignated together in the sorm os an ArchpvA cannot any where yield or
be drawn inwards,till by the removing of feme one part of it(as it happens in
the removing one of the stones of an Arch)the whole Fabrick is lhatter d,and
falls to pieces,and each of the Springs is left at liberty,suddenly to extricate it
self: for since I have made it probable,that the internal parts of the Glast have
a contrastive power inwards, and the external parts are incapable of luch a
Contrastion,and the figure of it being iphericaljit follows,that the superficial
parts must bear against each other, and keep one another from being con-
dens’d into a lest room, in the same manner as the stones 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-
lon,whole extraordinary Abilities in all kind of Knowledg, especially in that
of Natural things,and his generous Dilposition in communicating,incouraged
me to have recourse to him on many occasions. The Experiment was this:
Small Glast-balls ( about the bignest of that represented in the Figure &.)
would5upon rubbing or scratching the inward Surface, ssy all insunder, with
a pretty brisk noise 5 whereas neither before nor after the inner Surface had
been thus scratcht, did there appear any ssaw or crack. And putting the pie-
ces of one of those broken ones together again, the ssaws appeared much
after the manner of the black lines on the Figure, These Balls were small,
but exceeding thick bubbles of Glast , which being crack’d off from the
Puntilion whilst very hot, andso sullered to cool without nealing them in



M I C ROG R A P H I A* z
the Oven over the Furnace, do thereby (f being made of white Glast,
which cools much quicker then green Glass, and is thereby made much
brittlerj) acquire a very porous and very brittle texture: lb that if with
the point of a Needle or Bodkin, the inside of any of them be rubbed
pretyhard, and then laid on a Table, it will, within a very little while,
break into many pieces with a brisk noise, and throw the parts above a
span asunder on the Table: Now though the pieces are not lb Imall as
thosc of a sulminating drop, yet they as plainly (hew, that the outward
parts of rhe Glass have a great Conatus to ssy asunder,were they not held
together by the tenacity of the parts of the inward Surface : for we see
as loon as thole parts are crazed by hard rubbing, and thereby their tena-
city spoiled, the springinels of the more outward parts quickly makes a
divulsion, and the broken pieces will, if the concave Surface of them be
further icratcht with a Diamond, ssy again into smaller pieces.

From which preceding considerations it will follow Sixthly, That the
Hidden flying asunder of the parts as soon as this Arch is any where disor-
dered or broken, proceeds from the springing of the parts 5 which Endea-
vouring to extricate themselves as soon as they get the liberty, they per-
form it withluch a quicknels,that they throw one another away with very
great violence : for the Particles that compole the Crust have a Conatus
to lye further from one another,and therefore as soon as the external parts
are locsened they dart themfelves outward with great violence, just as lb
many Springs would do, if they were detained and fastened to.the body,
as loon as they should be luddenly looseneds and the internal parts draw-
ing inward, they contra (ft so violently. that they rebound back again and
fly into multitude of small shivers or sands. Now though they appear
not, either to the naked Eye, or the Microfeope^ yet I am very apt to think
there may be abundance of Imall ssaws or cracks, which , by reason the
strong ressecting Air is not got between the contiguous parts, appear not.
And that this may be so, I argue from this , that I have very often been
able to make a crack or ssaw, in feme convenient pieces of Glals,to appear
and dilappear at pleasure, according as by pressing together, or pulling
asunder the contiguous parts, I excluded or admitted the strong ressect-
ing Air between the parts: And it is very probable, that there may be
feme Body, that is either very ratified Air, or lomething analogous to it,
which fills the bubbles of these drops $ which I argue, firstafrom the round-
nets of them, and next, from the vivid ressection of Light which they ex-
hibite : Now though I doubt not, but that the Air in them is very much
ratified,yet that there is some in them, to such as well consider this Expe-
riment of the dilappearing of a crack upon the extruding of the Air, I
suppofe it will feem more then probable.

The Seventh and last therefore that I sshall prove, is, That the gradual
heating and cooling of thefe Co extended bodies does reduce the parts os the
Glass to a loofer andfester temper. And this I found by heating them, and
keeping them for a prety while very red hot in a fire 5 for thereby I found
them to grow a little lighter, and the Imall Stems to be very easily bro-
ken and snapt any where, without at all making the drop ssy 5 whereas

H 2 before
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before they were so exceeding hard3that 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 Reason of which last seems
to be , that the leisurely heating and cooling of the parts doesnot only
wastsome part of the Glassit self, but ranges all the parts into abetter
order , and gives each Particle an opportunity of relaxing its self, and
confequently neither will the parts hold lb strongly together as before,
nor be so difficult to be broken : The parts now more easily yielding,
nor will the other parts fly in pieces , becauso the parts have no bended
Springs. The relaxation also in the temper of hardned Steel, and ham-
mered Metals:by nealing them in the fire,teems to proceed from much the
same caute. For both by quenching suddenly such Metals as have vitri-
d parts interspers’d, as Steel has,and by hammering of other kinds that
do not so much abound with them, as Silver, Brats, &c. the parts are put
into and detained in abended posture, which by the agitation of Heat
are thaken,and loosened, and mffered to unbend themfelves.

Observ. VIII. Os the siery Sparks struck. srom a Flint or
Steel,

IT is a very common Experiment, by striking with a Flint against aSteel,to make certain fiery and shining Sparks to ssy out from between
those two compresiing Bodies. About eight years since , upon casoally
reading the Explication of this odd Phenomenons by the most Ingenious
Des Cartes, I had a great desire to be fatisfied, what that Substance was
that gave such a Ihining and bright Light: And to that end I tpread a
sheet of white Paper,and on it, obferving the place where several of these
Sparks scemed to vanish, I found certain very sinall, black, but glittering
Spots of a movable Substance, each of which examining with my Mifcro-
cope.} found to be a sinall round Globule 5 some of which, as they looked
prety sinall, so did they from their Surface yield a very bright and strong
ressexion on that side which was next the Light 5 and each look’d almost
like a prety bright Iron-Ball, whose Surface was prety regular, such as is
repreiented by the Figure A. In this I could perceive the Image of the
Window prety well, or of a Stick, which I moved up and down between
the Light and it. Others I found,which were, as to the bulk of the Ball,
prety regularly round,but the Surface of them,as it was not very sinooth,
but rough,and more irregular, so was the ressexion from it more faint and
confuted. Such were the Surfaces of B. C. D. and E. Some of these I
found cleft or cracked, asC, others quite broken in two and hollow, as
D. which teemed to be half the hollow thell of a Granado, broken irre-
gularly in pieces. Several others I found of other shapes 5 but that
which is represented by E, I observed to be a very big Spark of Fire,
which went out upon one side of the Flint that I struck fire withall, to

which
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which it stuckby the root F, at the end of which small Stem was fasten-
ed-on zHemisiphere, or half a hollow Ball,with the mouth of it open from
the stemwards, so that it looked much like a Funnel, or an old fashioned
Bowl without a foot. This night, making many tryals and obtervations
of this Experiment,! met,among a multitude of the Globular ones which
I had observed, a couple of Instances, which are very remarkable to the
confirmation of my Hypothefis.

And the First was of a pretty big Ball fattened on to the ehd os a small
ssiver of Iron,which Compofitum teemed to be nothing else but a long thin
chip of Iron,one of whose ends was melted into a small round Globuljthe
other end remaining unmelted and irregular, and perfectly Iron.

The Second Instance was not lest remarkable then the First, for I
found, when a Spark went out, nothing but a very small thin long sliver
of Iron or Steel, unmelted at either end. So that it teems, that feme of
these Sparks are the slivers or chips of the Iron vitrisied, Others are on-
ly the slivers melted into Balls without vitrification, And the third kind
are only small slivers of the Iron, made red-hot with the violence os the
stroke given on the Steel by the Flint.

He that shall diligently examine the Phenomena of this Experiment^
will, I doubt not, find cause to believe, that the reasbn I have heretofore
given of it, is the true and genuine cause of it, namely, That the Sparky
appearing so bright in the sallingys nothing elfe but a finall piece os the Steel
or Flinty but mofi commonly os the Steely which by the violence os the jlroke
is at the fame time fiver d and heatt red-hot, and that fometimes to fuch a
degree, at to make it melt together into a fmall Globule os Steel, and some-
times also is that heat fo very intenfe^ at surther to melt it and vitrisie it 5 but
many times the heat is fo gentle, at to be able to make the fliver only red hot $
which notwithjlanding salling upon the tinder (that is only a very curious
sinall Coal made of the small threads of Linnen burnt to coals and
char’dj it easily sits it on sife. Nor will any part of this Hypothecs teerri
strange to him that considers, First, that either hammering, or filing, or
otherwise violently rubbing of Steel, will presently make it so hot as to
be able to burn ones fingers. Next, that the whole force of the stroke
is exerted upon that small part where the Flint and Steel first touch: For
the Bodies being each of them so very hard, the puls cannot be far com-
municated, that is, the parts of each can yield but very little, and there-*
fore the violence of the concussion will be exerted on that piece of Steel
which is cut off by the Flint. Thirdly, that the filings or small parts os
Steel are very apt,as it were,to take fire, and are presently red hot, that
is,there teems to be a very combujlible fulphureous Body in Iron or Steel,
which the Air very readily preys upon, as soon as the body is a little vio-
lently heated.

And this is obvious in the filings of Steel or Iron cast through the ssame
of a Candle 5 for even by that sudden tranfitus of the sinall chips of Iron,
they are heat red hot, and that combuflible sitlphureous Body is pretent-
ly prey’d upon and devoured by the aereal incompassing ildenflruum^
whofe office in this Particular I have shewn in the Explication of Char-

cole, And
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And in profecution of this Experiment,having taken the filings of Iron

and Steel, and with the point of a Knife cast them through the ssame of a
Candle, I obferved where feme conspicuous shining Particles fell, and
looking on them with my Microfeope , I found them to be nothing else
butsuch round Globules, as I formerly found the Sparks struck from the
Steel by a stroke to be, only a little bigger 5 and lhaking together all the
filings that had fallen upon the lheet of Paper underneath, and obferving
them with the Microfiope. I found a great number of small Globules, such
as the former, though there were allo many of the parts that had remain-
ed untoucht, and rough filings or chips of Iron. So that, it teems, Iron
does contain a very combufiible fulphureous Body, which is, in all likeli-
hood, one of the cautes of this Phenomenon , and which may be perhaps
very much concerned in the businels of its hardening and tempering : os
which somewhat is laid in the Defcription of Mufiovj-glasi.

So that, thete things considered, we need not trouble our telves to find
out what kind of Pores they are, both in the Flint and Steel, that contain
the Atoms os sire, nor how those Atoms come to be hindred from run-
ning all out , when a dore or passage in their Pores is made by the con-
cussion: nor need we trouble our telves to examine by what Prometheus
the Element of Fire comes to be fetcht down from above the Regions os
the Air, in what Cells or Boxes it is kept, and what Epimetheus lets it go;
Nor to consider what it is that causes so great a conssux of the atomical
Particles of Fire,which are said to ssy to a ssaming Body, like Vultures or
Eagles to a putrifying Carcals, and there to make a very great pudder.
Since we have nothing more difficult in this Hjpothesis to conceive, first,
as to the kindling of Tinder, then how a large Iron-bullet, let fall red or
glowing hot upon a heap of Small-coal, should set fire to thote that are
next to it first : Nor secondly, is this last more difficult to be explicated,
then that a Body, as Silver for Instance, put into a weak Menftruum, as
unrestified Aquasortis should , when it is put in a great heat, be there
dissblved by it, and not before 5 which Hjpothefis is more largely explica-
ted in the Defcription of Charcoal. To conclude, we fee by this In-
stance, how much Experiments may conduce to the regulating of Philo-
sophical notions. For if the most Acute Des Cartes had applied himself
experimentally to have examined what substance it was that caufed that
fllining of the falling Sparks struck from a Flint and a Steel, he would
certainly have a little altered his Hjpothesis, and we should have found,
that his Ingenious Principles would have admitted a very plausible Ex-
plication of this Phenomenon 5 whereas by not examining so far as he
might, he has fet down an Explication which Experiment do’s contra-
didh

But before I leave this Defcription, I must not forget to take notice of
the Globular form into which each of these is most curiously formed.
And this Phenomenon^ as I have eltewhere more largely (hewn, proceeds
from a propriety which belongs to all kinds of ssuid Bodies more or
Iess,and is caufed by the Incongruity of the Ambient and included Fluid,
which so ad:s and modulates each other, that they acquire, as neer as is

possible,
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possible, a sperical or globular form, which propriety and teveral os the
Phenomena that proceed from it, I have more fully explicated in the sixth
Obtervation.

One Experiment, which does very much illustrate my pretent Explica-
tion, and is in it self exceeding pretty, I must not pass by: And that is a
way of making small Globules ox Balls of Lead, or Tin, as small almost as
these of Iron or Steel, and that exceeding easily and quickly, by turning
the filings or chips of those Metals also into perfectly round Globules.
The way, in short,as I received it from the Learned Pbysitian Doctor I. G.
is this 5

Reduce the Metal you would thus shape, into exceeding fine filings,
the finer the filings are, the finer will the Balls be: Stratisie these 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, 16
that.as neer as may be, no one of the filings may touch another, place the
Crucible in a gradual sire, 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 these filings will joyn
and run together 5 whereas if the heat be proportioned , upon walking
the Lime-dust in fair Water, all those small filings of the Metal will lub-
side to the bottom in a most curious powder, considing all of exactly
round Globules, which, if it be very fine, is very excellent to make Hour-
glasses o£

Now though quick Lime be the powder that this dire&ion makes
choice of, yet I doubt not, but that there may be much more convenient
ones found out, one of which I have made tryal of, and found very efte-
stual 5 and were it not for discovering, by the mentioning of it, another
Secret, which I am not free to impart, I should have here inserred
it.

Observ. IX. Of the Colours obfervable in Mufcovy Glafs7 and
other thinBodies.

MOscovy-glass,or Lapis Jpecularis^s a Body that teems to have as ma-ny Curiosities in its Fabrick as any common Mineral I have met
with : for first, It is transparent to a great thicknels: Next, it is com-
pounded of an infinite number of thin ssakes joyned or generated one
upon another so close & frnooth,as with many hundreds of them to make
one sinooth and thin Plate of a transparent ssexible substance,which with
care and diligence may be ssit into pieces 16 exceedingly thin as to be
hardly perceivable by the eye, and yet even thote, which I have thought
the thinnest, I have with a good il'/icrojcope found to be made up of many
other Plates, yet thinner 5 and it is probable, that, were our Microfcopes

much



much better , we might much further discov er its divisibility. Nor art
thefe ssakes only regular as to the smoothness of their Surfaces j but third-
ly , In many Plates they may be perceived to be terminated naturally
with edges of the figure of a Rhomboeid. This Figure is much more con-
spicuous in our English talk, much whereof is found in the Lead Mines,
and is commonly called Spar , and Kanck^ which is of the same kind os
substance with the S olenitis y but is seldom found in so large ssakes as that
is, nor is it altogether so tuff, but is much more clear and transparent,and
much more curioussy shaped, and yet may be cleft and flak’d like the o-
ther sdenitis. But fourthly, this stone has a property, which in respest
of the Microfeopey is more notable, and that is, that it exhibits several ap-
pearances of Colours, both to the naked Eye, but much more conspicu-
ously to the Microfcope 5 for the exhibiting of which , I took a piece of
Mufany-glasi) and splitting or cleaving it into thin Plates, I found that up
and down in several parts of them I could plainly perceive several white
(peeks or flaws, and others diversly coloured with all the Colours of the
Rainbow 5 and with the Microjcope I could perceive, that thefe Colours
were ranged in rings that incompassed the white speck or ssaw, and were
round or irregular, according to the shape of the spot which they termi-
nated 5 and the petition of Colours, in respest of one another, was the
very same as in the Rainbow. The confecution of those Colours from the
middle of the spot outward being Blew, Purple, Scarlet, Yellow, Greeny
Blew, Purple, Scarlet, and so onwards, sometimes half a feore times re-
peated,that is,there appeared six,feven,eight,nine or ten feveral coloured
rings or lines, each incircling the other, in the same manner as I have of-
ten feen a very vivid Rainbow to have four or five feveral Rings of Co-
lours, that is, accounting all the Gradations between Red and Blew for
one: But the order of the Colours in thefe Rings was quite contrary to
the primary or innermost Rainbow^ and the same with thofe of the fecon-
dary or outermost Rainbow 5 thefe coloured Lines or Irisesy as I may sb
call them, were feme of them much brighter then others, and seme of
them also very much broader, they being feme of them ten,twenty, nay,
I believe, neer a hundred times broader then others 5 and thofe usually
were broadish which were neerest the center or middle of the ssaw. And
oftentimes I found , that thefe Colours reacht to the very middle of the
ssaw, and then there appeared in the middle a very large spot, for the
most part, all of one colour , which was very vivid , and all the other
Colours incompassing it, gradually aseending, and growing narrower to-
wards the edges, keeping the same order, as in the seenndary Rainbowy
that is,if the middle were Blew, the next incompassing it would be a Pur-
ple,the third a Red, the fourth a Yellow, &c. as above \ if the middle
were a Red,the next without it would be a Yellow,the third a Green, the
fourth a Blew,and so onward,. And this order it alwayes kept whatso-
ever were the middle Colour.

There was further observable in feveral other parts of this Body, ma-
ny Lines or Threads,each of them of feme one peculiar Colour, and thofe
so exceedingly bright and vivid, that it afforded a very pleasant objed:

through



through the Microfope. Some of these threads I have observed allo to
be pieced or made up of several Ihort lengths of differently coloured
ends s as I may so call them ) as a line appearing about two inches long
through the Microfcope , has been compounded of about half an inch of
a Peach colour, I of a lovely Crass-green, | of an inch more of a bright
Scarlet.and the rest of the line of a Watchet bleW; Others of them were
much otherwise coloured 5 the variety being almost infinite. Another
thing which is very observable, is, that if you find any place where the
colours are very broad and conspicuous to the naked eye, you may, by
pressing that place with your singer, make the colours change places,and
go from one part to another.

There is one Phenomenon more, which may, if care be used, exhi-
bit to the beholder, as it has divers times to me, an exceeding pleasant,
and not lessinstrustive Spectacle 5 And that is, if curiosity and diligence
be used, you may so split this admirable Substanee , that you may have
pretty large Plates ( in companion of those (mailer ones which you may
observe in the Rings) that are perhaps an | or a part of an inch over,
each of them appearing through the Mierofeope most curiouily, intirely,
and uniformly adorned with (bme one vivid colour: this, if examined
with the Microfeope, may be plainly perceived to be in all parts of it c-
qually thick. Two, three, or more of these lying one upon another, ex-
hibit oftentimes curious compounded colours, which produce such a
Compositum, as one would fcarce imagine (hould be the resolt of silch in-
gredients : As perhaps a saint yellow and a blew may produce a very deep
purple. But when anon we come to the more strist examination of these
Phenomena^ and to inquire into the causes and reasbns of these producti-
ons, we (hall,I hope, make it more conceivable how they are produced,
and shewthemto be no other then the natural and necessary csfeCts ari-
singfrom the peculiar union of concurrent causes*

These Phenomena being so various, and so truly admirable, it will cer-
tainly be very well worth our inquiry, to examine the causes and reasbns
of them,and to consider, whether from these causes demonstratively evi-
denced , may not be deduced the true causes of the produdion of all
kind of Colours. And 1 the rather now do it, instead of an Appen-
dix or Digression to this History, then upon the occasion os examining
the Colours in Peacocks, or other Feathers, becaufe this Subject, as it
does afford more variety of particular Colours, so does it afford much
better wayes of examining each circumstance. And this will be made
manifest to him that considers, first, that this laminated body is more
Ample and regular then the parts of Peacocks feathers, this considing on-
ly of an indefinite number of plain and smooth Plates, heaped up, or in-
cumbent on each other. Next, that the parts of this body are much more
manageable, to be divided or joyned, then the parts of a Peacocks fea-
ther,or any other siibstance that I know. And thirdly, because that in this
we are able from a colourless body to produce several coloured bodies,
affording all the variety of Colours imaginable: And several Others,
which the subsequent Inquiry will make manifest.

I
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To begin therefore, it is manifest from several circumstances, that the

material cause of the apparition of these several Colours , is feme Lamina.
or Plate of a transparent or pellucid body of a thickness very determi-
nate and proportioned according to the greater or less refractive power
of the pellucid body. And that this is so.abundance of Instances and par-
ticular Circumstances will make manifest.

hs sirft, if you take any small piece of the Mufeovy-glafs , and with a
Needle , or feme other convenient Instrument, cleave it oftentimes into
thinner and thinner Lamin#, you (hall find, that till you come to a deter-
minate thinness of them, they shal 1 all appear transparent and colourless,
but if you continue to iplit and divide them further,you (hall find atlast,
that each Plate, after it comes to such a determinate thickness, (hall ap-
pear most lovely ting’d or imbued with a determinate colour. surther
by any means you so ssaw a pretty thick piece, that one part does begin
to cleave a little from the other, and between those two there be by any
means gotten sbme pellucid medium^ those laminated pellucid bodies that
fill that space, (hall exhibit several Rainbows or coloured Lines, the co-
lours of which will be disposed and ranged according to the various
thicknesses of the several parts os that Plate. That this is so, is yet sur-
ther confirmed by this Experiment.

Take two small pieces of ground and polisht Looking-glass-plate,
each about the bigness of a (hilling, take these two dry, and with your
fore-fingers and thumbs press them very hard and clofe together,and you
(hall find, that when they approach each other very near, there will ap-
pear several Irises or coloured Lines, in the same manner almost as in the
Musiowy-glasi 5 and you may very easily change any of the Colours of
any part of the interposed body, by pressing the Plates closer and hard-
er together,or leaving them more lax 5 that is,a part which appeared co-
loured with a red, may be presently ting’d with a yellow, blew, green,
purple , or the like, by altering the appropinquation of the terminating
Plates.Now that air is not necessary to be the interposed body, but that
any other transparent ssuid will do much the same, may be tryed by wet-
ting those approximated Surfaces with Water, or any other transparent
Liquor, and proceeding withit in the same manner as you did with the
Air 5 and you will find much the like efled:, only with this difference,
that those comprest bodies, which difser most, in their refradive quality,
from the compressing bodies, exhibit the most strong and vivid tin-
ctures. Nor is it necessary , that this laminated and tingd body should
be of a ssuid substance, any other substance, provided it be thin enough
and transparent, doing the same thing : this the L^zzz^of our Mufcovy-
glas hint 5 but it may be confirm’d by multitudes of other Instances.

And first, weshall find, that even Glass it self may, by the help of a
Lamp, be. blown thin enough to produce these Phenomena of Co-
lours : which Phenomena accidentally happening, as I have been
attempting to frame small Glasses with a Lamp, did not a little surprize
me at first, having never heard or seen any thing of it before 5
though afterwards comparing it with the Phenomena, I had often

observed
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observed in thole Bubbles which Children use to make with Soap-water,
I did the lest wonder 5 especially when upon Experiment I found, I was
able to produce the same Phenomena in thin Bubbles made with any
other transparent Substance. Thus have I produced them with Bubbles
of Pitchy Kojin, Colophony ^Turpentine., Solutions of several Gums^ as Gum-
Arabic ss in water 5 any glutinous Liquor,as Wort., WineJSpirit os Wine., Oyl
of Turpentine^, Glare os Snails^ &c.

It would be needlest to enumerate the several Instances , these being
enough to sliew the generality or universality of this propriety. Only I
must not omit, that we have instances also of this kind even in metalline
Bodies and animal 5 for those several Colours which are observed to foL
low each other upon the polisht surface of hardned Steel, when it is by a
sufficient degree of heat gradually tempered or sbftened, are produced
from nothing elle but a certain thin Lamina of zvitrum or vitrified part
of the Metal,which by that degree of heat, and the concurring action of
the ambient Air,is driven out and fixed on the surface of the Steel.

And this hints to me a very probable (* atleast. if not the true) cause
of thehardningand tempering of Steel, which has not, I think, been yet
given,nor, that I know of,been so much as thought of by any. And that
is this,that the hardnest of it arises from a greater proportion of a vitrifi-
ed Substance interspersed through the pores of the Steel. And that the
tempering or sbftning of it arises from the proportionate or smaller parcels
of it left within those pores. This will seerti the more probable, if we
consider these Particulars.

First, That the pure parts of Metals are of themselves very ssexible
and tujst, that is, will indure bending and hammering,and yet retain their
continuity.

Next, That the Parts of all vitrified Substances, as all kinds of Glass,
the Scoria of Metals, &c. are very hard, and also very brittle, being nei-
ther flexible nor malleable, but may by hammering or beating be broken
into small parts or powders.

Thirdly,That all Metals s excepting Gold and Silver , which do not
so much with the bare fire, ’ unlest assisted by other saline Bodies ) do
more or less vitrisie by the strength of fire, that is, are corroded by a sa-
line Substance, which I elsewhere shew to be the true cause of fire, and
are thereby, as by several other MenfiruumsyeonVextc^. into Scoria 5 And
this is called, crfZczzriagofthem, by Chimists. Thus Iron and Copper by
heating and quenching do turn all of them by degrees into Scoria., which
are evidently vitrisied Substances, and unite with Glass , and are easily
sufible 5 and when cold, very hard, and very brittle.

Fourthly, Thatmost kind of Vitrisications or Calcinations are made by
Salts, uniting and incorporating with the metalline Particles. Nor do I
know any one calcination wherein a Saline body may not, with very
great probability, be said to be an agent or coad jutor.

Fifthly, That Iron is converted into Steel by means of the incorpora-
tion of certain saits, with which it is kept a certain time in the fire.

I 9 Sixthly,
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Sixthly, That any Iron may, in a very little time, be cafe hardned^ as

the Trades-men call it, by casing the iron to be hardned with clay, and
putting between the clay and iron a good quantity of a mixture of Vrine,
Soot., Sea-fait., and Horfes hooss (all which contein great quantities of Sa-
line bodies) and then putting the case into a good strong fire, and keep-
ing it in a considerable degree of heat for a good while, and afterwards
heating, and quenching or cooling it suddenly in cold water.

Seventhly,That all kind ofvitrify’d substances,by being siiddenly cool’d,
become very hard and brittle. And thence arises the pretty Phenomena
of the Glass Drops, which I have already further explained in its own
place.

Eighthly, That thole metals which are not 16 apt to vitrifie, do not ac-
quire any hardness by quenching in water, as Silver, Gold,&c.

Thefe considerations premis’d, will, I luppofe, make way for the more
• easie reception of this following Explication of the Phenomena of hardned
and temper’d Steel. That Steel is a lubstance made out of Iron, by means
of a certain proportionate Vitrisication of several parts, which are 16 cu-
rioussy and proportionately mixt with the more tough and unalter’d parts
of the Iron, that when by the great heat of the fire this vitrify’d sub-
siance is melted, and confequently ratify’d, and thereby the pores of
the Iron are more open, if then by means of dipping it in cold water it
be luddenly cold, and the parts hardned, that is, ssay’d in that lame de-
gree of Expanjion they were in when hot, the parts become very hard
and brittle, and that upon the lame account almost as Imall parcels of
glals quenched in water grow brittle, which we have already explicat-
ed. If after this the piece ofSteel be held in lome convenient heat,till by
degrees certain colours appear upon the surface of the brightned metal,
the very hard and brittle tone of the metal, by degrees relaxes and be-
comes much more tough and loft 5 namely, the aflion of the heat does
by degrees loofen the parts of the Steel that were before streached or let
atilt as it were, and flayed open by each other, whereby they become
relaxed and let at liberty, whence ibmeof the more brittle interjacent
parts are thrust out and melted into a thin skin on the lurface ofthe Steel,
which from no colour increales to a deep Purple, and lb onward by thele
gradations or consecutions, White., Yellow., Orange^ Minium^ Scar let, Purple^
Elen>fFatcheti &c. and the parts within are more conveniently, and pro-
portionately mixt 5 and lb they gradually lubside into a texture which
is much better proportion’d and closer joyn’d, whence that rigidnesse
of parts ceafes, and the parts begin to acquire their former dwEtil-
nefs.

Now,that ’tis nothing but the vitrify’d metal that flicks upon the surface
ofthe colour’d body, is evident from this, that if by any means it be fcra-
ped and rubb’d off,the metal underneath it is white and clear^and if it be
kept longer in the fire, 16 as to increase to a considerable thicknels, it
may, by blows, be beaten off in ssakes. This is further confirm’d by this
obfervable, that that Iron or Steel will keep longer from rusting which
is covered with this vitrify’d cafe : Thus allb Lead will, by degrees, be
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all turn’d into a litharge, for that colour which covers the top being
scum’d or shov’d aside, appears to be nothing else but a litharge or
vitrify’d Lead.

This is observable also in some sort, on Brass, Copper, Silver, Gold,
Tin, but is mosl conspicuous in Lead: all those Colours that cover the
surface of the Metal being nothing else , but a very thin vitrifi’d part
of the heated Metal.

The other Instance we have, is in Animal bodies, as in Pearls, Mother
of Pearl-shels, Oyster-shels, and almost all other kinds of slonyjhels
whatsbever. This have I also sbmetimes with pleasure observ’d even
in Mufelesand Tendons. . Further, if you take any glutinous subslance
and run it exceedingly thin upon the sursace of a smooth glass or a po-
lisht metaline body, you shall find the like effects produced: and in
general, wheresbever you meet with a transparent body thin enough*
that is terminated by ressecting bodies of differing refraCtions from it,
there will be a production of thefe pleating and lovely colours.

Nor is it necessary, that the two terminating Bodies should be both of
the same kind, as may appear by the vitrisied Lamina on Steel, Lead, and
other Metals,one surface of which Lamina is contiguous to the surface of
the Metal, the other to that of the Air.

Norisit neceslary, that these colour’d Lamina should be of an even
thickness, that is. should have their edges and middles of equal thickness,
as in a Looking-glass-plate, which circumstance is only requisite to make
the Plate appear all of the same colour 5 but they may refemble a Lens,
that is, have their middles thicker then their edges 5 or else a double con-
cave, that is, be thinner in the middle then at the edges 5 in both which
cases there will be various coloured rings or lines,with differing consecu-
tions or orders of Colours 5 the order of the firsl from the middle out-
wards being Red, Yellow, Green, Blew, &c< And the latter quite con-
trary.

But further, it is altogether neceslary, that the Plate, in the places
where the Colours appear, should be of a determinate thickness: First, It
musl not be more then such a thickness, for when the Plate is increafed to
such a thickness, the Colours cease 5 and besides, I have feen in a thin
piece of JWufcovy-glafs, where the two ends of two Plates, which appear-
ing both single, exhibited two dislinCt and differing Colours 5 but
in that place where they were united, and constituted one double Plate
(as I may call it) they appeared transparent and colourless. Nor, Se-
condly , may the Plates be thinner then siich a determinate ciz>e 5 for we
alwayes find, that the very outmosl Rim of thefe ssaws is terminated in
a white and colourless Ring.

Further, in this Production of Colours there is no need of a determi-
nate Light of such a bigness and no more, nor of a determinate position
of that Light,that it should be on this side,and not on that side 5 nor of a
terminating shadow, as in the Prisme, and Rainbow, or Water-ball: for
we find, that the Light in the open Air, either in or oife of the Sun-beams,
and within a Room, either from one or many Windows, produces much

the
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the same effect only where the Light is brightest, there the Colours are
most vivid. So does the light of a Candle , collected by a Glass-ball.
And further , it is all one whatever side of the coloured Rings be to-
wards the light 5 for the whole Ring keeps its proper Colours from the
middle outwards in the same order as I before related , without varying
at all, upon changing the position of the light.

But above all it is most obfervable, that here are all kind os Colours
generated in ^.pellucid body,where there is properly no such refraction as
Des Cartes suppofes his Globules to acquire a verticity by: For in the
plain and even Plates it is manifest, that the second rcfradion ( accord-
ing to Des Cartes his Principles in the sisth Section os the eighth Chapter
os his Meteors ) does regulate and restore the supposed turbinated Glo-
bules unto their former uniform motion. This Experiment therefore will
prove such aoneasour thrice excellent Verulam calls Experimentum Cru-
cisz serving as a Guide or Land-mark , by which to direct our course in
the search after the true cause os Colours. Affording us this particular
negative Information, that for the production of Colours there is not ne-
cessary either a great refraction, as in the Prisme , nor Secondly, a deter-
mination of Light and shadow, such as is both in the Prisme and Glass-
ball. Now that we may see likewise what affirmative and positive Instru-
Ction it yields,it will be necessary, to examine it a little more particularly
and striiftly 5 which that we may the better do, it will be requisite to
premise sbmewhat in general concerning the nature of Light and Refra-
ction.

And first for Light,it seems very manifest, that there is no luminous Bo-
dy but has the parts of it in motion more or lest.

First, That all kind of siery burning Bodies have their parts in motion,
I think, will be very easily granted me. That the Jpark^ struck from a
Flint and Steel is in a rapid agitation, I have elfewhere made probable.
And that the Parts of rotten Woody otten Fi/hynd the like, are allo in mo-
tion, I think, will as easily be conceded by those, who consider,that those
parts never begin to shine till the Bodies be in a state of putrefaction 5
and that is now generally granted by all, to be caused by the motion of
the parts of putrifying bodies. That the Bononian sione shines no lon-
ger then it is cither warmed by the Sun-beams, or by the ssame of a Fire
or of a Candle, is the general report of those that write of it, and of
others that have seen it. And that heat argues a motion of the internal
parts3is ( as I laid before ) generally granted.

But there is one Instance more, which was first shewn to the Royal So-
ciety by Mr. Clayton a worthy Member thereof, which does make this Ast
sertion more evident then all the rest: And that is, That a Diamond be-
ing ridid.) siruc^ or heated in the dark, shines for a pretty while after, sb
long as that motion, which is imparted by any of those Agents, remains
sin the same manner as a Glast,rubb’d,struck,or(by a means which I ffiall
elfewhere mention ) heated, yields a sound which lasts as long as the vi-
brating motion of that fonorous body ) feveral Experiments made on
which Stone, are lince published in a Discourse of Colours, by the truly

honou-
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honourable Mr. Boyle. What may be laid of thole Ignessatui that ap-
pear in the night,! cannot lb well affirm, having never had the opportune
ty to examine them my self, nor to be inform’d by any others that had
oblerv’d them: And the relations of them in Authors are lb imperfect,
that nothing can be built on them. But I hope I lhall be able in another
place to make it at least very probable, that there is even in thole allb a
Motion whieh causes this efieft. That the shining os Sea-water proceeds
from the same cause, may be argued from this. That it Ihines not till ei-
ther it be beaten again!! a Rock, or be ibme other wayes broken or agi-
tated by Storms, or Oars, or other percnljing bodies. And that the A*
nimal Energyes or Spirituous agil parts are very astive in Cats eyes when
they shine, leems evident enough, becaule their eyes never shine but
when they look very intently either to find their prey, or being hunted
in a dark room,when they seek after their ad versary, or to find a way to
cicape. And the like may be said of the shining Bellies os Gioworms,
since ’tis evident they can at pleasure either increase cr extinguilh that
Radiation.

It would be somewhat too long a work for this place Zetctically to
examine, and positively to prove, what particular kind of motion it is
that mull be the efficient of Light 5 for though it be a motion, yet ’tis
not every motion that produces it, since we find there are many bodies
very violently mov’d, which yet afford not such an effests and there
are other bodies, which to our other lenses, seem not mov’d lb much,
which yet shine. Thus Water and quick-silver, and most other liquors
heated, shine not 5 and several hard bodies, as Iron, Silver, Brals.Cop*
per, Wood, &c. though Very often struck with a hammer, shine not pre*
sently, though they will all of them grow exceeding hot 5 whereas rot*
ten Wood, rotten Filh, Sea water, Gio worms, &c. have nothing os tan-
gible heat in them, and yet (where there is no stronger light to afsost the
Sensoryf they shine Ibme of them lb Vividly, that one may make a fliift
to read by them.

It would be too long, I say, here toinlert the dilcursive prdgrels by
which I inquir’d after the proprieties of the motion of Light, and there*
fore I lhall only add the relult.

And,First,I found it ought to be exceed!ng quicks such as thosemoti*
ons of sermentation and putrefablion, whereby, certainly, the parts are
exceeding nimbly and violently mov’d 5 and that, becaule we find thole
motions are able more minutely to lhatter and divide the body,then the
most violent heats or menjirwims we yet know. And that fire is nothing
elle but ssich a dijsblution of the Burning body, made by the most wniver-

sal menfiruum of all fulphnreous bodies, namely, the Air, we lhall in an
other place of this Trastate endeavour to make probable. And that,
in all extreamly hot shining bodies, there is a very quick motion that
causes Light, as well as a more robust that caules Heat, may be argued
from the celerity wherewith the bodyes are dissblv’d.

Next, it must be a Vibrative motion. And for this the newly mention’d
Diamond affords us a good argument 5 since if the motion of the parts did

not



not return,the Diamond must after many rubbings decay and be wastedj
but we have no reason to suspest the latter, Specially if we consider
the exceeding difficulty that is found in cutting or wearing away a Di-
amond. And a Circular motion of the parts is much more improbable,
since, if that were granted,and they be luppos’d irregular and Angular
parts, I fee not how the parts of the Diamond fliould holdso firmly to-
gether, or remain in the lame fensible dimensions, which yet they do.
Next, if they be Globular.\ and mov’d only with a turbinated motion, I
know not any caufe that can imprels that motion upon the pellucid me*
dium3 which yet is done. Thirdly, any other irregular motion of the
parts one amongst another, must necessarily make the body of a ssuid
considence, from which it is far enough. It must therefore be a Vibra-
ting motion.

And Thirdly, That it is a very fhort vibrating motion 3 I think the in-
stances drawn from the Ihining of Diamonds will also make probable.
For a Diamond being the hardest body we yet know in the World, and
consequently the least apt to yield or bend, must consequently also have
its vibrations exceeding Abort.

And thefe, I think, are the three principal proprieties of a motion, re-
quisite to produce the eflcst call’d Light in the Object.

The next thing we are to consider, is the way or manner of the traje*
Ilion of this motion through the interpos’d pellucid body to the eye:
And here it will be easily granted,

First, That it must be a body jujceptible and impartible of this motion
that will deserve the name of a Transparent. And next, that the parts of
soch a body must be Homogeneous^ or of the same kind. Thirdly, that the
eonstitution and motion of the parts must be such, that the appulfe of the
luminous body maybe communicated or propagated through it to the
greatest imaginable distance in the least imaginable time 5 though I fee
no reason to affirm, that it must be in an instant: For I know not any one
Experiment or observation that does prove it. And, whereas it may be
objested, That we fee the Sun rifen at the very instant when it is above
the sensible Horizon, and that we fee a Star hidden by the body of the'
Moon at the lame instant, when the Star, the Moon, and our Eye are all
in the feme line 5 and the like Obfervations, or rather soppositions, may
be urg’d. I have this to answer, That I can as easily deny as they affirm;
for I would fain know by what means any one can be allured any more
of the Affirmative, then I of the Negative. If indeed the propagation
were very ssow, tis possible something might be difcovered by Eclyp-
fes of the Moon 5 but though we fliould grant the progrels 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 possible
means to difcover it 5 nay, there may be some instances perhaps of Ho-
rizontal Eclypfes that may seem very much to favour this supposition os
the ssower progression of Light then most imagine. And the like may
be feid of the Eclypfes of the Sun, &c. But of this only by the by.
Fourthly, That the motion is propagated every way through an Homo-

geneous
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geneous mediumby dired or ftraight lines extended every way like Rays
from the center of a Sphere. Fifthly, in an Homogeneous medium this mo-
tion is propagated every way with equal velocity, whence necessarily eve-
ry pulse or nitration of the luminous body will generate a Sphere, which
will continually increase, and grow bigger, just after the same manner
(though indefinitely swifter) as the waves or rings on the surface of the
water do (well into bigger and bigger circles about a point of it, where,
by the sinking of a Stone the motion was begun, whence it necessarily fol-
lows, that all the parts of these Spheres undulated through an Homogene-
ous medium cut the Rays at right angles.

But because all transparent mediums are not Homogeneous to one an-
other,therefore we will next examine how this pulfe or motion will be
propagated through differingly transparent mediums. And here, ac-
cording to the most acute and excellent Philosopher Des Cartes^ I (up-
pofe the sign of the angle of inclination in the first medium to be to
the sign of refraction in the second, As the density of the first, to the
density of the second. By density, I mean not the density in respett of
gravity (with which the refractions or transparency of mediums hold no
proportion) but in respcct onely to the trajeclion of the Rays of light, in
which respest they only differ in this ; that the one propagates the pulfe
more easily and weakly, the other more (lowly, but more strongly. But
as for the pulfes themfelves, they will by the refraCcion acquire another
propriety, which we (hall now endeavour to explicate.

We will soppose therefore in the first Figure AC F D to be a physical
Ray, or AB C and D E F to be two Mathematical Rays, traj elded from
a very remote point of a luminous body through an Homogeneous transpa-
rent medium L L L, and D A, E B, F C, to be small portions of the or-
bicular impulses which must therefore cut the Rays at right angles 5 these
Rays meeting with the plain surface N O of a medium that yields an
easier tranjitus to the propagation of light, and falling obliquely on it,
they will in the medium MMM be refracted towards the perpendicular
of the surface. And because this medium is more easily trajeded then
the former by a third, therefore the point C of the orbicular pulse F G
will be mov’d to H four (paces in the same time that F the other end of
it is mov’d to G three (paces, therefore the whole refrasted pulfe GH
(hall be oblique to the refra&ed Rays C H K and G15 and the angle G H G
(hall be an acute, and so much the more acute by how much the greater
the refrastion be, then which nothing is more evident, for the sign of the
inclination is to be the sign of refraction as G F to T G the distance be-
tween the point C and the perpendicular from G on CK, which being as
four to three, H C being longer then G F is longer alio then T C, there-
fore the angle G H C is lest than G T C. So that henceforth the parts of
the pulfes G H and IK are mov’d ascewj or cut the Rays at oblique
angles.

It is not my business in this place to set down the reasons why this or
that body (hould impede the Rays more,others lest: as why Water (hould
transmit the Rays more easily, though more weakly than air. Onely thus

R much
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much in general I (hall hint,that I suppose the medium M MM to have lest
of the transparent undulating subtile matter, and that matter to be lets
implicated by it, whereas L L L I suppose to contain a greater quantity
of the ssuid undulating substance,and this to be more implicated with the
particles of that medium.

But to proceed, the same kind of obliquity of the Pulses and Rays will
happen allo when the refraction is made out of a more easie into a more
difficult mediu j as by the calculations of G Q_& C S R which are refraded
from the perpendicular. In both which calculations ’tis obvious to observe,
that always that part of the Ray towards which the refradion is made
has the end of the orbicular pulsi precedent to that of the other side. And
always,the oftner the refradion is made the same way,Or the greater the
Angle refradion is, the more is this unequal progress. So that having
found this odd propriety to be an inseparable concomitant of a refraded
Ray, not streightned by a contrary refradion, we will next examine the
refradions of the Sun-beams, as they are suffer’d onely to pass through a
small passage, obliquely out of a more difficult,into a more easie medium.

Let us suppose therefore ABC in the second Figure to represent
a large Chimical Glafr-body about two foot long, filled with very fair Wa-
ter as high as A B, and inclin’d in a convenient posture with B towards
the Sun : Let us further suppose the top os it to be cover’d with an opa-
cous body, all but the hole a b, through which the Sun-beams are suffer’d
to pais into the Water,and are thereby refraded to c d e/,against which
part, if a Paper be expanded on the outside, there will appear all the co-
lours of the Rain-bow, that is, there will be generated the two principal
colours. Scarlet andB/«e, and all the intermediate ones which arise from
the competition and dilutings of these two, that is, c d shall exhibit a
Scarlet.* which toward d is diluted into a Telloro 5 this is the refradion os
the Ray, ik^, which comes from the underside of the Sun 5 and the Ray
es shall appear of a deep Blue, which is gradually towards e diluted in-
to a pale Watchet-blue. Between d and e the two diluted colours, Blue
and Tellow are mixt and compounded into a Green 5 and this I imagine to
be the reason why Green is lb acceptable a colour to the eye, and that
either of the two extremes are, if intense, rather a little offensive, name-
ly, the being plac’d in the middle between the two extremes, and com-
pounded out of both those, diluted also, or somewhat qualifi’d, for the
compojition3 arising from the mixture of the two extremes undiluted^
makes a Purple,which though it be a lovely colour,and pretty acceptable
to the eye, yet is it nothing comparable to the ravishing pleasurewith
which a curious and well tempered Green affeds the eye. If removing
the Paper, the eye be plac’d against c d, it will perceive the lower side
of the Sun (or a Candle at night which is much better, becaufe it offends
not the eye, and is more easily manageable) to be of a deep Red, and is
against es it will perceive the upper part of the luminous body to be os
a deep Blue 5 and these colours will appear deeper and deeper, accord-
ing as the Rays from the luminous body fall more obliquely on the sur-
face of the Water, and thereby susser a greater refradion, and the

! more
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more distinCt, the further c d ef is removed from the trajeCting hole.

So that upori the whole, we lhall find that the reason of the Phenome-
na seems to depend upon tteobliquity of the orbicularpulsyo the Lines of
Radiation,and in particular,that the Ray c d which constitutes the Scar-
let has its inner parts, namely thole which are next to the middle of the
luminous body, precedent to the outermost which are contiguous to the
dark arid unradiating skie. And that the Ray eswhich gives a Blue^ has
its outward part,namely, that which is contiguous to' the dark skie prece-
dent to the pulse from the innermost, which borders on the bright area.
of the luminous body.'

We may observe further,that the cause of the diluting of the colours to-
wards the middle,proceeds partly from the wideness of the hole through
which the Rays pass, whereby , the Rays from several parts of the lumi-
nous body, fail upon many of the same parts between c and/as is mote
manifest by the Figure: And partly alsofrom the nature of the refraCtiorr
it lelf, for the vividnels or slrengfh of the two terminating colours, arifing
chiessy as we have seen, from the very great difference that is betwixt the
outsides of those oblique undulations & the dark Rays circumambient.and
that dilparity betwixt the approximate Rays,decaying gradually: the fur-
ther inward toward the middle of the luminous body they are remov’d,
the more muss the colour approach to a white or an undisturbed light.

Upon the calculation of the refraCtion and ressection from a Ball of
Water or Glals,we have much the same Phenomenaobliquity of
the undulation in the lame manner as we have found it here. Which, be-
cause it is very much to our present purpose, and affords such an Infancia
crucis^ as no one that I know has hitherto taken notice of, I (hall further
examine. For it does very plainly and positively distinguish, and stew,
which of the two Hypothefsffither the Cartefan or this is to be followed,
by affording a generation of all the colors in the Rainbow,where accord-
ing to the Cartefan Principles there Ihould be none at all generated. And
secondly, by affording an instance that does more clolely confine the
caule of these Phenomena of colours to this prelent' Hypothefis.

And firstjfor the Carte fiance have this to objeCt against it,That whereas
he lays (Meteorum Cap .8 .Sellffffedjudicabam unicam(refratlionefcilicet)
ad minima requiri^ quidem talem at ejus effect us alia contraria (y efr acti-
on eff on defruatur : Nam expenentia dccet [iftperficies N M & N P (nempe
resringentes) Par allele sorent, radios tantundem per alteram iterum ereeios
quantum per unamsrangerenturqnuL'os colores depicsuros 5 This Principle of
his holds true indeed in aprilme where the refrading surfaces are plain,
but is contradisted by the Ball or Cylinder, whether of Water or GUIs,
where the refraCting surfaces are Orbicular or Cylindrical. For if We ex-
amine the passage of any Globule or Ray of the primary IrisyNe (ball find
it tq pass out of the Ball or Cylinder again, with the lame inclination and
refraCtion that it enter’d in withall, and that that last rcfraCrion by means
of the intermediate ressection lhall be the lame as if without any
ressection at all the Ray had been twice refraCted by two Parallel
lurfaces.

AndK. 2
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And that this is true, not onely in one, but in every Ray that goes to

the constitution of the Primary Iris 5 nay, in every Ray, that sussers only
two refrasiions.and one ressection, by the surface of the round body, we
shall nreiently see most evident, if we repeat the Cartejian Scheme, men-
tioned in the, tenth Section of the eighth Chapter of his Meteors, where

Schem. (. E f K N P in the third Figure is one of the Rays of the Primary Iris,
Fi£‘twice refracted at F and N, and once ressected at K by the surface of the

Water-ball. For, first it is evident, that KF and KN are equal, because
K N being the ressected part of K F they have both the same inclination
on the surface K that is the angles F K T. and N K V made by the two
Rays and the Tangent of K are equal,which is evident by the Laws of re-
flection whence it will follow also, that K N has the lame inclination on
the surface N, or the Tangent of it X N that the Ray K F has to the sur-
face F, or the Tangent of it F Y, whence it must necessarily follow,that
the reflations at F and N are equal, that is, K F E and KN P are equal.
Now, that the surface N is by the ressedion at K made parallel to the sur-
face at F, is evident from the principles of ressexion 5 for ressection being
nothing but an inverting of the Rays,if we re-invertthe Ray KN P, and
make the same inclinations below the line T K V that it has above, it will
be most evident, that K H the inverse of K N will be the continuation os
the line F K, and that L H I the inverse of O X is parallel to F Y. And
H M the inverse of N P is Parallel to E F for the angle K HI is equal
to K N O which is equal to K F Y, and the angle K H M is equal to K N P
which is equal to K F E which was to be prov’d.

So that according to the above mentioned Carteflan principles there
should be generated no colour at all in a Ball of Water or Glass by two
refraClions and one ressexion, which does hold most true indeed, if the
surfaces be plain, as may be experimented with any kind of prisme where
the two refraCting surfaces are equally inclin’d to the ressecting 5 but in
this the Th&nomena. are quite Otherwise.

The cause therefore of the generation of colour must not be what Des
Cartes assigns, namely, a certain rotation of the Globuli <etherei,which are
the particles which he supposes to constitute the Pellucid medium, But
sbmewhat else, perhaps what we have lately lupposed, and shall by and
by further prosecute and explain.

But,First I shall crave leave to propound some other difficulties of his,
notwithstanding exceedingly ingenious Hj/potheJis, which I plainly confess
to me seem such; and thoseare,

First, if that light be (as is affirmed, Diopt. cap. 1. 8.) not sb pro-
perly a motion, as an aCtion or propension to motion, I cannot conceive
how the ey e can come to be sensible of the verticity of a Globule, which is
generated in a drop of Rain, perhaps a mile off from it. For that Globule is
not carry d to the eye according to his formerly recited Principle? and if
not sb,I cannot conceive how it can communicate its rotation, or circular
motion to the line of the Globules between the drop and the eye. It can-
not be by means of every ones turning the next before him \ for if sb, then
onely all the Globules that are in the odd places must be turned the same

way
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Micrograph! a.
way with the first, namely, the 3.5. 7. 9. n/d'-c. but all the Globules
interposited between them in the even places 5 namely ,the 2.4.6.8.10.^^.
mutt be the quite contrary 5 whence, according to the Cartesian Hypothesis,
there must be no distinst colour generated, but a confusion. Next, since
the Cartesian Globuli aresuppos’d (Principiorum Philofoph.'Part.^. $.86.)
to be each of them continually in motion about their centers, I cannot
conceive how the^eye is able to distinguish this new generated motion
from their sormer Inherent one, if I may sb call that other wherewith they
are mov’d or turbinated, from feme other cause than refrastion. And
thirdly, I cannot conceive how these motions Ihould not happen some-
times to oppofe each other, and then, in Head os a rotation, there would
be nothing but a direst motion generated, and confequently no colour.
And fourthly, 1 cannot conceive, how by the Cartefian Hypothesis it is pos
sible to give any plausible reason of the nature of the Colours generated
in the thin lamina of these our Jl/icrofiopical Observations 5 for in many of

»thefe, the refrasting and ressesting surfaces are parallel to each other,and
confequently no rotation can be generated, nor is there any necessity of
a shadow or termination of the bright Rays, such as is suppos’d (chap.8.
§.5. Etpreterea observavi umbram quoque.aut limitationent luminis requiri :
and chap. 8. .$. 9. J to be necessary to the generation of any distinst co-
lours 5 Besides that, here is oftentimes one colour generated without any
of the other appendant ones, which cannot be by the Cartefian Hy«

pothefis.
There must be therefore some other propriety of refraftion that caufes

colour. And upon the examination of the thing, I cannot conceive any
one more general, infeparable, and sufficient, than that which I have be-
sore assign’d. That we may theresore see how exastly our Hypothefis
agrees also with the Phenomena of the refrasting round body, whether
Globe or Cylinder, we shall next subjoyn our Calculation or Examenof it.

And to this end, we will calculate any two Rays: as for instance 5 let
EF be a Ray cutting the Radius C D (divided into 20. parts) in G 16. 3-
parts distant from C, and es another Ray, which cuts the same Radius
in£ 17. partsdistantjthefe will be refrasted to K and 4, and from thence
ressestedtoN and n, and from thence refrasted toward P and p-, there-
sore the Arch Fs will be 5? 5'. The Arch F K 106/ 30'. the Arch s
101? 2*. The line F G 6000. and/^ 5267. therefore 733. therefore
Fc 980, almost. The line F K 16024. 1543therefore N d
and n 0 147 almost,the line Nn 1019 the Arch N n 5/ 51'. therefore
the Angle Nwois 54? 43’. therefore the Angle Non. is 139J 56'.
which is almost 5o.d more than a right Angle.

It is evident therefore by this Hypothecs, that at the same time that es
touches s. EF is arrived at r. And by that time e ssin is got to n,
EFKN is got to d, and when it touches N, thepulse of the other Ray
is got to 0. and no farther, which is very short of the place it should have
arriv’d to,to make the Ray np to cut the orbicular pulfe. N 0 at right
Angles: therefore the Angle N op is an acute Angle, but the quite con-

trary
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trary of this will happen,if i/.and 18.be calculated in stead of i6.and 17.
both which does most exactly agree with the Phenomena : For if the Sun,
or a Candle (which is better) be placed about E e, and the eye about
P p, the Rays E F es. at 16. and 17. will paint the side of the luminous
object toward wp 5/we,and towards N P Red. But the quite contrary will
happen when E F is 17. and es 18. for then towards N P (hall be a Blue,
and towards np a Red, exastly according to the calculation. And there
appears the Blue of the Rainbow, where the two Blue sides of the two
Images unite, and there the Red where the two Red sides unite, that is,
where the two Images are just disappearing 5 which is, when the Rays
E F and N P produc’d till they meet,make an Angle of about 41. and an
half, the like union is there of the two Images in the Production of the
Secondary Iris, and the same caufes, as upon calculation may appear 5
oncly with this difference, that it is somewhat more faint, by reason of the
duplicate ressection, which does always weaken the impulse the oftner
it is repeated.

Now, though the fecond refraCtion made at N n be convenient,that is,
do make the Rays glance the more, yet is it not altogether requisite 5 for
it is plain from the calculation, that the pulse dn is sufficiently oblique to
the Rays K N and wel as the pulse/'c is oblique to the Rays F K
And therefore if a piece of very fine Paper be held dole against N n and
the eye look on it either through the Ball as from D, or from the other
side, as from B. there shall appear a Rainbow, or colour’d line painted on
it with the part toward X appearing Red, towards O, Blue 5 the same allb
shall happen, if the Paper be placed about K. 4, for towards T shall ap-
pear a Red, and towards V a Blue, which does exastly agree with this my
Hypothess, as upon the calculation of the progress of the pulse will most
easily appear.

Nor do thefe two observations of the colours appearing to the eye a-
boutp differing from what they appear on the Paper at N contradict each
other 5 but rather confirm and exastly agree with one another, as will be
evident to him that examines the realons set down by the ingenious.
Des Cartes in the 12. Sett. of the 8. chapter os his Meteors, where he
gives the true reason why the colours appear of a quite contrary order
to the eye, to what they appear’d on the Paper if the eye be plac’d in
(seed of the Paper : And as in the Prisme, so alsoin the Water, Drop, or
Globe the Phenomena and reason are much the same.

Having therefore (hewn that there is soch a propriety in the prifwe
and water Globule whereby the pulfe is made oblique to the progressive,
and that so much the more, by how much greater the refraCtion is, I shall
in the next place consider, how this conduces to the production of co-
lours, and what kind of impression it makes upon the bottom of the eye 5
and to this end it will be requisite to examine this Hypothefis a little more
particularly.

First therefore, if we consider the manner of the progress of the pulfe,
it will seem rational to conclude, that that part or end of the pulse which
precedes the other,must necessarily be somwhat more obtunded,or impeded

by
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by the refinance of the transparcnt medium, tha n the other part or end os
it which is iubsequent, whose way is, as it were, prepared by the other,
especially if the adjacent medium be not in the same manner enlightnecf
or agitated. And therefore(in the fourth Figure os the sixth /c0#z/^Qtho
Ray AAAHB will have its side HH more deadned by the resinance
of the dark or quiet medium PPP, Whence there will be a kind of dead-
nets superinduc’d on the side H H H, which will continually increafe from
B, and strike deeper and deeper into the Ray by the sine B R 5 Whence
all the parts of the triangle, R B H O will be os a dead Blue colour, and
so much the deeper, by how much the nearer they lie to the line BHH,
which is moil deaded or impeded, and so much the more dilute, by how
much the nearer it approaches the line BR. Next on the other side of
the Ray A A N, the end A of the pulse AH will be promoted, or made
stronger, having its passage already prepar’d as ’twere by the other parts
preceding,and so its impressicn wil be stronger;And becauseof its obliqui-
ty to the Ray,there will be propagated a kind of faint motion into Q_Q_
the adjacent darker quiet medium, which faint motion will spread fur-
ther and further into Q_Q_ as the Ray is propagated further and further
from A,namely,as sar as the line M A,whence all the triangle MAN will
be ting’d with a Red, and that Red will be the deeper the nearer it ap-
proaches the line MA, and the paler oryellower the nearer it is the line
N A. And if the Ray be continued,so that the lines A N and B R (which
are the bounds of the /Wand Blue diluted) do meet and cross each other,
there will be beyond that intersccHon generated all kinds of Greens.

Now,thefe being the proprieties of every single refraded Ray of light,
it will be easie enough to consider what must be the relult of very many
such Rays collateral: As if we suppose infinite such Rays interjacent be-
tween A K S B and A N O B, which are the terminating: For in this cafe
the Ray A R S B will have its Red triangle intire,as lying next to the dark
or quiet medium^ but the other side of it B S will have no Blue., becaufe
the medium adjacent to it S B O, is mov’d or enlightned,and confequent-
ly that light does destroy the colour. So likewife will the Ray A N O B
lofe its Red.because the adjacent medium is mov’d or enlightned,but the
other side of the Ray that is adjacent to the dark, namely, AHO will
preferve its Blue entire, and thefe Rays must be so far produc’d as till
A N and B R cut each other, before there will be any Green produc’d.
From these Proprieties well consider’d,may be deduc’d the reasons of all
the Pheenomena of the prisrne., and of the Globules or drops of Water which
conduce to the production of the Rainbow. /

Next for the impression they make on the Retina, we will further ex-
amine this Hypothejis : Suppofe therefore A B C D E F.in the fifth Figure,
to reprefent the Ball os the eye: on the Cornea of which ABC two
Rays G A C H and K C AI (which are the terminating Rays of a lumi-
nous body) falling, are by the refrastion thereof cdileSed or convergd
into two points at the bottom of the eye. Now, becaufe thefe termi-
nating Rays, and all the intermediate ones which come from any part of
the luminous body, are Hippos d by some sufficient refia&ion before they

-
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enter the eye, to have their pulses made oblique to their progression, and
consequently each Ray to have potentially superinducd two proprieties,
or colours,ws. a Red on the one side, and a Blue on the other, which not-
withstanding are never actually manifest,butwhen this or that Ray has the
one or the other side of it bordering on a dark or unmov’d medium,there-
fore as (bon as these Rays are entred into the eye.and so have one side of
each of them bordering on a dark part of the humours of the eye, they
will each of them aCtually exhibit some colour 5 therefore ADC the pro-
duction G A C H will exhibit a 2?/«e,because the side C D is adjacent to the
dark mediumC QJD C,but nothing of a Ke^,because its side A D is adjacent
to the enlightned medium A D F A : And all the Rays that from the points
of the luminous body are collected on the parts of the Retina between D
and F shall have their Blue lb much the more diluted by how much the far-
ther these points ofcollection are distant from D towards F 5 and the Ray
AFC the production of K CAI, will exhibit a Red, becaufe the side A F
is adjacent to the dark or quiet medium of the eye A P F A, but nothing
of a Blue, because its side C F is adjacent to the enlightned medium C F D C,
and all the Rays from the intermediate parts of the luminous body that
are colleded between F and D shall have their Redso much the more di-
luted, by how much the farther they are distant from F towards D.

NoWjbecause by the refraCtion in the Command ibme other parts of the
eye, the sides of each Ray, which before were almost parallel, are made
to converge and meet in a point at the bottom of the eye, therefore that
side of the pulse which preceded before these refractions, shall first touch
the Retina, and the other side last. And therefore accordingas this or
that side, or end of the pulse shall be impeded, accordingly will the im-
pressions on the Retina be varied 5 therefore by the Ray G A C H re-
fracted by the Cornea to D there shall be on that point a stroke or impresi
sion confus’d, whole weakest end, namely, that by the line C D shall pre-
cede, and the stronger, namely, that by the line A D shall follow. And
by the Ray K C AI refraCted to F, there shall be on that part a confus’d
stroke or impresiion,whose strongest part,namely,that by the line C F shal
precede, and whole weakest or impeded, namely, that by the line A F
shall follow, and all the intermediate points between F and D will re-
ceive impression from the converg'd Rays so much the more like the im-
pressions on F and D by how much the nearer they approach that
or this.

From the consideration of the proprieties of which impressions,we may
colleCt these short definitions of Colours : That Blue k an imprejjzon on
ihe Retina os an oblique and c onsus'd pulfe os light,whoje weakeji part pre-
cedes, and vchose jlrongesi sollows. And, that tied k an impression on the Re-
tina os an oblique and consus dpulse os light, whofcsirongeji part precedes,and
whofe weakeft sollows.

Which proprieties,as they have been already manifested,in the Prisnle
and falling drops of Rain, to be the causes of the colours there generated,
may be easily found to be the efficients also of the colours ^appearing in
thin laminated transparent bodies, for the explication ofwhich,all this has

J been premiseck And



And that this is so, a little clofer examination of the Phenomena and
the Pigure os the body, by this HypothesiS) will make evident.

For first (as we have already observed) the laminated body must be
of a determinate thickness, that is, it mutt not be thinner then sucha de-
terminate quantity; for I have always observ’d, that neer the edges
of thole which are exceeding thin, the colours disappear, and the part
grows white ; nor must it be thicker then another determinate quantity 5
fori have likewise observ’d, that beyond fuch a thickness,no colours ap-
pear’d, but the Plate looked white, between which two determinate
thicknesses were all the colour’d Rings; of which in some substances I
have found ten or twelve, in others not hals so many, which I suppose de-
pends much upon the transparency os the laminated body. Thus though
the consecutions are the same in the scumm or the ikin on the top os me-
tals; yet in thole consecutions the same colour is not lb often repeated
as in the consecutions in thin Glass, or in Sope-water, or any other more
transparentand glutinous liquor; for in these I haveobserv’d,Red)Pel-
lon>) Green Blue^ Purple; RedpCellowfireen^Blue) Purple ; RedpCellovryGreen^
Blue) Purple ; Red) Pelion)) &c. to socceed each other,ten or twelve times,
but in the other more opacous bodies the consecutions will not be hals
so many.

And therefore lecondly, the laminated body must be transparent, and
this I argue from this, that I have not been able to produce any colour
at all with an opacous body,though never lb thin. And this I have often
try’d, by pressing a small Globule of Mercury between two smooth Plates
os Glass, whereby I have reduc’d that body to a much greater thinness
then was requisite to exhibit the colours with a transparent body.

Thirdly,there must be a considerable ressecting body adjacent to the
under or further side of the lamina or plate : for this I always found,that
the greater that ressexion was, the more vivid were the appearing
colours.

From which Oblervations,it is most evident,that the reflexion srom the
under or further side of the bodyis the principal cause os the production os
these colours; which,that it is so,and how it conduces to that effect,! shall
further explain in the following Figure,which is here described of a very
great thickness, as if it had been view’d through the Microfeope; and "tis
indeed much thicker than any Microfeope (I have yet us’d)has been able to
lhew me those colour’d plates of Glass, or Mufoz>ie-glass) which I have not
without much trouble view’d with it; for though I have endeavoured to
magnifiethem as much as the Glasses were capable of, yet are they so ex-
ceeding thin, that I have not hitherto been able positively to determine
their thickness* This Figure therefore I here represent, is wholy Hy-

pothetical.
Let ABCDHFE in the sixth Figure beasrujlum Mufcovy-glafi)

thinner toward the end A E, and thicker towards D F. Let us first sup-
pose the Ray agh b coming from the Sun, or some remote luminous
objest to fall obliquely on the thinner plate BAE, part thereforeis re-
ssected back, by cghd^ the first Supersicies^ whereby the perpendicular

L pulfe
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pulfe a b is after ressedion propagated by c d, c d> equally remote from
each other with ab3 a b^ so that ag * gc^ or bh* hd are either of
them equal to a a, as is allb c c3 but the body BAE being transparent,a
part of the light of this Ray is refraCted in the surface A B, and propa-
gated by g i kb to the iurface E F, whence it is ressected and refraCted
again by the iurface A B. So that after two refraCrions and one ressexion,
there is propagated a kind of fainter Ray cmns, whose pulse is not on-
ly weaker by reaibn of the two refrastions in the surface A B, but by rea-
ibn of the time Ipent in palling and repaying between the two surfaces
A B and EF3 es which is this fainter or weaker pulfe comes behind the
pulfe cd^so that hereby (the surfaces AB, and EF beingib neer toge-
ther that the eye cannot difcriminate them from one) this confus’d or
duplicated pulfe, whofe strongest part precedes, and whose weakest fol-
lows, does produce on the Retina (or the optick^ nerve that covers the
bottom of the eye) thesensationofaTe/Zcw.

And secondly, this Yellow will appear ib much the deeper, by how
much the further back towards the middle between c d and c d the Ipu-
rious pulse es is remov’d, as in 2 where the iurface B C being further
remov’d from E F, 'the weaker pulfe es will be nearer to the middle3 and
will make an impresiion on the eye of a Red.

But thirdly, if the two ressecting farfaces be yet further remov’d ason-
der’(as in 3 CD and EF are) then will the weaker pulse be ib farr
behind, that it will be more then half the distance between c d and c d.
And in this cafe it will rather seem to precede the following stronger
pulfe, then to follow the preceding one, and consequently a Blue will be
generated. And when the weaker pulse is just in the middle beween two
strong ones, then is a deep and lovely Purple generated 5 but when the
weaker pulfe es is very neer to c d.> then is there generated a Greeny
which will be bluer, oryellower according as the approximate weak pulse
does precede or follow the stronger.

Now fourthly, if the thicker Plate chance to be cleft into two thinner
Plates, as C D F E is divided into two Plates by the sorface G H then
from the composition arising from the three ressections in the surfaces
C D, G H3 and EF3 there will be generated feveral compounded or mixt
colours, which will be very differing, according as the proportion be-
tween the thicknesses of thofe two divided Plates C D H G, and G H F E
are varied.

And fifthly3 if thefe surfaces C D and F E are further remov’d afender,
the weaker pulfe will yet lagg behind much further, and not onely be
coincident with the second, c d^ but lagg behind that allb, and that so
much the more, by how much the thicker the Plate be 5 lb that by de-
grees it will be coincident with the third c d backward allb, and by de-
grees, as the Plate grows thicker with a fourth, and lb onward to a fifth,
sixth, feventh, or eighth 5 lb that if there be a thin tranlparent body,that
from the greatest thinnels requisite to produce colours, does, in the man-
ner of a Wedge3by degrees grow to. the greatest thicknels that a Plate can
be of3to exhibit a colour by the ressection of Light from soch a body,there

shall



M I C R OG R A P Hl A.
thallbe generated several consecutions of colours, whose order from the
thin end towards the thick, lhall be Yellow,Red^ Purple, Blue,Green $ Yellow,
Red,Purple,Blue preenj Yellow,Red,Purple ,Blue,Gr een-, Yellow and these
so often repeated,, as the weaker pulte does Ipfe paces with its Primary,
or first pulte, and is coincident with a second, third, fourth,fifth,sixth-d^’
pulse behind the first. And this, as it is coincident, or follows from the
first Hypothecs I took of colours,so upon exeriment have I found it in mul-
titudes of instances that feeni to prove it. One thing which leems of the
greatest concern in this Hypothecs, is to determine the greatest or least
thicknessrequisite for these effects, which, though I have not been want-
ing in attempting, yet so exceeding thin are these coloured Plates, and so
imperfed our Micrq/cope.that I have not been hitherto successfull,though
if my endeavours (hall answer my expectations,I lhall hope to gratifie the
curious Reader with seme things more remov'd beyond our reachhitherto.

Thus have I,with as much brevity as I was able, endeavoured to expli-
cate (Hypothetically at least) the cautes of the Phenomena I formerly re-
cited, on the consideration of which I have been the more particular.

First, becaufe I think thete I have newly given are capable of expli-
cating all the Phenomena of colours, not onely of thbfe appearing in the
Prisme, Water-drop, or Rainbow, and in laininatcd or plated bodies, but
of all that are in the world, whether they be ssuid or solid bodies, whe-
ther in thick or thin, whether transparent, or teemingly opacous, as I
(hall in the next Observation further endeavour to Ihew. And secondly,
becaute this being one of the two ornaments of all bodies discoverable
by the sight, whether looked on with, or without a Microfcope, it teem’d
to deterve (terne where in this Tract, which contains a defcription of the
Figure and Colour of terne minute bodies) to be temewhat the niore in-
timately enquir ’d into;

Obscrv. X. ^Metalline, and other real Colours.

HAving in the former Diteourfe, from the Fundamental caute of Co-
lour, made it probable, that there are but two Colours, and shewn,

that the Phantasin of Colour is caus’d by the sensation of the oblique or
uneven pulte of Light which is capable of no more varieties than two
that arife from the twosidesof the oblique pulte, though each of thofe
be capable of infinite gradations or degrees (each of them beginning
from White, and ending the one in the deepest Scarlet or Yellow, the other
in the deepest Blue') I shall in this Section tet down some Obtervations
which I have made of other colours, such as Metalline powders tinging
or colour d bodies and feveral kinds of tindures or ting’d liquors, all
which, together with thofe I treated of in the former Obfervation ^will,
I suppose, comprise the feveral subjeds in which colour isobterv’d to
be inherent, and the several manners by which it inheres, or is apparent
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in them. And here! ihall endeavour to shew by what composition all kind
os compound colours are made, and how there is no colour in the world
but may be made from the various degrees of these two colours, together
with the intermixtures of Blacl^and White.

And this being so, as I shall anon shew, it seems an evident argument
to me, that all colours whatsoever, whether in fluid or solid, whether
in very tranlparent or seemingly opacous3 have the same efficient cause,
to wit, some kind of resra&ion whereby the Rays that proceed
from such bodies, have their pulse obHquated or confus’d in the manner I
explicated in the former Sett ton 5 that is, a Red is caus’d by a duplicated
or confus’d pulfe, whofe strongest pulfe precedes,and a weaker sollows :
and a Blue is caus’d by a confus’d pulse,where the weaker pulse precedes,
and the stronger follows. And according as these are, more or lest, or
variously mixtand compounded, sb are the fenfations^nd confequently
the phantasms of colours diversified.

To proceed therefore 5 I suppofe, that all tranlparent colour’d bodies,
whether ssuid or solid, do consift at least of two parts, or two kinds of
substances, the one of a substance of a somewhat differing resrattion from
the other. That one of thefe substances which may be call’d the tinging
substance, does consist of distinCt parts, or particles of a determinate big-
nest which are disfeminated) or dispers’d all over the other : That these
particles, if the body be equally and uniformly colour’d, are evenly
rang’d and dispers’d over the other contiguous body 5 That where the
body is deepest ting’d, there these particles are rang’d thickest 5 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 these,
which has a differing refraction from either of the other, quite differing
effects will be produc’d,that is,the consecutions of the confus d pulfes will
be much of another kind, and confequently produce other fenfations and
phantasms of colours, and from a Red may turn to a Blue) or from a Blue
to a Red, &c.

Now, that this may be the better understood, I shall endeavour to ex-
plain my meaning a little more fensible by a Scheme : Suppofe we there-
fore in the feventh Figure of the sixth Scheme) that A B C D reprefents a
Vessel holding a ting’d liquor, let 11111,&c. be the clear liquor,and let
the tinging body that is mixt with it be E E, &c. F F, &c. G G, &c.

whofe particles (whether round, or some other determinate
Figure is little to our purpofe) are first of a determinate and equal bulk.
Next, they are rang’d into the form of QuincunX) or Equilat erotriangu-
lar order,which that probably they are so,and whythey are so,l shall elfe-
where endeavour to shew.Thirdly,they are of soch a nature,as does either
more easily or more difficultly transmit the Rays of light then the liquor 5
if more easily,a Blue is generated, and if more difficultly, a Red or Scarlet.

And first, let us suppofe the tinging particles to be of a substance that
does more impede the Rays of light, we shall find that the pulfe or
wave of light mov’d from AD to B C, will proceed on,through the con-
taining medium by the pulfes or waves KK, LL, MM, N N, OO; but

becaufe
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because several of thest Rays that go to the constitution of these pulfes
will be Hugged or slopped by the tinging particles E,F,G,H 5 therefore
there (hall be a seeundary and weak pulfe that (hall follow the Ray, name-
ly P P which will be the weaker: first, becaufe it has suffer’d many re-
frastionsin the impeding body 5 next, for that the Rays will be a little
dilpersd or confus’d by reason of the refrastion in each of the particles,
whether rounder angular* and this will be more evident, if we a little
more clofely examine any one particular tinging Globule.

Suppole we therefore A B in the eighth Fgure of the sixth Scheme* to
represent a tinging Globule or particle which has a greater refrastion than
the liquor in which it is contain’d; Let C D be a part of the pulse of light
which is propagated through the containing medium* this pulle will be a
little stopt or impeded by the Globule* and so by that time the pulle is
pall to E F that part of it which has been impeded by palling through the
Globule* will get but to L M, and so that pulse which has been propa-
gated through the Globule* to wit, L M, N O, P Q_, will always come
behind the pulses E F, G H, IK, &c.

Next, by reason of the greater impediment in A B, and its Globular Fi-
gure, the Rays that pals through it will be dispers’d, and very much fcat-
ter’d.Whence C A and D B which before went direct and paralleled] after
the refrastion in A B, diverge and Ipread by A P, and B Q3 so that as the
Rays do meet with more and more of these tinging particles in their
way, by so much the more will the pulle of light further lagg behind
the clearer pulle, or that which has fewer refrastions, and thence the
deeper will the colour be, and the fainter the light that is trajested
through it, for not onely many Rays are ressefted from the lurfaces of
A B, but those Rays that get through it are Very much dilbrdered*

By this Hypoheps there is no one experiment of colour that I have yet
met with, but may be, I conceive, very rationably solv’d, and perhaps,
had I time to examine several particulars requilite to the demonstration
of it, I might prove it more than probable, for all the experiments about
the changes and mixings of colours related in the TreatifeofColourSj
publilhed by the Incomparable Mr. Boyle* and multitudes of others which
I have observ’d, do lb easily and naturally ssow from those principles,that
I am very apt to think it probable, that they own their production to no
other fecundary cause : As to instance in two or three experiments. In tlie
twentieth Experiment, this Noble Autlwur has lhewn that the deep bluijb
purple-colour of Violets* may be turn’d into a Green* by Alcaliz>ate Salts*
and to a Red by acid 5 that is, a Purple consists of two colours, a deep Red*
and a deep Blue 5 when the Blue is diluted, or altered, or destroy ’d by
acid Saltsyhe Red becomes predominant, but when the Red is diluted by
Alcalizate* and the Blue heightned, there is generated a Green t* sor of a
Red diluted, is made a Fellow* and Fellow and Blue make a Green.

Now, becaule the surious pulses which cause a Red and a Blue* do the
one follow the clear pulfe, and the other precede it, it usoally follows,
that those Saline refrasting bodies which do dilute the colour os the one,
do deepen that of the other. And this will be made manifest by aF

most
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most all kinds of Purples, and many sorts o£ Greens, both thefe colours
considing ofmixt colours5 for if we suppofe A and A in the ninth Figure.,
to reprelent two pulfes of clear light, which follow each other at a con-
venient distance, A A, each of which has a surious pulse preceding it, as
B B, which makes a #/»e,and another following it, as C C, which makes a
Red, the one caus’d by tinging particles that have a greater refraftion,the
other by others that have a lest refracting quality then the liquor or
Menflruum in which these are dissblv’d, whatsoever liquor does so alter
the refraction of the one, without altering that of the other part of the
ting’d liquor, must needs very much alter the colour of the liquor 5 for
if the refraCtion of the dijjolvent be increas’d, and the refrastion of the
tinging particles not altered, then will the preceding jjwrious pulfe be
shortned or stopt, and not out-run the clear pulse so much 5 so that B B
will become E E, and the Blue be diluted, whereas the other sswrious
pulfe which follows will be made to lagg much more, and be further be-
hind A A than before, and C C will become s s, and so the Bellow or
Red will be heightned.

A Saline liquor therefore,mixt with another ting’d liquor,may alter the
colour of it feveral ways, either by altering the refraCtion of the liquor in
which the colour swims: or fecondly by varying the refraCtion of the co-
loured particles, by uniting more intimately either with some particular
corpufcles of the tinging body, or with all of them, according as it has a
congruity to some more especially, or to all alike: or thirdly, by uniting
and interweaving it felf with some other body that is already joyn’d
with the tinging particles, with which substance it may have a congruity,
though it have very little with the particles themfelves: or fourthly, it
may alter the colour of a ting’d liquor by distjoyning certain particles
which were before united with the tinging particles, which though they
were somewhat congruous to these particles, have yet a greater congruity
with the newly insus'd Saline menflruum, It may likewife alter the co-
lour by further dissolving the tinging substance into smaller and smaller
particles, and so diluting the colour, or by uniting feveral particles toge-
ther as in precipitations, and so deepning it, and some siich other ways,
which many experiments and companions of dissering trials together,
might easily 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 no-
tion of colour, or in the suppos’d production,but is very conceivable, and
may be possible.

The greatest difficulty that I find against this Hypothecs, is, that there
feem to be more distinCt colours then two, that is, then Yellow and Blue.
This Objection is grounded on this reason, that there are feveral Reds,
which diluted, make not a Saffron or pale Yellow, and therefore Red, or
Scarlet seems to be a third colour distinCt from a deep degree of Yellow.

To which I answer, that Saffron affords us a deep Scarlet tinCture,which
may be diluted into as pale a Yellow as any, either by making a Weak so-
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Jution of the Saffron, by infusing a Imall parcel of it into a great quantity
of liquor, as in Ipirit of Wine, or elle by looking through a very thirl
quantity of the tinsture, and which may be heightn’d into the loveliest
Scarlet,by looking through a very thick body of this tin<fture,or through
a thinner parcel of it,which is highly impregnated with the tinging body,
by having had a greater quantity of the Saffron dissblv’d in a smaller par-
cel of the liquor.

Now, though there may be feme particles of other tinging bodies that
give a lovely Scarlet also,which though diluted never so much with liquor,
or looked on through never sb thin a parcel of ting’d liquor, will not yet
afford a pale Yellow, but onely a kind of faint Red 5 yet this is no argu-
ment but that thole ting’dparticles may have in them the faintest degree of
Yellow,though we may be unable to make them exhibit it$For that power
of beingdiluted depending upon the divisibility of the ting’d body, if I
am unable to make the tinging particles so thin as to exhibit that colour,
it does not therefore follow,that the thing is impossible to be done 5 now,
the tinging particles of seme bodies are of such a nature, that unlest there
be found ibme way of comminuting them into lest bulks then the liquor
does distblve them into, all the Rays that pals through them musf neces
sarily receive a tinfture id deep, as their appropriate refradions and bulks
compar’d with the proprieties of the dilidlving liquor must necessarily
dispole them to emprest, which may perhaps be a pretty deep Yellow,
or pale Red.

And that this is not gratis diSsum^ I shall add oneinstanceof this kind,
wherein the thing is most manifest.

If you take Blue smalt, you shall find, that to afford the deepest Blue,
which cceteris paribus has the greatest particles or lands y and if you fur-
ther divide, or grind those particles on a Grindstone, or porphyry stone,
you may by comminuting the sands of it, dilute the Blue into as pale a one
as you pieale, which you cannot do by laying the colour thin 5 for where-
soeverany tingle particle is, it exhibits as deep a Blue as the whole mast
Now, there are other Blues, which though never so much ground, will
not be dilutedby grinding, because conlisting of Very Imall particles, ve-
ry deeply ting’d,they cannot by grinding be actually leparated into smal-
ler particles then the operation of the fire, or Ibme other dissolving men-
jlruum^has reduc’d them to already.

Thus all kind of Metalline colours, whether precipitated^ fublimd^ cal-
cin d^ or otherwise prepar’d, are hardly chang’d by grinding, as ultra,
marine is not more diluted y nor is Vermilion or Red-lead made of a more
faint colour by grinding 5 for the Imallest particles of thefe which I have
view’d with my greatest Magnify ing-Glass, if they be well enlightned, ap-
pear very deeply ting’d with their peculiar colours 5 nor, though I have
magnified and enlightned the particles exceedingly, could I in many of
them, perceive them to be transparent, or to be whole particles, but the
smallest specks that I could find among well ground Vermilion and Red-
/e^leem’d to be a Red mats, compounded of a multitude of lest and lest
motes, which slicking together, compos’d a bulk, not onethouland thou-
sa ndth part of the Imallest visible sand or mote. And
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And this I find generally in most Metalline colours, that though they

consift of parts so exceedingly sinall,yet are they very deeply ting’d,they
being so ponderous, and having such a multitude of terrestrial particles
throng’d into a little room 5 so that ’tis difficult to find any particle trans-
parent or resembling a pretious stone, though not impossible 5 for I have
obferv’d divers such shining and resplendent colours intermixt with the
particles of Cinnaber^ both natural and artificial, before it hath been
ground and broken or ssaw’d into Vermilion : As I have also in Orpiment?
Red-lead? and Rise? which makes me soppofe, that thofe metalline colours
are by grinding, not onely broken and separated a&ually into smaller
pieces, but that they are also ssaw’d and brufed ,whence they, for the
most part,become ^4^0/,like ssaw’d Crystal or But for Smalts
and werditures? I have been able with a Microjcope to perceive their par-
ticles very many of them transparent.

Now, that the others also may be transparent, though they do not ap-
pear so to the Microfeopeynay be made probable by this Experiment: that
if you take ammel that is almost opacous? and grind it very well on
a Porphyry, or Serpentine? the small particles will by reason of their ssaws,
appear perfedly opacous 5 and that ’tis the ssaws that produce this opa-
coujnes? may be argued from this, that particles of the same Ammel much
thicker if unssaw’d will appear somewhat transparent even to the eye j
and from this also, that the most transparent and clear Crystal, if heated
in the fire, and then soddenly quenched, so that it be all over ssaw’d,
will appear opacous and white.

And that the particles of Metalline colours are traniparent,may be argu-
ed yet further from this,that the Cry stals,or Vitriols of all Metals,are trans-
parent, which since they consist of metalline as well as [aline particles,
thofe metalline ones must be transparent, which is yet further confirm’d
from this, that they have for the most part, appropriate colours 5 so the
vitriol o£ Gold is Yellow 5 os Copper,Blue,and sometimes Greeny of Iron,
green 5 ofTinn and Lead, a pale White 5 of Silver,a pale Blue,c^c.

And next,the Solution of all Metals into menjiruums are much the same
with the Vitriols? or Crystals. It seems therefore very probable, that
thofe colours which are made by the precipitation of thofe particles out
of the menstruums by transparent precipitating liquors should be transpa-
rent also. Thus Gold precipitates with oyl os Tartar.* or Jpirit osVrine in-
to a brown Yellow. Copper with spirit o£Vrine into a Mucous blue,
which retains its transparency. A solution of sublimate (as the same II-
lustrious Authour I lately mention’d thews in his 40. Experiment) precipi-
tates with oyl of Tartar per deliquium^ into an Orange colour’d preci-
pitate j nor is it less probable, that the calcination of thofe Vitriols by
the fire,should have their particles transparent: Thus Saccarum Saturni^
or the Vitriol os Lead by calcination becomes a deep Orange-colour’d
minium y which is a kind of precipitation by some Salt which proceeds from
the fire j common Vitriol calcin d} yields a deep Brown Red,€^c.

A third Argument, that the particles of Metals are transparent, is, that
being calcin d3 and melted with Glass, they tinge the Glass with transpa-

rent
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rent colours. Thus the Calx of Silver tinges the Glass on which it is an-
neal’d with a lovely Yellow,or Gold colour5dxe.

And that the parts of Metals are transparent, may be farther argued
from the transparency of Leaf-gold, which held against the light, both
to the naked eye, and the Microfiope, exhibits a deep Green. And
though I have never seen the other Metals laminated sb thin, that I was
able to perceive them transparent, yet, for Copper and Brass, if we had
the same conveniency for laminating them,as we have for Gold,we might,
perhaps,through such plates or leaves,find very differing degrees of Blue,
or Green 5 for it seems very probable, that those Rays that rebound from
them ting’d, with a deep Yellow, or pale Red, as from Copper, or with
a pale Yellow,as from Brass, have past through them 5 for I cannot con-
ceive how by ressexion alone those Rays can receive a tintfture, taking
any Hypothesis extant,

So that we fee there may a sufficient reasbn be drawn from thefe in-
stances, why those colours which we are unable to dilute to the palest
Yellow, or Blue,or Green, are not therefore to be concluded not to be a
deeper degree of them 5 for supposing we had a great company of small
Globular esfence Bottles,or roundGlass bubbles,about the bigness of a Wal-
nut, fill’d each of them with a very deep mixture of Saffron, and that
every one of them did appear of a deep Scarlet colour, and all of them
together did exhibit at a distance, a deep dy’d Scarlet body. It does not
follow,becaufe after we havecome nearer to this congeries^or mate,and di-
vided it into its parts, and examining each of its parts severally or apart,
we find them to have much the same colour with the whole mais 5 it does
not, I say, therefore follow, that if we could break those Globules smaller,
or any other ways come to fee a smaller or thinner parcel of the ting’d
liquor that fill’d thofe bubbles,that that ting’d liquor must always appear
Red, or of a Scarlet hue, since if Experiment be made,the quite contrary
willensue 5 for it is capable of being diluted into the palest Yellow.

Now,that I might avoid all the Objections of this kind, by exhibiting
an Experiment that might by ocular proof convince thofe whom other
reasons would not prevail with, I provided me a Prifmatical Glafiy made
hollow, just in the form of a Wedge, such as is reprefented in the tenth
Figure of the sixth Scheme. The two parallelogram sides A B C D, A B E F,
which met at a point, were made of the clearest Looking-glass plates well
ground and polish’d that I could gcuthefe were joyn’d with hard cement
to the triangular sides, B C E, A D F, which were of WTood 5 the Yarallelo-
gram bafe B C E F, likewife was of Wood joyn’d on to the rest with hard
cement, and the whole Prifmatical Box was exactly stopt every where,
but onely a little hole near the base was left,whereby the Vessel could be
fill’d with any liquor, or emptied again at pleasure.

One of thefe Boxes (for I had two of them) I fill’d with a pretty deep
tinChireof Aloes.* drawn onely with sair Water, and then stopt the hole
with a piece of Wax, then,by holding this Wedge against the Light, and
looking through it, it was obvious enough to fee the tin&ure of the liquor
near the edge of the Wedge where it was but very thin, to be a pale but

M well
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well colour’d Yellow, and further and further srom the edge, as the li<
quor grew thicker and thicker,this tindure appear’d deeper and deeper,
so that near the blunt end,which was seven Inches fromthe edge and three
Inches and an half thick 5 it was of a deep and well colour’d Red. Now,
the clearer and purer this tin&ure be, the more lovely will the deep
Scarlet be, and the fouler the tinfiure be, the more dirty will the Red
appear , so that some dirty tinctures have afforded their deepest Red
much of the colour of burnt Oker or Spanish brown pothers as lovely a co-
lour as Vermilion, and some much brighter 5 but feveral others, according
as the tinstures were worse or more foul, exhibited various kinds of Reds,
of very diff ering degrees.

The other of theso Wedges, I fill’d with a most lovely tinsture of Cop-
per, drawn from the filings of it,with spirit of Vrine^ and this Wedge held
as the soimer against the Light, afforded all manner of Blues, from the
faintest to the deepest,so that I was in good hope by these two,to have pro-
duc’d all the varieties of colours imaginable 5 for I thought by this means
to have been able by placing the two Parallelogram sides together, and
the edges contrary ways,to have so mov’d them to and fro one by another,
as by looking through them in several places, and through severalthick-
nesses, I should have compounded, and confequently have seen all thofe
colours, which by other like ccmpositions of colours would have ensued.

But indeed of meeting with what I look’d for, I met with somewhat
more admirable 5 and that was, that I found my sels utterly unable to soe
through them when placed both together, though they were transparent
enough when asonder 5 and though I could see through twice the thick-
ness, when both of them were fill’d with the same 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-
peded,but the Purples and other colours,! could not by any means make,
whether I endeavour’d to look through them both against the Sun, or
whether I plac’d them against the hole of a darkned room.

But notwithstanding thismis-ghessing,! proceeded on with my trial in
a dark room, and having two holes near one another, I was able, by
placing my Wedges against them,to mix the ting’d Rays that past through
them, and fell on a sheet of whitePaper held at a convenient distance
from them as I pleas’d 5 so that I could make the Paper appear of what
colour I.would5by varying the thicknesfos of theWedges,and consoquent-
ly the tincture of the Rays that past through the two holes, and some-
times also by varying the Paper, that is, insteed of a white Paper, holding
a gray, ora black piece of Paper.

Whence I experimentally found what I had before imagin’d, that all
the varieties of colours imaginable are produc’d from several degrees of
thefe two colours, namely, Yellow and Blue, or the mixture os them
with light and darknels, that is, white and black. And all thofe almost
infinite varieties which Limners and Painters are able to make by com-
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pounding those several colours they lay on their Shels or Palads^ are no-
thing elfe, but feme compojitum, made up os feme one or more, or all os
these sour.

Now,whereas it may here again be obfeCled,that neither can the Reds
be made out of the Yellows, added together,or laid on in greater or lesi
quantity, nor can the Yellows be made out os the Reds though laid ne-
ver so thin 5 and as for the addition of White or Black, they do nothing
but either whiten or darken the colours to which they are added^nd not
at all make them of any other kind os colour: asforinstance,^^/^,
by being temper’d with White Lead, doesnot at all grow more Yellow,
but onely there is made a whiter kind of Red. Nor does Yellow Oker,
though laid never so thick, produce the colour of Vermilion^ nor though
it be temper’d with Black, does it at all make a Red} nay, though it be
temper’d with White, it will not asford a fainter kind ofYellow, liich as
majiicut, but onely a whiten’d Yellow3 nor will the Blues be diluted or
deepned after the manner I speak of, as Indico will never assord so fine a
Blue zWltr amarine or Bijey nor will it,temper’d with Vermilion^zr af-
ford a Green,though each of them be never so much temper’d with white.

To which I anfwer,that there is a great disference between diluting a
colour and whitening os it 5 for diluting a colour, is to make the colour’d
parts more thin, so that the ting’d light, which is made by trajesting
those ting’d bodies, does not receive so deep a tinChire 5 but whitening
a colour is onely an intermixing os many clear ressections of light
among the same ting’d parts 5 deepning also, and darkning or blacking a
colour, are very disferent 5 for deepning a colour, is to make the light
pals through a greater quantity of the same tinging body 5 and darkning
or blacking a colour, is onely interposing a multitude os dark or black
spots among the same ting’d parts, or placing the colour in a more faint
light.

Firsttherefore,asto the former of these operations,that is,diluting and
deepning, mosr of the colours us’d by the Limners and Painters are in-
capable os, to wit, Vermilion and Red-lead., and tUjer, because the ting’d
parts are so exceeding small, that the most curious Grindstones we have,
are not able to separate them into parts actually divided so small as the
ting’d particles are} for looking on the most curioussy ground Fer-
milion^ and Oker^ and Red-leadi I could perceive that even thofe fmall
corpuscles of the bodies they left were compounded of many pieces, that
is, they feem’d to be small pieces compounded of a multitude of leffer
ting’d parts: each piece feeming almost like a piece of Red GIass,or ting’d
Crystal all ssaw’d 5 so that unless the Grindstone could actually divide
them into imaller pieces then thofe ssaw’d particles were, which com-
pounded that ting’d mote I could see with my Microjcope^ it would be
imposilble to dilute the colour by grinding, which, because the sine# we
have will not reach to do in Vermilion or O^ery therefore they cannot at
all, or very hardly be diluted.

Other colours indeed, whofe ting’d particles are such as may be made
smaller, by grinding their colour, may be diluted. Thus feveral os the
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Blues may be diluted^ Smalt and Bife \ and Majlicut^which is Yellow,may
be tn;, de more faint: And even Vermilion it self may,.by too much grind-
ing, be brought to the colour of Red-lead^ which is but an Orange colour,
which is confest by all to be very much upon the Yellow. Now, though
perhaps somewhat of this diluting of Vermilion by overmuch grinding
may be attributed to the Grindstone, or muller, for that some of their
parts may be worn off and mixt with the colour, yet there seems not ve-
ry much, for I have done it on a Serpentine-stone with a muller made of a
Pebble, and yet obferv’d the same effed follow.

And fecondly, as to the other of thefe operations on colours, that is,
the deepningofthem, Limners and Painters colours are for the most part
also uncapable. For they being for the most part opacous 5 and that opa-
coufncfc as I said before, proceeding from the particles, being very much
ssaw’d, unlels we were able to joyn and re-unite thole ssaw’d particles
again into one piece, we lhall not be able to deepen the colour, which
since we are unable to do with most of the colours which are by Painters
accounted opacousy we are therefore unable to deepen them by adding
more of the same kind.

Butbecaufe all thole opacous colours have two kinds of beams or Rays
resseded from them,that is,Rays unting'd, which are onely resseded from
the outward lurface, without at all penetrating of the body.and ting’d
Rays which are resseded from the inward lurfaces or ssaws after they
have luffer’d a two-fold refradion 5 and becaufc that transparent liquors
mixt with such corpufcles^ do,for the most part, take off the former kind
of ressedion 5 therefore thefe colours mixt with Water or Gyl, appear
much deeper than when dry,for most part of that white ressedion from the
outward lurface is remov’d. Nay, some of thefe colours are very much
deepned by the mixture with some transparent liquor, and that becaufe
they may perhaps get between thofe two ssaws, and so confequently joyn
two or more of thofe ssaw’d pieces together 5 but this, happens but in a
very few.

Now, tolhewthat all this is not^ntffr di^um^ I lhall fet down some
Experiments which do manifest thefe things to be probable and likely,
which I have here deliver’d.

For, fir st, if you take any ting’d liquor whatsoever, especially if it be
pretty deeply ting’d, and by any means work it into a froth,the congeries
of that froth lhall seem an opacous body, and appear of the lame colour,
but much whiter than that of the liquor out of which it is made. For the
abundance of ressedions of the Rays against thofe lurfaces of the bubbles
of which the froth conlists, does so often rebound the Rays backwards,
that little or no light can pals through, and confequently the froth ap-
pears opacous.

Again, if to any of thefe ting’d liquors that will endure the boiling
there be added a Imall quantity of fine ssower (the parts of which through
the Microjcope are plainly enough to be perceiv’d to consist of tranlpa-
rent corpufcles') and luffer’d to boyl till it thicken the liquor, the malsof
the liqstor will appear 4>/4«>«f,and ting’d with the same colour, but very

much whiten’d. Thus
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Thus, if you take a piece of transparent Glass that is well colour’d, and

by heating it, and then quenching it in Water, you ssaw it all over,
it will become opacous? and will exhibit the same colour with which the
piece is ting’d, but fainter and whiter.

Or, if you take a Pipe of this transparent Glass. and in the ssame of a
Lamp melt it, and then blow it into very thin bubbles, then break those
bubbles, and colled a good parcel of thofe lamina together in a Paper,
you Shall find that a small thickness of thole Plates will constitute an opa-
cous body, and that you may see through the reais of Glass before it be
thus laminated? above four times the thickness: And besides, they will
now asford a colour by ressedion 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.

Thus alsbjif you take Putty, and melt it with any transparent colour’d
GlaSs,it will make it become an opacous colour’d lump, and to yield a pa-
ler and whiter colour than the lump by ressection.

1 he Same thing may be done by a preparation of Antimony? as has been
Shewn by the Learned Phyfcian? Dr* C. M. in his Excellent Observations
and Notes on Neri’s Art os Glafs 5 and by this means all transparent co-
lours become opacous? or ammels. And though by being ground they lole
very much of their colour, growing much whiter by realbn of the multi-
tude of Single ressedions from their outward surface, as I Skew’d afore,
yet the fire that in the nealing or melting re-unites them, and so re-
news those surious ressedions, removes also thofe whitenings of the co-
lour that proceed from them.

As for the other colours which Painters ufe, which are transparent,and
us’d to varnilh over all other paintintings, ’tis well enough known that
the laying on of them thinner or thicker,does very much dilute or deepen
their colour.

Painters Colours therefore consisting most of them of sol id particles,
fo small 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 so small as the ssaw’d particles that exhibit that colour, much
lest into smaller, and consequently cannot be diluted 5 It is necessary that
they which are to imitate all kinds of colours, should have as many de-
grees of each colour as can be procur’d.

And to this purpose, both Limners and Painters have a very great va-
riety both of Yellows and Blues, besides feveral other colour'd bodies
that exhibit very compounded colours, such as Greens and Purples 5 and
others that are compounded of several degrees of Yellow, or several de-
grees of Blue, sbmetimes unmixt, and sbmetimes compounded with se-
veral other colour’d bodies.

The Yellows,*'srom the palest to the deepest Red or Scarlet, which
has no intermixture of Blue, are pale and deep Majiicut^ Orpantent,
English Ok^r^ brown Ok^r, Red Lead? and Vermilion? burnt English Oker,
and burnt brown O^er3 which last have a mixture of dark or dirty parts
with them,

Their



Micrographia.
Their Blues are several kinds of Smalts^ and Verditures^ and Bifi^ and

Vltratnarine^ and Indico, which last has many dirty or dark parts inter-
mixt with it.

Their compounded colour’d bodies, as Pinl^ and Verdigrefe^which are
Greens, the one a Popingay the other a Sea-green 5 then Lac3which is a
very lovely Purple.

To which may be added their Black and White, which they also
usually call Colours, of each of which they have several kinds, such as
Bone Blacky made of Ivory burnt in a close Vessel, and Blue Blacky made
of the (mail coal of Willow^ or seme other Wood 5 and Cullens earthy
which is a kind of brown Black, &c. Their usual Whites are either ar-
tificial or natural White Lead, the last of which is the bestthey yet have,
and with the mixing and tempering these colours together, are they able
to make an imitation of any colour whatsoever: Their Reds or deep
Yellows, they can dilute by mixing pale Yellows with them, and deepen
their pale by mixing deeper with them 5 for it is not with Opacous co-
lours as it is with tranlparent, whereby adding more Yellow to yellow,
it is deepned, but in opacous diluted. They can whiten any colour by mix-
ing White withit, and darken any colour by mixing Black, or some dark
and dirty colour. And in a word, most of the colours, or colour’d
bodies they use in Limning and Painting, are such, as though mixt with
any other of their colours, they prelerve their own hue, and by being in
inch very sinal parts dispers’d through the other colour’d bodies, they
both, or altogether represent to the eye a contpositum of all 5 the eye be-
ing unable, by realbn of their sinalnels, to distinguilh the peculiarly co-
lour’d particles, but receives them as one intire compojitum : whereas in
many of these, the Microscope very easily distinguilhes each of the com-
pounding colours distimft, and exhibiting its own colour.

Thus have I by gently mixing Vermilion and Bise dry, produc’d a very
fine Purple,or mixt colour,but looking on it with the Mier osc ope., I could
easily distinguilh both the Red and the Blue particles, which did not at
all produce the Phantafm of Purple.

To siimm up all therefore in a word, I have not yet found any iblid
colour’d body,that I have yet examin’d,perfeftly opacous 5 but thole that
are least tranlparent are Metalline and Mineral bodies, whose particles ge-
nerally, leeming either to be very small, or very much ssaw’d, appear
for the most part opacous, though there are very few of them that I have
look’d on with a Microfeope, that have not very plainly or circumstanti-
ally manifested themlelves transparent.

And indeed, there leem to be lb few bodies in the world that are in
minimis opacous, that I think one may make it a rational gsuery^ Whether
there be any body ablblutely thus opacous For I doubt not.at all (and I
have taken notice of Very many circumstances that make me of this
mind) that could we very much improve the Microfcope^ we might be
able to lee all thole bodies very plainly tranlparent, which we now are
sain onely to ghels at by circumstances. Nay, the Objetft Glasses we
yet make use of are such, that they make many tranlparent bodies to the



eye, feem opacous through them,which if We widen the Aperture a little,
and cast more light on the ob jeds, and not charge the Glades so deep,
will again difclose their transparency.

Now, as for all kinds of colours that are dissblvable in Water,or other
liquors, there is nothing so manifest, as that all those ting’d liquors are
transparent and many of them are capable of being diluted and com-
pounded or mixt with other colours, and divers of them are capable of
being very much chang’d and heightned, and fixt with feveral kinds of
Saline menftruums. Others of them upon compounding, destroy or vi-
tiate each others colours, and precipitate, or otherwife very much alter
each others tinfture. In the true ordering and diluting, and deepning,
and mixing, and fixing of each of which, consists one of the greatest my-
steries of the Dyers 5 of which parti culars,because our Microjccpe asfords
us very little information,! shalladd nothing more at present 5 but onely
that with a very few tinctures order’d and mixt after certain ways, too
long to be here set down, I have been able to make an appearance of all
the various colours imaginable, without at all using the help of Salts, or
Saline menfiruums to vary them.

As for the mutation of Colours by Saline menfiruums, they have al-
ready been so fully and excellently handled by the lately mention’d In-
comparable AuthourjAmt I can add nothing,but that of a multitude of tri-
als that I made, I have found them exactly to agree with his Rules and
Theories j and though there may be infinite instances, yet may they be
reduc’d under a few Heads, and compris’d within a very few Rules. And
generally I find, that Saline menjiruums are most operative upon thofe
colours that are Purple, or have feme degree of Purple in them, and up-
on the other colours much lest. The fyurious pulses that compose which,
being (as I formerly noted) so very neer the middle between the true
Ones, that a (mail variation throws them both to one side, or both to the
other, and so confequently must make a vast mutation in the formerly ap-
pearing Colour.

Observ. X L ^/Figures obfervd in fmall Sand

SAnd generally seems to be nothing else but exceeding small Pebbles,or at least feme very small parcels of a bigger stone 5 the whiter kind
seems through the Microfcope to consist of sinall transparent pieces of feme
pellucid body, each of them looking much like a piece of Alum, or Salt
Gemund this kind of Sand is angled for the most part irregularly,without
any certain shape,and the granules of it are for the most part ssaw’d,though
amongst many os them it is not difficult to find feme that are perfestly
pellucid, like a piece of clear Crystal, and divers likewife most curiously
shap’d, much after the manner of the bigger Stirite of Crystal, or like the
small Diamants I obferv’d in certain Flints, of which I (hall by and by re-
late, which last particular seems to argue, that this kind of Sand is not

made



made by the comminution of greater transparent Crystaline bodies, but
by the concretion or coagulation of Water, or some other ssuid body.

There are other kinds of courser Sands, which are browner, and have
their particles much bigger 5 these, view'd with a Microjcope3 feem much
courfer and more opacous substances,and mcst of them are of feme irregu-
larly rounded Figures, and though they feem not so opacous as to the
naked eye, yet they seem very foul and cloudy, but neither do these want
curioully transparent, 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 difeoverable by the Microfiope^disfer both from thefe
last mention’d kinds of Sands, and from one another: there feeming to be
as great variety of Sands,as there is of Stones. And as amongst Stones feme,
are call’d precious from their excellency, so also are there Sands which
deserve the same Epithite for their beauty 5 for viewing a small parcel of
Eafi-India Sand (which was given me by my highly honoured friend, Mr.
Daniel ColwalT) and, since that, another parcel, much of the same kind,
I found feveral of them, both very transparent like precious Stones, and
regularly figur’d like Crystal, Cornijh Diamants, some Rubies, &c. and
also ting’d with very lively and deep colours, like Rubjs., Saphyrs^ Eme-
ralds ,&c. These kinds of granulsl have often found also in Englijh Sand.
And ’tis easie to make such a counterfeit Sand with deeply ting’d Glass,
Enamels and Painters colours.

It were endless to deferibe the multitudes of Figures I have met with
in thefe kind of minute bodies, such as Sphericalfival.Pyramidal^ Conical^
Prifmatical^ of each of which kinds I have taken notice.

But amongst many others, I met with none more obfervable than this
pretty Shell (described in the Figure X. of the fifth Scheme} which,
though as it was light on by chance, deserv’d to have been omitted (I
being unable to dire# any one to find the like) yet for its rarity was it not
inconsiderable, especially upon the account of the information it may
afford us. For by it we have a very good instance of the curiosity of Na-
ture in another kind of Animals which are remov’d, by reasbn of their
minuteness, beyond the reach of our eyes; so that as there are feveral sorts
of In seds, as Mites, and others,so sinal! as not yet to have had any names ,
(some of which I (hall afterwards deseribe) and small Fisties, as Leeches
in Vineger 5 and sinal vegetables, as Moss, and Rose-Leave-plants 5 and
sinal! Mushroms, as mould: soare there, it seems, sinal! Shel-fish like-
wife, Nature (hewing her curiosity in every Tribe of Animals^ Vege-
tables^ 2nd Minerals.

. I was trying several small and Angle Magnifying Glasses, and casually
viewing a parcel of white Sand, when I perceiv’d one of the grains exa&ly
(hap’d and wreath’d like a Shell, but endeavouring to distiaguisti it with
my naked eye,it was so, very small,that I was fain again to make use of the
Glasi to find it 5 then,whilest I thus look’d on it, with a Pin I feparated all
the rest of the granules of Sand,and found it afterwards to appear to the
naked eye an exceeding (mall white spot, no bigger than the point of a
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Pin. Afterwards I view’d it every way with a better Atirrofeope,and sound
it on both tides, and edge-ways, to reserable the Shell- of a smatt-Watets
Snail with a ssat spiral Shell: it had twelve wreathings,, a, b,
all very proportionably growing one less than another toward the
middle or center of the Shell, where there was a very sraall round white
spot. I could not certainly difcover whether the Shell were hollow or
not, but it seem’d fill’d with somewhat, and tis probable that it might
be petrify d as other larger Shels often are, soch as are mention’d in the
seventeenth Observation.

Observ. XII. Of Gravel inVrine,

I Have often observ’d the Sand or Gravel of Urine, which feems to bea tart ar coms substance, generated out of a Saline and a terrefirial sob-’
stance cryfiallizid together, in the sorm of Tartar, sometimes {ticking to
the sides of the Vrinal, but for the most part sinking to the bottom, and
there lying in the form of coorse common Sand 5 these, through the Mi-
croscope, appear to be a company of sraall bodies.partly transparent, and
partly opacous, some White, Ibme Yellow, feme Red, others of more
brown and dulkie colours.

The Figure os them is for the most part ssat, in the manner of Slats, or
soch like plated Stones,that is,each of them seem to be made up of seve™
ral other thinner Plates, much like AAtfcovie Glafs,ov Englijh Sparr,to the
last of which, the white plated Gravel seems most likely 5 for they seem
not onely plated like that, but their sides fliap’d a Ho into Rhombs, Rhom-
boeidsymd sometimes into Retf angles and s/uares.Their bigness and Figure
may be soen in the second Figure of the sixth Plate,which reprefents about
a dozen of them lying upon a plate ABC D,sbme of which, as a, b, c, d,
seem’d more regular than the rest, and e, which was a (mail one, ssick-
ing on the top of another, was a perfest Rhomboeid on the top, and had
sour Re^iangular sides.

The line E which was the measure of the Asierofeope, is 3X» part os an
Englijh Inch, so that the greatest bredth of any of them, exceeded not
1 »8 part of an Inch.

Putting thefe into several liquors, I found Oyl os Fitriol, Spirit is
Vrine,and several other Saline inenjlrwims to diflolve them, and the first
ofthese in less than a minute without Ebullition,Water,and feveral other
liquors, had no sudden operation upon them. This I mention, becaufe
those liquors that dissolve them,first make them very white, not vitiating,
but rather rectifying their Figure, and thereby make them afford a very
pretty object for the Asierofefpe.

How great an advantage it would be to such as are troubled with the
Stone, to find some menstruum that might dissolve them without hurting
the Bladder,is easily imagin'd, ssnee some inje^ions made of soch bodies
might likewise- dissolve the stone, which feems much os the same nature.

N K
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It may therefore^ perhaps, be worthy feme Physicians enquiry, whether
there may not be.something mixt with the Urine in which the Gravel
or Stone lies, which may again make it dilsolve it, the first of which seems
by it’s regular Figures to have been sometimes CryftaUvzlWout of it. For
whether this Cryftallization be made in the manner as Alum^ Peter,&c. are
cryjiallized out of a cooling liquor, in which, by boyling they have been
didolv’d 5 or whether it be made in the manner of Tartarum Vitriolatum3
that is, by the Coalition of an acid and a Sulphureous substance, it seems
not impossible,but that the liquor it lies in,may be again made a dijfolvent
of it. But leaving these inquiries to Physicians or Chymists, to whom
it does more properly belong, I (hall proceed.

Obscrv. XIII. Os the fmall Diamants, or Sparks in Flints.

CHancing to break a Flint stone in pieces, I found within it a certaincavity all crusted over with a very pretty candied substance, fame
of the parts of which, upon changing the posture of the Stone, in respeX
of the Incident light, exhibited a number of small, but very vivid re-
ssexions 5 and having made ufe of my Alicrojcope^ I could perceive the
whole surface of that cavity to be all beset with a multitude of little
Cryjialine or Adamantine bodies, lb curioussy shap’d, that it afforded a
not unpleasing objeX.

Having considered thofe vivid repercujsons of light,I found them to be
made partly 'from the plain external surface of thefe regularly figured
bodies (which afforded the vivid resseXions) and partly to be made
from within the somewhat pellucid body, that is,from feme surface of the
body,opposite to that superficies of it which was next the eye.

And because these bodies were so small, that I could not well come to
make Experiments and Examinations of them, I provided me feveral
small jlirite of Crystals or Diamants, found in great quantities in Corn-
wallyind are therefore commonly called Corni/h Diamants : these being
very pellucid^ and growing in a hollow cavity of a Rock (as I have been
several times informed by those that have observ’d them) much after the
same manner as these do in the Flint 5 and having besides their outward
surface very regularly shap’d, retaining very near the same Figures with
some of those I obferv’d in the other, became a convenient help to me for
the Examination of the proprieties of thofe kinds of bodies.

And first for the ResseXions 5 in these I found it very obfervable, That
the brightest resseXions of light proceeded from within the^e/som/body 5
that is, that the Rays admitted through the pellucid substance in their
getting out on the opposite side, were by the contiguous and strong re-
sseXing surface of the Air very vividly resseXed, so that more Rays were
resseXed to the eye by this surface, though the Ray in entring and getting
out of the Crystal had suffer’d a doublerefraXion, than there were from
the outward surface of the Glass where the Ray had suffer’d no ressraXion

at all. a„.
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And that this was the surface of the Air that gave so vivid a re-percusi

June I try’d by this means. I sunk half of a jliria in Water, lb that only
Water was contiguous to the under surface, and then the internal re-
ssexion was so exceedingly faint, that it was fcarce discernable. Again,
I try’d to alter this vivid ressexion by keeping off the Air, with a body
not ssuid, and that was by rubbing and holding my finger very hard
against the under sursace, so as in many places the pulp of my finger did
touch the Glast, without any interjacent air between 5 then obscrVing the
ressection, I found,that wherefoever my finger or skintoucht the surface,
srom that part there was no ressection, but in the little furrows or creases
os my skin, where there remain’d little small lines of air,from them was
return’d a very vivid ressection as besore. I try’d further,by making the
surface of very pure Quicksilver to be contiguous to the under surface
os this pellucid body, and then the ressexion from that was so exceeding-
ly more vivid than from the air, as the ressection from air was than
the ressection from the Water 5 srom all which trials I plainly law, that
the strong ressecting air was the Cause of this Phenomenon.

And this agrees very well with the Hypotbesis of light and Pellucid bo-
dies which I have mention’d in the descri ption of Mufcovy-glaf^ for we
there suppose Glast to be a medium, which does less resist the pulie of light,
and consequently,that most of the Rays incident on it enter into it,and are
refra&ed towards the perpendicular 5 whereas the air I luppole to be a
body that does more resist it, and confequently more are re-percufs'd then
do enter it: the same kind of trials have I made, with Crystalline Glafa
with drops os ssuid bodies, and feveral other ways,which do all seem to
agree very exa&ly with this Theory. So that from this Principle well esta-
blish’d, we may deduce severall Corollaries not unworthy observation.

And the firstis, that it plainly appears by this, that the production of
the Rainbow is as much to be ascribed to the ressection of the concave
sorface os the air, as to the refraCtion of the Globular drops: this will be
evidently manifest by these Experiments, if you foliate that part of a
dast-ball that is to resseCt an Zw, as in the Cartefian Experiment, above
mention’d, the reflections will be abundantly more strong, and the co-
lours more Vivid: and if that part of the sorface be touch’d with Water,
scarce affords any fensible colour at alh

Next we learn, that the great reason xvhy pellucid bodies beaten sinal!
are white, is from the multitude os ressections, not srom the particles of
the body, but from the contiguous surface of the air. And this is evident-
ly manisested, by filling the Interfiitia of thole powder’d bodies with
Water, whereby their whitenest prelently diiappears. From the same
reason proceeds the whitenest of many kinds of Sands, which in the Mi-
crosiope appear to be made up of a multitude of YittXepellucid bodies,
Whole brightest reflections may by the Microsiope be plainly perceiv’d
to come srom their internal surfaces 5 and much of the whitenest cO may
be dest toy’d by the affusion of sair Water to be contiguous to thole

sorfaces* . .
The whitenest also os froth, is sor the most part to be afcribed to the

N 2 ressection^
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refleftion of the light from the farface of the air within the Bubbles,and.
very little to the ressexion from the sorface of the Water it self: for this
last ressexion does not return a quarter so many Rays, as that which is
made from the surface of the air,as I have certainly found by a multitude
of Observations and Experiments.

The whiteness os Linnen, Paper, Silk^, &c. proceeds much from the
same reason, as the Microfcope will easily discover 5 for the Paper is made
up of an abundance ot pellucid bodies, which afford a very plentifull re-
Hestion from within, that is, from the concave surface of the air contigu-
ous to its component particles 5 wherefore by the asfusion of Water, Oyl,
Tallow,Turpentine,^. all those ressestions are made more faint.and the
beams of light are sufier’d to trajest & run through the Paper more freely.

Hence further we may learn the reasbn of the whiteness of many bo-
dies, and by what means they maybe in part made pellucid: As white
Marble for instance, for this body is composed of a pellucid body ex-
ceedingly ssaw’d, that is, there are abundance of thin, and very fine
cracks or chinks amongst the multitude of particles of the body,that con-
tain in them small parcels of air,which do so re-percuswid. drive back the
penetrating beams, that they cannot enter very deep within that body,
which the Microjcope does plainly inform us to be made up of a Congeries
of pellucid particles. And I further found it sbmewhat more evidently by
seme attempts I made towards the making transparent Marble, for by
heating the Stone a little, and leaking it in Oyl, Turpentine, Oyl of Tur-
pentine,I found that I was able to see much deeper into the body of
Marble then before 5 and one trial, which was not with an unftuous sub-
siance,succeeded better than the rest, of which, when I have a better op-
portunity, I (ball make further trial. •

This also gives us a probable reasbn of the so much admired Pheno-
mena of the Oculus Mundi, an Oval slone, which commonly looks like
white Alabaster, but being laid a certain time in Water, it grows pellucid,
and transparent, and being sufier’d to lie again dry, it by degrees lofes
that transparency, and becomes white as before. For the Stone being of
a hollow spongie nature, has in the first and last of these appearances, all
those pores fill’d with the obtunding and ressestingair^ whereas in the
second, all those pores are fill’d with a medium that has much the same
refrdstion with the particles of the Stone, and therefore thofe two being
contiguous, make,as ’twere, one continued medium, of which more is laid
in the 15. Obfervation.

There are a multitude of other Ph<e nomenajhat are produc’d from this
same Principle,|which as it has not been taken notice of by any yet that I
know, so I think, upon more diligent observation, will it not be found the
leas! considerable. But I have here onely time.to hint Hypotheses, and not
to profecute them so fully as I could with, many of them having a vast
extent in the produftion of a multitude of Ph&nomena, which have been
by others,either not attempted to be explain’d, or else attributed to some
other cause than what I have assign’d, and perhaps than the right 5 and
theresore I fliall leave this to the prosecution os such as have more leisure:

onely
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onely besore I leave it, I must not pretermit to hint, that by this Prln-
ciple, multitudes the Phenomena of the air,as about Mifis, Clouds, Me-
teors, Haloes,&c. are most plainly and (perhaps) truly explicable^ multi-
tudes alio of the Phenomena in colour'd bodies, as liquors, &c. are de-
ducible from it.

And from this I shall proceed to a second considerable Phenomenon
which these Diamants exhibit, and that is the regularity of their Figure,
which is a propriety not less general than the former 5 It comprising with-
in its extent, all kinds of Metals, all kinds of Minerals ynoh Preciousfiones,
all kinds of Salts, multitudes of Earths,almost all kinds offluid bodies*
And this is another propiety, which, though a little superficially taken
notice of by feme, has not, that I know, been lb much as attempted to
be explicated by any.

This propriety of bodies,as I think it the most worthy, and next in or-
der to be consider’d after the contemplation of the Globular Figure, lb
have I long had a desire as wel as a determination to have prosecuted it if I
had had an opportunity,having long since propos’d to my self the method
of my enquiry therein, it containing all the allurements that I think any
enquiry is capable of: For,first I take it to proceed from the most Ample
principle that any kind of form can come from, next the Globular, which
was therefore the first I set upon, and what I have therein perform’d, I
leave the Judicious Reader to determine. For as that form proceeded
from a propiety of fluid bodies, which I have call’d Congruity, or Incon-
gruity so I think, had I time and opportunity, I could make probable^
that all thefe regular Figures that are lb conspicuously various and curi-
ous, and do so adorn and beautifie such multitudes of bodies, as I have'
above hinted,arise onely from three or four several positions or postures
of Globular particles,and those the most plain,obvious, and necessary con-
junctions of such figur’d particles that are poslible, sothat supposing such
and such plain and obvious causes concurring the coagulating particles
must necessarily compofe a body of such a determinate regular Figure,
and no other 5 and this with as much neceslity and obvioulness as a ssuid
body encompast with a Heterogeneous ssuid must be protruded into a
Spherule or Globe, And this I have ad oculum demonstated with a com-
pany of bullets,and some few other very Ample bodies 5 so 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 composition of
bullets or globules, and one or two other bodies, imitate, even almost
by shaking them together. And thus for instance may we find that the
Globular bullets will of themfelves,if put on an inclining plainjb that they
may run together, naturally run into a triangular order, composingall
the variety of figures that can be imagin’d to be made out of equilateral
triangles 5 and such will you find,upon trial,all the surfaces of Alum to be
compos’d of For three bullets lying on a plain, as close to one another as
they can compofe an cequilatero-triangular form, as in A in the yScheme,
If a fourth be joyn’d to them on either side as closely as it can, they four
compofe the most regular Rhombus consifting of two aquilateral triangles,

as
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asB. Is a sisth be joyn’dto them on either side in asclose a position as it
can, which is the propriety os the Texture,it makes a Trapezium, or four-
sided Figure, two os whose angles are 120. and two 60. degrees, as C*
Is a sixth be added, as before, either it makes an equilateral triangle^ D,
ora Rhomboeid, as E,or an Hex-angular Figure, as F, which is Com-
pos’d of two primary Rhombes. Is a seventh be added, it makes either
an equilatero-hexagonal Figure, as G, or some kind of six-sided Fi*
gure, as H, or I. And though there be never so many placed together,
they may be rang’d into some of these lately mentioned Figures, all the
angles of which will be either 60. degrees, or 120. as the figure K.
Which is an (equiangular hex agonal Figure is compounded of 12. Globules,
Or may be Os 25, or 27, or 36, or 42, &c. and by these kinds of texture,
or position of globular bodies,may you find out all the variety os regular
shapes, into which the smooth surfaces of Alum are form’d, as upon ex-
amination any one may easily find 5 nor does it hold only in superficies,but
in solidity also.for it’s obvious that a fourth Globule laid upon the third in
this texture, cofflposes a regular Tetrahedron, "which is a very uliial Figure
os the Cryftals os Alum, And (to hasten) there is no one Figure into which
Alum is obferv’d to be crystallized, but may by this texture of Globules
be imitated, and by no other.

I could instance also in the Figure os sea-salt,and Sal-gem,that it is-com-
pos’d of a texture of Globules, placed in a cubical form, as L, and that all
the Figures ofthose Salts may be imitated by this texture of Globules,and
by no other whatsoever. And that the forms of Fitriol and of Salt-Peter,
as alfo of CryJlal,Hore-srosi,8tc. are compounded of these two textures, •
but modulated by certain proprieties: But I have not here time to in-
sill upon, as I have not neither to shew by what means Globules Come to
be thus context, and what those Globules are, and many other particulars
requisite to a full and intelligible explication of this propriety of bodies*
Nor have I hitherto found indeed an opportunity of prosocuting the in-
quiry so farr as I design’d $ nor do I know when I may, it requiring abun-
dance of time, and a great deal of assistance to go through with what I
design’d s the model of which was this :

Firstjto get as exast and full a colleftion as I could, of all the disfering
kinds of Geometrical figur’d bodies, some three or sour several bodies of
each kind.

Secondly, with them to get as exast a Hislory as possibly I could learn
of their places of Generation or finding, and to enquire aster as many
cirCumslances that tended to the Illustrating os this Enquiry, as possibly
I could observe.

Thirdly, to make as many trials as upon experience I could find re-
quisite,in Disfolutions and Coagulations of feveral cry stallixing Salts 5 for
the needfull instrustion and information in this Enquiry.

Fourthly, to make several trials on divers other bodies, as Metals,
Minerals, and Stones, by disfolving them in feveral Menstrunms, and
Crystalizing them, to fee what Figures would arife srom thofe feveral
CompqjltHms,

Fifthly,
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Fiffthly, to make Competitions and Coagulations of several Salts to-

gether into the lame mals, to observe of what Figure the produd: of
them would be 5 and in all, to note as many circumstances as I Ihould
judge conducive to my Enquiry.

Sixthly, to enquire the clofenels or rarity of the texture of these bo-
dies, by examining their gravity, and their refrastion, &d.

Seventhly, to enquire particularly what operations the fire has upon
several kinds of Salts, what changes it causes in their Figures, Textures,
or Energies.

Eighthly, to examine their manner of dissblution, or ading upon thole
bodies dissoluble in them 5 The texture of those bodies before and after
the process. And this for the History.

Next for the Solution, To have examin’d by whatj and how many
means, such and such Figures, actions and effests could be produc’d
possibly.

And lastly, from all circumstances well weigh’d, I Ihould have endea-
voured to have (hewn which of them was most likely, and (if the infor-
mations by these Enquiries would have born it) to have demonstrated
which of them it must be, and was.

But to proceed, As I believe it next to the Globular the most simple 5
so do Ij in the second place, judge it not less plealant 5 for that which
makes an Enquiry plealant, are, first a noble Iwventum that promiles to
crown the successfull endeavour 5 and such must certainly the knowledge
of the efficient and concurrent caufes of all these curious Geometrical
Figures be,which has made the Philosophers hitherto to conclude nature
in thele things to play the Geometrician, according to that saying of
Plato, *o ©eh Or next, a great variety of matter in the Enqui-
ry 5 and here we meet with nothing lels than the Mathematic^ of nature,
having every day a new Figure to contemplate,or a variation of the same
in another body,

Which do afford us a third thing, which will yet more Iweeten the En-
quiry,and that is,a multitude of information 5 we are not so much to grope
in the dark, as in most other Enquiries, where the Inventum is great 5 for
having such a multitude of instances to compare, and such easie ways of
generating,or compounding and of destroying the form,as in the Solution
and Cryftallization of Salts, we cannot but learn plentifull information to
proceed by. And this will further appear from the univerlality of the
Principle which Nature has made ufe of almost in all inanimate bodies.
And therefore, as the contemplation of them all conduces to the know-
ledg of any one 5 Id from a Scientihcal knowledge of any one does follow
the lame of all, and every one.

And fourthly, for the ufefulnels of this knowledge, when acquir’d,
certainly none can doubt, that Considers that it caries us a step for-
ward into the Labirinth of Nature, in the right way towards the end
we propose out selves in all Philolophical Enquiries. So that know-
ing what is the form of Inanimate or Mineral bodies, we lhall be the
better able to proceed in our next Enquiry after the forms of Vegeta-

tive
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tive bodies ; and last of all, of Animate ones, that seeming to be the
highest step of natural knowledge that the mind of man is capable o£

Observ. XIV. Ossever al tyndes of srozen Figures.

IHave very often in a Morning, when there has been a great hoar-srost,with an indisferently magnifying Microfcope, obferv’d the small stiri<ey
or Crystalline beard, which then usually covers the face of most bodies
that lie open to the cold air, and found them to be generally Hexangular
prismatical bodies, much like the long Crystals of Salt-pet er, saveonely
that the ends os them were differing: for whereas thofe of Nitre are for
the most part pyramidal^ being terminated either in a point or edge 5

- thefe of Frost were hollow, and the cavity in some feem’d pretty deep,
and this cavity was the more plainly to be fcen, because usually one or
other of the six parallelogram sides was wanting, or at least much shortcr
then the rest.

But this was onely the Figure of the Bearded hoar-srojl 5 and as for the
particles of other kinds of hoar-srosss^ they seem’d for the most part irre-
gular, or of no certain (Figure. Nay, the parts of those curious branch-
ings, or vortices, that usually in cold weather tarnish the surface of
Glass, appear through the Microfcope very rude and unshapen, as do
most other kinds of srozen Figures, which to the naked eye seem exceed-
ing neat and curious, such as the Figures of Snow, frozen "Urine, Hail,
several Figures frozen in common Water,€^c. Some Observations of each
os which I shall hereunto annex, because if well consider’d and ex-
amind, they may, perhaps, prove very instrustive for the finding out of
what I have endeavoured in the preceding Obfervation to shew, to be
(next the Globular Figure which is caus’d by congruity, as I hope I have
made probable in the fixth Observation) the most simple and plain opera-
tion of Nature, of which, notwithstanding we are yet ignorant.

I.
Several Observabks in the six-branched Figures form'd*an the fur-

sace of Urine by sreezing.

Schem. & 1 The Figures were all frozen almost even with the surface of the
1 Vrine in the Vessel, but the bigger stems were a little prominent above

that surface, and the parts of thole stems which were nearest the center
{a) werebiggest above the surface.

2 I have obfcrv’d several kinds of these Figures, some smaller, no big-
ger then a Two-pence, others lb bigg, that I have by measure found one
of its stems or branches above four foot long j and os these, some were
pretty round, having all their branches pretty neer alike x other os them
were more extended towards one side, as usually thofe very large ones
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were, which I have observ’d in Ditches which have been full of foul
water.

3 None of all these Figures I have yet taken notice of, had any regu-
lar positionin respest os one another, or of the sides of the Vessels nbr
did I find any of them equally to exastness extended every way front

the center a. . .4 Where ever there was a center,the branchings from it, ab^ac, ad*
a e, a fa ag^ were never fewer, or more then six, which usually cdncurs d,
or met one another very neer in the same point or center, a,^ though
oftentimes not exactly ; and were enclin’d to each other by an angle, of
very neer sixty degrees, I lay, very neer, becaufe, though having en-
deavoured to measore them the most acurately I was able, with the
largest Companies I had, I could not find any fensible variation from that
measure, yet the whole six-branched Figure feeming to compofeasolid
angle, they must neceslarily be somewhat less.

5 The middle lines or stems of these branches, ab^ac^ad^a e, a fa, ag,
seem’d somewhat whiter, and a little higher then any of the intermediate
branchings of thefe Figures j and the center az was the most prominent
part of the whole Figure, seeming the ^exofa solid angle or pyramid^
each of the six plains beinga little enclin’d below the surface of the Vrin.

6 The lateral branchings issuing out of the great ones, soch as op.,
m q, &c. were each of them inclin’d to the great ones, by the. same angle
of about sixty degrees,as the great ones were one to another, and always
the bigger branchings were prominent above the less, and the less above
the least, by proportionate gradations.

7 The lateral branches shooting out of the great ones, went all of them
from the center, and each of them was parallel to tha t great branch, next
to which it lay, so that as all the branches on one side were parallel to
one another, so were they all of them to the approximate great branch,
as p o: q r3 as they were parallel to each other,and shot from the center,
so were they parallel also to the great branch a b.

8 Some of the stems of the six branches proceeded straight, and of a
thickness that gradually grew (harper towards the end, as ag.

Others of the stems of those branches grew bigger and knotty to-
wards the middle, and the branches also as well as stems, from Cylinders
grew into Plates, in a most admirable and curious order, so exceeding re-
gular and delicate, as nothing could be more, as is visible in a a c^a dt
a asj but towards the end of some of these stems, they began again to
grow smallerandto recovertheir former branchings, as about 4 and n.

10 Many of the lateral branches had collateral branches (if I may id
call them) as q m had many such as/ ty and most of thofe again fab-
collateral., as v and thefe again had others less, which one may call la-
terofabcollateral., and these again others, and they others, in greater
Figures.

11 The branchings of the main Stems joyn’d not together by any re-
gular line,nor did one side of the one lie over the other side os the other,
but the small collateral and fabcollateral branches did sie at top of oneq another



50 Micro grap hi a'.
another according to a certain order or method, which I always observd
to be this.

12 That side of a collateral or subcollateralfac. branch, lay over the
side of the approximate (as the feathers in the wing of a Bird) whole
branchings proceeded parallel to the last biggest stem from which it
lprung,and not to the biggest stem of all, unlels that were a second steni
backwards.

13 This rule that held in the branchings of the Sexangular Figure held
allb in the branchings of any other great or Imall stem, though it did
not proceed from a center.

14 The exaCtness and curiosity of the figuration of thele branches,
was in every particular lb transcendent, that I judge it almost impossible
for humane art to imitate.

15 Tailing several cleer pieces of this 2?e, I could not find any 'Urin-
ous taste in them, butthole few I tailed, feem’d as insipid as water.

16 A figuration ibmewhat like this, though indeed in ibme particu-
lars much more curious, I have several times oblerv’d in regulus martis
siellatus^ but with this difference, that all the stems and branchings are
bended in a moll excellent and regular order, whereas in Ice the stems
and branchings are (height, but in all other particulars it agrees with
this, and seems indeed nothing but one of these stars,or branched Figures
frozen on *Urine^ distorted, or wreathed a little, with a certain propor-
tion : Lead allb that has Arjenicl^ and Ibme other things mixt with it, I
have found to have its surface, when liifler’d to cool, figured ibmewhat
like the branchings of Zirine^ but much Imaller.

17 But there is a Vegetable which does exceedingly imitate thele
branches, and that is, Fearn^ where the main stem may be observ’d to
(hoot out branches, and the stems of each of thele lateral branches, to
send forth collateral.) and thole jubcollateral^ and thole latero fiibcoUate-
ral3 &c. and all thole much after the lame order with the branchings, di-
visions, and subdivisions in the branchings of thele Figures in frozen
Vrine 5 so that if the Figures of both be well cpnsider’d, one would ghess
that there were not much greater need of a feminal principle for the pro-
duction of Fearn^ then for the production of the branches of Vrines or
the Stella martis, there seeming to be as much form and beauty in the
one as in the other.

And indeed, this Plant of Fearny if all particulars be well consider'd,
will leem of as simple, and uncompounded a form as any Vegetable., next
to Mould or Mushromes., and would next after the invention of the forms
of those, deferve to be enquir’d into 5 for notwithstanding several have
affirm d it to have seed, and to be propagated thereby 5 yet, though I
have made very diligent enquiry after that particular, I cannot find that
there is any part of it that can be imagin’d to be more leminal then an-
other : But this onely here by the by:

. For the freezing Figures in Vrine. I found it rcquisite,
First, that the Superficies be not disturbed with any wind, or other

commotion of the air, or the like.
Secondly,
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Secondly, that it be not too long expofed, lb as that the whole bulk

be frozen,for oftentimes,in such cafes,by reason of the swelling the of Ice*
or from (bine other cause, the curious branched Figures dilappear.

Thirdly, an artificial freezing with Snow and Salt.* apply’d to the out*
side of the containing Vessel, succeedsnot well, unlels there be a very
little quantity in the Vessel.

Fourthly, If you take any cleer and smooth Glass, and wetting all ths
inside of it with Vrine^ you expose it to a very lharp freezing, you will
find it cover’d with a very regular and curious Figure.

II.
Obfervables in sigur'd Snow.

Exposing a piece of black Cloth, or a black Hatt to the falling Snoi»i
I have often with great pleasure, obferv’d such an infinite variety of cu- s **
rioully figur’d Snow.* that it would be as impolsible to draw the Figure
and lhape of every one of them, as to imitate exactly the curious and
Geometrical Mechanijme of Nature in any one. Some coorfe draughts,
Inch as the coldnels of the weather, and the ill provisions, I had by me
for liich a purpole, would permit me to make, I have here added in the
Second Figure of the Eighth Scheme.

In all which I oblerv’d, that if they were of any regular Figures, they
were always branched out with six principal branches, all of equal length,
fliape and make, from the center, being each of them inclin’d to either of
the next branches on either side of it, by an angle of sixty degrees.

Now, as all these Items were for the most part in one ssake exactly of
the lame'make, so were they in disfering Figures of very differing ones 5
so that in a very little time I have observ’d above an hundred feveral cizes
and lhapes of thefe starry ssakes.

The branches allb out of each Item of any one of thefe ssakes, were ex-
actly alike in the lame ssake 5 lb that of whatever Figure one of the
branches were, the other five were Hire to be of the lame, very exactly,
that is, is the branchings of the one were small Peral/elipipecls or Plates,
the branchings of the other five were of the lame 5 and generally, the
branchings were very conformable to the rules and method obferv’d be*
fore, in the Figures on Vrine, that is, the branchings from each side of
the stems were parallel to the next stem on that side, and if the Items
were plated, the branches allb were the same 5 if the stems were very
long, the branches allb were lb, &c.

Obferving feme of thefe figur’d ssakes with a Microjcope.* I found them
not to appear lb curious and exadly 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 5 but this irregularity feem’d aferibable to
the thawing and breaking of the ssake by the fall, and not at all to the
defed of thevirtue of Nature, whose curiosity in the formation
of most ofthefe’kind of regular Figures,liich as thpfe of Salt..Miner-als,&c.

O 2 appears
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appears by the help os the Microfcope, to be very many degrees fmaller
then the riiost acute eye is able to perceive without it. And though one
ofthefe six-branched Stars appear’d here below much of the lhape de-
ferred in the Third Figure of the Eighth Scheme 5 yet I am very apt to
think5that could we have a sight of one of them through a Microjcope as
they are generated in the Clouds before their Figures are vitiated by
external accidents,they would exhibit abundance of curiosity and neat-
ness there also, though never so much magnify’d: For since I have ob-
ferv’d the Figures of Salts and Minerals to be some os them so exceeding
sinall,that I have fcarcely been able to perceive them with the Microjcope.,
and yet have they been regular, and since (as far as I have yet examin’d
it) there seems to be but one and the same cause that produces both these
effests, I think it not irrational to suppofe that these pretty figur’d Stars
of Snow3 when at first generated might be also very regular and exast.

III.
Several kinds of Figures in Water srozen.

Putting fair Water into a large capacious Veslel of Glass3 and exposing
it to the cold, I obsorv’d after a little time, several broad, ssat, and thin
lantin<e3or plates of Ice, eroding the bulk of the water and one another
very irregularly, onely most of them seem’d to turn one of their edges to-
wards that side of the Glass which was next it, and seem’d to grow, as
’twere from the insideofthe Vessel inwards towards the middle, almost
like somany blades of Fern. Having taken feveral of these plates out of
water on the blade of a Knife, I observ’d them figur’d much after the
manner of Herring bones, or Fern blades3 that is, there was one bigger
stem in the middle like the back-bone, and out of it, on either side, were
a multitude of sinall//zrz<e, or icicles, like the smaller bones,or the smaller
branches in Fern3 each of these branches on the one side, were parallel to
all the rest on the feme side, and all of them seem’d to make an angle
with the stem,towards the top, of sixty degrees, and towards the bot-
tom or root of this stem, of 120. See the fourth Figure of the 8. Plate.

I obferv’d likewife feveral very pretty varieties of Figures in Water,
frozen on the top of a broad ssat Marble-stone, expos’d to the cold with
a little Water on it, some like feathers, some of other lhapes, many of
them were very much of the shape exprest in the fifth Figure of the
8. Scheme3 which is extremely differing from any of the other Figures.

. I obferv’d likewife, that the shootings of Ice on the top of Water, be-
ginning to freez, were in streight prismatical bodies much likethofeof
roch-peter3 that they crost each other usually without any kind of order
or rule, that they were always a little higher then the surface of the Wa-
ter that lay between them 5 that by degrees thofe interjacent (paces
Would be fill’d with Ice also, which usoally would be as high as the Sur-
face of the rest.

In ssakes os Ice that had been frozen on the top of Water to any con-
siderable







siderable thicknest, I oblerv’d that both the upper and the under sides
of it were curioussy quill’d, furrow'd, or grain’d, as it were, which when
the Sun (hone on the Plate, was exceeding easily to be perceiv’d to be
much after the (hape of the lines in the 6. Figure cf the 8. Scheme^ that i$,
they consisted of several (h eight ends of parallel Plates, which were of
divers lengthsand angles to one another without any certain order.

The cause of all which regular Figures (and of hundreds of others^
namely of Salts., Minerals^ Metals., &c. which I could have here inserred.
Would it not have been too long) seemstobe deducible from the same
Principles,which I have (in the 13. Observation) hinted only, having not
yet had time to compleat a Theory os them. But indeed (which I there
also hinted) I judge it the second step by which the Pyramid of natu-»
ral knowledge (which is the knowledge of the form of bodies) is to
beascended: And whosoever will climb it, must be well furnish’d
with that which the Noble Verulam calls Sealant Intellect us ; he must
have (caling Ladders, otherwise the steps are so large and high, there
will be no getting up them, and confequently little hopes of attaining
any higher station, suchas to the knowledge of themost (imple principle
of Vegetation manifested in Mould and Musliromes, which, as I else-
where endeavoured to (hew, seems to be the third step 5 for it feemsto
me, that the Intellect ef man is like his body, destitute of wings, and
cannot move from a lower to a higher and more sublime station of know-
ledg,otherwife then step by step,nay even there where the way is prepar’d
and already made passible 5 as in the Elements os Geometry, or the like,
where it is fain to climb a whole feries of Proportions by degrees, besore
it attains the knowledge of one Problems. But if the afcent be high, dif-
ficult and above its reach, it must have recourfe to a novum organum^
some new engine and contrivance, feme new kind of Algebra^ or Analy-
tic/^ Art before it can (urmount it.

Observ. X V. Of Kettering-stone, and of the pores of Inani-
mate bodies,

THis Stone which is brought srom Kettering in Northampton-srire^ruidigg’d out of a Quarry, as I am inform’d, has a grain altogether
admirable, nor have I ever feen or heard of any other stone that has the
like. It is made up of an innumerable company of (mall bodies, not all
of the same cize or (hape, but for the most part, not much differing from
a Globular form, nor exceed they one another in Diameter above three
or four times 5 they appear to the eye, like the Cobb or Ovary of a Her-
rings or some smaller fisties, but for the most part, the particles feem
somewhat lest, and not so uniform 5 but their variation from a perfect
globular ball,feemsto be only by the pressure of the contiguous bals which
have a little deprest and protruded those toucht fides inward, and forc’d

the
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the other sides as much outwards beyond the limits of a Globe 5 just as
it would happen,if a heap of exaftly round Balls of soft Clay were heap’d
upon one another 5 or, as I have often seen a heap of sinall Globules os
Quicksilver^ reduc’d to that form by rubbing it much in a glaz’d Vesfel,
with some (limy or sluggish liquor, such as Spittle, when though the top
of the upper Globules be very neer spherical, yet thofe that are prest
upon by others, exactly imitate the forms of thefe lately mention’d
grains.

Where thefe grains touch each other, they are so firmly united or
fettled together, that they seldom part without breaking a hole in one
or th’other of them, soch as <?, 4, ay b^c^c, &c. Some of which fractions,
as 4, a, a, a3 where the touch has been but light, break no more then
the outward crust/ or first (hell of the stone, which is of a white colour,
a little dafli’d with a brownish Yellow,and is very thin,like the (hell of an
Egg: and I have feen some of those grains perfectly referable sorae kind
of Eggs,both in colour and shape: But where the union of the contiguous
granules has been more firm, there the divulsion has made a greater
Chaim, as at /», Z>, in lb much that I have obferv’d feme of them quite
broken in two, as at r, c, c, which has discovered to me a further refem-
blance they have to Eggs,they having an appearance of a white and yelk,
by two differing substances that envelope and encompass each other.

That which we may call the white was pretty whitish neer the yelk,
but more duskie towards the shell 5 feme of them I could plainly per-
ceive to be (hot or radiated like a Pyrites or fire-stone 5 the yelk in feme
I few hollow, in others fill’d with a duskie brown and porous sub-
stance like a kind of pith.

The Imall pores, or interfiitia e e e e betwixt the Globules, I plainly
saw,and found by other trials to be every way pervious to air and water,
for I could blow through a piece of this stone of a considerable thickness,
as easily as I have blown through a Cane, which minded me of the pores
which Des Cartes allow his materia Jubtilk between the ethereal globules.

The objest, through the Microjcope} appears like a Congeries or heap
of Pibbles, such as I have often seen cast up on the shore, by the work-
ing of the Sea after a great storm, or like (in shape, though not colour)
a company of small Globules of Quicksilver, look’d on with a Microsiope3
when reduc’d into that form by the way lately mentioned. And per-
haps, this last may give feme hint at the manner of the formation of the
former : For supposing feme Lapidefeent substance to be generated, or
some way brought (either by some commixture of bodies in the Sea it
sclf, or protruded in, perhaps, out of some jubterraneous caverns) to the
bottom of the Sea,and there remaining in the form of a liquor like Quick-
silver, heterogeneous to the ambient Saline ssuid, it may by the working
and tumblings of the Sea to and fro be jumbled and comminuted into
such Globules as may afterwards be hardned into Flints, the lying of
which one upon another, when in the Sea, being not very hard, by rea-
son of the weight of the incompassing ssuid, may caufe the undermost to
be a little,though not much, varied from a globular Figure. But this onlyby the by. After
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After what manner this Kettering-fione should be generated I cannot

learn, having never been there to view the place, and observe the cir-
cumstances 5 but it seems to me from the stru&ure of it to be generated
from some substance once more ssuid, and afterwards by degrees growing
harder, almost after the same manner as I supposed the generation of
Flints to be made.

But whatever were the cause of its curious texture, we may learn this
information from it 5 that even in thole things which we account vile,
rude,and coorse, Nature has not been wanting to shew abundance of cu-
riolity and excellent Mechanisme.

We may here find a Stone by help of a Microfcope, to be made up os
abundance of small Balls, which do but just touch each other, and yet
there being so many contacts,they make a firm hard mats, or a Stone much
harder then Free-stone.

Next, though we can by a Microfcope discern so curious a shapein the
particles, yet to the naked eye there fearce appears any luch thing'5
which may afford us a good argument to think, that even in thole bodies
allo, whole texture we are not able to discern, though help’d with Micro-

scopes. there may be yet latent so curious a Schematifme^ that it may abun-
dantly latisfie the curious searcher, who shall be so happy as to find some
way to difcover it.

Next, we here find a Stone, though to the naked eye a very dole one,
yet every way perforated with innumerable pores,which are nothing elfe
but the interflitiaz between thosc multitudes of minute globular particles,
that compose the bulk it felf5 and thefe pores are not only diseover’d by
the Microfiope, but by this contrivance.

I took a pretty large piece of this stone, and covering it all over with
cement, save only at two opposite parts, I found my felf able, by blowing
in at one end that was left open, to blow my ipittle,with which I had wet
the other end, into abundance of bubbles, which argued thefe pores to
be open and pervious through the whole stone, which affords us a very
pretty instance of the poroushess of some feemingly dole bodies,of which
kind I shall anon have occasion to sobjoyn many more, tending to prove
the same thing.

I must not here omit to take notice, that in this body thefe is not a
•vegetative faculty that should so contrive this strudture for any peculiar
uso of Vegetation or growth, whereas in the other instances of vegetable
porous bodies, there is an anima^ or forma ins or mans that does contrive
all the Structures and Mechanifmes of the constituting body, to make
them subfervient and ufefull to the great Work or Funstion they are to
perform. And so I ghess the pores in Wood, and other vegetables, in
bones,and other Animal sobstances,to be as so many channels,provided by
the Great and Al wife Creator, for the conveyance of appropriated juyces
to particular parts. And therefore,that this may tend, or be pervious all
towards one part,and may have impediments,as valves or the like, to any
other 5 but in this body we have very little reason to suipest there should
be any such design, for it is equally pervious every way, not onely for-

ward3
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ward, but backwards,and side-ways, and seems indeed much rather to be
Homogeneous or similar to those pores, which we may with great proba-
bility believe to be the channels of pellucid bodies, not dirested, or more
open any one way, then any other, being equally pervious every way.
And, according as these pores are more or greater in respest of the z«-
tersiitial bodies, the more tranlparent are the so constituted concretes 5
and the smaller those pores are, the weaker is the Impulseo£ light com-
municated through them, though the more quick be the progrest.

Upon this Occasion, I hope it will not be altogether unseasonable, if I
propound my conjestures and HjipotheJis about the medium and con-
veyance of light.I suppose then, that the greatest part of the Interjlitia 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 so far distant: Nor do I much concern my self, to deter-
mine what the Figure of the particles of this exceedingly subtile ssuid
medium must be 5 nor whether it have any interstitiated pores or vacui-
ties,it being suflicient to solve all the Phenomena to luppole it an exceed-
ingly ssuid, or the most fluid body in the world, and as yet impossible to
determine the other difficulties.

That being lb exceeding ssuid a body,it easily gives passage to all other
bodies to move to and fro in it.

That it neither receives from any of its parts, or from other bodies 5
nor communicates to any of its parts, or to any other body, any impulle,
or motion in a direst line, that is not of a determinate quicknest. And
that when the motion is of such determinate swiftnest, it both receives,
and communicates,or propagates an impulse or motion to any imaginable
distance in streight lines, with an unimaginable celerity and vigour.

That all kind of sblid bodies consist of pretty massie particles in re-
spest: of the particles of this ssuid medium, which in many places do lb
touch each other,that none os this ssuid medium interposes much after the
same mannner (to ule a gross similitude) as a heap of great stones compast
one great congeries or mass in the midst of the water.

That all ssuid bodies which we may call tangible, are nothing but feme
more subtile parts of those particles, that serve to constiture all tangible
bodies.

That the water, and soch other ssuid bodies, are nothing but a
congeries of particles agitated or made ssuid by it in the lame manner as
the particles of Salt are agitated or made ssuid by a parcel of water, in
which they are dissblv’d, and sobsiding to the bottom of it, constitute a
ssuid body, much more massie and dense, and lest ssuid then the pure
Water it self

That the air on the other side is a certain company of particles of quite
another kind, that is, such as are very much smaller, and more casiely
moveable by the motion of this fluid mediums much like those very sob-
ute Parts of Cochenel^ndk other very deep tinging bodies,where by a verysmall
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small parcel of matter is able to tinge and diffuse it self over a very great
quantity of the sluid dissblvent; or ibmewhat aster that manner, as
frnoak, and such. like minute bodies? or Reams, are observ’dto tinge a
very great quantity of air 5 onely this laR similitude is deficient in one
propriety, and that is a perpetuity or continuance in that Rate of com-
mixture with the air, but the former does more needy approach to the
nature and manner of the air’s being dissblv’d by this fluid or &ther.
And this Similitude will further hold in these proprieties 5 that as those
tin&ures may be increased by certain bodies,so may they be precipitated
by others 5 as I (hall afterwards (hew it to be very probable, that the like
accidents happen even to the Air it self

Further, as these solutions and tintRures do alter the nature of these
ssuid bodies,as to their aptness to propagate a motion or impulse through
them, even so does the particles of the Air, Water, and other ssuid bo-
dies, and of Glass, Cryssal, &c. which are commixt with this bulk of the

alter the motion of the propagated pulse of light, that is, where
these more bulkie particles are more plentiful!, and consequently a lesser
quantity of the EE ther between them to be mov’d,there the motion muR
necessarily be the swifter,though not so robuR, which will produce those
effeRs, which I have (I hope) with some probability, ascribed to itin
the digressicn about Colours, at the end of the observations on Mufi
covy-glafi.

Now, that other Stones, and those which have the closefland hardeR
textures, and seem (as far as we are able to discover with our eyes,
though help’d with the best Microfeopes') freess from pores, are yet not-
withssanding replenish’d with them 5 an InRance or two will, I suppose,
make more probable.

A very solid and unssaw’d piece of cleer white Marble, if it be well
polish’d and glaz’d, has sb curiously smooth a surface, that the beR and
moR polish’d surface of any wrought-glass, seems not to the naked eye,
nor through a Micrejcope^ to be more smooth, and less porous. And yet,
that this hard close body is replenish’d with abundance of pores, I think
these following Experiments will sufficiently prove.

The firfl: is, That if you take such a piece, and for a pretty while boyl
it in Turpentine and Oyl of Turpentine, you (hall find that the Rone will
be all imbu’d with it 5 and whereas before it look’d more white,but more
opacous, now it will look more greasie, but be much more transparent,
and if you let it lie but a little while, and then break off a part of it, you
shall find theunduous body to have penetrated it to such a determinate
depth every way within the surface. This may be yet easier try’d with a
piece of the fame Marble., a little warm’d in the fire,and then a little Pitch
or Tarr melted on the top of it 5 for these black bodies, by their insinu-
ating themselves into the invisible pores of the stone, ting it with sb black
a hue, that there can be no further doubt of the truth of this assertion,
that it abounds with small imperceptible pores.-

Now, that other bodies will alsb sink into the pores Of Marble, besides
I have try’d, and found, that a very Blue tinsture made in

p
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Jsirit os Vrine would very readily and easily sink into it, as would alia
sever al tinstures drawn with sjtirit os Wine.

Nor is Marble the only seemingly close stone, which by other kinds of
Experiments may be found porous 5 for I have by this kind of Experi-
ment on divers other stones found much the same effecft, and in feme, in-
deed much more notable. Other stones I have found so porous., that with
the Microjcope I could perceive several sinall winding holes, much like
Worm-holes,as I have noted in somekind of Purbeck^ssone, by looking on
the surface of a piece newly ssaw’d off} for if otherwife, the surface has
been long expos’d to the Air, or has been scraped with any tool, thole
sinall caverns are fill’d with dust,and disappear.

And to confirm this ConjeClure, yet further,! shall here infert an excel-
lent account,given into the Royal Society by that Eminently Learned Phy-
sician, Dodor Goddard, of an Experiment, not less instru&ive?then curi-
ous and accurate, made by himself on a very hard and seemingly close
stone call’d Oculus Mundi, as I find it preserv’d in the Records of that
Honourable Society.

A small stone of the kind, call’d by some Authours, Oculus
Mundi) being dry and cloudy, weigh’d 5 g Grains,

The same put under water for a night, and somewhat more,
became transparent, and the superficies being wiped dry,
weighed 6 ^Grains.

The difference between these two weights, o of a Grain.
The same Stone kept out of water one Day and becoming

cloudy again weighed, 5^| Graines.
Which was more then the first weight, of a Grain.
The same being kept two Days longer weighed, Graines.
Which was less then at first, o^- of a Grain.7 z 56
Being kept dry something longer it did not grow sensibly

lighter.
Being put under water for a night and becoming again trans-

. parent and wiped dry, the weight was, 6^ Grains? the same
with the first after putting in water, and more then the last
weight after keeping of it dry, of a Grain.

Another Stone of the same kind being variegated with milky
white and gray like some sorts of Agates? while it lay under water,
was alwaies invironed with little Bubbles, such as appear in

water
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water a little before boyling, next the lides of the Vessel.

There were also somethe like Bubbles on the Surface of the
water just over it, as if either some exhalations came out of it,
or that it did excite some fermentation in the parts of the water
contiguous to it.

There was little sensible difference in the transparency of this
Stone,before the putting under water, and after: To be sure the
milky-nte parts continued as before, but more disference in
weight then in the former. For whereas before the putting
into die water the weight was 18 g- Graines. After it had lyen
in about four and twenty hours the weight was 20^ Graines, sa
the difference was, 1 Graines.

The same Stone was infused in the water scalding hot, and so
continued for awhile after it was cold, but gotno more weight
then upon infusing in the cold, neither was there any senfible
Difference in the weight both times.

In which Experiment,there ate three Obfervables,that seem very mani-
festly to prove the porousncls of thefe seemingly dole bodies: the first
is their acquiring a transparency, and losing their whiteneis after keeping
in water, which will seem the more stronglyto argue it, if what I have
already laid about the making transparent, or clarisying os some bodies,
as the white powder of beaten Glass, and the froth os some glutinous
transparent liquor be well consider’d 5 sor thereby it will seem rational
to think that this transparency arifes from the insinuation of the water
(which has much the same refrassion with such stony partides, as may be
difcoverd by Sand view’d with a Microfiope)itAo those pores which were
formerly repleat with air (that has a very disfering refrastion, and con-
fequently is very ressexive) which seems to be confirm’d by the fecond
Observable, namely, the increafe of weight after keeping, and decrease
upon drying. And thirdly,seem’d yet more sensibly confirm’d by the mul-
titude of bubbles in the last Experiment.

We find also most Acid Salts very readily to disiblve and separate the
parts os this body one from another 5 which is yet a surther Argument to
confirm the poroushess of bodies, and will serve assoch, toshew that
even Glass also has an abundance of pores in it,tee there are feveral li-
quors, that with long flaying in a Glass, will so Corrode and eat into it, as
atlast, to make it pervious to the liquor it contain’d, of Which I have
seenvery many Instances,

Since therefore we find by other proofs, that many of thofe bodiesp 2 which
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which we think the most solid ones, and appear sb to our sight, have not-
withstanding abundance o£ thole grosser kind of pores, which will ad-
mit feveral kinds of liquors into them, why should we not believe that
Glast, and all other transparent bodies abound with them, since we have
many other arguments, besides the propagation of light, which seem to
argue for it ?

And whereas it may be objested, that the propagation of light is no
argument that there are those atomical pores in glass, since there are Hy-
pothefes plausible enough to solve those Phenomena, by supposing the
pulfe onely to be communicated through the transparent body.

To this I answer, that that Hypothecs which the indusirious Moreanuo
has publish’d about the ssower motion of the end of a Ray in a denier
a»a£»x«,then in a more rare and thin,feems altogether unlufficient to solve
abundance of Phenomena, of which this is not the least considerable,that
it is impossible from that supposition, that any colours should be gene-
rated from the refraction of the Rays 5 for since by that Hypothecs the
undulating pulse is always carried perpendicular, or at right angles with
the Ray or Line of direction, it follows, that the stroke of the pulfe of
light, after it has been once or twice refraCted (through a Prisme,for ex-
ample) must afieCt the eye with the same kind of stroke as if it had not
been refraCted at all. Nor will it be enough for a Defendant of that Hy-
pothecs, to say, that perhaps it is becaufe the refraCtions have made the
Rays more weak, for if lb, then two refraCtions in the two parallel sides
of a §>uadrangular Prisine would produce colours, but we have n© such
Phenomena produc’d.

There are feveral Arguments that I could bring to evince that there
are in all tranlparent bodies such atomical pores. And that there is such
a ssuid body as I am arguing for, which is the medium, or Instrument, by
which the pulfe of Light is convey’d from the lucid body to the en-
lightnd. But that it being a digression from the Obfervations I was re-
cording, about the Pores of Kettering Stone, it would be too muchluch,
if I should protraCi: it too long 5 and therefore I shall proceed to the
next Observation.

Observ. X VI. Os Charcoal, or burtii Vegetables.

CHarcoal,or a Vegetable burnt black,afibrds an objeCt.no lest pleasant
than instruCtiye 5 for if you take a sinall round Charcoal,and break

it short with your fingers, you may perceive it to break with a very
Imooth and sseek siiriace, almost like the surface of black fealing Wax 5
this surface, if it be look’d on with an ordinary Microjcope, doesmanifest
abundance of thofe pores which are alsb visible 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 substance of the Coal,
every where almost perforating and drilling it from end to end $ by

means
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means ofwhich, be the Coal never so long, you may easily blow through
it 5 and this you may presently find,by wetting one end of it with Spittle,
and blowing at the other.

But this is not all, for besides those many great and conspicuous irre-
gular (pots or pores, if a better Ilstcrojccpe be made uso of, there will ap-
pear an infinite company of exceedingly small, and very regular pores,
so thick and so orderly set, and so close to one another, that they leave
very little room or space between them to be fill’d Withasolid body, for
the apparent 'interjiitia, or separating sidesofthese pores seem so thin in
some places, that the texture of a Honey-comb cannot be more porous.
Though this be not every where so, the intercurrent partitions in
some places being very much thicker in proportion to the holes.

Mostofthese small pores soem’d to be pretty round, and were rang’d
in rows that radiated from the pith to the bark 5 they all of them
soem’d to be continued open pores, running the whole length of the
Stick 5 and that they were all perforated, I try’d by breaking off a Very
thin (liver of the Coal cross-ways, and then with my Alicrojcope,diligent-
ly surveying them against the light, for by that means I was able to see
quite through them.

Theso pores were so exceeding small and thick,that in a line of them,
part of an Inch long, I found by numbring them no less then 150.

small pores 5 and therefore in a line of them an Inch long, must be no lest
then 2700. pores, and in a circular area of an Inch diameter, must be
about 5725350. of the like pores 5 so that a Stick of an Inch Diameter,
may containe no lest then seven hundred and twenty five thonsand, be-
sides 5 Millions of pores,which would, I doubt not, seem even incredible,
were not every one left to believe his own eyes. Nay, having since ex-
amin’d Cocm, blacky and green Ebony, Lignum Vitce,&c. I found, that all
these Woods have their pores, abundantly smaller then those of soft light
Wood 5 in so much, that thole of Guajacum soem’d not above an eighth
part of the bignest of the pores of Beeeh, but then the Interjiitia were
thicker 5 soprodigioussy curious are the contrivances, pipes, or (luces by
which the Succm nutritiM, or Juyce of a Vegetable is convey’d from
place to place.

This Objervation soems to afford us the true reason of several Phe-nomena of Coals 5 as tFirst, why they look black 5 and for this we need go no further then
the scheme, for certainly, a body that has so many pores in it as this is dis-
cover’d to have, from each of which no light is ressected, must necessarily
look black, Specially, when the pores are some what bigger in proporti-
on to the intervals then they are cut in the Scheme, black being nothing
elsebuta privation of Light,. or a want of ressection 5 and wheresover
this ressecting quality is deficient, there does that part look black, whe-
ther it be from a porousnest of the body, as in thislnstance,or in a deadning
and dulling quality, (uch as I have observ’d in the Scoria of Lead, Tin,
Silver, Copper, &c.

Next, we may also as plainly fee the reason of its (hining quality, and
that
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that is from the even breaking off of the flick, the solid intersiitia
having a regular termination or sorsace, and having a pretty strong re*
fleding quality, the many small ressexions become united to the naked
eye, and make a very pretty Ihining surface.

Thirdly ,the realbn of its hardnete and brittlenete teems evident, for'since
all the watery or liquid substance that moistn’d and toughn’d thote Inter-

jiitia of the more solid parts, are evaporated and remov’d, that which
is left hehind becomes of the nature almost of a stone, which will not at
all, or very little,bend without a diwitlfion or jolution of its continuity.

It is not my design at present, to examine the ute and Mechanisine of
thefe parts of Wood, that being more proper to another Enquiry 5 but
rather to hint, that from this Experiment we may learn,

First, what is thecaufe oftheblackness of many burnt bodies, which
We may sind to be nothing elte but this 5 that the heat of the fire agi-
tating and ratifying the waterilh, transparent, and volatile water that is
contain’d in them,by the continuation of that adion,does so totally expel
and drive away all that which before fill d the pores, and wasdilpers’d
alio through the solid mate of it, and thereby caus’d an universal kind of
transparency, that it not onely leaves all the pores eriipty, but all the In-
tersiitia also so dry and opacous^, and perhaps also yet further perforated,
that that light onely is resseded back which falls upon the very outward
edges of the pores, all they that enter into the pores of the body, never
returning, but being lost in it.

Now, that the Charring or coaling of a body is nothing elte, may be
easily believ’d by one that (hall consider the means of its production,
which may be done after this, or any such manner. The body to be
chart’d or coal’d, may be put into a Crucible^Pot,or any other Vessel that
will endure to be made red-hot in the Fire without breaking, and then
cover’d over with Sand, so as no part of it be sofier’d to be open to the
Air, then tet 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 bignete of the body to be coal’d or chart’d, then taking it out
of the Fire,and letting it stand till it be quite cold,the body may be taken
out of the Sand well chart’d and cleans’d of its waterilh parts 5 but in the
taking of it out, care must be had that the Sand be very neer cold, for
elte, when it comes into the free a'ir, it will take fire, and readily burn
away.

This may be done also in any dote Vessel of date, as a Retort^ or the
like,and the sevcralssuid sobstances that come over may be receiv’d in
a fit Recipient, which will yet further countenance this Hypothejis: And
their manner of charring Wood in great quantity comes much to the same
things namely, an application of a great heat to the body, and pteferving
it from the free acceteofthe devouring air, this may be easily leam’d
from the Histdry of Charring of Coal, moft excellently defcrib’d and.
publilh’d by that iiiost accomplilh’d Gentleinan, Mr. John Evehn^ in the
|oo, 101,103, pages of his Sylva^ to which I.(hall therefore refer the tu*
ndus Reader that desifes a full information of it. Next
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Next, we may learn what part of the Wood it is that is the ^mbuftibk

matter j for since weshall find that none, or very little of those ssuid sub-?
siances that are driven over into the Receiver are combujlible, and that
most of that which is left behind is so, it follows, that the solid interfiitia
of the Wood are the combujlible matter. Further, the reason why uni
chart’d Wood burns with a greater ssame then that which is chart’d, is as
evident, because those waterish orvolatil parts iss'uing out of the sired
Wood, everyway, not onely (flatter and open the body5 the better for
the fire to enter, but issuing out in vapours or wind, they become like
so many little aolipiles, or Bellows, whereby they blow and agitate the
fir’d part, and conduce to the morespeedy and violent consumption or
dissblution of the body.

Thirdly, from the Experiment of charring of Coals (whereby we see
that notwithstanding the great heat, and the duration of it, the (olid
parts of the Wood remain, whilest they are preserv’d from the free access
of the air undissipated) we may learn,that which has not,that I know of,
been publish’d or hinteds nay, not so much as thought of, by any 5 and
that in short is this.

First, that the Air in which we live, move, and breath, and which en-
compares very many, and cherishes most bodies it encompasses, that this
Air is the «?ew/?rw«»z,oruniversal dissdivent of all Sulphureous bodies^

Secondly, that this all ion it performs not, till the body be first suffi-
ciently heated, as we find requisite also to the dissblution of many other
bodies by feveral other menjiruums.

Thirdly, that this all ion of dissblution, produces or generates a very
great heat,and that which we call Fire5 and this is common also to many
dissolutions of other bodies, made by menjiruums, of which I could give
multitudes of Instances.

Fourthly, that this all ion is perform’d with so great a violence, and
does so minutely aft, and rapidly agitate the smallest parts of the com-
bujlible matter, that it produces in the diaphanous medium of the Air, the
aaion or pulfe of light,which what it is, I have elfe-where already shewn.

Fifthly,that the dijjolution of sulphureous bodies is made by a sobstance
inherent, and mixt with the Air, that is like, is not the very same, with
that which is fixt mSalt-peter^ which by multitudes of Experiments that
may be made with Saltpeter^s\\\I think,most evidently be demonstrated.

Sixthly, that in this dijfolution of bodies by the Air, a certain part is
united and mixt, or dissblv’d and turn’d into the Air, and made to ssy up
and down with it in the same manner as a metalline or other body difr
solv’d into any mensiruums^ does follow the motions and progresses of
that menjiruum till it be precipitated.

Seventhly, That as there is one part that is dissbluble by the Air,so are
there other parts with which the parts of the Air mixing and uniting,
do make a Coagulum^ or precipitation, as one may call it, which causes
it to be feparated from the Air, but this precipitate is so light, and in
so small and rarify’d or porous clusters, that it is very volatil, and is easily
carry’d up by the motion of the Air, though afterwards, when the heat and

agitation
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agitation that kept it rarify’d ceases,it easily condenfes,and commixt with
other indissbluble parts, it slicks and adheres to the next bodies it meets
withall 5 and this is a certain Salt that may be extracted out of Soot.

Eighthly, that many indissbluble parts being very apt and prompt to
be rarify’d, and so, whilesl they continue in that heat and agitation., are
lighter then the Ambient Air, are thereby thrust and carry’d upwards
with great violence, and by that means carry along with them, not onely
that Saline concrete I mention’d before, but many terrestrial, or indis-
soluble and irrarefiable parts, nay, many parts also which are dissbluble,
but are not suffer’d to stay long enough in a sufficient heat to make them
prompt and apt for that adion. And therefore we find in Soot, not onely
a part, that being continued longer in a competent heat, will be dip
solv’d by the Air, or take fire and burn 5 but a part also which is fixt, ter-
restrial, and irrarefiable.

Ninthly, that as*there are theso several parts that will rarifie and ssy.,
or be driven up by the heat, soare there many others, that as they are
indissbluble by the aerial menjiruumjo are they of such sluggish and gross
parts, that they are not easily rarify’d by heat, and therefore cannot be
rais’d by it 5 the volatility or fixtness of a body soeming to consift only in
this, that the * one is of a texture, or has component parts that will be
easily rarify’d into the form of Air, and the other, that it has such as will
not,without much ado,be brought to soch a constitution 5 and this is that
part which remains behind in a white body call’d Ashes, which contains
a substance,or Salt,which Chymists call ^Z^/z.’what the particular natures
of each of theso bodies are, I Ihall not here examine, intending it in an-
other place,but Ihall rather add that this Ptypothejis does so exactly agree
with all Phenomena of Fire, and so genuinely explicate each particular
circumstance that I have hitherto obsorv’d, that it is more then probable,
that this caufe which I have assign’d is the true adequate, real, and onely
caufe of thofe Phenomena 5 And therefore I (hall proceed a little fur-
ther, to fliew the nature and ufe of the Air.

Tenthly,therefore the dissblving parts of the Air are but few,that is,it
soems of the nature of thofe Saline menjiruum s, or spirits, that have very
much ssegme mixt with the spirits, and theresore a small parcel of it is
quickly glutted, and will dissblve no more 5 and therefore unless some
fresh part of this menjiruum be apply’d to the body to be dissblv’d, the
astion ceafcs, and the body leaves to be dissblv’d and to flline, which is
the Indication of it, though plac’d or kept in the greatest heat 5 whereas
Salt-peter is a menfiruum^ when melted and red-hot, that abounds more
with thofe Dissblvent particles, and therefore as a small quantity of it
will dissblve a great falphureous body, so will the dissblution be very
quick and violent.

Therefore in the Eleventh place, it is obfervable, that, as in other
solutions, if a copious and quick supply of fresh menjiruum^ though but
weak, be poured on, or applied to the dissbluble body, it quickly con-
sumes it: So this menjiruum of the Air, is by Bellows, or any other such
contrivance, it be copiously apply’d to the shining body, is found to

dissblve
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dissblve it assoon, and as violently as the more strong menftrunti
melted Nitre.

Therefore twelfthly, it teems reasonable to think that there is no tech
thing as an Element os Fire that should attrast or draw up the ssantejOr
towards which the ssame should endeavour to ateend out of a desire oil
appetite of uniting with that as its Homogeneal primitive and generating
Element , but that that shining transient body which we callF/^zve, is
nothing else but a mixture of Air, and volatil solphureous parts os dissb-
luble or combustible bodies, which are assing upon each others whil’ss:
they ateend, that is, ssame teems to be a mixture, of Air, and the com-
bustible volatil parts of any body, which parts the encompassing Ait
does dissblve or work upon, which astion,as it does intend the heat os the
aerial parts of the dissblvent,so does it thereby further rarifie thole parts
that are asting, or that are very neer them, whereby they growing much
lighter then the heavie parts of that Afenflruum that are more remote,are
thereby protruded and driven upward 5 and this may be easily observ’d
also in dissolutions made by any other menfirunm^ especially tech as either
create heat or bubbles. Now, this adion of the Menfiuum^ or Air^ on the
dissbluble parts, is made with tech violence, or is tech, that it imparts
such a motion orpulte to the diaphanous parts of the Air, as I have elte-
where (hewn is requisite to produce light.

This Hjpothefis I have endeavoured to raise from an Infinite of Obter-
vations and Experiments, the procels of which would be much too long
to be here inserred, and will perhaps another time afford matter copious
enough for a much larger Diteourse, the Air being a Subject which
(though all the world has hitherto liv’d and breath’d in,and bfeen uncon-
versant about)has yet been so 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 understood, it
will, I doubt not, inable a man to render an intelligible, nay probable, if
not the true reasbn of all the Phenomena of Fire, which, as it has been
found by Writers and Philosophers of all Ages a matter of no small dif-
ficulty, as may be sussiciently understood by their strange Hypotheses^ and
unintelligible Solutions of some few Phenomena of it 5 so will it prove a
matter of no small concern and usein humane ass'airssaslfliallelsewhere
endeavour to manifest when I come to (hew the ufe of the Air in reipi-.
ration, and for the preservation of the life, nay, for the confcrvation and
restauration of the health and natural constitution of mankind as well as
all other aereal animals, as also the tisss os this principle or propriety of
the Air in chymical, mechanical, and other operations. In this place I
have onely time to hint an Hppothefs^ which, if God permit me life.and
opportunity, I may elsewhere prosecute, improve and publifli, . In the
meantime, before I finifli this Discourte, I must npt forget to acquaint the
R.eader,that having had the liberty granted me of making some trials on
a piece of Lignum so{sile (hewn to the Royal Society, by the eminently
Ingenious and Learned Physician, Dossor Ent^ who receiv’d it for a Pre-
(ent from the famous Ingeniojb Cavalliero de Pozzi.^t being one of the fairest
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and best pieces of Lignum soffile he had seen 5 Having (I say) taken a
imall piece of this Wood, and examin’d it, I sound it to burn in the open
Air almost like other Wood, and insteed of a resinous smoak or sume,
it yielded a very bituminous one, smelling much of rhat kind of lent: But
that which I chiessy took notice of, was, that cutting off a small piece of
it, about the bigness of my Thumb, and charring it in a Crucible with
Sand, after the manner I above prescrib’d, I found it infinitely to abound
with the (mailer sort of pores, io extreme thick, and so regularly perfo-
rating the substance of it long-ways, that breaking it osf a-cross,I found
it to look very like an Honey-comb j but as for any of the second, or
bigger kind os pores, I could not find that it had any 5 so that it seems,
whatever were the cause of its production, it was not without those
sinal I kind of pores which we have onely hitherto found in Vegetable bo-
dies : and comparing them with the pores which I have found in the Char-
coals that I by this means made of several other kinds of Wood, I find it
refemble none so much as those of Firr, to which it is not much unlike in
grain also, and several other proprieties.

And therefore, what ever is by some, who have written of it,and parti-
cularly by Francifco SteUutojNho wrote a Treatife in Italian of that Sub-
ject,which was Printed at Rome, 1637. affirm’d that it is a certain kind os
Clay or Earth, which in trad of time is turn’d into Wood,I rather suspest
the quite contrary, that it was at first certain great Trees os Fir or Pine,
which by some Earthquake, or other casualty, came to be buried under
the Earth,and was thereafter a long time’s residence(according to the se-
deral natures of the encompassing adjacent parts)either rotted and turn’d
into a kind of Clay, or petriff d and turn’d into a kind of Stone, or elfe
had its pores fill’d with certain Mineral juices,which being stayd in them,
and in trast of time coagulated, appear’d, upon cleaving out,like small
Metaline Wires, or elfe from some ssames or scorching forms that are the
occasion oftentimes,and usoally accompanyEarthquakes,might be blasted
and turn’d into Coal, or elfe from certain fubterraneous fires which arc
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 Lodi,anciently call’d TW^and between the two Villages os
Colleficco and Rosaro not sardistant from the high-way leading to Rome,
where it is found in greater quantity then elfewhere)are by reason of their
being encompassed with Earth, and so kept clofe from the dissblving Air,
chart’d and converted into Coal. It would be too long a work to de*
fcribe the feveral kinds of pores which I met withall, and by this means
difcoveredin feveral other Vegetable bodies 5 nor is it my prefent design
to expatiate upon Instances of the same kind, but ratherto give a Spe-
cimen os as many kinds as I have had opportunity as yet of observing, re-
fer ving the profecution and enlarging on particulars till a more fit op*
portunity 5 and in profecution of this design, I (hall here add:

Observ.
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Observ. XVII. Os Petrify *d wood* and other Petrify’d bodies*

OF this sort of substance, I obscrv’d several pieces of very differingkinds., both fortheir outward shape, colour, grain, texture^ hard-
ness, &c. some being brown and redish 5 others gray, like a Hone 5 others
black, and Flint-like: some soft.like a Slate or Whetstone, others as hard
as a Flint, and as brittle. That which I more particular examin’d,was a
piece about the bigness of a mans hand, which seem’d to have been a part
of some large tree, that by rottenness had been broken off from it before
it began to be petrify'd.

And indeed, all that I have yet seen, teeth to Eave been rotten Wood
before the petrifastion was begun 5 and not long since, examining and
viewing a huge great Oat^ that teem’d with riieer age to be rotten as it
flood, I was very much confirm’d in this opinion 5 for I found, that the
grain, colour, and shape of the Wood, was exastly like this petrify'dsub-
flance 5 and with a Microjcope^ I found, that all thofe Microfcopical pores,
which in sappy or firm and sound Wood are fill’d with the natural or in-
nate juices of those Vegetables, in this they were all empty, like thofe
of Vegetables charrd 5 but with this difference, that they feem’d much
larger then I have feen any in Char-coals * nay, even then thofe of Coals
made of great blocks of Timber, which are commonly call’d Old-coals.

The reason of which difference may probably be, that the charring of
Vegetables, being an operation quickly perform’d,and whilest the Wood
is sappy, the more solid parts may more easily shrink together, and con-
tra# the pores Or interjiitia between them, then in the rotten Wood,
where that natural juice seems onely to be wash’d away by adventitious
or unnatural moisture 5 and so though the natural juice be wasted from
between the firm parts, yet thofe parts are kept asunder by the adventi-
tious moystures, and so by degrees settled in thofe postures.

And this I likewife found in the petrify’d Wood, that the pores Were
somewat bigger then thofe of Charcoal^ each pore being neer upon half
as bigg again, but they did not bear that disproportion which is exprest
in the tenth Scheme^ between the small specks or pores in the first Fi-
gure (which representeth the pores of Coal or Wood charr’d) and the
black spots of the fecond Figure (which reprefent the like Microfcopical
pores in the petrify'd Wood) for thefe last were drawn by a Microjcope that
magnify’d the objefr above six times more in Diameter then the Micro-
scope by which thofe pores of Coal were obferv'd.

Now, though they were a little bigger, yet did they keep the exadt
figure and order of the pores of Coals and of rotten Wood, which last
also were much of the same cize.

The other Obfervations on this petrify d siibstance, that a while since,
by the appointment of the Royal society.', I made, and preferited to them
an account of^ were these that follow, which had the honour done them

Q.2 by
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by the most accomplish’d Mr. F/velin^ my highly honour’d friend, to be
inserred and published among those excellent Observations wherewith
his Sylva is replenish’d, and would therefore have been here omitted5had
not the Figure of them, as they appear d through the Microfcope been
before that engraven.

This Petrify d substance resembled Wood, in that
First, all the parts of it seem’d not at all dissocated^ or alter’d from

their natural Position, whil’st they were Wood, but the whole piece re-
tain’d the exast shape of Wood, having many of the conspicuous pores
of wood (till remaining pores, and (hewing a manifest difference visible
enough between the grain of the Wood and that of the bark, eipecially
when any side of it was cut smoothand polite 5 for then it appear’d to
have a very lovely grain, like that of some curious close Wood.

Next (it resembled Wood) in that all the smallerand (if I may so call
thole which are onely visible with a good magnifying Glass) Microfcopi-
cal pores os it appear (both when the substance is cut and polish’d tranf
verfly and parallel to the pores of it) perfectly like the Mier ofcopic al poxes
ofseveral kinds of Wood, eipecially like and equal to those of several
sorts of rotten Wood which I have since observ’d, retaining both the
(hape,position and magnitude of soch pores. It was differing from Wood :

First, in weighty being to common water as 34 to 1. whereas there are
few os our Englijb Woods, that when very dry are found to be full as
heavieas water.

Secondly, in hardnesf being very neer as hard as a Flint 5 and in some
places of it also resembling the grain of a Flint: and, like it, it would
very readily cut Glass, and would not without difficulty, eipecially in
some parts of it, be scratch’d by a black hard Flint: It would also as rea-
dily strike fire against a Steel, or against a Flint, as any common Flint.

Thirdly, in the closenessoi it, for though all the Microfcopical pores of
this petrify d substance were very conspicuous in one position ,yet by al-
tering that position of the polish’d sorface to the light, it was also mani-
fest, that those pores appear’d darker then the rest of the body, onely
because they were fill’d up with a more duskie substance, and not be-
cause they were hollow.

Fourthly, in its incontbujiibleness, in that it would not burn in the fire 5
nay,though I kept it a good while red-hot in the ssame of a Lamp, made
very intenfe by the blast of a small Pipe, and a large Charcoal, yet it
seem’d not at all to have diminish’d its extension 5 but only I found it to
have chang’d its colour, and to appear of a more dark and duskie brown
colour 5 nor could I perceive that those parts which seem’d to have been
Wood at first, were any thing wasted, but the parts appear’d as solid and
close as before. It was further observable also, that as it did not consome
like Wood, so neither did it crack and ssie like a Flint, or such like hard
Stone, nor was it long before it appear’d red-hot.

Fifthly, in its dissblublenessj for putting some drops of distill’d Vinegar
upon the Stone, I found it presently to yield very many Bubbles, just like
those which maybe observ’d in spirit of Vinegar when it corrodes coral^

though



though perhaps many of those small Bubbles might proceed from feme
small parcels of Air which were driven out of the pores of this petriss d
substance by the insinuating liquid wenfintuni.

Sixthly, in its rigidnesi and friability^ being not at all ssexible but
brittle like a Flint, insomuch that I could with one knock of a Hammer
break off a piece of it, and with a few more, reduce that into a pretty
fine powder.

Seventhly, it seem’d allo very differing from Wood to the touch ffeel-
zwgmore cold then Woodusually does, and much like other close (tones
and Minerals*

The Reasons of all which Phenomena (ccni to be,
That this petrisy d Wood having lain in some place where it was well

(bak’d with petrisying water (that is. such a water as is well impregnated
with (tony and earthy particles) did by degrees separate,either by (train-
ing and siltration^ or perhaps,by precipitation^ cohefion or ctf^/^z«>«,abun“
dance os (tony particles from the permeating water, which (tony par-
ticles,being by means of the ssuid vehicle convey'd,not onely into the A/z-
crofiopical pores, and so perfectly (toping them up, but also into the pores
or intcrfitia^ which may. perhaps, be even in the texture or Schematisme
of that part of the Wood, which, through the Microjcope,appears molt so-
lid, do thereby so augment the weight os the Wood, as to make it above
three times heavier then water, and perhaps, six times as heavie as it was
when Wood.

Next, they thereby so lock up and fetter the parts of the Wood, that
the fire cannot easily make them ssie away.but thea&ion of the fire upon
them is onely able to Char thosc parts, as it were, like a piece of Wood,if
it be clos’d very fast up in Clay,and kept a good while red-hot in the fire,
will by the heat of the fire be Chart’d and not consum’d, which may, per-
haps, also be somewhat of the cause, why the petrisy d substance appear’d
of a dark brown colour after it had been burnt.

By this intrufion of thepetrisying particles, this substance also becomes
hard and sriable^ for the smaller pores of the Wood being perfestly
wedg’d, and stuft up with those stony particles, the (mall parts of the
Wood have no places or pores into which they may Aide upon bending,
and confequently little or no ssexion or yielding at all can be caus’d in
such a substance.

The remaining particles likewife of the Wood among the stony par-
ticles, may keep them from cracking and ssying when put into the fire,
as they are very apt to do in a Flint.

Nor is Wood the onely substance that may by this kind of transmuta*
tion be chang’d into stone j sor I my self have seen and examin’d very
many kinds of substances, and among very credible Authours, we may
meet with Histories of iuch Metamoirphoses wrought almost on all kind
of sobstances, both Vegetable and Animal^ which Histories, it is not my
business at present, either to relate, or epitomise^ but only to fet down
■some Obfervation I lately made on feveral kind o£petriss d Shels, found
about Keinjham^ which lies within four or five miles of Brifiol^ which are
commonly call’d Serpentinc-sioner, Exami-
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Examining several of these very curioussy figur’d bodies (which ate

commonly thought to be Stones form’d by some extraordinary Ylajlics
•virtue latent in the Earth it self) I took notice of these particulars:

First, that these figured bodies, or st ones, were of very differing sub-
stances, as to hardness: some of Clay, some Marie, some soft Stone, al-
most of the hardness of thofe soft stones which Masons call Fire-stone,
others as hard as Portland stone, others as hard as Marble, and some as
hard a a Flint or Crystal.

Next, they were of very differing substances as to transparency and
colour 5 some white, some almost black, some brown, some Metalline, or
like Marchasites $ some transparent like white Marble, others like ssaw’d
Crystahsome gray, some of divers colours, some radiated like these long
petrify'd drops, which are commonly found at the Peas, and in other
fybterraneous caverns, which have a kind of pith in the middle.

Thirdly, that they were very different as to the manner of their out-
ward figuration , for some of them seem’d to have been the substance
that had fill’d the Shell of some kind of Shel-fish 5 others, to have been
the substance that had contain’d or enwrapp’d one of those Shels,on both
which,the perfect impression either of the inside or outside of such Shells
seem’d to be left, but for the most part, those impressions seem’d to be
made by an imperfect or broken Shell, the great end or mouth of the
Shell being always wanting, and oftentimes the little end, and sometimes
half and in some there were impressions, just as if there had been holes
broken in the figurating, imprinting or moulding Shell 5 some of them
seem’d to be made by such a Shell very much brufed or ssaw’d, insomuch
that one would verily have thought that very figur’d stone had been
broken or brused whilst a gelly, as ’twere, and so hardned, but within
in the grain of the stone, there appear’d not the least sign of any such
brufe or breaking, but onely on the very uttermost soperficies.

Fourthly, they were very different,as to their outward covering, some
having the perfect Shell, both in figure, colour, and substance, slicking
on upon its surface, and adhering to it, but might very easily be scpa-
rated from it, and like other common Cockle or Scolop-jhels, which some of
them most accurately refembled,were very dissoluble in common Vinegar,
others of them,especially those Serpentine, or HelicalJi ones were cover’d
or retained the shining or Pearl-colour’d substance of the inside of a Shel,
which substance, on some parts of them, was exceeding thin, and might
very easily be rubbed off} on other parts it was pretty thick, and re-
tained a white coat, or ssaky substance on the top, just like the outsides
of such Shells 5 some of them had very large pieces of the Shell very
plainly slicking on to them, which were easily to be broken or ssaked off
by degrees: they likewife, some of them retain’d all along the surface of
them very pretty kind offutures, such as are observ’d in the skulls of se-
deral kinds of living creatures, which jutures were most curioussy shap’d
in the manner of leaves, and every one of them in the same Shell, exastly
one like another, which I was able to discover plainly enough with my
naked eye, but more perfectly and distindly with my Microjcope 5 all

these
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these futures, by breaking some of thefe stones,! found to be the termini,
or boundings of certain diaphragms,or partitions,which seensd to divide
the cavity of the Shell into a multitude of very proportionate and regu-
lar cells or caverns, these Diaphragms, in many of them, I found very per-
fed and compleat, of a very distind substance srom that which fill’d the
cavities, and exadly of the lame kind with that which covered the out-
side, being for the most part whitilb, or mother-os-pearl colour’d.

As for the cavities between those Diaphragms, I found some of them
fill’d with Marie, and others withseveral kinds of stones, others, for the
most part hollow, oncly the whole cavity was usually covered over
With a kind of tartareous petrisy d substance, which stuck about the tides,
and was there shot into very curious regular Figures, just as ‘tartar, or
other dissblv’d Salts are observ’d to stick and cryjiaHize about the sides os
the containing Vessels, or like those little Dtamants which I before ob-
ferved to have covered the vaulted cavity of a Flint 5 others had these
cavities all lin’d with a kind os metalline or marchasite-like substance,
which with a Jlticrojeope I could as plainly lee most curioully and regu^
larly figured, as I had done thole in a Flint.

From all which, and several other particulars which I oblerv’d, I earn
not but think, that all thefe, and most other kinds of stony bodies which
are found thus strangely figured,do owe their formation and figuration,
not to any kind os Plajlnf virtue inherent in the earth, but to the Shells
of certain Shel-fishes, which, either by feme Deluge, Inundation, EarthJ
quake, or somesuch other means, came to be thrown to that place, and
thereto be fill’d with feme kind of Mudd or Clay, or petrifying Water,
or feme other substance, which in trad of time has been settled toge-
ther and hardned in thofe shelly moulds into those shaped substances we
now find them 5 that the great and thin end of thefe Shells by that Earth-
quake, or what ever other extraordinay cause it was that brought them
thither, was broken off5 and that many others were otherwise broken,
bruifed and disfigured 5 that thefe Shells which are thus jpirallied and sc-
parated with Diaphragmes, were seme kind of Nautili or Porcelane fhells 5
and that others were shells of Cockles,Mufcles,Periwincles, 8colops,&c. os
various sorts 5 that thefe Shells in many, from the particular nature of the
containing or enclos’d Earth, or some other cause, have in trad of time
rotted and mouldred away, and onely left their impressions, both on the
containing and contained substances 5 and so lest them pretty looseone
within another, so that they may be easily separated by a knock, or two
of a Hammer. That others of thefe Shells, according to the nature
of the substances adjacent to them, have, by a long continuance in
that posture, been petrisy’d and turn’d into the nature of stone, just as I
even now obferv’d feveral sorts of Wood to be. That ostentimes the Shell
may be found with one kind of substance within, and quite another
without, having, perhaps, been fill’d in one place5 and asterwards ttanila-
ted to another, which 1 have very frequently obferv’d in Cockle3 tPufele,
Teriwincle, and other shells, which I have sound by the Sea side. Nay,
further, that some parts os the same Shell may be fill’d in one place, and

some
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seme other caverns in another, and others in a third,or a fourth, or a fisth
place, for id many differing substances have I found in one of these pe-
trisy'd Shells,and perhaps all these differing from the encompassing earth
or stone 5 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 those
Shells, which are commonly found on the Sea shore : And he that shall
throughly examine feveral kinds of such curiously form’d stones,will (I
am very apt to think) find reason to suppofe their generation or forma-

• tion to be ascribable to seme such accidents as I have mention’d, and
not to any Plajiick^ virtue : For it feems to me quite contrary to the in-
finite prudence of Nature, which is obfervable in all its works and pro-
ductions, to design every thing to a determinate end, and for the attain-
ing of that end, makes use of such ways as are (as farr as the knowledge
of man has yet been able to reach ) altogether consonant, and most
agreeable to man’s reason, and of no way or means that does contradict,
or is contrary to humane Ratiocination 5 whence it has a long time been
a general observation and maxims^ that Nature does nothing in vain 5 It
seems, I say, contrary to that great Wisdom of Nature, that these prettily
shap’d bodies should have all those curious Figures and contrivances
(which many of them are adorn’d and contriv’d with) generated or
wrought by a Plafiick^ virtue^ for no higher end ’then onely to exhibite
such a form 5 which he that shall throughly consider all the circumstances
of siich kind of Figur’d bodies, will, I think, have great reason to be-
lieve, though, I confess, one cannot prefently be able to find out what
Nature’s designs are. It were therefore very desirable, that a good col-
lection of siich kind of figur’d stones were collected 5 and as many par-
ticulars, circumstances, and informations colleCced with them as could be
obtained, that from such a History of Obfervations well ran? d, ex-
amin’d and digested, the true original or production of all those kinds,
of stones might be perfectly and surely known 5 siich as are Thunder-
Jiones^ Lapides SteUares^ Lapides Judaici^nd multitudes of other, where-
of mention is made in Aldrovandm Wormixs^ and other Writers of
Minerals.

Observ. X V11 J. Of the Schcmatisme or Texture os Cork, and
of the Cells and Pores osfome other such srothy. Bodies,

ITook a good clear piece of Cork, and with a Pen-knife sharpen’d as
keen as a Razor, I cut a piece of it oft, and thereby left the surface of

it exceeding smooth, then examining it very diligently with a Micro-
siope, me thought I could perceive it to appear a little porous 5 but I
could not sb plainly distinguish them, as to besure that they werepores,
muchdels what Figure they were of: But judging from the lightness and
yielding quality of the Cork, that certainly the texture could not be so

curious,
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curious, but that posiibly, if I could use feme further diligence, I might
find it to be discernable with a JlPicrafcope^ I with the same sharp Pen-
knise, cut off from the former smooth surface an exceeding thin piece of
it, and placing it on a black objest Plate, because it was it self a white
body, and carting the light on it with a deep plano-convex Glass, I could
exceeding plainly perceive it to be all perforated and porous,much like
a Honey-comb,but that the pores of it were not regular; yet it was not
unlike a Honey-comb in these particulars.

First, in that it had a very little solid siibstance, in comparisonofthe
empty cavity that was contain’d between, as does more manifestly appear
by the Figure A and B of the X I. Scheme^ for the Interfiitia^ or walls
(as I may so call them) or partitions of those pores were neer as thin in
proportion to their pores, as those thin films of Wax in a Honey-comb
(which enclose and constitute thefexangular cells') are to theirs.

Next, in that these pores, or cells, were not very deep, but consisted
of a great many little Boxes, separated out of one continued long pore,
by certain Diaphragms^, as is vilible by the Figure B, which represents a
sight of those pores split the long-ways.

I no sboner discern’d these (which were indeed the first microfcopical
pores I ever saw, and perhaps,that were ever seen$ for I had not met with
any Writer or Person, that had made any mention of them besore this)
but me thought I had with the discovery of them, presently hinted to me
the true and intelligible reason of all the Phenomena of Cork; As,

First, if I enquir’d why it was so exceeding light a body? my Micro-
pope could presently inform me that here was the same reason evident that
there is found for the lightness of froth, an empty Honey-comb, Wool,
a Spunge, a Pumice-stone, or the like; namely, a very small quantity of a
solid body, extended into exceeding large dimensions.

Next, it seem’d nothing more difficult to give an intelligible reason,
why Cork is a body so very unapt to suck and drink in Watery andcon-
sequently preserves it self, ssoating on the top os Water, though left on it
never so long : and why it is able to stop and hold air in a Bottle,though
it be there very much condens’d and consequently presses very strongly
to get a passage out, without suffering the least bubble to part through
its siibstance. For, as to the first, since our Microjcope informs us that the
siibstance of Cork is altogether fill’d with Air, and that that Air is per-
fectly enclofed in little Boxes or Cells distind from one another. It feems
very plain, why neither the Water, nor any other Air can easily insinu-
ate it self into them, since there is already within them an intus exijlens*
and consequently, why the pieces of Cork become so good ssoats for
Nets, and sloppies for Viols, or other clofe Vessels.

And thirdly, if we enquire why Cork has silch a springiness and swel-
ling nature whem compress’d ? and how it comes to suller so great a com-
pression, or seeming penetration of dimensions, so as to be made a sob-
stance as heavie again and more, bulk for bulk, as it was before compres
sion, and yet soffer’d to return, is found to extend it self again into the
same space ? Our Microfiope will easily inform us, that the whole mals

R, consists
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consists os an insinite company of small Boxes or Bladders of Air, which
isasubstance of a springy nature, and that will suffer a considerable con-
densation (as I have several times found by divers trials, by which I have
most evidently condens’d it into lest then a twentieth part of its usual di-
mensionsneer the Earth, and that with no other strength then that of my
hands without any kind of forcing Engine,such as Racks,Leavers. Wheels,
Pullies, or the like, but this onely by and by) and besides, it seemsvery
probable that thole very films or sides of the pores,have in them a spring-
ing quality, as almost all other kind of Vegetable substances have, so as
to help to restore themselves to their former position.

And could we so easily and certainly discover the Schematifme and
Texture even of thefe films,and of feveral other bodies,as we can thefe of
Cork j there feems no probable realbn to the contrary, but that we might
as readily render the true realbn of all their Phenomena, as namely,what
were the cause of the springiness, and toughnest of feme, both as to their
ssexibility and restitution. What, of the friability or brittleness of seme
others, and the like 5 but till such time as our Microfcope., or feme other
means,enable us to difeover the true Schematifm and Texture os all kinds
of bodies, we must grope, as it were, in the dark, and onely ghels at the
true realbns of things by similitudes and comparisons.

But, to return to our Obfervation. I told several lines of thefe
pores, and found that there wereusually about threescore of these small
Cells placed end-ways in the eighteenth part of an Inch in length,whence
I concluded there must be neer eleven hundred of them, or Ibmewhat
more then a thouland in the length of an Inch, and therefore in a square
Inch above a Million, or n664oo.and in a Cubick Inch,above twelve
hundred Millions, or 1259712000. a thing almost incredible, did notour
M/crojcope allure us of it by ocular demonstration 5 nay, did it not disco-
ver to us the pores of a body, which were they diaphragm dsike thofe of
Cork, would afford us in one Cubick Inch, more then ten times as many
little Cells,as is evident in several chart’d Vegetables, so prodigiously
curious are the works of Nature, that even these conspicuous pores of
bodies, which feem to be the channels or pipes through which the Succus
nutritiu^ or natural juices of Vegetables are convey’d, and feem to cor-
respond to the veins, arteries and other Vessels in fensible creatures, that
thefe pores I lay, which seem to be the Vessels of nutrition to the vastest
body in the World, are yet so exceeding small, that the Atoms which Epi-
curus fancy’d would go neer to prove too bigg to enter them, much more
to constitute a ssuid body in them.And how infinitely smaller then must be
the Vessels ofa Mite, or the pores of one of those little Vegetables I have
difeovered to grow on the back-side of a Rofe-leaf, and shall anon more
sully deferibe, whose bulk is many millions of times less then the bulk of
the small Ihrub it grows on 5 and even that shrub, many millions of times
Jess in bulk then feveral trees (that have heretofore grown in England*
and are this day ssourifliing in other hotter Climates, as we are very cre-
dibly inform’d) if atleast the pores os this small Vegetable should keep
any such proportion to the body of it, as we have found thefe pores^

os
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of other Vegetables to do to their bulk. But of thele pores I hive laid
more el sewhere.

To proceed then, Cork seems to be by the transverse constitution of
the pores, a kind os Fungus or Mushrome, sor the pores lie like so many-
Rays tending from the center, or pith of the tree, outwards 5.so that if
you cutoss a piece frdm a board os Cork transversly, to the ssat of it|
you will, as it were, split the pores, and they will appear just as they are
express d in the Figure B of the X I. Scheme. But if you (have off a
very thin piece from this board, parallel to the plain of it, you will cut
all the pores transversly, and they will appear almost as they are express’d
in the Figure A, save onely the solid Interflitia will not appear so thick
as they are there represented.

So that Cork seems to suck its nourishment from the subjacent bark os
the Tree immediately, and to be a kind of excrescence, os a substance
distiust from the substances of the entire Tree, something analogus to
the Mushrome, or Moss on other Trees, or to the hairs on Animals. And
having enquir’d into the History of Cork, I find it reckoned as an
excrescency of the bark of a certain Tree, which is distinst from the two
barks that lie within it, which are common also to other trees 5 That ’tis
sbme time before the Cork that covers the young and tender sprouts
comes to be discernable, That it cracks,ssaws,and cleaves into many great
chaps, the bark underneath remaining entire. That it may beseparated
and remov’d from the Tree, and yet the two under-barks (sitch as are
also common to that with other Trees) not at all injur’d, but rather
helped and freed from an external injury. Thus Jonflonus in Dendrologia>
{peaking de Subere^ says, Arbor ess procera, Lignum efl robuflum^, dempto
cortice in aquis non ssuitat. Cortice in orbem detract0 juwatur^ crafcefcens
enimpraflringit flrangulat^ intra triennium it erum repletur.- Caudex ubi
adoleflcit craflus^ cortex Juperior denfus car noJus ssu os digitos crajjus^jeaber.,
rimoflts^ & qui niss detrahatur dehifcit^ alioque jubnafcente expellitur^ inte-
rior qui jubefl novellus it a rubet ut arbor minio pitta videatur. Which
Histories,if well consider’d, and the tree, substance, and manner of grow-
ing, if well examin’d, would, I am very apt to believe,much confirm this
my conjecture about the origination of Cork.

Nor is this kind of Texture peculiar to Cork onely 5 for upon exami-
nation with my jtficrofeope, I have found that the pith of an Elder, or al-
most any other Tree, the inner pulp or pith of the Cany hollow stalksos
several other Vegetables: as of Fennel, Carrets, Daucus, Bur-docks,
Teafels, Fcarn, tome kinds of Reeds, have much such a kind of
Schematisme^ as I have lately lheWn that of Cork, save onely that here
the pores are rang’d the long-ways^ or the same ways with the length of
the Cane,whereas in Cork they are transverse;

The pith also that fills that part of thestalk of a Feather that is above
the Quil, has much such a kind of texture, save onely that which way so-
ever I set this light substance, the pores seem’d to be cut transversly 5 fc
that I ghcss this pith which fills the Feather, not to consist of abundance
of long pores separated with Diaphragms, as Cork does, but to be a kind ,
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of solid or hardned froth,or a congeries of very small bubbles consolidated
in that form,into a pretty stiff as well as tough concrete,and that each Ca-
vern, Bubble, or Cell, is distindly soparate from any of the rest, without
any kind of hole in the encompassing films, so that I could no more blow
through a piece of this kinde of substance,then I could through a piece of
Cork, or the sound pith of an Elder.

But though I could not with my Microfeope, nor with my breath, nor
any other way I have yet try’d, difcover a passage out of one of thofe
cavities into another, yet I cannot thence conclude, that therefore there
are none such, by which the Snccus nutritius,"or appropriate juices of Ve-
getables, may pass through them 5 for, in several of those Vegetables,
whil’st green, I have with my Mier of ope., plainly enough discover’d these
Cells or Poles fill’d with juices, and by degrees sweating them out: as I
have also obsorved in green Wood all those long Microjcopical pores
which appear in Charcoal perfedly empty of any thing but Air.

Now, though I have with great diligence endeavoured to find whe-
ther there be any soch thing in those Mier ofc opical pores of Wood or
Piths, as the Valves in the heart,veins,and other pasfages of Animals,that
open -and give passage to the contain’d ssuid juices one way, and shut
themsolves,and impede the passage of such liquors back again,yet have I
not hitherto been able to say any thing positive in it j though,me thinks,
it soems very probable,that Nature has in these passages,as well as inthoso
of Animal bodies,very many appropriated Instruments and contrivances,
whereby to bring her designs and end to pass,which tis not improbable,
but that seme diligent Observer, if help’d with better Microfcopes, may
in time deted:.

And that this may be so, soems with great probability to be argued
from the strange Phenomena of sensitive Plants, wherein Nature seems
to perform several Animal adions with the same Scben/atifns or Orginiz>a-
tian that is common to all Vegetables, as may appear by some no Jess
instrudive then curious Observations that were made by divers Emi-
nent Members of the Royal Society on some of these kind of Plants, where-
of an account was delivered in to them by the most Ingenious and Excel-
lent Phyfcian, Dodor Clas. which, having that liberty granted me by
that most Illustrious Society, I have hereunto adjoyn’d.

Obfervations on the Humble and Sensible Plants in Mf Chiffirss
Garden in Saint James s Park.., made August the 9th’ 1661.
Prefent.) the Lord Brouncker^ Sr. Robert Moray., Dr. Wilkins.,
Mr. Evelin, ^r,Henshavp^ and Dr. Clark.,

There are four Plants, two of which are little shrub Plants,
with a little short stock, about an Inch above the ground, from
whence are spread several sticky branches, round, streight, and

smooth.



smooth in the distances between the Sprouts, but just under the
Sprouts there are two sharp thorny prickles, broad in the let*
ting on, as in the Bramble, one just under the Sprout, the other
on the opposite side of the branch.

The distances betwixt the Sprouts are dually something „
more then an Inch, and many upon a Branch, according to its Fis f °
length, and they grew so, that if the lower Sprout be on the lest
side of the Branch, the next above is on the right, and so to the

end, not sprouting by pairs. ' >
At the end of each Sprout are generally four sprigs, two at

the Extremity, and one on each side, just under it. At the firft
sprouting of these from the Branch to the Sprig where the leaves
grow, they are full of little sihort white hairs, which wear osf as
the leaves grow, and then they are smooth as the Branch.
v Upon each of these sprigs, are, for the most part, eleven pair

of leaves, neatly fet into the uppermost part of the little sprig,
exaftly one against another, as it were in little articulations^ such
as Anatomists call Pnarthrofis, where the round head of a Bone
is received into another fitted for its motion; and (landing very
fitly to (hut themselves and touch, the pairs just above them
closing somewhat upon them, as in the (hut sprig; so is the
little round Pedunculus of this leaf fitted into a little cavity of
the fprig, visibleto the eye in a sprig new pluck’d, or in a sprig
withered on the Branch, from which the leaves eafily sall by
touching.

The leaf being almost an oblong square, and fet into the Pe*
dunculus^ at one of the lower corners, receiveth from that not
onely a Spine, as I may call it, which, passing through the leaf,
divides it so length- ways that the outer-fide is broader then the
inner next the sprig, but little sibres passing obliquely towards
the opposite broader side, seem to make it here a little muscular,
and fitted to move the whole leaf, which, together with the
whole sprig, are set full with little short whitifh hairs.?

One
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One ofthese Plants, whole branch seem’d to be older arid

more grown then the other, onely the tender Sprouts of it, after
the leaves are shut, fall and hang down; of the other, the whole
branches fall to the ground, if the Sun thine very warm,upon the
first taking offtheGlass, which I therefore call the bumble Plant.

The other two, which do never fall, nor do any of their
branches ssagg and hang down, (hut not their leaves, but upon
somewhat a hard stroke; the stalks seem to grow up from a root,
and appear more herbaceous, they are round and smooth, without
any prickle, the Sprouts from them have several pairs of sprigs,
with much lets leaves then the other on them, and have on
each sprig generally seventeen pair.

Upon touching any of the sprigs with leaves on, all the leaves
on that sprig contrasting themselves by pairs, joyned their up-
per superficies close together.

Upon the dropping a drop of Aquasortis on the sprig be-
twixt the leaves, s s all the leaves above shut presently, thofe
below by pairs successively after, and by the lower leaves of the
other branches, ll, &c. and so every pair successively,
with some little distance of time betwixt,to the top of each sprig,
and so they continu’d shut all the time we were there. But I re-
turning the next day, and several days since,found all the leaves
dilated again on two of the sprigs; but from fs, where the Aqua
sortis had dropped upwards, dead and withered; but those bel-
low on the same sprig, green, and doling upon the touch, and
are so at this day, Auguft 14.

With a pair of Scissers, as suddenly as it could be done, one
of the leaves b b was clipped off in the middle,upon which that
pair, and the pair above, closed presently, after a little interval,
d d, then e e, and so the rest of the pairs, to the bottom of the
sprig, and then the motion began in the lower pairs, 11, on the
other sprigs, and so shut them by pairs upwards, though not
with such distind distances.

Under
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Under a pretty large branch with its sprigs on, there lying

a large Shell betwixt two and three Inches below in, there was
rubbed on a strong sented oyl, after a little time all the leaves On
that sprig were shut, and so they continued all the time of our
stay there,but at my returne the next day, I found the positioh
of the Shell alter’d, and the leaves expanded as before, and
doling upon the touch.

Upon the application of the Sun-bearils by a Burning-glass,
the more bumble Plant fell, the other shut their leaves.

We could not so apply the smoak of Sutyher., as tb have any
visible effect from that, at two or three times trial; but on ano-
ther trial,the smoak touching the leaves,it fucceeded;

The humble Plant fell upon taking off the Glass wherewith it
was covered.

Cutting off one of rhe little Sprouts, two or three drops of li-
quor were thrust out of the part from whence that was cut,very
deer, and pellucid, of a bright greenish colour, rasting at first a
little bitterish,but after leaving a licorissiffike taste in my mouth.

Since,going two or three times when it was cold, I took the
Glasses from the more humble Plant^nA it did not fall as former-
ly, but shut its leaves onely. But coming afterwards, when the
Sun shone very warm, as soon as it was taken off^ it sell as
before.

Since I pluck’d off another fprig, whose leaves were all Ihut,
and had been so some time, thinking to observe the liquor
should come from that I had broken off, but finding none,
though with pressing,to come, I, as dexterotissy as I could, pull’d
off one whole leaves were expanded, and then had upon the shut-
ting of the leaves, a little of the mention’d liquor, from the end
of the sprig I had broken from the Plant. And this twice suc-
cessively, as often almost as I dtirst rob the Plant.

But my curiosity carrying me yet further, I cut osf one of
the harder branches of the stronger Plant, and there came of the

liquor^
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liquor, both from that I had cut, and that I had »cut it from,
without pressure.

Which made me think, that the motion of this Plant upon
touching, might be from this, that there being a constant inter-
coitrfe betwixt every part of this Plant and its root,either by a rzr-
culation of this liquor,or a constant pressing of the subtiler parts
of it to every extremity of the Plant. Upon every pressure,from
whatsoever it proceeds, greater then that which keeps it up, the
subtile parts of this liquor are thrust downwards, towards its ar-
ticulations of the leaves, where, not having room prefently to get
into the sprig,the little round pedunculus^ from whence the Spine
and thole oblique Fibres I mention’d rise, being dilated, the
Spine and Fibres (being continued from it) must be contrastcd
and shortned, and so draw the leaf upwards to joyn with its fel-
low in the lame condition with it felf, where, being doled, they
are held together by the implications of the 1 itde whitifli hair, as
well as by the still retreating liquor, which distending the Fibres
that are continued lower to the branch and root, shorten them
above; and when the liquor is so much forced from the Sprout,
whole Fibres are yet tender, and not able to support themfelves,
but by that tenlhess which the liquor filling their interftices gives
them, the Sprout hangs and ssags.

But, perhaps, he that had the ability and leisure to give you
the exast Anatomy of this pretty Plant, to shew you its Fibres,
and visible Canales-, through which this fine liquor circulateth,
or is moved, and had the faculty of better and more copioussy
cxpressing his Obfervations and conceptions, such a one Would
easily from the motion of this liquor, solve all the Phenomena,
and would not fear to affirm, that it is no obscure fenlation this
Plant hath. But I have laid too much, I humbly submit, and am
ready to stand corrested.

J have not yet made so full and satisfastory Obfervations as I desire on
this Plant, which feems to be a Subjest that will afford abundance of

information.
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information. But as farr as I have had opportunity to examine it,I have
discqvered with my Mi er ofcop e very curious stru&ures and contrivances 5
but designing much more accurate examinations and trials,both with my
Mzcrojcope, and otherwise, as soon as the teason will permit, I shall not till
then add anything of what I have already taken notice of, but as farr as
I have yet oblerv’d,! judge the motion of it to proceed from causesvery
disfering from those by which Gut-strings,or Lute-strings,the beard of a
wilde Oat, or the beard of the Seeds of Geranium, Mofealum, or Mtislg
grast and other of kinds of Cranes-biU,vtiONC themselves. Of which I (hall
add more in the sobsequent Obtervations on those bodies.

Observ. XIX. Of a Plant growing in the blighted or yellow ssecks
qfDamask-rose-leavcs, Bramble-leaves, and fome other kind
of leaves,

T Have for feveral years together, in the Moneths o£fune,fuly, Auguft,
1 and September (when any of the green leaves oiRofes begin to dry and
grow yellow) obferv’d many of them, especially the leaves of the old
Ihrubs of Damask^Rofes, all bespecked with yellow stains, and the under-
sides just against them, to have little yellow hillocks of a gummous sob-
stance, and several of them to have small black spots in the midst of those
yellow ones, which, to the naked eye, appear’d no bigger then the point
of a Pin, or the smallest black spot or tittle of Ink one is able to make
with a very sharp pointed Pen.

Examining thefe with a Microfcope, I was able plainly to distinguiibjUp
and down the surface, several small yellow knobs, ofakind of yellowish
red gummy substance, out of which I perceiv’d there sprung multitudes
of little cases or black bodies like Seed-cods, and those of them that
were quite without the hillock of Gdmm, disclos’d themselves to grow
out of it with a small Straw-colour’d and transpateht stem, the which
feed and stem appear’d very like those of common Moss (which I else-
where defcribe) but that they were abundantly lets, many hundreds of
them being not able to equalize one single seed Cod of Moss.

I have often doubted whether they Were the seed Cods of some little
Plant, or some kind of small Buds, or the Eggs of some very small Insedfe
they appear’d of a dark brownish red, some almost quite black, and of a
Figure much refembling the seed-cod of Moss, but their stalks on which
they grew were of a very fine transparent substance, almost like the stalk
of mould, but that they teem’d somewhat more yellow.

That which makes me to fappofe them to be Vegetables, is for that I
perceiv’d many of those hillocks bare or destitute, as if those bodies lay
yet conceal’d,as G. In others of them,they were just springing out of their'
gummy hillocks, which all teem’d to shoot diredly outwards, as at A. In
others, as at B, I found them just gotten out,with Very little or ho stalk^

$ Mud
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and the Cods os an indifferent cize;but in others,as C, I found them begin
to have little short ftalks, or stems 5 in others, as D, those items were
grown bigger, and larger 5 and in others, as at E, F, H, I, K, L, &c. those
stems and Cods were grown a great deal bigger, and the stalks were
more bulky about the root, and very much taper’d towards the top, as
at F and L is most visible.

I did not find that any of them had any seed in them, or that any of
them were hollow, tftit as they grew bigger and bigger, I found those
heads or Cods begin to turn their tops towards their roots, in the same
manner as I had observ’d that os Mols to do, so that in all likelihood,
Nature did intend in that posture, what she does in the like feed-cods of
greater bulk, that is, that the seed, when ripe, should be shaken out and
dispersed at the end of it, as we find in Columbine Cods, and the like.

The whole Oval OOOO in thesecond Figure of the 12. Scheme
represents a (mail part of a Rofe leaf, about the bigness of the little Oval
in the hillock, C, marked with the Figure X. in which I have not par-
ticularly observ’d all the other forms of the surface of the Rofe-leaf, as
being little to my prefent purpofe.

Now, if these Cods have a feed in them sb proportion’d to the Cod, as
thofe of Pinks, and Carnations, and Columbines, and the like, how unima-
ginably small must each of those feeds necessarily be, for the whole
length of one of the largest of thofe Cods was not ~ part of an Inch j
feme not above ,-^s 5 and therefore certainly, very many thousand of
them would be unable to make a bulk that should be visible to the naked
eye 5 and if each of thefe contain the Rudiments of a young Plant of the
same kind, what must we say of the pores and constituent parts of that ?

The generation of this Plant seems in part,ascribable to a kind of Mil-
dew or Blight,whereby the parts of the leaves grow scabby, or putrify d,
aS it were, so as that the moisture breaks out in little fcabs or spots, which,
as I laid before, look like little knobs of a red gummous substance.

From this putrify’d fcabb breaks out this little Vegetable 5 which may
be somewhat like a Mould or Mojfy and may have its equivocal genera-
tion much after the same manner as I have suppofed Mofs or Mould to
have, and to be a more simple and uncompounded kind of vegetation,
which is fet a moving by the putris'active and sermentative heat, joyn’d
with that of the ambient aerial, when (by the putrifadion and decay os
sbme other parts of the vegetable, that fora while staid its progress) it is
unfetter’d and left at liberty to move in its former courfe, but by reason
of its regulators, moves and asts after quite another manner then it did
when a coagent in the more compounded machine of the more perfed:
Vegetable.

And from this very same Principle, I imagine the Misseto of Oaks,
Thorns, Appletrees, and other Trees, to have its original: It feldom or
never growing on any of those Trees,till they begin to wax decrepid,and
decay with age, and are pester’d with many other infirmities.

Hither also may be referr d those multitudes and varieties of Mufroms,
silch as thatjCaU’d Jews-ears, all sbsts ofgraj and greet? Molies, &c. which
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infest all kind of Trees,shrubs,and the like,especially when they come to
any bigness. And this we see to be very much the method of Nature
throughout its operations., putris active Vegetables very often producing a
Vegetable ofa much less compounded nature, and of a much inferiour
tribe 5 and putrefactive animal substances degenerating into some kind of
animal production of a much inferiour rank,and ofa more simple nature.

Thus we find the humours and substances of the body,upon putrifaCli-
produce strange kinds of moving Vermine: the putrisaCsion of the

(limes and juices of the Stomack and Guts, produce Worms almost like
Earth-worms,the Wheals in childrens hands produce a little Worm,call'd
a Wheal-worm: The bloud and milk, and other humours, produce other
kinds of Worms, at least, if we may believe what is deliver’d to us by
very famous Authors 5 though, I confess, I have not yet been able to dip
cover such my solf.

And whereas it may seem slrange that Vinegar, Meal, musty Cask?, &ci
are observ’d to breed their disfering kinds of Insefts, or living creatures,
whereas they being V egetable substances, seem to be of an inferiour kind,
and so unable to produce a creature more noble, or of a more com-
pounded nature then they themselves are of, and so without some con-
current seminal principle, may be thought utterly unfit for siich an ope-
ration 5 I must add, that we cannot presently positively say, there are
no animal substances, either mediately, as by the soil or fatningof the
Plant from whence they sprung,or more immediately,by thereal mixture
or composition of such substances, join’d with them 5 or perchance some
kind of Insest, in such places where such kind of putrifying gv serment-
ing bodies are, may, by a certain instinst of nature, ejest some sort of se-
minal principle, which cooperating with various kinds of putrifying sob-
siances, may produce various kinds of Insests,or Animate bodies: For we
find in most sorts of thofe lower degrees of Animate bodies, that the
putrifying substances on which theso Eggs, Seeds, or seminal principles
are call by the Insest, become, as it were, the Matrices or Wombs that
conduce very much to their generation, and may perchance also to their
variation and alteration, much after the same manner, as, by strange and
unnatural copulations, several new Kinds of Animals are produc’d, as
Mules, and the like, which areusually call'd Monstrous, because a little
unusual, though many of them have all their principal parts as perfestly
shap’d and adapted for their peculiar uses, as any of the most perfest
Animals. If therefore the putrifying body,on which any kind of seminal
or vital principle chances to be call, become somewhat more then meer-
ly a nursing and fostering helper in the generation and produstion os
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 incloses. But
of this somewhat more in the description of the Water-gnat. Perhaps
some more accurate Enquiries and Observations about theso matters
might bring the Question to some certainty, which would be of no sinall
concern in Natural Philosophy.

But putrifying animal substances may produce animals of an inferior
S 2 kinds
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kind, I see not any lb very great a difficulty, butthat one may, without
much absurdity,admit: For as there may be multitudes of contrivances
that go to the making up of one compleat Animate body 5 so,That some
of thole coadjutors,in the perfect existence and life of it, may be vitiated,
and the life of the whole destroyed, and yet several of the constituting
contrivances remain intire,! cannot think it beyond imagination or possibi-
litys no more then that a like accidental process,as I have elswhere hinted,
may allb be suppoled to explicate the method of Nature in the Metamor-
phojis of Plants. And though the difference between a Plant and an Ani-
mal be very great, yet I have not hitherto met with any so cogent an Ar-
gument, as to make me politive in affirming these two to be altogether
Heterogeneous,and of quite differing kinds of Nature: And besides,as there
are many Zoophpts, and sensitive Plants (divers of which I have seen, which
are ofa middle nature,and seem to be Natures tranlition from one degree
to another, which may be oblerv’d in all her other pallages, wherein Ihd
is very seldom oblerv’d to leap from one step to another) lb have we,in
some Authors, Instances of Plants turning into Animals, and Animals into
Plants, and the like 5 and some other very strange (because unheeded)
proceedings of Nature 5 Ibmething of which kind may be met with, in
the delcription of the Water-Gnat, though it be not altogether lb direct
to the prelent purpole.

But to refer this Dilcourse of Animals to their proper places, I shall
add, that though one Ihould suppole, or it should be prov’d by Oblerva-
tions, that several of thele kinds of Plants are accidentally produc’d by a
caliial putrisaSion, I lee not any great reason to question, but that, not-
withstanding its own produstion was as ’twere casual, yet it may germi-
nate and produce seed, and by it propagate its own, that is,a new Species.
For we do not know, but that the Omnipotent and All-wise Creator
might as dire&ly design the strusture of such a Vegetable, or such an
Animal to be produc’d out of such or such a putrisa&ion or change of
this or that body* towards the constitution or stru&ure of which, he
knew it neceslary, or thought it fit to make it an ingredient 5 as that the
digestion or moderate heating os an Egg, either by the Female, or the
Sun, or the heat of the Fire, or the like, Ihould produce this or that Bird 5
or that Putrisa&ive and warm Reams should,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 Aurelia, and that, by a longer and a propor-
tion’d heat, be transmuted into a Fly. Nor need we therefore to luppole
it the moreimperfed in its kind, then the more compounded Vegetable
or Animal of which it is a part 5 for he might as compleatly furnilh it
with all kinds of contrivances neceslary for its own existence, and the
propagation os its own 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 a
part ofa Clock, and yet, when the watch part orstriking part are taken
away, and the hindrances of its motion remov’d, this chiming part
may go as accurately, and strike its tune as exaftly, as if it were still a
part of the compounded Automaton, So, though the original cause, or
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feminal principle from which this minute Plant on Rofe leaves did ipring.
Were, before the corruption caus’d by the Mill-dew, a component part
of the leaf on which it grew, and did serVe as a coagent in the producti-
on and constitution of it, yet might it be so consummate, as to produce a.
feed which might have a power of propagating the same species:the works
of the Creator feeming of such an excellency ,that though they are unable
to help to the perfecting of the more compounded existence of the greater
Plant or Animal,they may have notwithstanding an ability ofaCting singly
upon their own internal principle, so as to produce a Vegetable body,
though of a iess compounded nature, and to proceed so farr in the me-
thod of other Vegetables, as to bear ssowers and seeds, which may be ca-
pabale of propagating the like. So that the little cafes which appear to
grow on the top of the (lender stalks, may, for ought I know, though I
should suppofe them to spring from the perverting of the usoal courfe of
the parent Vegetable, contain a seed, which, being fcatter’d on other
leaves of the same Plant, may produce a Plant of much the same kind.

Nor are Damask-Rose leaves the onely leaves that produce thefe
kinds of Vegetable sproutings, for I have obferv’d themalsoin feveral
other kinds of Rose leaves, and on the leaves of feveral sorts of Briers,
and on Bramble leaves they are oftentimes to be found in very great
dusfers j so that I have found in one cluster,three,four, or five hundred of
them, making a very conspicuous black spot or fcab on the back side os
the leaf

Observ. X X. Of blue Mould, and os the firsl Principles of Ve-
getation arising srom P utrefadion.

THe Blue and White and several kinds of hairy mouldy spots, whichare obfervable upon divers kinds oiputrify a bodies, whether Ani-
mal substances,or Vegetable,such as the skin,rawor dress’d, sscsfebloud,
humours, milk, green Cheese, &c. or rotten sappy Wood, or Herbs,
Leaves, Barks, Roots, &c. of Plants, are all of them nothing else but se-
veral kinds of small and variously figur’d Mushroms, which, from convex
nient materials inthofe/«tr{$/>£ 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 speculation and examination, as I shall by and
by (hew. But,first,I must premife a short defcriptioh of this Specimen9
which I have added of this Tribe, in the first Figure of the XII. Scheme^
which is nothing else but the appearance of a small white spot of hairy
mould,multitudes of which I found to bespeck & whiten over the ted co-
vers of a fmall book, which, it feeins, were ofSheeps-skin,that being more
apt to gather mould, even in a dry and clean room, then other leathers.
Thefe spots appear’d,through a goodA/zrrtf/?^e,to be a very pretty (hap’d
Vegetative body, which, from alssiost the same part os the Leather, (hot

out
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out multitudes of small long cylindrical and transparent stalks,not exact-
ly streight,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 I observ’d
to be very round, and of a smooth surface, such as A A, &c. others
smooth likewife,but a little oblong,as B 5 several of them a little broken,
or cloven with chops at the top, as C 5 others flitter’d as ’twere, or ssown
all to pieces, as D D. The whole substance of thefe pretty bodies was
of;a very tender constitution, much like the substance of the sbfter kind,
of common white Mushroms, for by touching them with a Pin, I found
them to be brused and torn 5 they seem’d each of them to have a di-
stintt root of their own 5 for though they grew neer together in a cluster,
yet I could perceive each stem to rise out of a distind part or pore of the
Leather 5 feme of thefe were small and short, as feeming to have been but
newly sprung up, of these the balls were for the most part round, others
were bigger,and taller,as being perhaps of a longer growth,and of thefe,
for the most part, the heads were broken, and feme much wasted, asE ,
what thefe heads contain’d I could not perceive 5 whether they were
knobs and ssowers, or feed cafes, I am not able to say, but they feem’d
most likely to be of the same nature with thofe that grow on Mushroms,
which they did,sbme of them, not a little refemble.

Both their imell and taste, which are a&ive enough to make a sensible
impression upon thofe organs, are unpleasant and noisome.

I could not find that they would sb quickly be destroy’d by the a&ual
flame of a Candle, as at first sight os them I conceived they would be,but
they remain’d intire after I had past that part of the Leather on which
they stuck three or four times through the ssame of a Candles sb that, it
feems they are not very apt to take fire, no more then the common white
Mushroms are when they are sappy.

There are a multitude of other shapes, of which thefe Microfcopical
Mushroms are figur’d, which would have been a long Work to have de-
feribed,and would not have suited so well with my design in this Treatife,
onely,amongst the rest, I must not forget to take notice of one that was a
little like to, or resembled, a Spunge, consisting of a multitude of little
Ramifications almost as that body does, which indeed feems to be a kind
of Water-Mushrom, of a very pretty texture, as I elfe-where manifest.
And a second, which I must not omit, because often mingled, and neer
adjoining to thefe I have deferib’d,and this appear’d much like a Thicket
of bushes, or brambles, very much branch’d,and extended,sbme of them,
to a great lengthen 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 should follow: the figure
and method of Generation in this concrete seeming to me, next after
the Enquiry into the formation, figuration, or chrystalization of Salts, to
be the most simple, plain, and easie^ and it feems to be a medium
through which he must necessarily pais, that would with any likelihood
investigate thesorma, insormans of Vegetables: for as Ithinkthathe shall'
find it a very difficult talk, who undertakes to difcover the sorm of Sag-

line



MlC ROCK APH 1 A. (
line crystallizations, without the co iilid eration and prelcience of the na-
ture and reason of a Globular form, and as dissicult to explicate this con-
figuration of Mulhroms, without the previous cohlideration of the form
of Salts; lb will the enquiry into the forms of Vegetables be no less, if
not much more difficult, without the sore-knotvledge os the forms of
Mulhroms, these several Enquiries having no less dependance one up-
on another then any selefl: number of Propositions in Mathematical Ele-
ments may be made to have.

Nor do I imagine that the Ikipsfrom the one to another will be found
very great, if beginning from ssuidity, or body without any form, we
deseend gradually,till we arrive at the highest sorm of a bruite Animal’s
Soul, making the steps or foundations of our Enquiry, Fluidity, Gr bi eo-
lation Fixation, AngulizAtion, or Cryflalligation Germination or Ebulli-
tion, Vegetation,.Plant animation, Animation, Senfation, Imagination.

Now, that we may the better proceed in our Enquiry, It will be re-
quisite to consider:

First, that Mould and Mulhroms require no seminal property, but the
former may be produc’d at any time from any kind of petrifying Animal,
or Vegetable Substance,as Flesh.cf c. kept moist and warm,and the latter,
if what Alathiolus relates be true, of making them by Art, are as much
within our command, of which Matter take the Epitomie which Mr.
Parkinjbn has deliver’d in his Herbal, in his Chapter of Asifbroms, becaule
I have not Mathiolw now by me : Unto these Mufhroms (saith he) may
alfo be adjoynd thofe which are made os Art (wherMathiolus makes men-
tion) that grow naturally among certain fiones in Naples, and that the
st ones be&g digged up, and carried to Rome, and other placer, where they
Jet them in their Wine Cellars, covering them with a little Earth,and sprin/s
ling a little warm water thereon, would within sour days produce Asishroms
fit to be eaten, at what time one will: As alsb that Mujhroms may be made
to grow at the soot os a wilde Poplar Tree, Within sour days after, warm
water wherein seme leaves have been dijfolvdshall be pour’d into the Root
(which muss be slit) and the ssock, above ground.

Next, that as Mulhroms may be generated without seed, so does it
not appear that they have any such thing as seed in any part of them; for
having considered several kinds of them, I could never find any thing id
them that I could with any probability ghels to be the seed of it, lb that
it does not as yet appear (that I know of) that Mulhroms may be ge-
nerated from a seed, but they rather leem to depend merely upon a com
venient constitution of the matter out of tvhich they are made, and d
concurrence of either natural or artificial heat.

Thirdly,that by several bodies (as Salts and Metals both in Water and
in the air, and by several kinds of lublimations in the Air) actuated and
guided with a congruous heat, thete may be produc’d several kinds os
bodies as curioully, if not of a more compos’d Figure; several kinds os
riling or Ebulliating Figures seem to manifest; as witness the Ihodting
in the Rectification of Ipitits of Urine, Hart-horn, Blond, 8cc. witnels allb
the curious branches of evaporated dissblutionsj ibme os them against

the
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the sides of the containing Jar: others handing up, or growing an end,
out of the bottom, os which I have taken notice of a very great variety.
But above all the rest, it is a very pretty kind of Germination which is af-
forded us in the Silver Tree, the manner of making which with Mercury
and Silver, is well known to the Chymists, in which there is an Ebullition
or Germination, very much like this of Mushroms, if I have been rightly
inform’d of it.

Fourthly, I have very often taken notice of, and alsoobserv’d with a
jksicroscope^ certain excrefcencies or Ebullitions in the snuff of a Candle,
which, partly from the ssicking of the smoaky particles as they are car-
ryed upwards by the current of the rarify’d Air and ssame, and partly
allo from a kind of Germination or Ebullition of seme aduated unduous
parts which creep along and filter through some small siring of the Week,
are formed into pretty round and uniform heads, very much resembling
the form of hooded Mushroms, which, being by any means expos’d to the
fresh Air, or that air which encompasses the ssame, they are prefently
lick’d up and devour’d by it, and vanish.

The reason of which Phenomenon seems to me,to be no other then this :
That when a convenient thread of the Week is sb bent out by the sides

of the snuff that are about half an Inch or more, remov’d above the
bottom,or lowest part of the ssame,and that this part be wholly included
in the ssame 5 the Oyl (for the reason of filtration, which I have elfe-
where rendred) being continualy driven up the shuff^ is driven like-
wife into this ragged bended-end, and this being remov’d a good
distance, as half an Inch or more, above the bottom of the ssame, the
parts of the air that passes by it, are already, almost satiated wit£i the dis-
solution of the boiling unduous fleams that issiied out below, and there-
fore are not onely glutted, that is, candissblve no more then what they
are already ading upon, but they carry up with them abundance of
unduous and sooty particles, which meeting with that rag of the Week,
that is plentifully fill’d with Oyl, and onely spends it as fast as it evapo-
rates, and not at all by dissblution or burning, by means of thefe steamy
parts of the filterated Oyl issuing out at the sides of this ragg, and being
inclos’d with an air that is already satiated and cannot prey upon them
nor burn them, the ascending sooty particles are flay’d about it and fix’d,
so as that about the end of that ragg or filament of the snuff, whence the
greatest part of the sseams issue, there is conglobated or fix’d a round
and pretty uniform cap, much refembling the head of a Mushrom, which,
if it be of any great bigness, you may observe that its underside will be
bigger then that which is above the ragg or stem of it 5 for the Oyl that is
brought into it by filtration,being by the bulk of the cap a little shelter’d
from the heat of the ssame, does by that means issue as much out from be-
neath from the stalk or downwards, as it does upwards, and by reason of
the great access of the adventitious smoak from beneath,it increafes most
that way. That this may be the true reason of this Phenomenon^ I could
produce many Arguments and Experiments to make it probable: As,

First, that the Filtration carries the Oyl to the top of the Week,.at leaft
as



as high as these raggs, is visible to one that will observe the snuffof d
burning Candle with a A/icrefope, where he may see an Ebullition or
bubbling of the Oy], as high as the snuff looks black.

Next,that it does steamaway more then burn 5 I could tellyou of the
dim burning of a Candle, the longer the snuff' be which arises from the
abundance of vapours out of theffigher parts of it.

And, thirdly, that in the middle of the ssame of the Candle, neer the
top of the snuff, the fire os dissdiving principle is nothing neer so strong,
as neer the bottom and out edges of the ssame, which may be observ’d by
the burning asunder of a thread, that will firss: break in those parts that
the edges of the ssame touch, and not in the middle.

And I could add several Observables that I have taken notice of in the
ssame ofa Lamp actuated with Bellows, and very many others that con-
firm me in my opinion, but that it is not so much to my present purpose,
which is onely to consider this concreet in the snuff of a Candle, sofarr
as it has any resemblance of a Mushrom, to the consideration of which,
that I may return, I say, we may also observe:

In the first place, that the droppings or trillings of Lapidescent waters
in Vaults under ground,teem to constitute a kind ofpetrify'd body,form’d
almost like seme kind of Mushroms inverted,in so much that I have seen
some knobb’d a little at the lower end, though for the most part, indeed
they are otherwise shap’d,and taper’d towards the end, the generation of
which seems to be from no other reason but this, that the water by soak-
ing through the earth and Lime (for ! ghess that substance to add much
to \t petrifying quality) does sb impregnate it self with stony particles,
that hanging in drops in the roof of the Vault, by reason that the
leaking of the water is but ssow, it becomes expos’d to the Air, and there-
by the outward part of the drop by degrees grows hard, by reason that
the water gradually evaporating the stony particles neer the outsides of
the drop begin to touch, and by degrees, to dry and grow closer toge-
ther, and at length constitute a crust or shell about the drop 5 and this
leaking by degrees, being more and more supply’d, the drop grows
longer and longer, and the sides harden thicker and thicker into a
Quill or Cane, and at length, that hollow or pith becomes almost stop’d
up, and solid: afterwards the leaking of the petrifying water, finding no
longer a passage through the middle, bursts out, and trickles down the
outside, and as the water evaporates, leaves new superinduc’d shells,
which more and more swell the bulk of those Iceicles: and because of
the great supply from the Vault, of petrifying water, those bodies grow
bigger and bigger next to the Vault, and taper or sharpen towards the
points for the access from the arch of the Vault being but very ssow,and
consequently the water being spread very thinly over the surface of the
Iceicle, the water begins to settle before it can reach to the bottom, or
corner end of it 5 whence, if you break one of these, you would almost
imagine it a stick of Wood petrify d: it having so pretty a resemblance os
pith and grain, and if you look on the outside of a piece, or of one
whole, you would think no lest, both from its vegetable roundnest and

T tapering
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tapering form 5 but whereas all Vegetables are observ’d to (hoot and
grow perpendicularly upwards, this does shoot or propend diredly
downwards.

By whichlast Observables, we see that there may be a very pretty
body shap’d and concreeted by Mechanical principles, without theleast
fliew or probability of any other semiqal sorwatrix.

And since we find that the great reasbn of the Phenomena os this pret-
ty petrisa&ion.* are to be reduc’d from the gravity of a fluid and pretty
volatil body impregnated with stony particles, why may not the Ph<eno-
mena of Ebullition or Germination be in part posiibly enough deduc’d
srom the levity of an impregnated liquor, which therefore perpendicu-
larly attending by degrees, evaporates and leaves the more solid and
fix’d parts behind in the form os a Mushrom, which is yet further diversi-
fy’d and specificated by the forms of the parts that impregnated the li-
quor, and compote or help to constitute the Mushrom.

That the foremefltion’d Figures of growing Salts, and the Silver Tree,
are from this principle, I could very easily manifesl 5 but that I have not
now a convenient opportunity of following it, nor have I made a suffici-
ent number of Experiments and Observations to propound, explicate,and
prove to usefull a Theory as this of Mushroms: for, though the con-
trary principle to that ofpetrify'd Iceicles may be in part a cause 5 yet
I cannot but think, that there is sbmewhat a more complicated cause,
though yet Mechanical, and possible to be explain’d.

We therefore have further to enquire of it, what makes it to be such a
liquor, and to ascend, whether the heat of the Sun and Air, or whe-
ther that offirmentiation and putrisa^ion^ or both together 5 as allo whe-
ther there be not a third dr fourth 5 whether a Saline principle be not a
considerable agent in this business also as well as heat, whether allo a fixa-
tion, precipitation or settling of certain parts out of the aerial Mushrom
may not be also a considerable coadjutor in the business. Since we find
that many pretty beards orftiri# of the particles of Silver may be preci-
pitated upon a piece of Brass put into asolution of Silver very much di-
luted with fair water, which look not unlike a kind of mould or hoar
upon that piece of metal 5 and the hoar frosl looks like a kind of mould 5
and whether there may not be several others that do concurr to the pro-
duction of a Mushrom, having not yet had sufficient ^ime to prosecute ac-
cording to my desires, I must referr this to a better opportunity os my
own, or leave and recommend it to the more diligent enquiry and exa-
mination of such as can be mailers both of leisure and conveniencies for
such an Enquiry.

And in the mean time, I must conclude, that asfar as I have been able
to look into the nature of this Primary kind of life and vegetation, I can-
not find the least probable argument to perswade me there is any other
concurrent cause then such as is purely Mechanical, and that the effects
or productions are asnecessary upon the concurrence os those causes as
that a Ship, when the Sails are hoisi: up, and the Rudder is set to such a
position,should,when the Wind blows, be mov’d in such awayorcourse

to-



t and
estly

'retty
deast

pret-
retty

Wd
dicu-
I and
versi-
heli-

sree,
5 not
iffici-
:oand

con-
> yet
ause,

acha
whe-
A’he-

lot a
fixa-
irom
■find
reci-
h di-
hoar
□Id 5

pro-
eac-
Fmy
exa-

■sfor

able

an-
ther
lests
esas
icha

to





Micrograph!.;.
to that or t’other place; Or, as that the brused Watch, which I men-
tion in the description of Mois, fliould, when those parts which hindred
its motion were fallen away, begin to move, but after quite another man-
ner then it did before.

Oblerv. XXI. Of Mois, W fever al other fmall vegetative Sub-
siances.

MOls is a Plant, that the witest of Kings thought neither unworthyhis speculation, nor his Pen, and though amongst Plants it be in
bulk one of the Imallest, yet it is not the least considerable: For, as to its
shape, it may compare for the beauty of it with any Plant thatgrows5
and bears a much bigger breadth 5 it has a soot almost like a feedy Pari-
nep,furnilh’d with small sirings and suckers, which are all of them finely
branch’d, like those of the roots of much bigger Vegetables 5 out of this
springs the Hem or body of the Plant, which is somewhat gmadrangulatg
rather then Cylindrical^ most curioully ssuted or strung with Imall creates,-
which run,for the most pavt^parallel the whole stent 5 on the sides of this
are clote and thick set, a multitude of fair,large,well-stiap’d leaves,ibme
of them of a rounder, others of a longer shape, according as they are
younger or older when pluck’d 5 as I ghels by this, that thole Plants that
had the stalks growing from the top of them, had their leaves of a'much
longer shape, all the surface of each side of which, is curioully cover’d
with a multitude of little oblong transparent bodies, in the manner as
you tee it exprels’d in the leaf B, in the XIII. Scheme.

This Plant, when young and springing up, does much reterhble a Houl-
leek,having thick leaves,almost like that, and teems to be somwhat of kin
to it in other particulars, also from the top of the leaves, there shoots out
a small White and transparent hair, Or thorn: This stem, in time,come toi
(hoot out into a long,roundand even stalk, which by cutting transverssy,
when dry, Imanifestly found to be a stiff, hard, and hollow Cane, or
Reed, without any kind of knot, or stop, from its bottom, where the
leaves encompass’d it, to the top, on which there grows a large teed case,
A, cover’d with a thin, and more whitish sskin, B, terminated in a long
thorny top, which at first covers all the Cate, and by degrees, as that
swells, theskin cleaves, and at length falls off, with its thorny top and all
(which is a part of it) and leaves the seed Cate to ripen, and by degrees,
to shatter out its seed at a place underneath this cap, B, which before
the feed is ripe, appears like a ssat barr’d button, without any hole in the
middle ^ but as it ripens, the button grows bigger, and a hole appears in
the middle of it, E, out ofwhich, in all probability, the feed falls: For
as it ripens by a provision of Nature, that end of this Cate turns down-
ward after the same manner as the ears of Wheat add Barley usually do ,
and opening feveral of thefe dry red Cafes, F, I found them to beTr quite
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quite hollowjwithout any thing at all in them ; whereas when I cut them
asunder with a (harp Pen-knife when green., I found in the middle of this
great Case,another smaller round Case,between which two,the interfaces
were fill’d with multitudes of stringie/^m, which seem’d to suspend the
lesser Case in the middle of the other, which (as farr as I was able to dis-
cern) seem’d full of exceeding small white seeds, much like the seed-bagg
in the knop of a Carnation, after the flowers have been two or three
days, or a week,fallen offs but this J could not so perfectly discern, and
therefore cannot positively affirm it.

After the seed was fallen away, I found both the Case, Stalk,and Plant,
all grow red and wither, and from other parts of the root continually to
spring new branches or slips, which by degrees increased, and grew as
bigg as the former, seeded, ripen’d, shatter’d, and wither’d.

I could not find that it observ’d any particular seasons for these several
kinds of growth, but rather found it to be springing, mature, ripe, seedy,
and wither’d at all times of the year 5 But I found it most to flourish and
increase in warm and moist weather.

It gathers its nourishments,for the most part,out of some Lapidejcent3or
other substance corrupted or chang’d from its former texture, or sub-
stantial form5 for I have found it to grow on the rotten parts of Stone,
of Bricks, of Wood, of Bones, of Leather, &c.

It oft grows on the barks of several Trees, spreading it felfj sbmetimes
from the ground upwards, and sbmetimes from some chink or cleft of
the bark of the Tree, which has some putrify'd substance in it 5 but this
seems of a distinst kind from that which I observ’d to grow on putrify'd
inanimate bodies, and rotten earth.

There are also great varieties of other kinds of Mosses, which grow on
Trees, and several other Plants, of which I shall here make no mention,
nor of the Moss growing on the ikull of a dead man, which much re-
sembles that of Trees.

Whether this Plant does sbmetimes originally spring or rise out of cor-
ruption,without any disseminated seed, I have not yet made trials enough
to be very much, either positive or negative 5 for as it feems very hard to
conceive how the seed should be generally dispers’d into all parts where
there is a corruption begun, unless we may rationally suppofe, that this
seed being so exceeding small,and consequently exceeding light,is there-
by taken up, and carried to and fro in the Air into every place,and by
the falling drops of rain is wash’d down out of it, and so dispers’d into all
places, and there onely takes root and propagates, where it finds a con-
venient soil or matrix for it to thrive in 5 so if we will have it to proceed
from corruption, it isnotless difficult to conceive,

First, how the corruption of any Vegetable, much lets os any Stone or
Brick, should be the Parent of so curiously figur’d, and so perfect a
Plant as this is. But here indeed, I cannot but add, that it seems rather to
be a product of the Rain in those bodies where it is stay’d, then of the
very bodies themselves, since I have found it growing on Marble, and
Flint; but always the Micro/cope, if not the naked eye, would difcover
some little hole of Dirt in which it was rooted. Next,
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Next,how the corruption of each os thofe exceedingly differing bodies

should all conspirc to the production ofthe same Plant,that is,that Stones,
Bricks, Wood, or vegetable substances, and Bohes, Leather, Horns, or
animate substances, unlefs we may with some plausibleness say, that Air
and Water are the coadjutors, or menjlruuntsm all kinds oipntrisactions^
and that thereby the bodies (though whil’st they retain’d their substan-
tial forms,were of exceeding dissering natures,yet)since they are distblv’d
and mixt into another, they may be very Homogeneous they being almost
resolv’d again into Air, Water,and Earth 5 retaining,perhaps, one part of
their vegetative faculty yet entire, which meeting with congruous ast
sistants, such as the heat of the Air, and the sluidity of the Water, and
iuch like coadjutors and conveniences, acquires a Certain vegetation for
a time, wholly differing perhaps from that kind of vegetation it had
before.

To explain my meaning a little better by a gtoss Similitude .*
Suppose 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 design’d methods and Periods. We will further soppofe, by some
means, that this Clock comes to be broken, brufed, or otherwise di(or-
der ed, so that several parts of it being dislocated, are impeded, and so
stand dill, and not onely hinder its own progressive motion, and produce
hot the effect which they were design’d for, but because the other parts
also have a dependence upon them, put a slop to their motion likewife 5
and so the whole Instrument becomes Unferviceable,, and not fit for any
ufe. This Instrument afterwards, by some (baking and tumbling, and
throwing up and down, comes to have several of its parts shaken out, and
several of its curious motions, and contrivances, and particles all fallen
asunder 5 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 rest, away
falls thoso parts also which were brufed and disorder’d, and had all this
while impeded the motion of all the rest 5 hereupon several of those other
motions that yet remain, whofe springs were not quite run down, being
now at liberty, begin each of them to move,thus or thus, but quite after
another method then before, there being many regulating parts and the
like,fallen away and lost. Upon this, the Owner, who chances to hear
and observe some of thefe effects, being ignorant Of the Watch-makers
Art, Wonders what is betid his Clock, and prefently imagines that
some Artist has been at work, and has set his Clock in order, and made a
new kind os Instrument of it, but upon examining circumstances,he finds
there was no soch matter, but that the casual slipping out of a Pin had
made several parts of his Clock fall to pieces, and that thereby the ob-
stacle that all this while hindred his Clock, together with other usesull
parts were fallen out, and fo his Clock was fet at liberty. And upon
winding up those springs again when run down, he finds his Clock to go,
but quite after another manner then it Was wont heretosore.

And thus may it be perhaps in the business of Moss and Mould, and
Muihroms, and several other spontaneous kinds of vegetations, which

may
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may be caus’d by a vegetative principle., which was a coadjutor to the
life and growth of the greater Vegetable, and was by the destroying
of the life of it stopt and impeded in performing its office 5 but after-
wards, upon a further corruption of several parts that had all the while
impeded it, the heat of the Sun winding up, as it were, the spring, sets it
again into a vegetative motion, and this being Angle, and not at all regu-
lated as it was before(when a part o f that greater machine the pristine ve-
getable^ mov’d after quite a differing manner.and produces effects very
differing from those it did before.

But this I propound onely as a conjecture, not that I am more cnclin’d
to this Hypothecs then the seminal, which upon good reason 1 ghess to be
Mechanical allo, as I may elfewhere more fully shew: But becaufe I may,
by this,hint a possible way how this appearance may be solv'd 5 lupposing
we should be driven to confess from certain Experiments and Observati-
ons made, that such or ssich Vegetables were produc’d out of the cor-
ruption of another, without any concurrent seminal principle (as I have
given some reason to suppose, in the description of a Microfiopical Muffi-
rome) without derogating at all from the infinite wisdom of the Creator.
For this accidental production, as I may call it, does manifest as much, if
not very much more, of the excellency of his contrivance as any thing in
the more perfect vegetative bodies of the world, even as the accidental
motion of the Automaton does make the owner fee, that there was much
more contrivance in it then at first he imagin’d. But of this I have added
more in the defeription of Mould,and the Vegetables on Rofe leaves,&c.
thofe being much more likely to have their original from such a caufe
then this which I have here described, in the 13. Scheme^ which indeed I
cannot conceive other wise of, then as of a most perfect Vegetable, want-
ing nothing of the perfections of the most conspicuous and vastest Vege-
tables of the world, and to be of a rank so high, as that it may very
properly be reckon’d with the tall Cedar of Lebanon^ as that Kingly
Botanist has done.

We know there may be as much curiosity of contrivance, and excefe
lency of form in a very small Pocket-clock, that takes not up an Inch
square of room,as there may be in a Church-clock that fills a whole room 5
And I know not whether all the contrivances and Alechanisms requisite
to a perfeCh Vegetable, may not be crowded into an exceedingly lest
room then this of Mots, as I have heard of a striking Watch so small,
that it ferv’d for a Pendant in a Ladies ear 5 and I have already given
you the defeription of a Plant growing on Rose leaves, that is abundant-
ly smaller then Moss; insomuch, that neer 1000. of them would hardly
make the bigness of one single Plant of Moss. And by comparing the
bulk of Moss, with the bulk of the biggest kind of Vegetable we meet
with in Story (of which kind we find in some hotter climates, as Guinea,
and Brafile^ the stock or body of some Trees to be twenty foot in Dia-
meter, whereas the body or stemof Moss,for the most part, is not above
one siftieth part of an Inch) we (hall find that the bulk of the one
will exceed the bulk of the other, no less then 2985984 Millions,

of



or 2985984000000, and supposing the produ&ion on a Rofe leaf to be
a Plant, we (hall have of those Indian Plants to exceed a production of
the same Vegetable kingdom noless then 1000 times the former number 5
io prodigiously various are the works os the Creator,and so All-feifficient
is he to perform what to man would seem unpossible, they being both
alike easie to him, even as one day, and a thousand years are to him as
one and the same time.

I have taken notice of such an infinite variety of those smaller kinds of
vegetations, that shouldlhave deferibed every one of them,they would
almosr have fill'd a Volume,and prov d bigg enough to have made a new
Herbal, such multitudes are there to be found in moist hot weather,
especially in the Summer time, on all kind of putrifying substances, which,
whether they do more properly belong to the Clasiis of Mujhroms, or
Moulds, or Mofies, Ifliall not now dispute, there being feme that seem
more properly of one kind , others of another, their colours and
magnitudes being as much disfering as their Figures and substances.

Nay, I have obferv’d,that putting fairWater (whether Rain-water or
Pump-water, or May-dew, or Snow-water, it wasalmost all one) I have
often obferv’d, I say, that this Water would, with a little standing, tarnilh
and cover all about the sides of the Glass that lay under water, with a
lovely green 5 but though I have often endeavour’d to diseover with my
Microfiope whether this green were like Moss, or long striped Sea-weed,
or any other peculiar form, yet so ill and imperfeCt are our Microfiopes,
that I could not certainly diseriminate any.

Growing Trees also, and any kinds of Woods, Stones, Bones, &c, that
have been long expos d to the Air and Rain, will be all oyer cover’d with
a greenish seursf,which will very much foul and green any kind of cloaths
that are rubb’d against it 5 viewing this, I could not certainly perceive
in many parts of it any determinate form,though in many I could perceive
a Bed as ’twere of young Moss, but in other parts it look’d almofe like
green bushes,and very confus’d,but always of what ever irregular Figures
the parts appear’d of, they were always green, and feem’d to be either
feme Vegetable, or to have feme vegetating principle.

Observ. XXII. Os common Sponges, and fever al other Spongie
sibrous bodies.

A Sponge is commonly reckon’d among the Zoophyts, or Plant Ani-mals 5 and the texture of it,which the Microfiope difeovers, seems to
confirm it, for it is of a form whereof I never observ’d any other Vege-
table, and indeed,it feems impoiiible that any fhould be of it, for it con-
sifes of an infinite number of small fhort sibres, os nervous parts, much of
the same bigness, curiously jointed or contex’d together in the form
of a Net, as is more plainly manifeft by the little Draught which I have

added
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added, in the third Figure of the IX. Scheme., of a piece of it, which you
may perceive represents a confus’d heap os the fibrous parts curioully
jointed and implicated. The joints are, for the mostpart, where three
sibres onely meet,for I have very seldom met with any that had four*

At these joints there is no one of the three that seems to be the flock
whereon the other grow, but each of the sibres are, for the mostpart, os
an equal bigness, and seem each os them to have an equal (hare in the
joint 5 the sibres are all of them much about the same bignels, not smaller
towards the top of the Sponge, and bigger neerer the bottom or root, as
is usuall in Plants, the length of each between the joints, is very irregu-
lar and different 5 the distance between seme two joints, being ten or
twelve times more then between feme others.

Nor are the joints regular, and of an equitriagonal Figure y but;for the
mostpart, the three sibres so meet, that they compole three angles very
disfering all of them from one another.

The meshes likewife, and holes of this reticulated body, are not lest
various and irregular: some bilateral^ others trilateral^ and quadrilateral
Figures 5 nay, I have observ d some meshes to have 5,6,7,8, or 9. sides,
and sbme to have onely one, so exceeding various is the Lusits Natura in

this body.As to the outward appearance of this Vegetative body, they areso
usuall every where, that I need-not describe them, consisting of a soft
and porous, substance, representing a Lock, sometimes a fleece of Wooll 5
but it has besides thefe small microsiopical pores which lie between the

sibres^ a multitude of round pores or holes, which, from the top of it,
pierce into the body, and sometimes go quite through to the bottom.

I have obferv’d many of these Sponges, to have included likewise in
the midst of their fibrous contextures, pretty large friable stones, which
mull either have been inclos’d whil’st this Vegetable was in formation_,or
generated in those places after it was perfe&ly shap’d. The later of which
feems the more improbable, becaufe I did not find that any of thefe stony
sobstances were perforated with the sibres of the Sponge.

I have never feen nor been enform’d of the true manner of the grow-
ing of Sponges on the Rock5whether they are found to incrcase from little
to greatjike Vegetables,that is, part after part, or like Animals, all parts
equally growing together 5 or whether they be matrices or feed-baggsof
any kind of Fisties, or some kind of watry Insest 5 or whether they are at
any times more soft and tender, or of another nature and texture,which
things, if I knew, I should much desire to be informed of: but from a
cursory view that I at first made with my Microscope, and some other
trials,! fapposed it to be some Animal substance cast out, and fastned up-
on the Rocks in the form of a froth, cr congeries of bubbles, like that
which I have often obferv’d on Rosemary, and other Plants (wherein
is included a little Insest) that all the little films which divide these
bubbles one from another,did presently,almost after the substance began
to grow a little harder,break,and leave onely the thread behind, wluch
might be, as’twere, the angle or thread between the bubbles, that the

great
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great holes or pores observable in these Sponges were made by the erii*
ption of the included Heterogeneous substance (whether air, or Ibme
other body, for many other ssuid bodies will do the same thing) which
breaking out of the letter, were collected into Very large bubbles, and
so might make their way out of the Sponge, arid in their passage might
leave a round cavity 5 and if it were large^night tarry up with it the ad-
jacent bubbles, which may be perceiv’d at the outside of the Sponge, if
it befirst throughly wetted, and susser’d to plump it self into its natural
form, or be then wrung dry, and susser’d to expand it self again, which it
will freely do whil st moist: for when it has thus plump’d it self into its
natural shape and dimensions, ’tis obvious enoughthat the mouths of the
larger holes have a kind of lip or rising round about them, but the other
smaller pores have little or none. It may further be found, that each of
these great pores has many other sinal 1 pores below, that are united unto
it, and help to constitute it, almost like so many rivulets or small streams
that contribute to the maintenance of a large River. Nor from this
Hj/pothejis would it have been difficult to explicate, how those little
branches os Coral, sinal Stones, shells, and the like, come to be included
by these frothy bodies: But this inded was but a conjedure 5 and upon
a more accurate enquiry into the form of it with the Microfoope, it seems
not to be the true origine of them 5 for whereas Sponges have onely
three arms which join together at each knot, if they had been generated
from bubbles they must have had four.

But that they are Animal Substances, the Chyntical examination of
them seems to manifest, they affording a volatil Salt and spirit,like Harts-
Horn, as does also their great strength and toughness, and their smell
when burn’din the Fire or a Candle, which has a kind of sseshy serit,not
much unlike to hair. And having since examin’d seVeral Authors con-
cerning them,among others,! find this account given by Rellonius, in the
X I. Chap, of his 2d Book, He Aquatilibus. spongin recentes, says he, aJicc/s
longe diverja^copulis aquce ntarinee ad duos wel tres cubit os .nonnun quant qua-
tuor tantum digitos intmerjis, ut sungi arboribus adherent, for di do quodani
succo aut ntucofapotiusfanie refert<e,ujque adebsietida.ut vel e/ninus naufeant
excitet. continetur aut cut iis cavernis, quas inanes in foe cis lotis Spongiis
cernintus : Putrispulmonis rnodo nigra consoiciuntur, verum qua injublinti
aquce nasountur multo ntagis opaca nigredine fajsusie junt. Vivere quident
Spongias adhcercndo Aristoteles ceitjet: absolute vero ntinime : fonfomque
alt quern habere, vel eo argumento (inquit') credantur, quod disoicillinte ab-1
jlrahantur,nis clanculunt agatur:Atq\ ad avulforis accefjum ita contrahantur^
itt eas evell ere dissicile sit, quod idem etiam saciunt quotiesflatus tempefta-
tesiue urgent. Puto autent illis juccunt fordidunt quem fitpra [diximus car-
nis loco a natura attributum suijje : atque meatibus latioribus tan-
quant intessinis aut interaneis uti. Caterunt pars ea qua Spongia cautibus
adherent eJi tanquant solii petiolus, a quo veluti collunt quoddam gracile in-
cipit : quod deinde in latitudinent dissufum capitis globum facit. Recentibus
nihil eft sistulojunt, hasitantque tan quant radicibus. s up erne omnes propemo-
dunt meatus concreti latent: ins erne verb quaterni aut quinipatent,per quos
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eat Jugere exifiitnawus. From which Description, they seem to be a kind
of Plant-Animal that adheres to a Rock., and these small fibre? or threads
which we have described, seem to have been the Vessels which (’tis very
probable) were very much bigger whil’st the Interfiitia wer? fill’d (as
he affirms) with a mucous,pulpy or sselhy substance , but upon the drying
were Ihrunk into the bigness they now appear.

The texture of it is such, that I have not yet met with any other body
in the world that has the like, but onely one of a larger sort of Sponge
(which is preferv’d in the Museum Elarveanunt belonging to the most
Illustrious and most learned Society of the Phjsicians of London) which is
ofahorney, or rather of a petrify d substance. And of this indeed, the
texture and make is exactly the same with common Sponges, but onely
that both the holesand the sibres, or texture of it is exceedingly much
bigger,for feme of the holes were above an Inch and half over, and the
fibres and texture o{ it was bigg enough to be distinguilhed easily with
ones eye, but conspicuoussy with an ordinary single Microscope. And these
indeed, seem’d to have been the habitation of feme Animal 5 and ex-
amining Arijiotle, I find a very consbnant account hereunto, namely, that
he had known a certain little Animal, call’d Pinnothera, like a Spider, to
be bred in those caverns of a Sponge,from wi thin which,by opening and
closing those holes, he inshares and catches the little Fisties 5 and in ano-
ther place he says, That’tis very confidently reported, that there are cer-
tain Moths or Worms that reside in the cavities of a Sponge,and are there
nourished: Notwithstanding all which Histories,! think it well worth the
enquiring into the History and nature of a Sponge, it seeming to promise
sbme information of the Vessels in Animal substances, which (by reason
of the solidity of the interserted sselh that is not easily remov’d, without
destroying also those interspers’d Vessels) are hitherto undiscover’d 5
whereas here in a Sponge,the Parenchyntajt seems,is but a kind of mucous
gelly, which is very easily and cleerly wash’d away. •

The reason that makes me imagine, that there may probably be sbme
such texture in Animal substances, is, that examining the texture of the
filaments os tann’d Leather, I find it to be much of the same nature and
strength of a Sponge 5 and with my Microsiope, I have observ’d many such
joints and knobs, as I have described in Sponges, the fibres also in the hol-
low of several sorts of Bones, after the Marrow has been remov’d, I have
found somewhat to resemble this texture, though, I confess, I never yet
found any texture exactly the same, nor any for curiosity comparable
to it.

The filaments of it are much smaller then those of Silk, and through
the Mier osc op e appear very neer as transparent, nay, sbme parts of them
I have observ’d much more.

Having examin’d also several kinds of Mushrdms, I finde their texture
to be somewhat of this kind, that is, to consist of an infinite company of
small filaments, every way contex’d and woven together, sb as to make a
kind of cloth, and more particularly, examining a piece of Touch-wood
(which is a kind of Jews-ear, or Mushrom, growing here in England aiCo,

on



on feveral sorts of Trees, Rich as Elders, Maples, Willows,^, and is
commonly call’d by the name of Spunky but that we meet with to be
sold in Shops, is brought from beyond Seas) I found it to be made of an
exceeding delicate texture: For the substance of it feels, and looks to
the naked eye,and may be stretch’d any way,exactly like a very fine piece
of chamois Leather, or walh’d Leather, but it is os somewhat a browner
hew, and nothing neer so strong => but examining it with my AJicrofiopej
I found it of somewhat another make then-any kind of Leather, for
whereas both chamois, and all other kinds os Leather I have yet view’d,
consist of an infinite company of filaments, somewhat like bushes inter-
woven one within another, that is,of bigger parts or Rems, as it were, and
smaller branchings that grow out of them 5 or like a heap of Ropes ends,
where each of the larger Ropes by degrees feepi to split or untwist, into
many smaller Cords, and each Of thole Cord^ into smaller Lines, and
thofe Lines into Threads, &c. and thest strangely intangled, or inter-
woven one within another : The texture of this Touch-wood seems
more like that of a Lock or a Fleece ofWool,foritconsists of an infinite
number of small filaments, all of them, as farr as I could perceive, of the
same bignels like thofe of a Sponge, but that the silaments of this were
not a twentieth part of the bignels of thofe of a Sponge 5 and I could not
so plainly perceive their joints, or their manner of interweaving, though,
asfiirrasl was able to difcern with that Microsiopel had, I soppofeitto
have somekind ofrefcmblance, but the joints are nothing neer so thick,
nor without much trouble visible.

The filaments I could plainly enough perceive to be even,round,cylin-
drical,transparent bodies,and to cross each other every way, that is, there
were not more feem’d to lie horizontally then perpendicularly and thwart-
way, so that it is somewhat difficult to conceive how they Ihould grow
in that manner. By tearing off a linall piece of it, and looking on the
ragged edge, I could among feveral of thofefibres perceive small joints,
that is, one of thofe hairs split into two, each of the lame bignels with the
other out of which they seem’d to grow, but having not lately had an
opportunity of examining their manner of growth, I cannot positively aft
firm any thing of them.

But to proceed, Theswelling of Sponges upon wetting, and the fising
of the Water in it above the surface of the Water that it touches, are
both from the lame caufe, of which an account is already given in the
sixth Obfervation*

The substance of them indeed, has so many excellent properties,scarce
to be met with in any other body in the world, that I have often won-
dered that so little use is made of it, and those onely vile and sordid 5
certainly, if it were well consider’d, it would afford much greater com
veniencies.

That ufe which the Divers ate said to make of it, seessis, if true,
very strange, but having made trial of it my self, by dipping a small piece
of it in very good Sallet-oyl,and putting it in my mouth,and then keep ¬
ing my mouth and nose under water,I could not find any such thing 5 for I

V 2 was
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Was as soon out of breath,as if I had had no Sponge3nor could I fetch my
breath without taking in water at my mouth 5 but I am very apt to
think, that were there a contrivance whereby the expir’d air might be
sorc’d to pass through a wet or oyly Sponge before it were again inspir’d,
it might much cleanse, and strain away from the Air divers fuliginous
and other noisome steams, and the dipping of it in certain liquors might,
perhaps, so renew that property in the Air which it loses in the Lungs,by
being breath’d, that one squarefoot of Air might last a man for respirati-
on much longer, perhaps,then ten will now serve him of common Air.

Oblerv. XXIII. Of the curious texture of Sea-weeds.

FOr curiosity and beauty, I have not among all the Plants or Vege-tables I have yetobferv’d,feen any one comparable to this Sea-weed
I have here describ’d, of which I am able to say very little more then what
is reprefented by the fecond Figure of the ninth Scheme; Namely, that
it is a Plant which grows upon the Rocks under the water, and increafes
and ipreads it felf into a great tuft, which is not onely handsomely
branch’d into feveral leaves, but the whole surface of the Plant is cover’d
over with a most curious kind of carv’d work, which consists os a tex-
ture much refembling a Honey-comb 5 for the whole sorface on both sides
is cover’d over with a multitude of very small holes,being no bigger then
so many holes made with the point of a small Pinn, and rang’d in the
neatest and most delicate order imaginable, they being plac’d in the man-
ner of a Quincunx.* or very much like the rows of the eyes of a Fly, the
rows or orders being very regular, which way soever they are observ’d:
what the texture was, as it appear’d through a pretty bigg Magnifying
Microjcope, I have here adjoin’d in the first Figure of the 14. Scheme.
which round Area A B C D represents a part of the surface about one
eighth part of an Inch in Diameter: Thofe little holes, which to the eye
look’d round, like so many little spots, here appear’d very regularly
stiap’d holes, reprefenting almost the shape of the soie of a round toed
shoe, the hinder part of which, is, as it were, trod on or cover’d by the
toe of that next below it^these holes seem’d wall’d about with a very thin
and transparent substance, looking of a pale straw-colour } from the edge
of which, against the middle of each hole, were sptouted out sour small
transparent straw-colour d Thorns, which feem’d to protest and cover
thofe cavities, srom either side two 5 neer the root os this Plant, were
Iprouted out feveral small branches os a kind os bastard Coralline) curb
ously branch’d, though small.

And to confirm this, having lately the opportunity os viewing the
large Plant (if I may so call it) of a Sponge petrisyos which I made
mention in the last Obfervation, I found, that each os the Branches or
Figures of it, did, by the range of its pores, exhibit just such a texture,

the
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M I C R O G R A P H 1 A.
the rows of pores crossing one another, much after the manner as the
rows os eyes do which are defcrib’d io the 26. Scheme .• Coralline also, and
several sorts of white Corals I have with a Mier ofc ope observ’d Very cu-
rioufly lhap d. And I doubt not, but that he that shall obferve thefe
several kinds os Plants that grow upon Rocks, which the Sea some-
times overflows, and those heaps of others Which are vomited out of it up-
on the Ihore, may sind multitudes of little Plants, and other bodies,which
like this will afford very beautiful 1 objedh for the Microsi&pe 5 and this
Specimen here is adjoin’d onely to excite their curiosities who have op-
portunity of observing to examine and celled! what they find worthy
their notice 5. for the Sea, among terressrial bodies, is also a prolisics
mother, and affords as many Instances os spontaneous generations aS ei-
ther the Air or Earth.

Observ. XXIV. Of the surfaces of Rolertiary, and other leaves,

THis which is delineated within the circle of the second Figure of the14. Scheme^ is a final! part of the back or under side of a leaf of
Rolemary, which I did not therefore make choice of, because it had any
thing peculiar which Was not obsorvable with a Microfcope in sover^l
other Plants, but becaufe it exhibits at one view,

First, a smooth and shining surface, namely, A B, which is a part os the
upper side of the leaf, that by a kind of hem or doubling of the leaf ap-
pears on this side. There are multitudes of leaves, whcse surfaces are
like this smooth, and as i t were quilted, which took like a curious quilted
bagg of green Silk, or like a Bladder, or some such pliable transparent
substance, full sluffed out with a green juice or liquor 5 the sorsace of
Rue, or Herbgrass, is polilh’d, and all over indented, or pitted, like the
Silk-worm’s Egg,which I shall anon describe 5 the finooth surfaces of other
Plants are otherwise quilted, Nature in this, as it were, expressing her
Needle-work, or imbroidery.

Next a downy or bulhy forface, fuch as is all the under side aimoil,
appearing through the Microfcope much like a thicket os bulhes, and with
this kind of Down or Hair the leaves and stalks of multitudes of Vege-
tables are covered 5 and there seems to be as great a variety in the shape,
bulk, and manner os the growing of these secundary Plants, as I may call
them (they being, as it were, a Plant growing out of a Plant, orfome-
what like the hairs os Animals) as there is to be sound amongst small
shrubs that compose bulhes 5 but for the most part, they consist of small
tranlparent parts, lome of which grow in the ihape of sinall Needlesor
Bodkins,as on the Thistle,Cowag-ecod and Nettle 5 others in the form os
Cat’s claws,as in Cliders, the beards of Barley, the edges os several sorts
os Grass and Reeds, in other,as Coltsfoot,Rose-campion, Aps, Poplar,
Willow, and almoss: all other downy Plants, they grow in the form os
bulhes very much diversify’d in each particular Plant. That which I have

before
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before in the 19. Obfervation noted on Rose-leaves, is of a quite disfer-
ing kind, and teems indeed a real Vegetable, distind from the leaf.

Thirdly, among these small bushesare observable an infinite company
of sinall round Balls, exastly Globular, and very much resembling Pearls,
namely, CCCC, of thefe there maybe multitudes observ’d in Sage,
and feveral other Plants, which I suppose was the reasbn why Athanafus
Kircher siipposed them to be all cover’d with Spiders Eggs, or young
Spiders, which indeed is nothing elfe but feme kind of gummous exsu-
dation,which is always much of the lame bigness. At first sight of thefe,I
confels, I imagin’d that they might have been feme kind of matrices," or
nourilhing receptacles for some sinal! Infed, just as I have found Oak-
apples, and multitudes of such other large excrescencies on the leaves
and other parts of Trees and Ihrubs to be forFlyes, and divers other In-
feds, but obferving them to be there all the year, and fcarce at all to
change their magnitude, that conjedure teem’d not lb probable. But
what ever be the use of it, it affords a very pleasant objed through the
Mzcrojcope, and may, perhaps, upon further examination, prove very
luciferous.

Obferv. XXV. Of the flinging faints and juice os Nettles, and
some other venomous Plants.

A Nettle is a Plant lb well known to every one,as to what the appear-ance of it is to the naked eye,that it needs no defcription,and there
are very few that have not felt as well as teen it 5 and therefore it will be
no news to tell that a gentle and slight touch of the Ikin by a Nettle,does
oftentime, not onely create very sensible and acute pain, much like that
of a burn or feald,but often alfo very angry and hard swellings and inssa-
mations of the parts, such as will prefently rife, and continue swoln di-
vers hours. Thefe obfervations, I say, are common enough5 but how the
pain is so suddenly created, and by what means continued, augmented
for a time, and afterwards diminish’d, and at length quite exstinguish’d,
has not, that I know, been explain’d by any.

And here we must have recourfe to our Microjcope, and that will, if
almost any part of the Plant be looked on, shew us the whole surface of
it very thick set with turn-Pikes, or sharp Needles, of the shape of thofe
reprefented in the 15. Scheme and first Figure by A B, which are visible
also to the naked eye 5 each of which consists of two parts very distin6t
for shape,and differing alsb in quality from one another. For the part A,
is shaped very much like a round Bodkin,from B tapering till it end in a
very sharp point 5 it is of a substance very hard and stiff, exceedingly
transparent and cleer, and, as I by many trials certainly found, is hollow
from top to bottom.

This I found by this Experiment, I had a very coavenient Micro-
scope
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fiope with a Angle Glafs which drew about half ah Inch,this I had saftned
into a little frame, almost like a pair of Spe&acles, which I placed before
mine eyes, andso holding the leaf os a Nettle at a convenient distance
from my eye, I did first,with the thrusting os scveral of these bridles into
my skin, perceive that prefently after I had thrust them in I selt the burn-
ing pain begin , next I observ d in divers os them, that upon thrusting
my finger against their tops, the Bodkin (if I may so call it) did not in
the lead bend, but I could perceive moving up and down within it a cer-
tain liquor, which upon thrusting the Bodkin against its basis, or bagg B,
I could perceive to rise towards the top, and upon taking away my hand,
I could see it again subside, and (brink into the bagg 5 this I did very
osten, and saw this Vh^uomenoti as plain as I could ever see a parcel of
water ascend and defcend ina pipe of Glass. But the basis underneath these
Bodkins on which they were sast, were made of a more pliable substance,
and looked almost like a little bagg of green Leather, or rather resem-
bled the (hape and surface of a Wilde Cucumber, or cucumeris asinini,
and I could plainly perceive them to be certain little baggs, bladders,or
receptacles full of water, or as I ghess, the liquor of the Plant, which was
poisonous, and thofe small Bodkins were but the Syringe-pipes, or Gly-
ster-pipes, which first made way into the skin, and then served to convey
that poisonous juice,upon the pressing os those little baggs, into the in-
terior and sensible parts of the skin,which being so discharg’d, does cor-
rode, or, as it were, burn that part of the skin it touches 5 and this pain
will sbmetimes last very long, according as the impresiion is made deeper
or stronger.

The other parts of the leaf or surface of the Nettle, have very little
considerable, but what is common tomost of these kinds of Plants, as the
ruggedness or indenting, and hairiness, and other roughnesses of the sur-
face or out-side of the Plant, of which I may say more in another place.
As I (hall likewise os certain little pretty cleer Balls or Apples which I
have observed to stick to the sides of these leaves, both on the upper and
under side, very much like the small Apples which I have often obferv’d
to grow on the leaves of an Oak call’d Oa^-apples which are nothing but
the Matrices of an Insedr, as I elsewhere shew.

The chies thing theresore is, how this Plant comes,by so slight a touch,
to create so great a painsand the reason of this seems to be nothing else,but
the corrosive penetrant liquor contain’d in the small baggs or bladders,
upon which grow out those (harp Syringe-pipes, as I before noted 5 and
very consonant to this, is the reason of the pain created by the sting of a
Bee, Wasp, &c, as I elsewhere (hew: For by the Dart,which is likewise a
pipe, is made a deep pasiage into the skin, and then by the anger of the
Fly, is his gaily poisonous liquor injected 5 which being admitted among^
the sensible parts, and so mix’d with the humours or fiagnating juices of
that part, does create an Ebullition perhaps, or esservefiens^ as is usually
observ’d in the mingling of two differing chymieal faline liquors, by
which means the parts become swell’d, hard, and very painfull, for
thereby the nervous and sensible parts are not onely streteh’d and strain’d

beyond
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beyond their natural tone, but are also prick’d, perhaps, or corroded by
the pungent and incongruous pores of the intruded liquor.

And this feems to be the reason, why Aqua sortis, and other saline li-
quors, if they come to touch the sensitive parts, as in a cut of the skin,
or the like, do so violently and intollerably excruciate and torment the
Patient. And ’tis not unlikely, but the Inventors of that Diabolical pra-
ctice of poisoning the points of Arrows and Ponyards, might receive
their firss hint from some such Inflance in natural contrivances, as this of
the Nettle: for the ground why such poison’d weapons kill so infallibly
as they do, seems no other then this of our Nettle’s hinging 5 for the Pon-
yard or Dart makes a passage or entrance into the sensitive or vital parts
of the body, whereby the contagious subflance comes to be dissblv’d by,
and mix’d with the ssuid parts or humours of the body,and by that means
soreads it felf by degrees into the whole liquid part of the body, in the
lame manner, as a few grains of Salt,put into a great quantity ofWater,
will by degrees diffufe it self over the whole.

And this I take to be the reason of killing of Toads, Frogs, Efls, and
feveral Filhes, by brewing Salt on their backs (which Experiment was
(hewn to the Royal Society by a very ingenious Gentleman, and a worthy
Member of it) for those creatures having always a continual exsudation,
as it were,ofllimy and watry parts,sweating out of the pores of their skin,
the saline particles, by that means obtain a vehicle,which conveys them in-
to the internal and vital parts of the body.

This feems also to be the reason why bathing in Mineral waters are
liich soveraign remedies for multitudes of distempers,Specially chronical}
for the liquid & warm vehicles of the Mineral particles,which are known
to be in very considerable quantities in thofe healing baths,by the body’s
long stay in them, do by degrees beep and insinuate themfelves into the
pores and parts of the skin,and thereby thofe Mineral particles have their
ways and passages open’d to penetrate into the inner parts, and mingle
themfelves with theftagnant juices of the feveral parts 5 besides,many of
thofe oflensive parts which were united with thofe stagnant juices, and
which were contrary to the natural conssitution of the parts, and so be-
come irksome and painfull to the body,but could not be difeharged,be-
caufe Nature had made no provision for such accidental misehiefs, are, by
means of this (baking, and filling the pores of the skin with a liquor, af-
forded a passage through that liquor that fills the pores into the am*
bient ssuid, and thereby the body comes to be difeharged.

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
person, Dostor Wren, of injeding liquors into the veins of an Animal,
feems to be reducible to this head: I cannot ssay, nor is this a fit place, to
mention the feveral Experiments made of this kind by the mob incom-
parable Mr. Boyles the multitudes made by the lately mention’d Phyfician
Doctor Clark^ the Hissory whereof, as he has been pleas’d to commu-
nicate to the Royal Society, so he may perhaps be prevail’d with to make
publiquehimfelf: But I fliall rather hint, that certainly, if this Principle

were
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were well con sider’d,there might, besides the further improving osBath-
ing and Syringing into the vtin^ be thought on several ways, whereby
several obstinate distempers of a humane body,such as the Gout,Dropsie,
Stone, &c. might be matter'd, and expell’d 5 and good men might make
as good a use of it, as evil men have made a perverse and Diabolical.

And that the filling of the pores of the skin with feme fluid vehicle^ is
of no small efficacy towards the preparing a passage sor several kinds os
penetrant juices, and other dislbluble bodies, to insinuate themselves
within the skin, and into the sensitive parts of the body, may be, I think,
prov’d by an Instance given us by Eellonius^ in the 26. Chapter of the
second Book of his Obfirvations, which containing a very remarkable
Story I have here transcrib’d : Cum Chamseleonis nigri radices (says he)
apud Vagum quendam Livadochorio nuncupatum erui curaremus^ plurimi
Gr£ci & Turctv speffatuw venerunt quid erueremus^ eas vero fruftulatimfi-
cabawus, & filo trajiciebawus ut sacility exficcari pojfent. lure# in eo ne-
gotio occupatos nos videntes^ (imiltter eas radices trail are & ficare volue-
runt: at cum fummus efiet dsius., & omnes fudore waderent 3 quicunque
earn radicem manibus trass averant fudorewque abjierfirant^ aut faciem di-
gitis fialpserant^ t ant am pruriginem iis locis quos attigerant pofiea sinsirunt^
ut aduri viderentur. Chanalconis enim nigri radix ea virtute pollet. ut ch-
ti applicata ipsam adeo inflammet^ ut nec squillce^ nec urtica ulla centesima
parte it a adurent: At prurigo non adeo celeriter sise prodit. Pqsi unam aut al-
teram porro horatn, (inguli variis saciei locis cutem adeo insiammatam ha-
bere capiwus ut tot a sanguinea videretur^ atque quo wagis earn confricaba-
mus^tanto magis excitabatur prurigo. Fonti ajsidebamusfubplatanoyatque ini-
tio pro ludicro habebamus & ridebamus : at tandem illi plurimum indignati
junt^ & nisi asieverajjemus nunquam expert os tali virtute earn plantawpollere^
hand dubie male nos multasient. Atta wen nojlra excufatio suit ab ill is sacili-
ty accepta^cum eodew incommodo nos qss elsos consiicerent. Mirum fane quod
in tantillo radice tam ingentem essicaciam nosiro walo experti fumus.

By which observation of his,it leems manifest,that their being all cover’d
with sweat who gather’d and cut this root of the black Chameleon Thistle,
was the great reason why they sufier’d that inconvenience, for it seems the
like circumstance had not been before that noted, nor do I find any men-
tion of such a property belonging to this Vegetable in any of the Her-
bals I have at present by me.

I could give very many Observations which I have made of this kind,
whereby I have found that the best way to get a body to be insinuated
into the sobstance or insensible pores of another, is first, to find a ssuid
vehicle that has sbme congruity,both to the body to be insinuated,and to
the body into whole pores you would have the other convey’d. And iff
this Principle lies the great mystery of staining several sorts os bodies, as
Marble, Woods, Bones, &c. and of Dying Silks, Cloaths, Wools, Fea-
thers, &c. But these being digressions, I ffiall proceed to :

Observ* X X V I. Os the itching eration ofsome bodies
| ’Here is a certain Down of a Plant,brought from the Eafi-Indies^c^l]. d

commonly, though very improperly. Cow-itch^ the reason of which
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mistake ismanifest enough from the defeription of it,which Mr. Parkinfon
sets down in his Herbal, Tribe XI. Chap. 2. Phasiolussiliquahirsiita', The
hairy Kidney-bean, calledin Zurratte where it grows, Cotthage: We have had
(says he) another os this kind brought us out os the East-Indies, which being
planted, was inshew like the sormer, but came not to persection, the unkindly
seajbn not sujsering it to Jhew the ssower', but os the Cods that were brought,
feme were fmaUer,Jhorter, and rounder then the Garden kind 5 others much
longer, and many growing together, as it were in clufiers,and cover’d all over
with a brown jhort hairinesijb fine, that is any os it be rubb’d, or sall on the
back. os ones hand, or other tender parts os the skin, it will caufe a kind os
itching, but not firong,nor long indur ing, but paljing quickly away, without
either danger or harm 5 the Beans werefmailer then ordinary, and os a blacky
sinning colour.

Having one of these Cods given me by a Sea-Captain, who had fre-
quented thole parts, I found it to be a small Cod, about three Inches
long, much like a short Cod of French Beans, which had six Beans in it,
the whole surface of it was cover’d over with a very thick and fliining
brown Down or Hair, which was very fine, and for its bigness Iliff5
taking feme of this Down, and rubbing it on the back of my hand,l
found very little or no trouble, only I was sensible thatseveral of thefe
little downy parts with rubbing did penetrate, and were sunk, orstuck
pretty deep into my skin. After I had thus rubb’d it for a pretty while,
I felt very little or no pain, in so much that I doubted, whether it were
the true Couhage 5 but whil’st I was considering, I found the Down begin
to make my hand itch, and in some places to smart again, much like the
slinging of a Flea or Gnat, and this continued a pretty while, so that by
degrees I found my skin to be swell’d with little red pustules, and to
look as if it had been itchie. But sullering 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 vanish’d.

The caufe of which odd Phenomenon, I suppofe to be much the same
with that of the slinging of a Nettle, for by the Microjcope, I difcover’d
this Down to consist of a multitude of sinall and (lender conical bodies,
much resembling Needles or Bodkins, such as are reprefented by A B.
CD. E F. of the first Figure of the XVI. Schemethat their ends AAA,
were very sharp, and the sobslance of them sliff and hard, much like the
substance of several kinds of Thorns and crooks growing on Trees. And
though they appear’d very cleer and transparent, yet I could not per-
ceive whether they were hollow or not, but to me they appear’d
like sblid transparent bodies, without any cavity in them 5 whether,
though they might not be a kind of Cane, fill’d with some tranlpa’
rent liquor which was hardned (becaufe the Cod which I had was very
dry) I was not able to examine.

Now, being such stiss^ sharp bodies, it is easie to conceive, how with
rubbing they might easilybethrustinto the tender parts of the skin,and
there, by reason of their exceeding fineness and driness, not create any
considerable trouble or pain, till by remaining in those places moistned
with the humoprsos the body, some caustick part slicking on them, or

residing



residirtg within them might be dissblv'd and mix’d with the ambient juices
of that place, and thereby those fibres and tender parts ad joyning be-
come affe&ed, and.asitwere corroded by it 5 whence, while that acti-
on lasts, the pains created are pretty (harp and pungent, though small,
which is the essential property of an itching one.

That the pain also caused by the Ringing of a Flea, a Gnat, a Flie, a
Wasp, and the like, proceeds much from the very same cause, I elsewhere
in their proper places endeavour to manifefl. The Ringing also of (hred
Hors-hair, which in meriment is often Rrew’d between the (fleets ofa Bedi
teems to proceed from the same cause* *

Obferv. XXVII. Of the Beard of a wilde Oat, and the ufe that
may be made of it sor exhibiting always to the Eye the temperature
of the Air, as to drineft and moifiure.

'T’His Beard of a wild Oat, is a body ofa very curious ssrusture, though
to the naked Eye it appears very (light,- and inconsiderable, it being

Ohly a (mall black or brown Beard or Brissle,which grows out ofthe side
of the inner Husk that covers the Grain of a wild Orf^the whole length of
it,when put in Water, (b that it may extend it self to its full length,is not
above an Inch and a halfjandfor the most part somewhat (horter,but when
the Grain is ripe, and very dry, which is usbaly in the Moneths of July,
and August, this Beard is bent somewhat below the middle, namely,about
* from the bottom of it, almoR to a right Angle, and the under part of
it is wreath’d lik a With 5 the subRance of it is very brittle when dry, and
it will very easily be broken from the husk on which it grows*

If you take one of these Grains, and wet the Beard in Water,you will
pretehtly tee the (mall bended top to turn and move round, as if it were
sensible^ and by degrees, if it be continued wet enough, the joint or knee
will flreighten it self 5 and if it be suffer’d to dry again, it will by degrees
move round another way, and at length bend again into its former
poflure.

If it be view’d with an ordinary single Microfiope, it will appear like
a (mall Wreath’d Sprig, with two clefts 5 and if wet as before, and
then look’d on with this Mierofcope, it will appear to un wreath it self,
and by degrees,to ssreighten its knee, and the two clests will become
flreight, and almoR on opposite sides of the (mall Cylindrical body.

If it be continued to be look’d a little longer with a Micrcfiope, it
will within a little while begin to wreath it tels again, and (bon after
return to its former poflure, bending it self again neer the middle, into
a kind of knee or angle.

Several of thote bodies I examin’d with larger Microsiopes, and there
found them much of the make of thote two long wreath’d cylinders de-
lineated in the fecond Figure os the 15.6* cheme, which two cylinders re-
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prefent the wreathed part broken into two pieces,whereof the end A B is
to be soppos’d to have join’d to the end C D, so that E A C F does repre-
sent the whole wreath’d part of the Beard, and E G a small piece os the
upper part of the Beard which is beyond the knee, which as I had not
room to'insert, so was it not very considerable, either for its form,or any
known property 5 but the under or wreathed part is notable for both:
As to its'form, it appear’d, isit were look’d on side-ways, almostlikea
Willow, or a small tapering rod of Hazel^ the lower or bigger half of
which onely, is twisted round feveral times,in seme three, in others more,
in others lest, according to the bignels and maturity of the Grain on
which it grew, and according to the driness and moisture of the ambient
Air, as I (hall shew more at large by and by.

The whole outward Superficies of this Cylindrical body is curioussy
adorned or fluted with little channels, and interjacent ridges, or little
protuberances between them, which run the whole length of the Beard,
and are streight where the Beard is not twisted,and wreath’d where it is,
just after the same manner: each os thofe tides is beset pretty thick with
small Brilles or Thorns, somewhat in form resembling that of Porcupines
Quills, such as a a a a a in the Figure 5 all whose points are directed like
so many Turn-pikes towards the small end or top of the Beard, which is
the reason, why, if you endeavour to draw the Beard between your fin-
gers the contrary way, you will find it to stick, and grate, as it were,
against the ikin.

The proportion of thefe small conical bodies aaaaa to that whereon
they grow, the Figure will sofficiently shew, as also their manner ofgrow-
ing,their thickness, and neerness to each other, as, that towards the root
or bottom of the Beard, they are more thin, and much shorter,insomuch
that there is usoally left between the top of the one, and the bottom os
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) so that the root, and almost half the upper are
hid by the tops of thofe next below them.

I could not perceive any tranfaerfe pores, unless the whole wreath’d
part were feparated and cleft,in those little channels,by the wreathing in-
to so many little sirings as there were ridges, which was very difficult to
determine 5 but there were in the wreathed part two very conspicuous
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 seem’d to di-
vide the wreath’d Cylinder into two parts, a bigger and a less 5 the bigger
was that which was at the convex side of the knee, namely, on the side A,
and was wreath’d by O O O O O 5 this, as it feem’d the broader, so
did it also the longer, the other P P P P P, which was usoally purs’d or
wrinckled in the bending os the knee,as about E, feem’d both the shorter
and narrower, so that at first I thought the wreathing and unwreathing
of the Beard might have been caus’d by the shrinking or swelling of that
part 5 but upon further examination,! found that the clefts, K K, L L,were
stuft up with a kind of Spongie substance, which, for the most part, was

very
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Very conspicuous neer the knee, as in the cleft K K, tvhen the Beard was
dry , upon the discovery of whidh. I began to think, that it was upon the
dwelling of this porous pith upon the access ofmoisture or water that the
Beard,being made longer in the midst,was streightned,and by the (brink-
ing or subsiding of the parts of that Spongie substance together, when
the water or moisture was exhal’d or dried, the pith or "middle parts
growing shorter, the whole became twisted.

But this I cannot be positive in, for upon cutting tile wreath’d partin
many places transverlly, I was not so well satisfy’d with thelhapeand
manner of the pores of the pith , for looking on these transverse Sections
with a very good Microfiope, 1 found that the ends of thole ttans-
verse Sections appear’d much of the manner of the third Figure of the*
15. Scheme ABCFE, and the middle or pith CC, seem’d very full of
pores indeed, but all of them feem’d to run the long-ways.

1 his Figure plainly enough (hews in what manner those clefts, K and L
divided the wreath’d Cylinder into two unequal parts, and alsoofwhat
kind of substance the whole body consists 5 for by cutting the same Beard
in many places, with transverse Se&ions, 1 found much the lame ap-
pearance with this express’d 5 so that those pores feein to run, as in most
other such Cany bodies, the whole length of it.

The clefts of this body K K, and L L, seem’d (as is alio express’d in
the Figure) to wind very oddly in the inner part of the wreath 5 and
in feme parts of them, they seem’d stuffed, as it were,with that Spongie
substance, which I just now described.

This so oddly constituted Vegetable substance, is first (that I have
met with) taken notice of by Baptifia Porta, in his Natural Magick^, as a
thing known to children and Juglers, and it has been call’d by some of
thofe last named persons, the better to cover their cheat, the Legg of an
Arabian Spider, or the Legg of an inchanted Egyptian Fly, and has been
used by them to make a small Index, Cross, or the like, to move round
upon the wetting of it with a drop of Water, and muttering certain
words.

But the ufe that has been made of it, sor the difcovery of the various
constitutions of the Air, as to drinels and moistness, is incomparably
beyond any other 5 for this it does to admiration: The manner of con-
triving it so, as to perform this great effe&, is onely thus:

Provide a good large Box of Ivory, about four Inches over, and of
what depth you lhall judge convenient (according to ^our intention
of making use of one, two,three,or more of thefe Imall Beards,ordered in
the manner which I (hall by and by defcribe)let all the sides of this Box be
turned os Balket-work (which here in London is easily enough procur’d)
full of holes,in the manner almost of a Lettice, the bigger, or more the
holes are.the better,that so the Air may have the more free passage to the
inclosed Beard,and may the more easily pals through the Ihstrument 5 it
will be better yet,though not altogether so handsom,is insteed of the Bast
ket-work on the sides of the Box,the bottom and top os the Box be join’d
together onely with three or four (mail Pillars, aster the manner repre-
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fented in the 4-Figurc of the 15. Scheme. Or,is you intend to make ufe of
many of these small Beards join’d together, you may have a small long
Case of Ivory, whose sides are turn’d of Basket-work, full of holes, which
may be fcrew’d on to the underside of a broad Plate of Ivory,on the other
side of which is to be made the divided Ring or Circle, to which divisi-
ons the pointing of the Hand or Index, which is moved by the conjoin'd
Beard, may shew all the Minute variations of the Air.

There may be multitudes of other ways for contriving this small Instru-
ment, so as to produce this effest, which any one may, according to his
peculiar use, and the exigency of his present occasion, easily enough con-
trive and take, on which I (hall not therefore insift. The whole manner of
making any one of them is thus: Having your Box or frame A A B B, fitly
adapted for the sree passage of the Air through it,in the midst of the bot-
tom B B B, you musthave a very small hole C, into which the lower end os
the Beard is to be fi’xd,the upper end of which Beard a is to pals through
a small hole of a Plate, or top A A, if you make use onely of a single one,
and on the top of it e, is to be fix’d a small and very light Indexsg, made
of a very thin (liver of a Reed or Cane 5 but if you make use of two or
more Beards, they must be fix’d and bound together, either with a very
fine piece of Silk, or with a very small touch of hard Wax, or Glew,which
is better, and the Index sg} is to be fix’d on the top of the fecond,third,
or fourth in the same manner as on the single one.

Now,because that in every of thefe contrivances, the Index sg> will
with feme temperatures of Air, move two, three, or more times round,
which without some other contrivance then this,will be difficult to distin-
guish,therefore I thought of this Expedient: The Index or Handsg, be-
ing rais’d a pretty way above the surface of the Plate A A, fix in at a
little distance from the middle of it a small Pin so as almost to touch
the surface of the Plate A A, and then in any convenient place of the
surface of the Plate,fix a small Pin, on which put on a small piece of Paper,
or thin Past-board, Vellom, or Parchment, made of a convenient cize,
and shap’d in the manner of that in the Figure express’d by i 4, so
that having a convenient number of teeth every turn or return of the
Pin Z», may move this small indented Circle, a tooth forward or back-
wards, by which means the teeth of the Circle, being mark’d, it will be
thereby very easie to know certainly, how much variation any change
of weather will make upon the small wreath’d body. In the making of
this Secundary Circle of Vellom, or the like, great care is to be had, that
it be made exceeding light, and to move very easily, for otherwife a small
variation will spoil the whole operation. The Box may be made ofBrass,
Silver, Iron, or any other sobstance, if care be taken to make it open
enough, to let the Air have a sufficiently free access to the Beard. The
Index also may be various ways contrived, so as to shew both the number
of the revolutions it makes, and the Minute divisions of each revolution.

I have made feveral trials and Instruments for difeovering the driness
and moisture of the Air with this little wreath’d body,and find it to vary
exceeding fensibly with the least change in the coastitution of the Air, as

to



todriness and moisture, so that’withone breathing upon it, I have ihade
it untwist a whole bout, and the Index or Hand has shew’d or pointed to
various divisions on the upper Face or Ring of the Instrument, according
as it was carried neerer and neerer to the fire, or -as the heat of the Sun
increased upon it.

Other trials I have made with Gut-strings,blit find them nothing neer
so sensible, though they also may be so contriv’d as to exhibit the
changes of the Air, as to driness and moisture, both by their stretching
and(hrinking in length, and allo by their wreathing and unwrcathing
themfelves 5 but thefe are nothing neer so exacft or so tender5for their va-
rying property will in a little time change very much. But there are se-
veral other Vegetable substances that are much more sensible then even
this Beard of a wilde Oat--, Rich I have found the Beard ofthe seed of
Musk-grass, or Geranium mofchatum, and those of other kinds of Cranes-
bit feeds, and the like. But always the (mailer the wreathing substance
be, the more sensible is it of the mutations of the Air, a conjecture at
thereason of which I shall by and by add.

The lower end of this wreath’d Cylinder being stuck upright in a little
soft Wax, so that the bended part or Index of it lay horizontal., I have
observ’d it always with moislure to unwreath it self from the East (For
instance) by the South to the West,and so by the North to the East again,
moving with the Sun (as we commonly say) and with heat and drouth
tore-twist, and wreath it self the contrary way, namely, from the East,
(for instance) by the North to the West, and sb onwards.

The cause of all which rhanomena^ feems to be the differing texture
of the parts ofthese bodies, each of them (cspecially the Beard of a wilde
Oat., and of Moskrgrass feed J seeming to have two kind of substances,one
that is very porousdoose,and spongie, into which the watry steams ofthe
Air may be very easily forced^which will be thereby (well'd and extend-
ed in its dimensions, just as we may obferve all kind of Vegetable sub-
stance upon steeping in water to swell and grow bigger and longer. And a
fecond that is more hard and clofe,into which the water can very little,or
not at all penetrate, this therefore retaining always very neer the same
dimensions, and the other stretching and shrinking, according as there
is more or less moisture or water in its pores, by reason of the make and
shape of the parts, the whole body must necessarily unwreath and
wreath it self.

And upon this Principle, it is very easie to make feveral sorts of con-
trivances that should thus wreath and unwreath themselves, either by
heat and cold, or by driness and moisture, or by any greater or less force,
from whatever caufe it proceed, whether from gravity or weight, or
from wind which is motion of the Air, or from feme springing body,
or the like.

This, had I time, I should enlarge much more upon 5 for it feems to me
to be the very first footstep of Senfation., and Animate motion, the most
plain,simple,and obvious contrivance that Nature has made use of to pro-
duce a motion, next to that of Rarefaction and Condensation by heat

and
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and cold. And were this Principle very well examin’d, I am very apt to
think, it would afford us a very great help to find out the Mechanism
of the Muscles, which indeed,as farr as I have hitherto been able to ex-
amine, seems to me not lb very perplex as one might imagine,especially
upon the examination which I made of the Muscles of Crabr,Lobfiers^r\<\
several sorts of large Shell-fish,and comparing my Observations on them,
with the circumstances I observ’d in the muscles of terrestrial Animals.

Now, as in this Instance of the Beard of a wilde Oat, we see there is
nothing else requisite to make it wreath and unwreath it self, and to
{heighten and bend its knee, then onely a little breath of moist or dry
Air, or a small atoms almost of water or liquor, and a little heat to make
it again evaporate 5 for, by holding this Beard, plac’d and fix’d as I be-
sore dire&ed, neer a Fire, and dipping the tip of a small shred of Paper
in well rectify’d spirit of Wine, and then touching the wreath’d Cylin-
drical part,you may perceive it to untwist it self 5 and presently again,up-
on the avolation of the spirit, by the great heat, it will re-twist it self,
and thus will it move forward and backwards as oft as you repeat the
touching it with the spirit of Wine 5 so may, perhaps, the shrinking and
relaxing of the muscles be by the inssux and evaporation of seme kind
of liquor or juice. But of this Enquiry I (hall add more elsewhere.

Observ . X X V11L Os the Seeds os Venus loohjng-glap, or Corn
Violet.

FRom the Leaves, and Downs, and Beards of Plants,we come at last tothe Seeds 5 and here indeed seems to be the Cabinet of Nature,where-
in are laid up its Jewels. The providence of Nature about Vegetables,is in
no part manifested more,then in the various contrivances about the seed,
nor indeed is there in any part of the Vegetable sb curious carvings, and
beautifull adornments, as about the seed 5 this in the larger sorts of seeds
is most evident to the eye 5 nor is it lest manisest through the Microfeope,
inthose seeds whose shape and stru&ure, by reaibn os their smalness, the
eye is hardly able to distinguish.

Of these there are multitudes, many of which I have observ’d through
a Microfeope, and find, that they do, for the most part, every one afford
exceeding pleasant and beautifull objects. For besides thole that have
various kinds of carv’d surfaces, there are other that have smooth and
persectly polishd surfaces, others a downy hairy surface j some are
cover’d onely withaskin, others with a kind ofshell, others with both,
as is obfervable also in greater seeds.

Of these seeds I have onely described four sorts which may serve as a
Specimen of what the inquisitive observers are likely to find among the
rest. The first os these feeds which are defcribed in the 17. Scheme, are
thofe of Corn-Violets, the feed is very small, black, and shining, and, to
the naked eye, looks almost like a very small Flea j But through the

Microfiope
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Mic rofiope, it appears a large body, cover’d with a tough thick and bright
refiedting ikin very irregularly shrunk and pitted, insomuch that it is ah
mostan imposlibility to find two of them wrinkled alike, so great a va-
riety may there be even in this little seed.
I’ This, though it appear’d one of the most promising feeds for beauty to
the naked eye,yet through the Micrqfcope it appear’d but a rude mishaperi
feed, which I therefore drew, that I might thereby manifest how unable
we are by the naked eye to judge of beauteous or less curious microfiapi-
cal Obje&s, cutting some of them in sunder, I observ’d them to be fill’d
with a greenifh yellow pulp, and to have a very thick hulk, in propor-
tion to the pulp*

Observ. XXIX. Of the Seedsos Tyme.

THefe pretty fruits here represented, in the 18. Scheme, are nothingelse,but nine feveral seeds of Tyme 5 they are all of them in differ-
ing posture,both as to the eye and the light 5 nor are they all of them ex-
actly of the same (hape, there being a great variety both in the bulk and
figure of each seed 5 but they all agreed in this,that being look’d on with
a Jllicrofcope, they each of them exadly refembled a Lemmon or Orange
dry’d 5 and this both in shape and colour. Some of them are a little
rounder, of the shape of an Orange, as A and B, they have each of
them a very conspicuous part by which they were join’d to their little
stalk,and one of them had a little piece of stalk remaining on 3 the oppo-
siteside of the feed, you may perceive very plainly by the Figure,is very
copped and prominent, as is very usual in Lemmons, which prominencies
are express’d in D, E and F.

They feem’d each of them a little creas’d or wrinckled, but E was
very conspicuously furrow’d, as if the inward make of this seed had been
somewhat like that of a Lemmon also, but upon dividing several feeds
with a very sharp Pen-knife, and examining them afterward, I found
their make to be in nothing but bulk differing from that of Peas,that is,to
have a pretty thick coat,and all the rest an indifferent white pulp, which
seem’d very clofe 5 lb that it seems Nature does not very much alter her
method in the manner of inclosing and preserving the vital Principle in
the seed, in these very small grains,from that of Beans, Peas, &c.

The Grain affords a very pretty Objest for the Microfeope, namely, a
Dishof Lemmons plac’d in a very little room 5 shouldaLemmonorNut
be proportionably magnify’d to what this feed ofTyme is,it would make
it appear as bigg as a large Hay-reek,and it would be no great wonder to
see Homers Iliads, and Homer and all, cramm’d into such a Nut-shell. We
may perceive even in these small Grains, as well as in greater, how curi-
ous and carefull Nature is in preserving the feminal principle of Vege-
table bodies, in what delicate, strong and most convenient Cabinets she
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lays them and doles them in a pulp for their safer prote&ion from out-
ward dangers, and for the supply of convenient alimental juice, when
the heat of the Sun begins to animate and move these little automatons
or Engines 5 as ifshe would,from the ornaments wherewith foe has deckt
these Cabinets, hint to us, that in them soe has laid up her Jewels
and Master-pieces. And this, if we are but diligent in obferving, we
shall find her method throughout. There is no curiosity in the Elemental
kingdom, if I may so call the bodies of Air, Water, Earth, that are com-
parable in form to those of Minerals 5 Air and Water having no format
all, unless a potentiality to be form’d into Globules 5 and the clods and
parcels of Earth are all irregular, whereas in Minerals foe does begin to
Geometric and pradise, as ’twere, the first principles of Mechanic^,
fhaping them of plain regular figures, as triangles, squares, &c. and te-
traedrons, cubes, &c. But none of their forms are comparable to the
more compounded ones of Vegetables, For here soe goes a step further,
forming them both of more complicated soapes, and adding ano multi-
tudes of curious Mechanick contrivances in their struCtured'or whereas in
Vegetables there was no determinate number of the leaves or branches,
nor no exactly certain figure of leaves, or ssowers,or seeds, in Animals all
thofe things are exastly defin’d and determin’d 5 and where-ever there
is either an excels or dcfeCt of thofe determinate parts or limbs,there has
been some impediment that has spoil’d the principle which was most re-
gular : Here we shall find, not onely most curioussy compounded soapes,
but most stiipendious Mechanisms and contrivances, here the ornaments
are in the highest perfection, nothing in all the Vegetable kingdom that
is comparable to the deckings of a Peacock 5 nay,to the curiosity of any
feather, as I elsewhere foew 5 nor to that of the Imallest and most despi-
cable Fly. But I must not slay on thefe speculations, though perhaps it
were very well worth while for one that had leisure,to see what Informa-
tion may be learn’d of the nature,or use,or virtues of bodies,by their feve-
ral forms and various excellencies and properties. Who knows but Adam
might fromsome such contemplation, give names to all creatures? If at
least his nameshad any significancy in them of the creature’s nature on
which he impos’d it, as many (upon what grounds I know not) have
soppos’d : And who knows,but the Creator may,in those characters,have
written and engraven many of his most mysterious designs and counsels,
and given man a capacity, which, assisted with diligence and industry,
may be able to read and understand them. But not to multiply my di-
gression more then I can the time, I will proceed to the next, which is,

Observ. XXX. Os the Seeds os Poppy.

npHeimall feeds of Poppy, which are defcribed in the 19. both
for their smalness, multiplicity and prettiness, as also for their ad-

mirable soporifick quality, deferve to be taken notice of among the
" ' other
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other microfiopical seeds of Vegetables: For first, though they grow in a
Case or Hive oftentimes bigger then oneoftheie Pictures of the wicro-
fi epical appearance, yet are they for the most part so very little, that they
exceed not the bulk of a small Nitt,being not above s2 part of an Inch in
Diameter, whereas the Diameter of the Hive of them oftentimes exceeds
two Inches,sb that it is capable of containing neer two hundred thousand,
and so in all likelihood does contain a vasc quantity, though perhaps not
that number. Next, for their prettiness, they may be compar’d to any
microfiopical seed I have yet seen ; for they are of a dark brownish red
colour, curiously Honey-comb’d all over with a very pretty variety of
Net-work, or a small kind of imbosment of very orderly rais’d ridges
the surface of them looking not unlike the inside of a Beev’s stomack. But
that which makes it most considerable of all, is, the medicinal virtues of
it, which are such as are not afforded us by any Mineral preparation 5 and
that is for the procuring of Heep, a thing as necessary to the well-being
of a creature as his meat, and that which refreshes both the voluntary
and rational faculties, which, whil’st this affection has seis’d the body,are
for the most part unmov’d, and at rest. And, methinks, Nature does
seem to hint some very notable virtue or excellency in this Plant from the
curiosity it has bestow’d upon it. First, in its ssower, it is of the highest:
scarlet-Dye, which is indeed the prime and chiefest colour, and has been
in all Ages of the world most highly esteem’d : Next, it has as much cu-
riosity shew’d also in the husk or case of the seed, as any one Plant I have
yet met withall 5 and thirdly, the very seeds themselves, the Microfiope
difcoVers to be very curiously shap’d bodies; and lastly. Nature has
taken such abundant care for the propagation of it, that one tingle seed
grown into a Plant, is capable of bringing some hundred thousands of
seeds.

It were very worthy some able man’s enquiry whether the intention of
Nature, as to the secundary end of Animal and Vegetable substances
might not be found out by some such characters and notable impressions
as these, or from divers other cirCumstances, as the figure, colour, place,
time of ssourishing, springing and fading, duration, taste,smell, &c. For
if such there are (as an able Physician upon good grounds has given me
cause to believe) we might then, insteed of studying Herbals (where sb
little is deliver’d of the virtues of a Plant, and less of truth) have re-
course to the Book of Nature it self, and there find the most natural,
usefull, and most effectual and specifick Medicines, of which we have
amongst Vegetables, two very noble Instances to incourage such a hope,
the one of the Jejuite powder for the cure of intermitting Fe avers find the
other of the juice of Poppy for the curing the defeCt of deeping.

Y % Obscrr
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Observ. XXXI. Of Purssane-sced.

THe Seeds of Purflane feem of very notable shapes, appearing through
the Microfcope shap’d somewhat like a nautilus or Porcelane (hell, as

may be seen in the XX. Scheme.3 it being a sinall body, coyl’d round in
the manner of a Spiral 5 at the greater end whereof,which represents the
mouth or orifice of the Shell, there is left a little white tranlparent lub-
stance, like a skin, reprefented by B B B B, which seems to have been the
place whereunto the stem was join’d. The whole surface of this Code a.
or Shell, is cover’d over with abundance of little prominencies or buttons
very orderly rang’d into Spiral rows, the fliape of each of which teem'd
much to reserable a Wart upon a mans hand. The order, variety, and
curiosity in the fliape of this little seed, makes it a very pleaiant objed
for the Microfcope, one of them being cut asunder with a very (harp Pen-
knife, discover’d this carved Casket to be of a brownilh red, and some-
what tranlparent substance, and manifested the inside to be fill’d with a
whitilh green lubstance or pulp, the Bed wherein the feminal principle
lies invelop’d.

There are multitudes of other feeds which in fliape reprefent or imi-
tate the forms of divers other sorts of Shells: as the feed of Scurvy-
grast, very much refembles the make of a Concha Venerea,kind of Purce-
lane Shell 5 others reprefent several sorts of larger sruits, Iweat Marje-
rome and Pot-marjerome reprefent Olives. Carret seeds are like a cleft
of a Coco-Nut Hulk, others are like Artificial things, as Succory feeds
are like a Quiver full of Arrows, the feeds of Amaranthus are of an ex-
ceeding lovely fliape, somewhat like an Eye: The Ikin of the black and
flirivled feeds of Onyons and Leeks,are all over knobbed like a Seals Ikin.
Sorrel has a pretty black fliining three-lquare feed, which is picked at both
ends with three ridges, that are bent the whole length of it. It were al-
most endleis to reckon up the feveral fliapes,they are so many and so va-
rious , Leaving them therefore to the curious obferver, I (hall proceed to
theObfervations on the parts of Animals.

Observ. XXXII. t Os the Figure osfeveralsorts of Hair, and os
the texture of the skin.

Viewing some of the Hairs of my Head with a very good Microscope,I took notice of these particulars:
1. That they were, for the most part, Cylindrical^ some of them were

somewhat Prismatical^nxt generally they were veryneer round,siich as are
reprefented in the second Figure of the ^.Scheme^ the Cylinders EEE.
nor could I find any that had fliarp angules.

2. That
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MiCROCRAPhlA. I5y
2. That that part which was next the top, Was bigger then that whichwas neerer the root.
3. That they were all along from end to end transparent, though not

very cleer, the end next the root appearing like a black transparent piece
of Horn, the end next the top more brown, somewhat like transparentHorn.

4. That the root of the Hairs were pietty smooth, tapering inwards,
almost like a Parsneb} nor could I find that it had any silaments, or any
other vessels, soch as the fibres of Plants.

5. That the top. when split (which is common in long Hair) appear’d
like the end of a ssick, beaten till it be all ssitter’d, there being not onely
two iplinters, but sometimes half a fcore and more.

6- That they Were all, as fatr as I Was able to find, solid Cylindrical
bodies, not pervious, like a Cane or Bulrulh 5 nor could I find that they
had any Pith, or distindion of Rind, or the like, such as I had observ’d in
Horfe-hairs, the Bristles of a Cat, the Indian Deer’s Hair, &c.

Observations on fever al other forts of Hain

For the Brisses of a Hogg, I found them to be first a hard transparent
horny substance, without the least appeatasice of pores or holes in it 5 and
this I try’d with the greatest care I was able, cutting many of them with a
very (harp Razor, so that they appear’d, even in the Glass,to have a pret-
ty smooth surface, but somewhat waved by the sawing to and fro of the
Razor, as is visible in the end of the Prifinatical body A of the same
Figure 5 and then making trials with causing the light to be cast on them
all the various ways I could think of, that was likely to make the pores
appear, if there had been any, I was not able to difcover any-

Next, the Figure of the Brisses was very various, neither perfestly
round, nor (harp edg’d, but Prifimatical^ with divers sides, and round
angles, as appears in the Figure A. The bending of them in any part
where they before appear’d cleer, would all ssaw them, and make them
look white.

The Mustacheos ofa Cat (part of one of which is rcpresented by the
short Cylinder B os the same Figure) teem’d to have, all of them that I ob-
ferv’d,a large pith in the middle, like the pith of an Elder, whose texture
was so clofe, that I was not able to difcover the least sign of pores j and
thofe parts which seem to be pores,as they appear’d in one petition to the
light, in another I could find a manifest resseftiom to be cast from them.

This I instance in,to hint that it is not tafe to conclude any thing to be
positively this or that, though it appear never so plain and likely when
look’d on with a Microfiope in one posture, before the tame be examin’d
by placing it in feveral other petitions.

And this I take to be the reason why many have believed and asserted
the Hairs of a man’s head to be hollow, and like so many tmall pipes per-
forated from end to end.

Now, though I grant that by ail Analogic one may suppose them fo,
and
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and from the Polonian disease one may believe them such, yet I think we
have not the least encouragement to either from the Ht/crojcope, much less
positively to assert them such. And perhaps the very cssence of the Plica
Polonica may be the hairs growing hollow, and of an unnatural con-
stitution.

And as for the Analogic, though I am apt enough to think that the hairs
of several Animals may be perforated somewhat like a Cane, or at least
have a kind of pith in them,first,because they seem as ’twere a kind of Ve-
getable growing on an Animal, which growing,they lay, remains a long
while after the Animal is dead, and therefore Ihould like other Vege-
tables have a pith, and secondly, because Horns and Feathers, and Por-
cupine’s Quils, and Cats Brilles, and the long hairs of Horses,which cow
very neer the nature ofa mans hair,seem all of them to have a kind of pith,
and some of them to be porous,yet I think it not (in these cases,where we
have soch helps for the lenle as the Microjcope affords) safe concluding
dr building on more then we sensibly know, since we may,with exami-
ning, find that Nature does in the make of the same kind of substance,
often vary her method in framing of it: Instances enough to confirm this
we may find in the Horns of feveral creatures: as what a vast difference
is there between the Horns of an Oxe,and those of Ibme sorts of Staggs
as to their lhape ? and even in the hairs of several creatures, we find a
vast difference5 as the hair of a man’s head teems, as I laid before, long,
Cylindrical and sometime a little Prifinatical, solid or impervious, and
very small 5 the hair of an Indian Deer (a part os the middle of which is
defcribed in the third Figure of the fifth Scheme, marked with F) is big-
ger in compass through all the middle of it,then the Bride of an Hogg,but
the end of it is smaller then the hair of any kind of Animal (as may be
seen by the Figure G) the whole belly of it, which is about two or three
Inches long, looks to the eye like a thread of courte Canvals,that has
been newly unwreath’d, it being all wav’d or bended to and fro, much
after that manner, but through the Mier ofc ope, it appears all perforated
from side to side,and Spongie, like a imall kind of Ipongy Coral, which is
often found upon the Englifc Ihores 5 but though I cut it transverssy, I
could not perceive that it had any pores that ran the long-way of the
hair: the long hairs of Horses C C and D, feem Cylindrical and somewhat
pithy, the Brilles of a Cat B, are conical and pithy: the Quils of Por-
cupines and Hedghoggs, being cut transversly, have a whitilh pith, in the
manner of a Starr,or Spur-rowel: Piggs-hair (A) is somewhat tri agonal,
and teems to have neither pith nor pore: And other kinds of hair have
quite a differing stru&ure and form. And therefore I think it no way
agreeable to a true natural Historian, to pretend to be so (harp-sighted,
as to tee what a pre-conceiv’d Hypothecs tells them Ihould be there,where
another man, though perhaps as seeing, but not forestall’d, can difcover
no luch matter.

But to proceed 5 I obferv’d feveral kind of hairs that had been Dyed,
and found them to be a kind of horny Cylinder, being of much about the
tranlparency of a pretty cleer piece of Oxe horn 5 thefe appear’d quite

• through-
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throughout'ting’d with the colours they exhibited. And tis likely,that
those hairs being boy I’d or steep’d in thofe very hot ting’d liquors in the
Dye-fat, And the substance of the hair being much like that of an Oxes
Horn, the penetrant liquor does so far mollifie and (often the substance'
that it sinks into the very center of it, andso the ting’d parts come to be
mix’d and united with the very body of the hair,and do not (as some have
thought) only stick on upon the outward surface. And this,the boiling of
Horn will make more probable 5 for we (hall hnd by that adion, that the
water will insinuate it felf to a pretty depth within the surface of it,
especially ifthis penetrancy of the water be much helped by the Salts
that are usually mix’d with the Dying liquors. Now, whereas Silk may
be dyed or ting’d into all kind of colours without boiling or Hipping in-
to hot liquors, I ghess the reason to be two-fold: Fjrst, because the fila-
ments, or small cylinders of Silk, are abundantly smaller and finer, and so
have a much Ids depth to be penetrated then most kind of hairs 5 and
next, becaufe the substance or matter os Silk, is. much mote like aGlew
then the substance of Hair is. And that I have reason to suppofe:
First, becaufe when it is spun or drawn out of the Worm, it js a perfect
glutinous substance, and very easily sticks and cleaves to any adjacent
body, as I have sevcral times observed, both in Silk-worms and Spiders.
Next, because that I find that water does easily djssolve and mollifie the
substance again, which is evident from their manner of ordering thofe
bottoms or pods of the Silk-worm before they are able to unwind them, st
is no great wonder therefore,ifthofeDyes or ring’d liquors do very quick-
ly mollifie and tinge the surfaces of so fmall, . and fo glutinous a body.
And we need not wonder that the colours appear so lovely in the one,
and so dull in the other, if we view7 but the ting’d cylinders of both
kinds with a good Microscope 5 for whereas the subftance of Hair,at best,js
but a dirty duskish white somewhat tiansparent9 thefilaments of Silk have
a most lovely transparency and cleerness, the disference between thofe
two being not much less then thatrbetween a piece of Horn, and a piece
of Crystal 5 the one yielding a bright and vivid ressection &om the con-
eave side of the cylinder, that is, from the concave surface of the Air
that incompasfes the back-part of the cylinder 5 the other yielding a dull
and perturb’d ressection from the feveral Heterogeneous parts that com-
pose it. And this difference will be manifest enough to the eye,if you get a
couple of small Cylinders, the smaller of Crystal Glass,the otfier of Horn,
and then varnishing them over very thinly with some transparqpt colour,
which will represent to the naked eye much the samekind of object which
isreprefented to it from the filaments of Silk and Hair by the help of the
Microscope. Now, sincethe threads of Silk and Serge are made up of a
great number of thefe filaments, we may henceforth ceafe to Wonder at
the difference. From much the same reason proceeds the viyid and love-
ly colours of Feathers, wherein they Very farr exceed the natural as well
as Artificial colours ofhair,of which I shallsay more in its proper place.

The Teguments indeed of creatures are all of them adapted to the pe ¬
culiar ufe and convenience of that Animal which they inwrap? and very

much
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much also for the ornament and beauty of it, as will be most evident to
any one that (hall attentively consider the various kinds of cloathings
wherewith most creatures are by Nature inverted and cover’d. Thus I
have obferved, that the hair or furr of those Northern white Bears that
inhabite the colder Regions, is exceeding thick and warm : the like have
I obferv’d of the hair of a Greenland Deer, which being brought alive to

had the opportunity of viewing 5 its hair was so exceeding thick,
long and sort, that I could hardly with my hand, gralp or take hold of
hisskin, anditfeem’dso exceeding warm, as I had never met with any
before. And asfortheornamentative ufe of them, it is most evident in a
multitude of creatures,not onely for colour, as the Leopards, Cats,Rhein
Deer, &c. but for the (hape, as in Horfes manes, Cats beards,and feveral
other of the greater sort of terrestrial Animals, but is much more conlpi-
cuous, in the Vestments of Fisties, Birds, Infers, of which Istiall by and
by give some Instances.

As for the (kin, the Microscope discovers as great a disserence between
the texture of those several kinds of Animals, as it does between their
hairs 5 but all that I have yet taken notice of, when tann’d or dress’d, are
of a Spongie nature, and seem to be constituted of an infinite company
offtnall sibres or hairs, which look not unlike a heap of Tow or
Okum 5 every of which sibres seem to have been some part of a Muscle,
and probably, whisstjthe Animal was alive, might have its distinft functi-
on, and ferve for the contraction and relaxation of the skin, and for the
stretching and flirinking of it this or that way.

And indeed, without soch a kind of texture as this, which is very like
that of Spunky it would seem very strange, how any body so strong as the
skin of an Animal usoally is, and so close as it teems, whil’st the Animal is
living, stiould be able to fafser so great an extension any ways, without at
all hurting or dilacerating any part of it. But,since we are inform’d by the
Jtficrssjcope, that it consists of a great many sinall filaments, which are im-
plicated, or intangled one within another, al most no otherwiso then the
hairs in a lock of Wool, or the flakes in a heap of Tow, though not alto-
gether so loose 5 but the filaments are here and there twisted,as twere,or
inter woven,a nd here and there they join and unite with one another,so as
indeed the whole (kin feems to be but one piece,we need not much won-
derrAnd though thefe sibres appear not through a exadly joint-
ed and contex’d,as in Sponge 5 yet,as I formerly hinted, I am apt to think,
that could we find some way of diicovering the texture of it, whil’st it in-
verts the living Animator had some very easie way of feparating the pulp
or intercurrent juices, suchas in all probability fill thofe Interstitia, with-
out dilacerating, brusing, or otherwife spoiling the texture of it (as it
feems to be very much by the ways os tanning and dresiing now us’d) we
might dilcover a much more curious texture then I have hitherto been
able to find 5 perhaps,somewhat like that ofSponges.

That of chamoise Leather is indeed very much like that of Spunky fe ve
onely that the silaments feem nothing neer so even and round, nor alto-
gether so small, nor has it so curious joints as i’fwwA.has, some of which I

have
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have lately diseover’d like those of a Sponge, and perhaps all thefe three
bodies may be of the same kind ofsubstance, though two of them indeed
are commonly accounted Vegetable (which, whether they be so or
no, I shall not now dispute) But this teems common to all three, that
they undergo a tanning or dressing, whereby the interspers’d juicesare
wasted and wash’d away before the texture of them can be diseover’d.

What their way is of dressing, or curing Sponges, Iconfess, I cannot
learn, but the way of dressing Spunky is, by boiling it a good while in a
strong Lixivium, and then beating it very well 5 and the manner of dres-
ling Leather is sufficiently known.

It were indeed extremely desirable, if such a way could be found
whereby the Parenchyma or sseffi of the Muscles, and several other
parts of the bod,y might be waffi’d, or wasted clean a way, without vitia-
ting the form of the sibrous parts or vesfells of it, for hereby the texture
of those parts, by the help of a good Microfiope, might be most accu-
rately found.

But to digress no further, we may, from this diteovery of the Micro*
siope, plainly enough understand how the skin, though it looks soclofe
as it does, comes to give a passage to lb vast a quantity of excrementitious
substances, as the diligent Saworius has excellently obterved it to do, in
his medicin a siatica 5 for it teems very probable, from the texture after
dressing,that there are an infinit of pores that every way pierce it,and that
those pores are onely fill’d with terne kind of juice, or some very pulpy
soft substance, and thereby the sleams may almost aseasily find a passage
through Rich a ssuid vehicle as the vaporous bubbles which are generated
at the bottom os a Kettle of hot water do find a passage through that
ssuid medium into the ambient Air.
Nor is the skin of animals only thus pervious,but even thote of vegetables

also teem to be the same,for other wise I cannot conceive why,if two sprigs
of Rotemary (for Instance) be taken as exactly alike in all particulars as
can be, and the one be fet with the bottom in a Glais of Water, and the
other be tet just without the Glass,but in the Air onely, though you slop
the lower end of that in the Air very carefully with Wax, yet shall it
presently almost wither, whereas the other that teems to have a supply
from the sob jacent water by its small pipes, or microfiopical pores, pre-
serves its greenness for many days, and temetimes weeks.

Now, this to me, teems not likely to proceed from any other cause then
the avolation of the juice through the skins for by the Wax,all those other
poresjof the stem are very firmly and clofely Hop’d up. And from the more
oriels porousnessof the skins or rinds of Vegetables may, perhaps, be
somewhat of the reason given, why they keep longer green, or sooner wi-
ther 5 for we may obterve by the bladdering and craking of the leaves of
Bays,Holly, Laurel, that their skins are very close, and do not sufler
so free a passage through them of the included juices.

But of this, and of the Experiment of the Rotemary, I shall elsewhere
more fully consider,it teeming to me an extreme luciferous Experiment,
such as teems indeed very plainly to prove the Schematijm or struesture

Z os
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of Vegetables altogether mechanical, and as neceslary, that (water and
warmth being apply’d to the bottom of the sprig of a Plant) seme of it
should be carried upwards into the stem, and thence dislrib uted 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 and flowing of it, pas
ssing strongly by them, should have sbme part of it convey'd to the
Cesterns above,and thence into several houses and Cesterns up and down

the City.

Observ. XXXIII. Os the Scales tf a Soal, and other Fishes.

HAving hinted sbmewhat of the skin and covering of terrestrial Ani-mals, I shall next add an Observation I made on the skin and Scales
of a Soal, a small Fish, commonly enough known j and herein Fishes, as
well as other Animals, Nature follows its usual method, framing all parts
so, as that they are both usefull and ornamental in all its composures,
mingling utile and dulce together; and both these designs it seems to
follow,though our unassisted senses are not able to peceive them: This is
not onely manifest in the covering of this Fish only, but in multitudes of
others,which it would be too long to enumerate,witness particularly that
small Sand Shell, which I mention'd in the X I. Observation, and infinite
other small Shells and Scales, divers of which I have view’d. This skin I
view’d, was Head from a prettylarge Soal, and then expanded and dry’d,
the inside of it, when dry, to the naked eye, look’d very like a piece of
Canvais,but the Itficrofcope discover’d that texture to be nothing else,but
the inner ends of those curious Scolop'd Scales I, I, I, in the second Figure
of the XXI. Scheme, namely, the part of G G G G (of the larger repre-
sentation of a single Scale, in the first Figure of the same Scheme} which
on the back side, through an ordinary fingle Magnifying Glass, look’d
not unlike the Tyles on an house.

The outside of it, to the naked eye, exhibited nothing more of orna-
ment, save the usual order of ranging the Scales into a triagonal form,
onely the edges seem’d a little to shine, the finger being rubb d from the
tail-wards towards the head, the Scales seem’d to ssay and raze it, But
through an ordinary Magnifying glass, it exhibited a most curiously
carved and adorned surface, such as is visible in the second Figure, each
of those (formerly almost imperceptible) Scales appearing much of the
Ihape I, I, I, that is, they were round, and protuberant, and somewhat
shap’d like aScolop, the whole Scale being creas’d with curiously wav’d
and indented ridges,with proportionable furrows betweenjeach of which
was terminated with a very sharp transparent bony subsrance,which,like
somany small Turnpikes, seem’d to arm the edges.

The back part KKK was the skin into which each of these Scales -
Were very deeply fix’d, in the curious regular order, visible in the second
Figure.
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Obferv. XXXIV. Of the Sting of a Bee.

nr* He Sting of a Bee, delineated in the second Figure of the
» feems to be a weapon of offence, and is as great an Instance, that

Nature did realy intend revenge as any, and that first, becaufe there
seems to be no other use of it. Secondly, by reasbn of its admirable shape,
seeming to be purpofely shap’d for that very end. Thirdly,from the vi-
rulency of the liquor it ejects, and the sad effects and fymptoms that fol-
low it.

But whatever be the lise of it,certain it is,that the stru&ure of it is very
admirable 5 what it appears to the naked eye, I need not defcribe, the
thing being known almost'to every one,but it appears through the Micro-
scope, to consist of two parts, the one a (heath, without a chape or top,
shap’d almost like the Holster of a Pistol, beginning at d, and ending
at b, this sheath I could most plainly perceive to be hollow, and to con-
tain in it, both a Sword or Dart, and the poisonous liquor that cables the
pain. The sheath or case seem’d to have several joints or lettings together,
marked by/^ h i kJ tn no, it was arm’d moreover neer the top, withse-
veral crooks or forks ( p q rft) on one side, and (p qrst u) on the other,
each of which seem’d like so many Thorns growing on a briar, or rather
like so many Cat’s Claws 5 for the crooks themselves seem’d to be? little
(harp transparent points or claws, growing out oflittle protuberances on

Z 2 the

Figure. The length and shape of the part of the Scale which Was buried
by the skin,is evidenced by the first Figure-, which is the representation of
one of them pluck d out and view’d, through a good Microfcope,- namely,
the part L F G G FL, wherein is also more plainly to be feen,the manner
of carving of the scclopt 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 transparent and hard pointed
spikes, and how every other of these, as A A A A, are much longer then
the interjacent ones, D D D.

The texture or form also os the hidden part appears, namely, the
middle part, G G G, seems to consist of a great number of small quills
or pipes, by which, perhaps, the whole may be nourished 5 and the side
parts F F consist of a more fibrous texture, though indeed the whole
Scale seem’d to be of a very tough grisly substancedike the Jarger Scales
of other Fisties.

The Scales of the skin of a Dog-fish (which is us’d by suchas work in
Wood,for the smoothing of their work,and consists plainly enough to the
naked eye.ofa great number offmall horny points)through the Microfcope
appear’d each os them curiously ridg’d, and very neatly carved 5 and in-
deed, you can hardly look on the scales of any Fish, but you may diseover
abundance of curiosity and beautifying} and not only in these Fisties,but in
the (hells and crusts or armour of most sorts of Marine Animals so inverted.
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the side of the (heath, which, by observing the Figure diligently, is easie
enough to be perceiv’d; and from several particulars, I soppose the Ani-
mal has a power of displaying them, and (hutting them in again as it
pleafes, as a Cat does its claws, or as an Adder or Viper can its teeth

or fangs. .
The other part of the Sting was the Sword, as 1 may so call it, which

is (heath’d, as it were,in it, the top of which ‘ a. b appears quite through at
the (mailer end, just as if the chape of the (heath os a Sword were lost,
and the end of it appear’d beyond the Scabbard; the end os this Darts^)
was very (harp, and it was arm’d likewife with the like Tenterhooks or
claws with those of the (heath, such as ( v xy3 xy z z) these crooks, I am
very apt to think, can be clos’d up also, or laid ssat to the sides os the
Sword when it is drawn into the Scabbard,as I have several times observ’d
it to be, and can be (pred again or extended when ever the Animal
pleafes.

The consideration of which very pretty strudure,has hinted to me,that
certainly the ufe of thefe claws feems to be very considerable, as to the
main end os this Instrument, for the drawing in, and holding the ssing in
the sselh 5 for the point being very (harp, the top of the Sting or Dagger
(4 b) is very easily thrust into an Animal’s body,which being once entred,
the Bee, by endeavouring to pull it into the (heath, draws (by reason of
the crooks ( v xy ) and ( xyzz) which lay hold of the (kin on either
side) the top of the (heath ( / fr v) into the (kin after it, and the crooks
t3 r, and r, % being entred, when the Bee endeavours to thrust out the
top of the ssing out of the (heath again, they lay hold of the (kin on ei-
ther side, and so not onely keep the (heath from Aiding back, but helps
the top inwards, and thus, by an alternate and successive retrading and
emitting of the Sting in and out of the (heath, the littleenraged creature
by degrees makes his revengfull weapon pierce the toughest and thickest
Hides of his enemies, in so much that feme few of thefe stout and reso-
lute soldiers with these little engines, do often put to ssight a huge masty
Bear, one of their deadly enemies, and thereby (hew the world how
much more considerable in Warr a few (kilfull Engineers and resolute
soldiers politickly order’d, that know how to manage inch engines, are,
then a vast unweildy rude force, that confides in, and ads onely by, its
strength. But (to proceed) that he thus gets in his Sting into the (kin,
I con jedure, becaufe, when I have obferv’d this creature living, I have
found it to move the Sting thus, to and fro, and thereby also, perhaps,
does, as ’twere, pump or force out the poifenous liquor, and make it
hang at the end of the (heath about b in a drop. The crooks, I suppose
also to be the caufe why thefe angry creatures, hastily removing them-
felves from their revenge, do often leave thefe weapons behind them,
(heath d, as twere, in the fiesh, and, by that means, caufe the painfull
(ymptoms to be greater,and more lading,which are very probably caus’d,
partly by the piercing and tearing of the (kin by the Sting, but chiessy
by the corrosive and poisonous liquor that is by this Syringe-pipe con-
vey d among the fensitive parts thereof and thereby more ealily gnaws

and
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and corrodes thole tender sibres ? As I have (hewed in the description
of a Nettle and of Cowhage.

Observ. XXXV. Os the contexture and Jbapeof the s articles os
Feathers.

Examining several sorts os Feathers^ I took notice of thefe particularsin all sorts of wing-Feathcrs, especially in those which serv’d for the
beating of the air in the adion of ssying.

That the outward surface of the Quill and Stem was of a very hard,stifl^
and horny substance, which is obvious enough, and that the part above
the Quill was filld with a very white and light pith, and,with the Micro-
fcope^ I found this pith to be nothing else, but a kind of natural congeries
of small bubbles,the films ofwhich seem to be of the same substance with
that of the Quill, that is, of a stiff transparent horny substance.

Which particular seems to me,very worthy a more serious consideration^
For here we may observe Nature,as ’twere,put to its shifts, to make a sub-
stance,which shall be both light enough,and very stiffand strong,without
varying from its own establish’d principles, which we may observe to be
such, that very strong bodies are for the most part very heavie alsb, a
strength of the parts usually requiring a density, and a density a gravity 5
and therefore should Nature have made a body sb broad and sb strong as
a Feather, almost, any other way then what it has taken, the gravity of it
must necessarily have many times exceeded this 5 for this pith seems to be
like sb many slops or cross pieces in a long optical tube, which do very
much contribute to the strength of the whole, the pores of which were
such, as that they seem’d not to have any communication with one ano-
ther, as I have elsewhere hinted.

But the Mechanism of Nature is usually sb excellent, that one and the
same substance is adapted to serve for many ends. For the chief use of
this, indeed, seems to be for the supply of nourishment to the downy or
feathery part of the stem 5 for ’tis obvious enough in all sorts os Feathers,
that ’tis plac’d just under the roots of the branchesthat grow out of ei-
ther side of the quill or stalk, and is exastly shap’d according to the rank-
ing of those branches, Coming no lower into the quill, then just the be-
ginning of the downy branches, and growing onely on the under side of
of the quill where those branches do sb. Now, in a ripe Feather (as one
may call it) it seems difficult to conceive how the Snccus nutritius should
be convey’d to this pith 5 for it cannot, I think, be well imagin’d to pass
through the substance of the quill, since, having examin’d it with the
greatest diligence I was able, I could not find the least appearance of
pores 5 but he that fhall well examine an unripe or pinn’d Feather, will
plainly enough perceive the Vessel for the conveyance of it to be the thin
filmy pith (as tis call’d) which passes through the middle of the quill.

As for the make and contexture of the Down it self, it is indeed very
rare
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rare and admirable, and such as I can hardly believe,that the like is to be
difcover’d in any other body in the world 5 for there is hardly a large
Feather in the wing of a BirdJbut contains neer a million ofdistind parts,
and every one of them (hap d in a molt regular & admirable form,adapt-
ed to a particular Design : For examining a middle ciz’d Goose-quill, I
easily enough found with my naked eye,that the main stem of it contain’d
about 300. longer and more Downy branchings upon one side, and as
many on the other of more stiff but somewhat (hotter branchings. Many
of thefe long and downy branchings, examining with an ordinary Mi-
crofiope^ I found divers of them to contain neer 1200. small leaves (as I
may call them, such as E F of the first Figure of the 23. Scheme) and as
many stalks 5 on the other side, such as IK of the same Figure, each of
the leaves or branchings, E F, seem’d to be divided into about sixteen or
eighteen small joints, as may be seen plainly enough in the Figure, out of
molt of which there seem to grow small long fibres^ such as are express’d
in the Figure, each of them very proportionably shap’d according to its
petition, or plac’d on the stalk E F 5 thofe on the under side of it, name-
ly, b 25 3s 4s 5i ^5 7j 83 9s being much longer then those direstly op-
posite to them on the upper 5 and divers of them, such as 2,3,4,5,6,7,8,95
&c. were terminated with small crooks, much refembling those small
crooks,which are visible enough to the naked eye, in the feed-buttons of
Bur-docks. The (talks likewise, IK on the other side, feem’d divided into
neer as many small knotted joints,but without any appearance of sirings
or crooks,each of them about the middle K,seem’d divided into two parts
by a kind of fork, one side of which, namely, K L, was extended neer
the length of K.I, the other, M, was very short.

The transverfe Sections of the slems of thefe branchings, manifested
the shape or figure of it to be much like I N O E, which consided of a
horny (kin or covering, and a white seemingly frothy pith, much like the
make of the main stem of a Feather.

Theufe ofthisstrange kind of form,is indeed more admirable then all
the rest, and such as deferves to be much more feriously examin’d and
consider’d, then I have hitherto found time or ability to do 5 for certain-
ly, it may very much instrud us in the nature of the Air, especially as to
some properties of it.

. The stems of the Downy branches IN O E, being rang’d in the order
visible enough to the naked eye, at the distance of I F, or somewhat
more, the collateral stalks and leaves (if I may so call thofe bodies I new-
ly defcribed) are so rang’d, that the leaves or hairy stalks of the one side
lie at top, or are incumbent on the stalks of the other, and crosi eacfo
other, much after the manner exprels’d in the fecond Figure of the
23. Scheme^ by which means every of thofe little hooked sibres of the
leaved stalk get between the naked stalks, and the stalks being foil of
knots, and a prety way disjoin’cs, so as that the sibres can easily get be-
tween them, the two parts are so clofely and admirably woven together,
that it is able to impede,for the greatest part, the tranfcursion of the Air 5
and though they are so exceeding small, as that the thickness of one of

thefe
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thcse (talks amounts not to a 500. part of an Inch, yet do they compole
fo strong a texture, as, notwithstanding the exceeding quick and violent
beating os them against the Air, by the strength of the Birdswing, they
firmly hold together. And it argues an admirable providence of Nature
in the contrivance and fabrick of them 5 for their texture is such, that
though by any external in jury the parts of them are violently dis-joyn’d,
so as that the leaves and stalks touch not one another, and Confequently
several of these rents would impede the Bird’s ssying 5 yet, for the most
part, of themfelves they readily re-join and re-contex themfelves,and are
easily by the Birds stroking the Feather, or drawing it through its Bill, all
of them settled and woven into their former and natural posture 5 for
there are such an infinite company of those small sibres in the under side
of the leaves, and most of them have such little crooks at their ends,that
they readily catch and hold the stalks they touch.

From which strange contexture,it seems rational to suppofe that there
is a certain kind of mefli or hole so small, that the Air will not very easily
pals through it, as I hinted also in the sixthObservation about small Glass
Canes, for otherwise it seems probable, that Nature would have drawn
over feme kind of thin film which Ihould have covered all thole almost
square meshes or holes, there seeming through the Microsiope to be more
then half of the siirface os the Feather which is open and visibly pervi-
ous , which conjecture will yet seem more probable from the texture os
thebrushie wings of the Tinea argentea^ or white Feather wing’d moth,
which I shall anone defcribe. But Nature, that knows best its own laws,
and the several properties of bodies,knows also best how to adapt and fit
them to her designed ends,and whoso would know thole properties, must
endeavour to trace Nature in its working, and to see what courfe lhe
obferves. And this I suppofe will be no inconsiderable advantage which
the Schematijms and Structures of Animate bodies will afford the dili-
gent enquirer, namely, most sure and excellent instruCtions, both as to
the practical part of Mechanic's and to the Theory and knowledge of the
nature of the bodies and motions.

Obferv. XXXVI. Os Pcacoks, Ducks, and other Feathers cs

changeable colours 9 ,, \
parts of the Feathers of this glorious Bird appear, through the

A Microfcope^ no left gaudy then do the whole Feathers 5 for, as to the
naked eye ’tis evident that the stem or quill of each Feather in the tail
fends out multitudes of Lateral branches, such as A B in the third Figure
of the 23. Scheme represents a imall part of about part of an Inch long,
and each of the lateral branches emit multitudes of little sprigs, threads
or hairs on either side of them, such as CD, CD CD, so each of thofe
threads in the Microsiope appears a large long body,consisting of a mult i-

' ' rude
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tude of bright reflesting parts, whole Figure ’tis no easie matter to de-
termine, as he that examinesit (hall find, for every new position of it to
the light makes it perfectly seem of another form and fliape,and nothing
what it appear’d a little before 5 nay, it appear’d very differing oft-
times srom so seemingly inconsiderable a circumstance, that the inter-
posing of ones hand between the light and it,makes a very great change,
and the opening or (hutting a Casement and the like, very much diversi-
fies the appearance. And though, by examining the form of it very many
ways, which would be tedious here to enumerate, I suppofe I have dis-
cover’d the true Figure of it, yet oftentimes, upon looking on it in ano-
ther posture, I have almost thought my former observations deficient,
though indeed, upon further examination, I have found even thofe also
to confirm them.

Thefe threads therefore I find to be a congeries of sinal! Lamina or
plates, as e e e e ez &c. each of them sbap’d much like this of a b c d^ in
the fourth Figure^ the part a c being a ridge, prominency, or stem, and
b and d the corners of two sinall thin Plates that grow unto the sinal!
stalkin the middle,so that they make a kind of little feathers each of thefe
Plates lie one clofe to another,almost like a company of Hoping ridge or
gutter Tyless they grow on each side of the stalk opposite to one another,
by two and two, from top to bottom, in the manner express’d in the
fifth Figure, the tops of the lower covering the roots of the next above
them s the under side of each of these laminated bodies, is of a very dark
and opacous substance, and iuffers very few Rays to be trajeded, but re-
sseds them all toward that side from whence they come, much like the
foil of a Looking-glais 5 but their upper sides feem to me to consift of
a multitude of thin plated bodies, which are exceeding thin, and lie ve-
ry close together, and thereby, like mother of Pearl shells, do not one-
ly ressed a very briik light, but tinge that light in a most curious man-
ners and by means of various positions, in resped of the light, they re-
ssest back now one colour, and then another, and thofe most vi-
vidly.

Now, that these colours are one\ysantajiicalohes3 that is, siich as arife
immediately from the refl ations of the light, I found by this, that water
wetting these colour’d parts,destroy’d their colours,which seem’d to pro-
ceed from the alteration of the ressedion and refradion. Now, though
I was not able to fee thofe hairs at all tranlparent by a common light, yet
by looking on them against the Sun, I found them to be ting’d with a
darkifl] red colour, nothing a-kin to the curious and lovely greensand
blues they exhibited.

What the reason of colour seems to be in siich thin plated bodies, I
have elsewhere (hewn. But how water cast upon those threads destroys
their colours, I suppose to be perform’d thus 5 The water felling upon
thefe plated bodies from its having a greater congruity to Feathers then
the Air,insinuates it felf between thofe Plates,and lb extrudes thestrong
resseding Air, whence both these parts grow more tranlparent,as the J/z-
crojcope informs, and colourless allo, at best retaining a very feint and
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dull colour. But this wet being wasted away by the continual evapora-
tions and sseams that pass through them from the Peacock, wh$$ that
Bird is yet alive, the colours again appear in their former luster,. the in-
terfiitia of theie Plates being sill’d with the ftrpngly resining, Ap.

The beauteous and vivid colours of the Feathers of this Bird, b^ipg
found to proceed srom the curious and exceedingJnaJwss apd ^ncnds
of the ressecting parts,we have here the rcason givenus of all thosegau-
deries in the apparel os other Birds also, and how they come topxceed
the colours of all other kinds of Animals, bdidcs Insects 5 for sin^(as,w©.
here,and elsewhere also (hew) the vividne^ of a colour, depends upon
the finenels and transparency of the ressecting and rcfrading parts5 and
sinceour discoyers to us, that the component parts of feathers
are such,and that the hairs of Animals are otherwife 5 and since we find
also by the Experiment of that Noble and most Excellent Person I former-
ly named, that the difference between Silk and Flax,as to its colour, is
nothing else (for Flax reduc’d to a very great finenels pf parts, both
white and colour’d, appears as white and as vivid as any Sijk, bgt losps
that brightness and its Silken aspest as soon as it is twistcd into thread,by
reason that the component parts, though very sinal! and fine, are yet pli-
able flakes, and not cylinders, and thence,by tycisting, become united in-
to one opacous body, whereas the threads of Silk and Feathers retain
their lustre, by preserring their cylindrical form intire without mix-
ing; so that each ressected and refracted beam that compoles thcglosi
of Si Ik, preser ves its own property of modulating the ligfit iptipe) 5 And
since we find the same confirm’d by many other Experiments cllewheue
mentioned, I think we may lafely conclude this for an Axiome, that
wheresoever we meet, with transparent bpdies, spunput imp Very fine
parts, either cleer, or any ways ting’d, the colours resulting from such a
compojition must necessarily be very glorious, viyjd, and clcer, like those
of Silk and Feathers. This may perhaps hint some usefull way of making
other bodies, besides Silk, be susceptible pf bright tindure^ but pf this
onely by the by.

The changeable colpur’d Feathers also of Ducks, and se veral other
Birds, I have found by examination with my to proceed from
much the same causes and textures.

Obferv. XXXVIL Os the Feet os andfeveralother In?
seds*

A| 'He foot of a Fly (delineated in thefirst Figure of the ^.,2).S.cbentes
I which represents three joints, the two Taliens, and the two Pattens

in a ssat posture; and in the second Figure of the lame Scheme., which re-
prefents onely one joint, the Tallons and Pattens in another posture) is
of a most admirable and curious contrivance, for by this tfie Flies are in-
abled to walk agawist thesides of dials, perpendicularly upwards, and to

A a contain
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contain themselves in that posture as long as they please$nay,to walk and
suspend themselves against the under surface of many bodies,as the ceiling
of a room, or the like, and this with as great a seeming facility and firm-
ness as is they were a kind of Antipodes, and had a tendency upwards, as
We are fare they have the contrary, which they also evidently diseover,
in that they cannot make themselves so light, as to stick or suspend them-
felves on the under surface of a Glass well polilh’d and cleans’d 5 their
suspension therefore is wholly to be ascrib’d to some Mechanical contri-
vance in their feet 5 which, what it is, we (hall in brief explain, by (hew-
ing, that its Mechanisin consists principally in two parts, that is, first its
two Claws, or Tallons, and secondly, two Palms, Pattens, or Soles.

The two Tallons are very large, in proportion to the foot, and hand-
somly fliap’d in the manner describ’d in the Figures, by A B, and A C,
the bigger part os them from A to d d, is all hairy, or brissed, but to-
ward the top, at C and B smooth, the tops or points, which seem very
(harp turning downwards and inwards, are each of them mov’d on a joint
at A, by which the Fly is able to open or (hut them at pleasure, lb that
the points B and C being entered in any pores, and the Fly endeavouring
to (hut them,the Claws not onely draw one against another,and so fasten
each other, but they draw the whole foot, G G A D D forward, so that
on a soft footing, the tenters or points G G G G, (whereof a Fly has about
ten in each foot, to wit,two in every joint) run into the pores,if they find
any, or at least make their way 5 and this is sensible to the naked eye, in
the feet of a Chaser, which, if he be suffer’d to creep over the hand, or
any other part of the (kin of ones body, does make his steps as sensible to
the touch as the sight.

But this contrivance,as it often fails the Chaser, when he walks on hard
and close bodies, so would it also our Fly, though he be a much lessery
and nimbler creature, and therefore Nature hasfurnish’d his foot with
another additament much more curious and admirable, and that is, with
a couple of Palms, Pattens or Soles D D, the strudture of which is this:

From the bottom or under part of the last joint of his foot, K, arise
two (mail thin plated horny sobstances, each considing of two ssat pieces,
D D, which seem to be ssexible,like the covers of a Book, about F F, by
which means,the plains of the two sides E E,ldo not always lie in the same
plain, but may be sometimes (hut closer, and so each of them may take a
little hold themselves on a body} butthat is not all,for the under sides of
thefe Soles are all befet with (mall brides, or tenters, like the Wire teeth
ofaCardufed for working Wool, the points of all which tend for-
wards, hence the two Tallons drawing the feet forwards, as I before
hinted, and these being applied to the surface of the body withall the
points looking the contrary way, that is, forwards and outwards, if there
beany irregularity or yielding in the surface of the body, the Fly su-
spends it selfvery firmly and easily,without the access or need of any such
Sponges fill d with an imaginary gluten, as many have, for want of good
Glasses, perhaps, or a troublesome and diligent examination, soppos’d.

Now, that the Fly is able to walk on Glass, proceeds partly from some
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tuggedness of the surface 5 and chiessy from a kind os tarnish, or dirty
smoaky substance, which adheres to the surface of that very hard body 5
and though the pointed parts cannot penetrate the substance ofGlass,yet
may they find pores enough in the tarnish, or at least make them.

This Strudure I somewhat the more diligently survey’d, becaust I
could not well comprehend, how, if there were s'uch a glutinous matter
in those supposed Sponges, as most (that have observ’d that Objest in a
Micre/cope') have hitherto believ’d,how, I say, the Fly could so readily ui>
glew and loostn its feet: and, because I have not found any other crea-
ture to have a contrivance any ways like it 5 and chiessy, that we might
not be cast upon unintelligible explications oi the Phenomena of Nature,
at least others then the true ones, where our senfes were able to furnish
us with an intelligible, rationail and true one.

Somewhat a like contrivance to this of Flies shall we find in most other
Animals, such as all kinds of Flies and case-wing’d creatures, nay, in a
Flea, an Animal abundantly smaller then this Fly. Other creatures, as
Mites, the Land-Crab, &c. have onely one sinal! very (harp Tallon
at the end of each of their legs, which all drawing towards the center or
middle of their body, inable thest exceeding light bodies to suspend and
fasten themstlves to almost any surface.

Which how they are able to do, will not seem strange, if we consider,
first, how little body there is in one of thest creatures compar’d to their
luperficies, or outside,their thickness, perhaps, oftentimes,not amounting
to the hundredth part of an Inch: Next, the strength and agility os thest
creatures compar’d to their bulk, being, proportionable to their bulk,
perhaps, an hundred times stronger then an Horst or Man. And thirdly,
if we consider that Nature does always appropriate the instruments, so
as they are the most fit and convenient to perform their offices, and the
most simple and plain that possibly can be 5 this we may see further veri*
fy’dalsbinthe footof aLouse which is very much differing from thost I
have been describing, but more convenient and necessary for the place
of its habitation, each of his leggs being footed with a couple of sinal!
claws whichhecan open orshutat pleasure, shap’d alrtiost like the claws
of aLobster or Crab,but with appropriated contrivances for his peculiar
ust, which being to move its body to and fro upon the hairs of the crea-
ture it inhabits, Nature has furnilh’d one of its claws with joints, almost
like the joints of a man s fingers, so as thereby it is able to encompass or
grasp a hair as firmly as a man can a stick or rope.

Nor, is there a less admirable and wonderfull Mecbanifa in the foot
of a Spider, whereby he is able to spin, weave, and climb, or run on his
curious traniparent clew, of which I shall lay tnore in the description os
that Animal.

And to conclude, we shall in all things find, that Nature does not
onely work Mechanically, but by such excellent and most compendi-
ous, as well as stupendious contrivances, that it were imposfible for all
the reason in the world to find out any contrivance to do the same thing
that should have more convenient properties. And can any be so sottish,

A a 2
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as to think all those things the produstions of chance? Certainly, ei-
ther their Ratiocination tnust be extremely depraved,or they did never
attentively consider and contemplate the Works of the Al-mighty.

Observ. XXXVIII. Os the StruSture and motion rf the Wings
qf Flies*

THe Wings of all kinds of Inseds , are, for the most part, very
beautifull Objests, and afford noless pleasing an Objed to the mind

to speculate upon,then to the eye to behold. This of the blue Fly, among
the rest, wants not its peculiar ornaments and contrivances 5 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 is curiously balanc’d 5 first, by the expanded Area o fthe
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 first manner
of their motion, I endeavoured to obferve several of thofe kind of (mall
{pinning Flies, which will naturally suspend themselves, as it were, pois’d
and steady in one place of the air, without rising or falling, or moving
forwards or backwards 5 for by looking down on those, I could by a kind
of faint shadow, perceive the utmost extremes of the vibrative moti-
on of their wings, which shadow, whil’st they so endeavoured to sospend
themfelves, was not very long, but when they endeavour’d to ssiefor-
wards,it was somewhat longer 5 next,I triedhit,by fixing the leggs of a Fly
upon the top of the stalk of a feather, with Glew, Wax, &c. and then
making it endeavour to ssie away 5 for being thereby able to view it in
any posture, I collected that the motion of the wing was after this man-
ner. 1 he extreme limits of the vibrations were usually somewhat about
the length of the body distant from one another, oftentimes shorter,and
sometimes also longer 5 that the formost limit was usually a little above
theback,and the hinder somwhat beneath the belly 5between which two
limits, if one may ghess by the sound, the wing feem’d to be mov’d for-
wards and backwards with an equal velocity: And if one may (from the
shadow or faint representation the wings afforded, and from theconside-
ration of the nature of the thing ) ghess at the posture or manner
of the wings, moving betweeen them, it feem’d to be this: The wing
being suppos’d placed in the upmost limit, feems to be put so that the
plain of it lies almost horizontal^ but onely the forepart does dip a little,
or is somewhat more deprest} in this position is the wing vibrated
or mov’d to the lower limit, being almost arrived at the lower li-
mit , the hinder part of the wing moving somewhat faster then the

former,
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former, the Area of the wing begins to dip behind, and in that posture
teems it to be mov’d to the upper limit back again, and thence back
again in the first posture,the former part of the Area dipping again,as it is
moved downwards by means of the quicker motion of the main stem
which terminates or edges the forepart of the wing. And these vibrati-
ons or motions to and fro between the two limits seem so swift, that ’tis
very probable (srom the sound it affords, if it be compar’d with the vi-
bration of a musical siring, tun d unilbn to it) it makes many hundreds,
if not some thousands of vibrations in a second minute of time. And, if
we may be allow’d to ghels by the sound, the wing of a Bee is yet more
swift, for the tone is much more acute, and that, in all likelihood, pro-
ceeds from the exceeding swift beating of the air by the small wing.
Anditsecras the more likely too, because the wing of a Bee is lessin pro-
portion to its body,then the other wing to the body of a Fly 5 so that for
ought I know, it may be one of the quickest vibrating spontaneous moti-
ons of any in the world s and though perhaps there may be many Flies in
other places that afford a yet more thrill noise with their wings, yet ’tis
molt probable that the quickest \\hrMmgfpontaneous motion is to be
found in the wing of some creature. Now, if we consider the exceeding
quickness ofthefe Animal spirits that must caufe thefe motions, we cannot
chufe but admire the exceeding vividnels of the governing faculty or
Anima of the Infed-, which is able to dilpofe and regulate so the the mo-
tive faculties, as to caufe every peculiar organ, not onely to move or ad:
so quick, but to do it also so regularly.

Whil’st I was examining and considering the curious Mechanijm of the
wings, I obferv’d that under the wings of most kind of Flies, Bees, &c.
there were plac’d certain pendulums or extended drops (as I may so call
them from their refembling motion and figure) for they much reserable d
a long hanging drop of some tranlparent vifcous liquor 5 and I obferved
them constantly to move just before the wings of the Fly began to move,
so that at the first sight I could not but ghels, that there was some excel-
lent ufe, as to the regulation of the motion of the wing, and did phancy,
that it might be something like the handle of a Cock, which by vibra-
ting to and fro,might,as ’twere.open and shut the Cock,and thereby give
a passage to the determinate inssuences into the Muscles 5 afterwards,up-
on some other trials,! soppos’d that they might be for some ufe in respira-
tion, which for many reasons I suppose thofe Animals to ufe, and, me
thought, it was not very improbable, but that they might have conve-
nient passages under the wings for the emitting, atleast,of the air, if not
admitting, as in the gills of Fisties is most evident 5 or, perhaps, this Pen-
dulum might be somewhat like the staff to a Pump, whereby thefe crea-
tures might exercife their Analogus lungs, and not only draw in, but force
out,the air they'live by: but these were but conjedures,and upon further
examination seem’d lels probable.

The fabrick of the wing,as it appears through a moderately magnify-
ing Jldicrofcepe^e^ms to be a body conlisting of two parts,as is visible in the
^.Figure of the s^.^cA^^and by the z.Figwe of the 26<Scheme’-) the one is

a quilly
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a quilly or finny substance,consisting of several long,{lender and varioussy
bended quills or wires, something resembling the veins of leaves 5 thefe
are, as ’twere,the Anns or quills which sriffen the whole Area} and keep
the other part distended, which is a very thin transparent ikin or mem-
brane variously folded, and platted, but not very regularly, and is be-
sides exceeding thickly bestuck with innumerable {mail brides, which
are onely perceptible by the bigger magnifying Microfccpe, and not
with that neither, but with a very convenient augmentation of day-
light projected on the Object with a burning Glass, as I have elsewhere
fliew'd, or by looking through it against the light.

In steed of these small hairs, in several other Flies, there are infinite of
small Feathers, which cover both the under and upper sides of this thin
film as in almost all the sorts of Butterssies and Moths: and thofe sinall parts
are not onely stiap’d very much like the feathers of Birds, but like thofe
variegated with all the variety of curious bright and vivid colours ima-
ginable j and those feathers are likewise so admirably and delicately
rang’d,as to compose very fine ssourishings and ornamental paintings,like
Turkic and Perfan Carpets, but of far more surpassing beauty, as is evident
enough to the naked eye, in the painted wings of Butterflies, but much
more through an ordinary Microscope.

Intermingled likewife with thefe hairs, may be perceived multitudes
of little pits, or black spots,in the exended membrane, which seemto be
the root of the hairs that grow on the other side 5 these two bodies feem
dispers’d over the whole siirface of the wing.

The hairs are best perceiv’d, by looking through it against the light,
or, by laying the wing upon a very white piece of Paper, in a conve-
nient light, for thereby every little hair most manifestly appears, a
Specimen ( of which you may obferve drawn in the fourth Figure of
the 23. Scheme, AB, CD, EF whereof reprefent feme parts of the
bones or quills of the wing, each of which you may perceive to be
cover’d] over with a multitude of fcales, or brides, the former A B,
is the biggest stem of all the wing, and may be properly enough call’d
the cut-air, it being that which terminates and stiffens the formost edge
of the wing 5 the fore-edge of this is arm’d with a multitude of little
brides, or Tenter-hooks, in feme standing regular and in order, in
others not 5 all the points of which are dire&cd from the body to-
wards the tip of the wing’, nor is this edge onely thus fring’d, but
even all the whole edge of the wing is cover’d with a sinall fringe,
confisting of short and more dender brides.

This Subject, had I time, would afford excellent matter for the con-
templation of the nature of wings and of ssying 5 but, because I may,
perhaps, get a more convenient time to prosecute that {peculation, and
recoiled: feveral Obfervations that I have made of that particular. I (ball
at prefent proceed to

Observ.



Observ. X X X1 X. Of the Eyes and Head of a Grey drone* Fly,
and ofsever al other creatures.

I took a large grey Drone-Fly that had a large head, but a small andllender body in proportion to it,and cutting oss its head, I fix’d it with
the forepart or face upwards upon my Objest Plate (this I made choice
of rather then the head ofa great blue Fly,because my enquiry being now
about the eyes,I found this Fly to have, in st the biggest clutters of eyes
in proportion to his head, of any (mail kind of Fly that I have yet seen, it
being somewhat inclining towards the make os the large Dragon-Flies.
Next, becaule there is a greater variety in the knobs or balls of each
clutter,then is of any sinal] Fly) Then examining it according to my ulual
manner, by varying the degrees of light, and altering its petition to each
kinde of light, I drew that representation of it which is delineated in
the 24. Scheme., and found these things to be as plain and evident, as
notable and pleasant.

Firfii that t'he greatest part of the face,nay,of the head,was nothing elfe
but two large and protuberant bunches,or/r0»fr»r»tparts,A B C D E A,the
surface of each of which was all cover’d over, or shap’d into a multitude
of sinall Hemijpheres^plac’d in a triagonal 01'der,that being the closest and
most compacted, and in that order, rang’d over the whole lurfaceof the
eye in very lovely rows,between each of which, as is necessary, were left
long and regular trenches, the bottoms of every of which, were perfectly
intire and not at all perforated or drill’d through, which I most certainly
was allured of, by the regularly refiested Image of certain Objects which
I mov’d to and fro between the head and the light. And by examining
the Cornea or outward Ikin, after I had stript it off from the ieveral sub-
stances that lay within it,and by looking both upon the inside and against
the light.

Next, that of thole multitudes of Hemijpheres, there were oblervable
two degrees of bigness, the half of them that were lowermost,and look’d
toward the ground or their own leggs, namely, CDE, CDE being a
pretty deal smaller then the other, namely, A B C E, A B C E, that look’d
upward, and side-ways,or foreright,and backward, which variety I have
not found in any other sinall Fly.

Thirdly, that every one of thele Hemijpheres.ps they seem’d to be pret»
ty neer the true lhape of a Hemisphere, so was the lurface exceeding
smooth and regular, ressesting as exast, regular, and perfest an Image of
any Objest from the surface of them, as a small Ball of Quick-silver os
that bignels would do, but nothing neer so vivid, the ressestion from thele
being very languid, much like the ressestion from the outside of Water,
Glass. Crystal, &e. In lb much that in each of thele Hemispheres, I have
been able to difcover a Land-lcape of those things which lay before my

window^
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window, one thing of which was a large Tree, whose trunk and top I
could plainly discover, as I could also the parts of my window, and my
hand and fingers, if I held it between the Window and the Objest} a
small draught of nineteen of which, as they appear’d in the bigger Mag-
nifying-glass to ressed the Image of the two windows of my Chamber,
are delineated in the third figure of the 23. Scheme.

Fourthly', that these rows were so dispos’d, that there was no quarter
visible from his head that there was not feme of these Hemijpheres directed
against 5 so that a Fly may be truly laid to have an eye every way, and to
be really circumjpett. And it was further obfervable, that that way where
the trunk of his body did hinder his prosped backward, thefe protube-
rances were elevated, as it were, above the plain of his shouldersand
back, so that he was able to see backwards also over his back.

Fisthly, in living Flies, I have observ’d, that when any (mail mote or
dust,Which flies up and down the air, chances to light upon any part of
these knobs, as it is lure to ssick firmly to it and not fall, though through
the Microjcope it appears like a large stone or flick (which one would ad-
mire,especially since it is no ways probable that there is any wet or gluti-
nous matter upon these Hemijpheres,but I hope I (hall render the reason in
another place) so the Fly presently makes ufe of his two fore-feet in stead
os eye-lids, with which, as with two Brooms or Brushes, they being
all bestuck with Brisses, he often (weeps or brushes off what ever hinders
the prosped of any of his Hemijpheres, and then, to free his leggs from
that dirt,he rubs them one against another,the pointed Brisses or Tenters
Of which looking both one way, the rubbing of them to and fro one
against another, does cleanfe them in the same manner as I have observ’d
thofe that Card Wool, to cleanse their Cards, by placing their Cards, so
as the teeth of both look the same way,and then rubbing them one against
another. In the very lame manner do they brush and cleanfe their bodies
and wings, as 1 (hall by and by (hew 5 other creatures have other contri-
vances for the cleansing and cleering their eyes.

Sixthly, that the number of the Pearls or Hemijpheres in theclusters
of this Fly, wasneer 14000. which I judged by numbering certain rows
of them several ways, and casting up the whole content, accounting
each cluster to contain about (even thousand Pearls, three thou (and
Of which were of a cize, and confequently the rows not so thick, and
the fbure thousand I accounted to be the number of the (mailer Pearls
next the feet and proboscis. Other Animals I obferv’d to have yet a
greater number, as the Dragon-Fly or Adderbolt: And others to have a
much less company, as an Ant9 &c. and feveral other small Flies and
Infers.

tfve»M/y,that the order of thefe eies or Hemijpheres was altogether curi-
ous and admirable,they being plac’d inallkind of Flies,and aerial animals,
inamost curious and regular ordination of triangular rows, in which or-
der they are rang’d the neerest together that possibly they can, and con-
fequently leave the least pits or trenches between them. But in shrimps9
Cra-rpsijhes^ Lobfiers^ and sitch kinds os Crustaceous water Animals, I have

yet



Micrographia.
yet observ’d them rang’d in a quadrangular order, the rows cutting each
other at right angles,which as it admits of a less number ofPearls in equal
surfaces; so have thole creatures a recompence made them, by having
their eyes a little movable in their heads, which the other altogether
want. So infinitely wise and provident do we find all the Dispensations in
Nature, that certainly Epicurus, and his followers, must very little have
consider’d them, who ascrib’d those things to the produdion of chance,
that wihto a more attentive considerer,appear the products of the highest
Wildom and Providence.

Upon the Anatomy or Disfe&ion of the Head, I observ’d thefe par-
ticulars :

First, that this outward skin, like the Cornea, of the eyes of the greater
Animals, was both ssexible and transparent, and seem’d, through the Mi-
croscope^ perfectly to referable the very substance of the Cornea of a man’s
eye ; for having cut out the cluster, and remov’d the dark and mucous
slusf that issubjaccnttoit, I could see it transparent like a thin piece of
skin, having as many cavities in the inside of it, and rang’d in the same
order as it had protuberances on the outside,and this propriety,! found the
same in all the Animals that had it, whether Flies or Shell-Fish.

Secondly, I found that all Animals that I have obferv’d with those kind
of eyes, have within this Cornea, a certain cleer liquor or juice, though in
a very little quantity, and,

I obferv’d thirdly, that within that cleer liquor, they had a kind of
dark mucous lining, which was all spread round within the cavity ofthe
cluster, and seem’d very neer adjoining to it, the colour of which, in
some Flies, was grey 5 in others, black; in others red 5 in others,of a mix’d
colour 5 in others,spotted \ and that the whole clusters, when look’d on
whil’st the Animal was living, or but newly kill’d, appear’d of the same
colour that this coat (as I may so call it) appear’d of, when that outward
skin, or Corneapwm remov’d.

Fourthly, that the rest of the capacity of the clusters was in feme, as
in Dragon Flies, &c. hollow, or empty 5 in others fill’d with some kind
of substance 5 in blue Flies,with a reddish mufculous substance, with/ziWr
tending from the center or bottom outwards 5 and divers other,with va-
rious and difsering kinds oflubstances.

That this curious contrivance is the organ of sight to all those various
Crufiaceous Animals, which are furnish’d with it, I think we need not
doubt, if we consider but the several congruities it has with the eyes of
greater creatures.

As first, that it is furnish’d with a C'<?me4,with a tranjparent humour,and
with a uvea or retina^ that the Figure of each of the small Hemijpheres are
very Spherical^ exa&ly polish’d, and most vivid, lively and plump,when
the Animal is living,as in greater Animals,and in like manner dulsssaccid,
and irregular, or sfirunk,when the Animal is dead.

Next, that thofe creatures that are furnish’d with it, have no
other organs that have any refemblance to the known eyes of other
creatures.
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Thirdly ,that those which they call the eyes of Crabs,Lobsters,Shrimps,

and the like, and are really lb, are Hentijpherd, almost in the same man-
ner as thefe of Flies are. And that they really are so, I have very often
try’d, by cutting off thele little movable knobs, and putting the creature
again into the water, that it would swim to and fro, and move up and
down as well as before, but would often hit it self against the rocks or
stones, and though I put my hand just before its head, it would not at
all start or ssy back till I touch’d it, whereas whil’st those were remain-
ing, it would start back,and avoid my hand or a stick at a good distance
before it touch’d it. And if in crufiaceous Sea-animals, then it seems very
probable also,that these knobs are the eyes in cruft aceo™\nfe&'si which are
allb of the same kind, onely in a higher and more astive Element 5 this the
conformity or congruity of many other parts common to either of them,
will strongly argue,their crustaceow armour,their number of leggs,which
are six, belide the two great claws, which answer to the wings in Infests 5
and in all kind of Spiders, as allb in many other Infests that want wings,
we (hall find the compleat number of them, and not onely the number,
but the very lhape, figure, joints, and claws ofLobsters and Crabs, as is
evident in Scorpions and Spiders, as is visible in the fecond Figure of the
3 i.^e^and in the little Mite-worm,which I call a Land-crab,describ’d
in the lecond Figure of the 33. <SrZ)ez^,but in their manner of generation
being oviparous, &c, And it were very worthy obfervation, whether
there be not feme kinds of transformation and metamorphosis in the se-
veral states of crustaceous water-animals, as there is in several sorts of In-
sests 5 for if such could be met with,the progress of the variations would
be much more conspicuous in those larger Animals, then they can be in
any kind of Insests our colder Climate afford!;.

These being their eyes, it affords us a very pretty Speculation to con-
template their manner of vision, which, as it is very disfering from that of
biocular Animals, lb is it not lest admirable.

That each of thele Pearls or Hewijpheres is a perfest eye, I think we
need not doubt, if we conlider onely the outlide or figure of any one of
them, for they being each of them cover’d with a transparent protube-
rant Cornea^ and containing a liquor within them, resembling the watry
or glassie humours of the eye, must necessarily refrast all the parallel
Rays that fall on them out of the air, into a point not farr distant within
them, where (in all probability) the Retina of the eye is placed,and that
opacous, dark, and mucous inward coat that (I formerly shew’d) I found
to subtend the concave part of the cluster is very likely to be that su-
nicle or coat, it appearing through the Microfcope to be plac’d a little
more than a Diameter of thofe Pearls below or within the tunica cornea.
And if so, then is therein all probability, a little Pisture or Image of the
objests without, painted or made at the bottom of the Retina against
every one of those Pearls, so that there are as many impressions on the
Retina or opacous skin, as there are Pearls or Hemijpheres on the cluster.
But becaufe it is impossible for any protuberant surface whatsoever, whe-
ther jpharial or other, so to refrast the Rays that come from farr remote

lateral
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lateral points os any Objed as to colled them again,and unite them edch
in a distind point,and that onely those Rays which come from feme point
that lies in the Axis of the Figure produc’d , are so accurately re-
fraded to one and the same point again, and that the lateral Rays,thefur-
ther they are remov’d, the more imperfed is their refraded conssuence 5
It follows therefore, that onely the Pidure of thole parts of the external
objeds that lie in, or neer,the Axis of each Hensijphere^, ’are difeernably
painted or made on the Retina of each Heniijphere, and that therefore
each of them can distindly fensate or fee onely thofe parts which are very
neer perpendicularly oppos’d to it, or lie in or neer its optick Axis.
Now, though there may be by each of thefe eyeTpearls,a reprefentation
to the Animal ofa whole Hcntijphere in the same manner as in a man’s eye
there is a pidure or fensation in the Retina of all the objeds lying almost
in an Hewisphcre 5 yet, as in a man’s eye also, there are but feme verv
few points which liyng in, or neer, the optick Axis are distindly dis
cern’d: So there may be multitudes of Pidures made of an Objed in
theseveral Pearls, and yet but one, or feme very few that are distind 5
The representation of any objed that is made in any other Pearl, but that
which is diredly,or very neer diredly,oppos’d,being altogether confus’d
and unable to produce a distind visiom

So that we see, that though it has pleas’d the All-wife Creator, to in-
due this creature with such multitudes of eyes, yet has he not indued it
with the faculty of seeing more then another creature; for whereas this
cannot move his head,at least can move itvery little,without moving his
whole body biocular: creatures can in an instant (or the twintying os an
eye^ which, being very quick, is vulgarly ufedin the lame lignification)
move their eyes so as to dired the optick Axis to any point ; nor is it
probable, that they are able to fee attentively at one time more then one
Physical point; for though there be a distindssmagemade in every eye,
yet ’tis very likely,that the obferving faculty is only imploy’d about lome
one objed for which they have most concern.

Now, as we accurately distinguilh the site or position of an Objed
by the motion of the Muscles of the eye requisite to put the optick Line
in a dired position,and confusedly by the position ofthe imperfed Pidure
of the objed at the bottom of the eye5 lb are thefe crujiaceous creatures
able to judge confufedly of the position of objeds by the Pidure or im-
pression made at the bottom of the opposite Pearl, and distindly by the
removal of the attentive or observing faculty, from one Pearl to another,
but what this faculty is,as it requires another place, so a much deeper Ipe-
culation. Now,becaufeit were impossible^ven with this multitude ofeye*
balls,to fee any objed distind(for as I hinted before,onely thofe parts that
lay in,or veryneer^the optick Lines could be so)the Infinitely wife Creator
has not left the creature without a power of moving the head a little in
Aerial crujiaceous animals,and the very eyes also in crujiaceous Sea-animals;
so that by these means they are inabled to dired feme optick line or other
against any objed,and by that means they have the visive saculty as com-
pleat as any Animal that can move its eyes.B b 2 Distances



i8o M ICROGRAPHIA.
Distances of Objeds also, ’tis very likely they distinguish, partly by

the consbnant impreslions made in some two convenient Pearls, one in
each clustery for, according as those congruous impressions affed, two
Pearls neerer approach'd to each other, the ncerer is the Object, and
the farther they are distant, the more distant is the Objed: partly also
by the alteration of each Pearl, requisite to make the Sensation or Pidure
perfect y for tis impossible that the Pictures of two Objects, variously
distant, can be perfedly painted, or made on the same Retina or bottom
of the eye not altered, as will be very evident to any one that shall atten-
tively consider the nature of refradion. Now, whether this alteration
may be in the Figure of the Corneajn the motion of accest or recest of the
Retina towards the Cornea, or in the alteration of a crustaline humour, if
Rich there be, I pretend not to determine 5 though I think we need not
doubt, but that there may be as much curiosity of contrivance and stru-
dure in every one of thefe Pearls, as in the eye of a Whale or Elephant,
and the almighty’s Fiat could as easily cause the existence of the one as
the other 5 and as one day and a thousand years are the same with him,so
may one eye and ten thousand.

This we may be sure of, that the filaments or sensative parts of the
Retina must be most exceedingly curious and minute, since the whole
Pidure it selfis such} what must needs the component parts be of that
Retina which distinguishes the part of an objed’s Pidure that must be
many millions of millions lest then that in a man’s eye ? And how exceed-
ing curious and subtile must the component parts of the medium that
conveys light be, when we find the instrument made for its reception or
refradion to be so exceedingly small ? we may,I think, from this specula-
tion be sufficiently difeouraged from hoping to discover by any optick or
other instrument the determinate bulk os the parts of the medium that
conveys the pulse of light, since we find that there is not lest accurate-
nest shewn in the Figure* and polish of those exceedingly minute lenti-
cular surfaces, then in those more large and conspicuous surfaces of our
own eyes. And yet can I not doubt, but that there is a determinate bulk
of thofe parts, since I find them unable to enter between the parts of
Mercury, which being in motion, must necessarily have pores, as I shall
elfewhere shew, and here past by, as being a digression.

As concerning the horns F F, the feelers or sinellers, G G, the Fro-
bascis H H, and I, the hairs and brisles, K K, I shall indeavour to de-
fcribe in the 42. Observation.

Obscrv. X L. Of the Teeth of a SnaiL

I Have little more to add of the Teeth of a Snail, besides the Pidure
of it, which is reprefented in the first Figure of the 2^. Scheme, save

that his bended body, A B C D E F, which feem’d fashioned very much
like a row of small teeth, orderly plac’d in the Gums, and looks as if it
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were divided into several sinaller and greater black teeth; was nothing
but one small bended hard bone0which was p]ac d in the upper jaw of the
mouth ofa House-Snail, with which I observ’d this very Snail to feed on
the leaves of a R.ofe-tree, and to bite out pretty large and hals round
bits, not unlike the Figure of a ( C ) nor very much disfering from it in
bigness, the upper part A B C D of this bone, I sound 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 so much creas’d as the lower and blacker part of it H11H K K H
which was exactly shap’d like teeth, the bone growing thinner, or taper-
ing to an edge towards K K K. It seem’d to have nine teeth, or prominent
parts IK, IK, IF, &c. 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 anomalous creature, and seems of a kind quite distindt from any
other terrestrial Animal or Insed, the Anatomy whereof exceedingly dif-
fering from what has been hitherto given of it I should have inserted,but
that it will be more proper in another place. I have never met with any
kind of Animal whose teeth are all join’d in one, save onely that I lately
observ’d, that all the teeth of a RhinocQrot, which grow on either side
os its mouth, are join’d into one large bone, the weight of one of which
I found to be neer eleven pound Haverdupois. So that it seems one of
the biggest sort of terrestrial Animals, as well as one of the sinallest,
has his teeth thus shap’d.

Observ. X LI. Os the Eggs of Silk-worms, and other Insesis,

THe Eggs of Silk-worms(one of which I have deferib’d in the fecondFigure of 25. Scheme) afford a pretty Objed for a Itficrofcope that
magnifies, very much, especially if it be bright weather, and the light of a
window be cast or colleded on it by a deep Convex-gio^ or Water-balk
For then the whole surface of the Shell may be perceiv’d all cover d over
with exceeding sinall pits or cavities with interposed edges, almost in the
manner of the surface ofa Poppy-seed,but that these holes are not an hun-
dredth part scarceoftheirbignesss the Shell,when the young ones were
hatch’d (which I found an easie thing to do, if the Eggs Were kept in a
warm place) appear’d no thicker in proportion to its bulk,then that of
an Hen’s or Goos’s Egg is to its bulk,and all the Shell appear’d very white
(which seem’d to proceed from its transparency) whence all thole pit-
tings did almost vanilh, so that they could not, without much difficulty,
be difcern’d, the inside of the Shell seem’d to be lin'd also with a kind of
thin film,not unlike (keeping the proportion to its Shell)that with which
the (hell of an Hen-egg is lin’d 5 and the lhell it self seem’d like common
Egg-lhells, very brittle, and crack’d. In divers other of thefe Eggs I
could plainly enough, through the shell, perceive the sinal! Infest: lie
coyled round the edges of the (belt The lhape of the Egg it self^ the
Figure pretty well reprefents ("though by default of the Graver it does

not’
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not appear so rounded, and lying above the Paper, as it were,as it ought
to do) that is, it was for themost part pretty oval end-ways, seme what
like an Egg,but the other way it was a little ssatted on two opposite sides.
Divers os these Eggs, as is common to most others, I found to be bar-
ren, or addle, for they never afforded any young ones. And those I
usually found much whiter then the other that were prolifick. The
Eggs of other kinds of Oviparous Insests I have found to be perfestly
round every way,like so many Globules,of this sort I have observ’d fame
sorts of Spiders Eggs 5 and chancing the last Summer to inclose a very
large andcuriously painted Butterssy in a Box, intending to examine its
gaudery with my Micro/ccpe, I found within a day or two after I inclos'd
her, almost all the inner surface of the Box cover’d over with an infinite
of exaftly round Eggs, which were stuck very fast to the sides of it, and
in so exactly regular and close an order, that made me call to mind my
Hypothecs, which I had formerly thought on for the making out of all the
regular Figures of Salt.which I have elsewhere hinted 5 for here I found
all of them rang’d into a most exast triagonal order, much after the man-
ner as the Hemispheres are place; on the eye os a Fly 5 all which Eggs I
found after a little time to be hatch’d, and out of them to come a multi-
tude of small Worms, very much resembling young Silk-worms, leaving
all their thin hollow (hells behind them, sticking on the Box in their tri-
agonal posture 5 these I found with the Microfiope to have much such a
substance as the Silk-worms Eggs, but could not perceive them pitted.
And indeed, there is as great a variety in the (hape of the Eggs of Ovi-
parous Infests as among thofe of Birds.

Of these Eggs, a large and lusty Fly will at one time lay neer four or
five hundred, so that the increase of these kind of Infests must needs be
very prodigious, were they not prey’d on by multitudes of Birds, and de-
stroy’d by Frosts and Rains 5 and hence ’tis thofe hotter Climates between
the Tropicks are infested with soch multitudes of Locusts, and such other
Vermine.

Observ. XL 11. Of a blue Fly.

THis kind of Fly,whereof a Alicrofcopical Pifture is delineated in thefirst Figure of the 26. Scheme3 is a very beautifull creature, and has
many things about it very notable 5 divers of which I have already partly
defcrib d, namely, the feet, wings, eyes, and head, in the preceding
Obfervations.

And though the head before deferib’d be that of a grey Drone-Fly^
" for the main it is very agreeable to this. The things wherein they

• most, will be easily enough found by the following particulars :
the clusters of eyes of this Fly, are very much smaller then thofe

■'n-Fly^ in proportion to the head.
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And next, all.the eyes of each cluster seem’d much of the same bigness

one with another, not differing as the other, but rang’d in the same tri*
agonal order.

Thirdly, between thefe two clusters, there was a scaly prominent
sront B, which was arm’d and adorn’d with large tapering (harp black
brisles, which growing out in rows on either side, were so bent toward
each other neer the top, as to make a kind of arched arbour of Brisles,
which almost cover’d the former sront.

Fourthly, at the end of this Arch, about the middle of the face, on a
prominent part C, grew two small oblong bodies, D D, which through
a Microfcopc look’d not unlike the Pendants in Lillies, these seem’d to be
jointed on to two small parts at C, each of which seem’d again jointed
into the front.

Fifthly, out of the upper part and outsides of these horns (as I may
call them, from the Figure they are of, in the 24. Scheme, where they
are marked^with F F) there grows a single feather, or brushy Brisle, E E,
somewhat of the same kind with the tufts of a Gnat, which 1 have before

deferibed. .
What the ufe of these kind of horned and tufted bodies should Be, I

cannot well imagine,unlels they serve for smelling or hearing,though how
they are adapted for either, it teems very difficult to describe they, are
in almost every teveral kind of Flies of so various a shape^ though certain-
ly they are some very esiential part of the head, and have sbme very
notable office assign’d them by Nature, since in ast Infers they are to be

found in one or other form. ;
Sixthly, at the under part of the face F F, were severalofthe former

sort of bended Brisles5 and below all, the mouth, out of the middle of
which, grew the probpfcis G H I, which,by means of teveral joints,where-
of it feem’d to consist, the Fly was able to move to and fro, and thrust it
in and out as it pleas’d 5 the end of this hollow body (which was all over
cover’d with small short hairs or brisles) was, as ’twere, bent at H, and
the outer or formost side of the bended part H I, slit, as it were, into
two chaps, H I, H I, all the outside of which where cover’d with hairs,
and pretty large brisles 5 these he could, like two chap?, very readily
open and shut, and when he feem’d to suck any thing from the surface of
a body, he would spread abroad thofe chaps, and apply the hollow part
of them very clofe to it.

From either side of the Probofcis, within the mouth, grew two other
small horns, or fingers, K K, which were hairy, but small in this Figure 5
but of another shape, and bigger in proportion, in the 24. Scheme, where
they are marked with G G, which two indeed feem’d a kind of smellers,
but whether so or not, I cannot positively determine.

The Thorax or middle part of this Fly, was cas’d, both above and be-
neath, with a very firm crust of armour, the upper part more round, and
covered over with long conical brisles,all whofe ends pointed backwards?
out of the hinder and under part of this grew out in a cluster six leggs,
three of which are apparent in the Figure,the other three were hid by the

body
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body plac’d in thatposture. Theleggs were all much of the same make,
being all of them cover’d with a strong hairy scale or sheljust like the legs
of a Crabb or Lobster,and the contrivance of the joints seem’d much the
same 5 each legg seem’d made up of eight parts, 1, 2,3,4, 5,6, 7, 8, to
the eighth or la st of which, grew the soies and claws, described before
in the 38. Observation.

Out of the upper part of this trunck grew the two wings, which I men-
tion’d in the 38. Obfervation, consisting of a film, extended on certain
sinall stisfwires or bones: these in a blue Fly, were much longer then
the body, but in other kind of Flies they are of very differing propor-
tions to the body. These films,in many Flies,were so thin,that,like severai
other plated bodies (mention’d in the ninth Observation) they afforded
all varieties offantastical or transient colours (the reason of which I have
here endeavoured to explain) they seem’d to receive their nourishment
from the stalks or wires, which seem’d to be hollow, andneer the upper
partofthewing LL severai of them seem’d jointed, the shape of which
will fufficiently appear by the black lines in the second Figure of the
26. Scheme, which is a delineation of one of those wings expanded di-
redHy to the eyes.

All the hinder part of its body is cover’d with a most curious blue sssi-
ning armour,looking exadly like a polifli’d piece of steel brought to that
blue colour by annealing, all which armour is very thick bestuck with
abundance of tapering brisses, such as grow on its back, as is visible
enough by the Figure.

Nor was the inside of this creature less beautifull then its outside, for
cutting off a part of the belly, and then viewing it, to see if I could dis-
cover any Vessels, such as are to be found in a greater Animals, and even
in Snails exceeding manifestly,! found,much beyond my expedration,that
there were abundance of branchings of Milk-white vessels,no less curious
then the branchings of veins and arteries in bigger terrestrial Animals,in
one of which,! found two notable branches, joining their two main stocks,
as it were, into one common duel™ 5 now, to what veins or arteries these
Vessells were analogue, whether to the vena porta, or the mefer'aick^ vef
sells, or the like, or indeed, whether they were veins and arteries, or vasa
la&ea, properly sb called, I am not hitherto able to determine, having
not yet made sufficient enquiry 5 but in all particulars, there seems not to
be any thing less of curious contrivance in these Inseds, then in those
larger terrestrial Animals, for I had never seen any more curious branch-
ings os Vessells, then those I observ’d in two or three of thefe Flies thus
opened.

It is a creature astive and nimble, so as there are very few creatures
like it, whether bigger or sinaller, in so much, that it will feape and
avoid a small body, though coming on it exceeding swiftly, and if it sees
any thing approaching it, which it fears, it present ly squats down, as it
were,that it may be the more ready for its rife.

Nor is it less hardy in the Winter, then aiftive in the Summer, induring
alltheFrosts, and surviving till the next Summer, notwithstanding the

bitter
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bitter cold of our Climate 5 nay, this creature will indure to be frozen
and yet not be destroy’d3for I have taken one of them out of the Snow
whereon it has been frozen almost white3 with the Ice about it, and yet
by thawing it gently by the warmth of a fire, it has quickly reviv’d and
ssown about.

This kind of Fly seems by the sseams or taste of fermenting and
putrifying meat (which it often kisses3as’twere3 with itsprobofeis as it trips
over it) to be stimulated or excited to eject its Eggs or Seed on it, per-
haps., from the same reason as Dogs3Cats3and many other brute creatures
are excited to their particular lulls, by the smell of their females, when
by Nature prepared for generation $ the males Teeming by thosekind
of smells, or' other incitations, to be as much necessitated thereto, as
Aqua Regis ssrongly impregnated with a solution of Gold,is forced to pre-
cipitate it by the afiusionos spirit of Ww, or a solution of Salt of

Tartar.
One of these put in fpirit pflF/we, was very quickly seemingly kill’d,

and both its eys and mouth began to look very red, but upon the taking
of it out, and Sufsering it to lie three or four hours, and heating it with
the Sun beams cast through a Burning-glass, it again reviv’d, seeming, as
it were, to have been all the intermediate time, but dead drunk, and af-
ter certain hours to grow fresh again and sober.

Observ. X L111. Of the Water-Insed: or Gnat,

T His little creature, described in the first Figure of the 27. Scheme^was a small failed or crusted Animal, which I have often observ’d
to be generated in Rain-water 51 have also observ’d it both in Pond and
River-Water. It is suppos’d by some, to deduce its first original from the
putrifadion of Rain-water, in which,if it have slood any time open to the
air, you shall seldom miss,all the Summer long, of store of them frisking
too and fro.

Tis a creature, wholly differing in shape from any I ever observ’d 5 nor
is its motion lessstrange: It has a very large head, in proportion to its
body, all covered with a shell, like other tefaceous Animals, but it dif-
fers in this, that it has, up and down several parts of it, several tufts of
hairs, or brisses, plac’d in the order express’d in the Figure 5 It has two
horns,whichseem’d almost like the horns of an Oxe,inverted,and, as neer
as I could ghess,were hollow,with tufts of brisles,likewise at the top$these
horns they could move easily this or that way,and might, perchance, be
their nostrils. It has a pretty large mouth, which seem’d contriv’d much
like thofe of Crabs and Lobsters,by which, I have often observ’d them to*
feed on water, or some imperceptible nutritive substance in it.

I could perceive, through the transparent shell,while the Animal sur-
viv’d, several motions in the head, thorax, and belly, very distin&Jy,

C 6 of



of differing kinds which I may, perhaps, elsewhere endeavour more ac-
curately to examine, and to shew of how great benefit the useofa Mi-
erosiopemay be sor the discovery of Nature’s course in the operations per-
form’d in Animal bodies, by which we have the opportunity of observing
her through these delicate and pellucid teguments of the bodies os Infests
acting according to her usual course and way, undisturbed, whereas,
when we endeavour to pry into her secrets by breaking open the doors
upon her, and dissering and mangling creatures whil’st there is life yet
within them, we find her indeed at work, but put into such disord er by
the violence osser’d, as it may easily be imagin’d,how. differing a thing we
should find,if we could,as we can with a Microfiope’va thefe smaller crea-
tures, quietly peep in at the windows, without frighting her out of her
ufeal by as.

The form of the whole creature, as it appear’d in the Microfiope., may,
without troubling you with more descriptions, be plainly enough per-
ceiv’d by the Scheme., the hinder part or belly consisting of eight several
jointed parts, namely, ABCDEFGH, of the first Figure, from the
midst of each of which,on either side,issued out three or four small brides
or hairs, I, I, I, I, I, the tail was divided into two parts of very differing
make; one of them, namely, K, having many tufts of hair or brides, which
seem’d toferve both for the finns and tail, for the Oars and Ruder of this
little creature, wherewith it was able, by friiking and bending its body
nimbly to andfro,to move himfelf any whither,and to skull and steer him-
felfas he pleas’djthe other part, L, seem’d to be,as ’twere,the ninth divisi-
on of his belly,and had many single brides on either side. From the end V,
of which, through the whole belly, there was a kind of Gut of a darker
colour, M M M, wherein, by certain Perijlaltick^rAOUons there was a kind
of black substance mov’d upwards and downwards through it from the
orbicular part of it, N,(which feem’d the Ventricle stomach)to the tail
V,and so back again, whichperijlaltic^. motion I have obferv’d also in a
Loufe, a Gnat, and several other kinds of transparent body’d Flies. The
Thorax or chest of this creature OOOO, was thick and short, and pret-
ty transparent,for through it I could see the whiteheart (which is the
colour also of the bloud in thefe, and most other Insers) to beat, and
feveral other kind of motions. It was bestuck and adorn’d up and down
with several tufts of brides, such as are pointed out by P, P, P, P, the
head Q_was likewise bestuck with feveral of thofe tufts, S S S 5 it was
broad and stiort, had two black eyes, T T, which I could not perceive at
all pearl’d, as they afterwards appear’d, and two small horns, R R, such
as I formerly describ’d.

Both its motion and rest is very strange, and pleasant, and differing
from thofe of most other creatures I have obferv’d 5 for, where it ceases
from moving its body, the tail of it feeming much lighter then the rest
of its body,and a little lighter then the water it swims in, prefently boys
it up to the top of the water, where it hangs suspended with the head al-
ways downward 5 and like our .Antipodes., if they do by a frisk get be-
low that superficies, they prefently afeend again unto it, if they ceafe

moving,
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moving, until they tread, as it were, under that supersicies with their
tails 5 the hanging of thefe in this posture, put me in mind of a cer-
tain creature I have seen in London^ that was brought out of America.*
which would very firmly suspend it self by the tail, with the head down-
wards,and was laid to deep in that posture, with her young ones in her
false belly, which is a Purse, provided by Nature for the produstion,
nutrition, and preservation of her young ones, which is described by Fifo
in the 24. Chapter of the fifth Book of his Natural History of Brasil.

The motion of it was with the tail sorwards,drawing its lelf backwards,
by the frilking to and fro of that tuft which grew out of one of the
stumps of its tail. It had another motion,which was more sutable to that
of other creatures, and that is, with the head forward 5 for by the moving
of his chaps sif I may io call the parts of his mouth) it was able to move
it felf downwards very gently towards the bottom, and did,as ’twere,eat
up its way through the water.

But that which Was most obfervable in this creature, was, its Meta-
morphosis or change,for having kept seVeral of these Animals in a Glass of
Rain-water,in which they were produc’d, I found,after about a fortnight
or three weeks keeping, that feveral of them Hew away in Gnats,leaving
their hulks behind them in the water ssoating under the surface, the
place where thefe Animals were wont to reside, whil’st they were in-
habitants of the water: this made me more diligently to watch them, to
see if I could find them at the time of their transformation 5 and not long
after, I obferv’d several of them to be changed into an unusual shape,
wholly differing from that they were of before, their head and body be-
ing grown much bigger and deeper, but not broader, and their belly, or
hinder part smaller, and coyl’d, about this great body much of the fashi-
on reprefented by the prick’d line in the fecond Figure of the 274 Scheme^
the head and horns riOW swam uppermost, and the whole bulk of the bo-
dy seem’d to be growii much lighter 5 for when by my frightingof it, it
would by frilking out of its tail (in the manner exprels’d in the Figure
by B C) link it felf below the lurface towards the bottom 5 the body
Would more swistly re-ascend, then when it was in its former lhape.

I still marked its progress from time to time,and found its body still to
grow bigger and bigger, Nature, as it were, fitting and accoutring it
for the lighter Element, of which it was now going to be an inhabitant 5
for,by observing one of these with my Microfcope., I found the eyes of it
to be altogether differing from what they feem’d before, appearing now
all over pearl’d or knobb’d, like the eyes of Gnats, as is visible in
the fecong Figure by A. At length, I law part of this creature to Iwim
above, and part beneath the surface of the water, below which though
it would quickly plunge it felf if I by any means frighted it,and prefently
re-ascend into its former posture, after a little longer expectation, I
found that the head and body of a Gnat,began to appear and stand cleer
above the surface, and by degrees it drew out its leggs, first the two for-
most,then the other,at length its whole body perfect and entire appear’d
out of the husk (which it left in the water) standing on its leggs upon

C c 2 the
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the top of the water, and by degrees it began to move, and aster ssew
about the Glais a perfect Gnat.

I have been the more particular, and large in the relation of the transt
formation of divers of these little Animals which I observ’d, because I
have not found that any Authour has obferv’d the like 5 and because the
thing it felf is so strange and heterogeneous from the ussial progress of
other Animals, that I judge it may not onely be pleasant, but very
nfefull and necessary towards the compleating of Natural History.

There is indeed in Pz#, a very odd History, which this relation may
make the more probable 5 and that is in the 2. Chapter of the 4. Book of
his Natural History of Brajil^ where he says,Pi>m> prater tot documenta ser*
tilitatis circa vegetabilia&sensttiva marina telluris amula^accidit & illud3
qitodpaucis a Paranambucensi milliaribusgpiscatoris uncum citra intentionem
contingat insigi uadis petroJis loco piscisjpongia^coralla^aliasque arbusculas
marinas capi. Inter hac inujitato sorma prodit stongioja arbidcula^jejquipedis
longitudmiS) breuioribus radi cibus, lapideis nit ens uadis., & rupibus insix a,
erigiturque in corpus stongiojum molle oblongum rotundumturbinatum: intus
miris cancellis & alueissabricatum3 extus autem tenaci glutine injiar Apum
propolis undique vejiitum^ oft ioJatispatulo & prosun do in jummitate rditto.*
ficut ex altera iconumprobe depict a uidere licet (fee the third and fourth
Figures of the 27. Scheme.} It a ut Apiarium marinum uere dixeris 5 primo
enim intuitu e Mare ad Terram delatumgvermiculis featebat caruleis parvis*
qui mox a calore Jblis inMuJcasguel Apes potius^easqi, exiguas & nigras tranft

sormebantur* circumuolantesque evanescebant.it a ut de eorum mellisicatione
nihil certi conJpici datumsuerit* cum tamen car os a materia propolis Apum-
que cello, manisefte apparerent*atque ipsa mellis qualiscunque jubstaniiaprocul-
dubio urinatoribus patebit3 ubi curiostus inquijiverint hoc apiaria* eaque in
natali solo& salo diuersts temporibus penitius lustrarint.

Which History contains things sufficiently strange to be consider’d, as
whether the hulk were a Plant, growing at the bottom of the Sea before,
of it felf, out ofwhofe putrifafiion might be generated thefe strange kind
of Magots 5 or whether the feed of certain Bees, sinking to the bottom,
might there naturally form it felf that vegetable hive, and take root 5
or, whether it might not be placed there by feme diving Fly 5 or,
whether it might not be feme peculiar propriety os that Plant,whereby
it might ripen or form its vegetable juice into an Animal substance 5 or,
whether it may not be of the nature of a Sponge, or rather a Sponge of
the nature of this, according to seme of thofe relations andfeonjesturesl
formerly made of that body, is a matter very difficult to be determined.
But indeed,in this defcription,the Excellent Pifo has not been sufficiently
particular in the fetting down the whole process, as it were to be wish’d:
There are indeed very odd progresses in the produdion of feveral kinds
of Infeds, which are not lets instrustive then pleasant, feveral of which,
the diligent Goedartius has carefully obferv’d and recorded, but among
all his Obfervations, he has none like this, though that of the Hemerobius
be somewhat of this kind, which is added as an Appendix by Johannes

I have
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. I have, for my own particular, betides several of those mention’d by

him, obferv’d divers other circumstances,perhaps, not much taken notice
of, though very common, which do indeed afford us a very coercive argu-
ment to admire the gbodness and providence of the infinitely wife Crea-
tor in his most excellent contrivances and dispensations.I have obferv’d,at
feveral times of the Summer,that many ofthe leaves of divers Plants have
been spotted,or, as it were scabbed, and looking on the undersides of
those of them that have been but a litte irregular,! have perceiv’d them
to be sprinkled with divers sorts of little Eggs,which letting alone5I have
found by degrees to grow bigger, and become little Worms with leggs*
but still 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
shelter’d and houfed from external injury , divers leaves I have observ’d
to grow and swell so farr, as at length perfectly to inclose the Animal
which, by other observations I have made, I ghess to contain it, and be*
come, as it were a womb to it, so long, till it be fit and prepar’d to be
transsated into another state, at what time, like (what they lay of) Vi-
pers, they gnaw their way through the womb that bred them 5 divers os
thefe kinds I have met with upon Goosberry leaves, Rofe-tree leaves,
Willow leaves, and many other kinds.

There are often to be found upon Rose-trees and Brier bulhes, little
red tufts,which are certain knobs or excrefeencies,growing out from the
Rind, or barks of thofe kinds of Plants, they are cover’d with strange
kinds of threads or red hairs, which feel very soft, and look not unplea-
fently. In most of these, is it has no hole in it, you Ihall find certain little
Worms, which I suppofe to be the caufes of their production 5 for when
that Worm has eat its way through, they, having performed what they
were design’d by Nature to do, by degrees die and wither away.

Now,the manner of their production,! suppose to be thus 5 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 preservati-
on of their Eggs and of-springs. whereby the}' are stimulated and directed
to convenient places, which becom, as ’twere the wombs that perform
thofe offices : As he has also suited and adapted a property to those
places wherby they grow and inclose those seeds, and having inclofed
them, provide a convenient nourissiment for them, butas soonas they
have done the office of a womb, they die and wither.

The progrels of inclosure I have often observ’d in leaves, which in
thofe places where those feeds have been cast, have by degrees Iwell’d
and inclos’d them, so perfectly round, as not to leave any perceptible
passage out.

From this feme caufe, I suppose 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 almostripe, you
Ihall find a little Worm in them. Thus, if you open never so many dry
Galls, you (hall find either a hole whereby the Worm has eat its pailage

out,
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out, or if you find no passage, you may,by breaking or cutting the Gall,
find in the middle of it a small cavity, and in it a small body, which does
plainly enough yet retain a shape, to manifesr it once to have been a
Worm, though it dy’d by a too early reparation from the Oak on which
it grew,its navel-string,as ’twere,being broken off from the leaf or branch
by which the Globular body that invelop’d it, received its nourishment
from the Oak.

And indeed,if we consider the great care of the Creator in the dispen-
sations of his providences for the propagation and increase of the race,not
onely of all kind of Animals, but even of Vegetables, we cannot chuse
but admire and adore him for his Excellencies, but we (hall leave off to
admire the creature, or to wonder at the strange kind of afting in several
Animals, which seem to savour so much of reason, it seeming to me most
manifest,that thole are but aftings according to their strustures, and such
operations as such bodies, lb compos’d, must necessarily, when there are
such and such circumstances concurring, perform: thus,whenwe find Flies
swarming,about any piece ofssesh that does begin a little to ferment,But-
terssies about Colworts,and several other leaves,which will serve to hatch
andnourish their young 5 Gnats, and several other Flies about the Wa-
ters, and marishy places,or any other creatures, seeking and placing their
Seeds in convenient repositories, we may, if we attentively consider and
examine it, find that there are circumstances siifficient,upon the supposals
of the excellent contrivance of their machine,to excite and force them to
ast after such or such a manner 5 those steams that rise from these several
places may, perhaps, set several parts of these little Animals at work,even
as in the contrivance of killing a Fox or Wolf with a Gun, the moving
of a string, is the death of the Animal 5 for the Beast, by moving the ssesh
that is laid to entrap him, pulls the string which moves the trigger, and
that lets go the Cock which on the steel strikes certain {parks of fire
which kindle the powder in the pann, and that presently ssies into the
barrel, where the powder catching fire ratifies and drives out the bullet
which kills the Animal 5 in all which astions, there is nothing of intention
or ratiocination to be ascrib’d either to the Animal or Engine, but all to
the ingenioushess of the contriver.

But to. return to the more immediate consideration of our Gnat:
We have in it an Instance, not usual or common,?of a very stange amphi-
bious creature, that being a creature that inhabits the Air, does yet pro-
duce a creature, that for some time lives in the water as a Fish, though
afterward (which is as strange) it becomes an inhabitant of the Air, like
its Sire,in the form of a Fly. And this, me thinks, does prompt me to pro-
pose certain con jestures, as Queries, having not yet had suflicient oppor-
tunity and leisure to answer them my self from my own Experiments
or Obiervatioris.

And the first is, Whether all those things that we suppose to be bred
from corruption and putrifastion, may not be rationally suppos’d to have
their origination as natural as these Gnats, who, ’tis very probable,
were first dropt into this Water, in the form of Eggs. Those Seeds or

Eggs
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Eggs must certainly be very sinal!, which so sinal! a creature as a Gnat
yields, and therefore, we need not wonder that we find not the Eggs
themselves, some of the younger of them, which I have observ’d, having
not exceeded a tenth part of the bulk they have afterwards come to 5 and
next,! have obferved some osthose little ones which must have been gene-
rated after the Water was incloled in the Bottle, and therefore most pro-
bably from Eggs, whereas thole creatures have been suppos’d to be bred
of the corruption of the Water, there being not formerly known any
probable way how they Ihould be generated.

A stcond is, whether these Eggs are immediately dropt into the Water
by the Gnats themselves, or, mediately, are brought down by the falling
rain, for it seems not very improbable,but that those small seeds of GnaS
may (being, perhaps, of so light a nature, and having so great a propor-
tion of surface to so small a bulk of body) be ejested into the Air, and
so, perhaps, carried for a good while too and fro in it, till by the drops
of Rain it be walk’d out of it.

. A third is, whether multitudes os those other little creatures that are
found to inhabit the Water for some time, do not, at certain times, take
wing and fly into the Air, others dive and hide themselves in the Earth,
and so contribute to the increase both of the one and the other Element.

Poftfcrtyt* .
A good while since the writing of this Description, I was prestnted by

Doctor Peter Rall^ an ingenious Member of the Royal Society,with a little
Paper of Nuts, which he told me was lent him from a Brother of his out
of the Countrey,from Mamhead in Devonjhire^ some of them were loofe,
having been, as I supposo, broken osf, others were still growing fast on
upon the sides of a stick, which se’em’d by the bark, pliablenels of it, and
by certain sirings that grew out of it, to be some piece of the root of
a Tree 5 they were all of them dry’d, and a little Ihrivelsd, others more
round, of a brown colour 5 their shape was much like a Figg, but very
much smaIler,some being about the bignels of a Bay-berry .others,and the
biggest, of a Hazel-Nut. Some of these that had no hole in them, I care-
fully opened with my Knife, and found in them a good large round white
Maggot, almost as bigg as a small Pea, which Teem’d lhap’d like other
Maggots, but (hotter. I could not find them to move, though I ghels’d
them to be alive, becauso upon pricking them witha Pinn, there would is
soe out a great deal of white mucows matter,which seem’d to be from a vo-
luntary contraction of their Ikin 5 their hulk or matrix consided of three
Coats,like the barks of Trees, the outermost being more rough and ipon-
gie, and the thickest, the middlemost more dole, hard, white, and thin,
the innermost very thin,seeming almost like the (kin within an Egg’s lhell.
The two outermost had root in the branch or stick, but the innermost
had no stem or procels, but was onely a Ikin that cover’d the cavity of
the Nut. All the Nuts that had no holes eaten in them, I found to con-
tain thest Maggots, but all that had holes, I found empty, the Maggots,
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it teems, having eaten their way through, taken wings and flown away,
as this following account (which I receiv’d in writing from the same per-
son as it was tent him by his Brother) manifests. In a, moorish blacss
Peaty mould, with fome fmall veins os whitisb yell oxo S an ds, upon occajion
os digging a hole two or three soot deep, at the head os a Pond or Pool, to

Jet a Tree in, at that depth, were sound, about the end ^/Odober 1663. in
thofe very veins os Sand, thofe Buttons or Nuts, ssicking to a little loost
ssicss, that is, not belonging to any live Tree, and fome os them also sree by
themfelves.

Four or sive of which being then open'd, fome were sound to contvin
live Infetfa come to perse&ion, mofl likg to ssying Ants, is not the same 5 in
others, Infers,yet impersect, having but the head and wings sorm d, the refl
remaining asost white pulpy fubssance.

Now,as this furniflies us with one odd History more,very agreeable to
what I before hinted, so I doubt not, but were men diligent observers,
they might meet with multitudes of the lame kind, both in the Earth and
in the Water, and in the Air, on Trees, Plants, and other Vegetables, all
places and things being,as it wvce.animarum plena. And I have often,with
wonder and plealure,in the Spring and Summer-time, look’d close to,and
diligently on, common Garden mould, and in a very small parcel of it,
found sitch multitudes and diversities of little reptiles seme in hulks,others
onely creepers, many wing’d, and ready for the Air 5 divers hulks or ha-
bitations left behind empty. Now, if the Earth of our cold Climate be so
fertile of animate bodies, what may we think of the fat Earth of hotter
Climates ? Certainly,the Sun may there, by its adivity, cause as great a
parcel of Earth to ssy on wings in the Air, as it does of Water in sseams
and vapours. And what swarms must we suppose to be tent out of those
plentifull inundations of water which are poured down by the sluces of
Rain in luch vast quantities ? So that we need not much wonder at thote
innumerable clouds os Locusts with which Asrica, and other hot coun-
tries are lb peflred, since in those places are found all the convenient
caufes of their production, namely, genitors, or Parents, concurrent re-
ceptacles or matrixes,and a lufficient degree of natural heat and moiflure.

I was going to annex a little draught of the Figure of those Nuts tent
out of Devonjhire, but chancing to examine Mr. Parkinfons Herbal
for something elfe, and particularly about Galls and Oak-apples, I found
among no lets then 24. several kinds ofexcrelcencies of the Oak, which I
doubt notjbut upon examination,will be all found to be the matrixes of
so many teveral kinds of Insers 5 I having observ’d many of them my telf
to be so,among 24. several kinds, I lay,I found one defcribed and Figur’d
direCtly like that which I had by me,the Scheme is there to be teen,the de-
fcription, becaute but Ihort, I have here ad join’d Theatri Botanici trib. 16.
Chap. 2. There groweth at the roots os old Oaks in the Spring-time, and
semetimes also in the very heat os Summer, a peculiar kind os Mufhrom or
Excrefcence, call'd LIva Qtiercina,yzre//w^ out os the Earth, many growing
one cleft unto another, os the sajhion os a Grape, and theresore toosi
the name, the Oak-Grape, and is os a Purplish colour on the outssde,
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and white within like Milk^ and in the end os Summer becometh hard
and woody.' Whether this be the very same kind, I cannot affirm, but
both the Picture and Description come very neer to that I have,
but that he secms not to take notice of thehollownessor Worm, for
which ’tis moll observable. And therefore ’tis very likely, if men
did but take notice, they might find very many differing Species of these
Nuts, Ovaries or Matrixes, and all of them to have much the same
designation and office. And I have very lately found several kinds of Ex-
crcscencies on Trees and Shrubs, which having endured the Winter, up-
on opening them, I found most of them to contain little Worms, but
dead, thole things that contain’d them being wither’d and dry.

Observ. X LIV. Of the tusted or Brufh-horrid Gnat.

^TF'His little creature was one of those multitudes that fill our Englijb
1 air all the time that warm weather lasts, and is exadly of the shape

of that I observ’d to be generated and hatch’d out of those little Insers
that wriggle up and down in Rain-water. But,though many were of this
form, yet I observ’d others to beef quite'Other kinds, nor were all
of this or the other kind generated out of Water Inse&S} for whereas I
obferv’d that those that proceeded from those Inseds were at their full
growth, I have also found multitudes of the same shape,but much smaller
and tenderer feeming to be very young ones, creep up and down upon
the leaves os Trees, and ssying up and down in small clusters, in places
very remote from water 5 and this Spring, I observ’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 still in the East, several small swarms of them playing to and fro
in little clouds in the Sun, each of which were not a tenth part of the
bignessof one of these I here have delineated j though very much of the
same shape, which makes me ghess, that each of these swarms might be
the of-spring of one onely Gnat, which had been hoorded up in some safe
repository all this Winter by sbme provident Parent, and were now, by
the warmth of the Spring-air, hatch’d into little Flies.

And indeed, so various, and seemingly irregular are the generations or
produ&ions of Insests, that he thatshall carefully and diligently observe
the several methods of Nature therein, will have infinitely caufe further
to admire the wisdom and providence of the Creator 5 for not onely the
same kind of creature may be produc’d from several kinds of ways, but
the very same creature may produce several kinds: For,as divers Watches
may be made out of several materials, which may yet have all the same
appearance,and move after the same manner,that is,shew the hour equally
true, the one as the other, and out of the same kind of matter, like
Watches.may be wrought differing ways^ and,as one and the same Watch

D d may,
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may5 by being diverssy agitated, or mov’d,by this or that agent,'far after
this or that manner, produce a quite contrary effect: So may it be with
these most curious Enginesof Inse&’s bodies, the All-wise God of Nature,
may have so ordered and dispofed the little Automatons^ that when nou-
rilhed, a&ed, or enlivened by this cause, they produce one kind ofeffeft,
or animate shape, when by another they ast quite another way, and ano-
ther Animal is produc’d. So may he so order several materials, as to
make them,by several kinds os methods, produce sirailar Automatons.

But to come to the Description of this Inlcfaas it appears through a Mi-
crofcope^ which a representation is made in the zQ.Scheme. Its head A, is
exceeding small, in proportion to its body, consisting of two clutters of
pearl'd eyes B B, on each side of its head, whole pearls or eye-balls are
curioussy rang'd like those of other Flies s between these,in the forehead
of it, there are plac’d upon two small black balls, C C, two long jointed
horns, tapering towards the top, much resembling the long horns of
Lobsters, each ofwhose Items or quills, DD, were brissed or brustied
with multitudes of small stiff hairs, issuing out every way from the seve-
ral joints, like the strings orsproutings os the herb Horje-tail^ which is
oft obferv’d to grow among Corn, and for the whole shape, it does very
muchiefemble those brujhy Vegetables $ besides these, there are two other
jointedand brissed horns, or feelers, E E, in the forepart ofthe head, and
a probofiis^ F, underneath,which in some Gnats are very long, streight
hollow pipes, by which these creatures are able to drill and penetrate
the skin, and|thence, through those pipes suck so muchbloudastostuff
their bellies so full till they be ready to burst.

This small head,with its appurtenances,is fastned on by a short neck,G,
to the middle ofthe thorax^ which is large, and feems cafed with a strong
black shel,H IK, out of the under part of which, issue six long and ssender
legs, L L L L L L, shap’d just like the legs of Flies, but spun or drawn out
longer and ssenderer, which could not be express’d in the Figurc,because
of their great length , and from the upper part, two oblong, but ssender
transparent wings, M M, shaped somewhat like those of a Fly,underneath
each of which, as I have observ’d also in divers sorts of Flies, and other
kinds of Gnats, was placed a small’ body, N, much resembling a drop
of some transparent glutinous substance, hardned or cool’d, as it wasal-
most ready to fall, for it has a round knob at the end, which by degrees
grows ssenderer into a small stem.and neer the insertion under the wing,
this Item again grows bigger, these little Pendulums^ I may so call them,
the litle creature vibrates to and fro very quick when it moves its wings,
and I have sometimes observ’d it to move them also, whil’stthe wing lay
still, but always their motion seem’d to further the motion of the wing
ready to follow j of what ufe they are, as to the moving of the wing, or
otherwise, I have not now time to examine.

Its belly was large,as it is usually in all Insers, and extended into nine
lengths or partitions, each of which was cover’d with round armed rings
or shells; six of which, O P QR. S T were transparent, and divers kinds
of Perisi.altick, motions might be very easily perceiv’d, whil’st the Animal

was
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Was alive, but especially a small cleer white part V, seemed to beat like
the heart of a larger Animal. The last three di visios, W X Y, were co-
ver’d with black and opacous shejls. To conclude, take this creature
altogether, and for beauty and curious contrivances, it may be compared
with the largest Animal upon the Earth. Nor doth the Alwise Creator
seem to have (hewn less care and providence in the fabrick of it, then in
those which seem most considerable.

Observ. XL V. Of the great Belly d Gnat or female Gnat.

THesecond Gnat, delineated in the twenty ninth Scheme, is of avery differing shape from the formersbut yet of this sort also,Ifound
severalof the Gnats, that were generated out of the Wat er Insect: the
wings of this, were much larger then thole of the other, and the belly
much bigger, shorter and of an other shape 5 and, from several particu-
lars, I ghest 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 strong
and ridged back-piece, which went allo on either side of its leggs, about
the wings there were several joynted pieces of Armor, which seem’d cu-
riously and conveniently contriv’d, for the promoting and strengthning
the motion of the wingssits head was much differing from the other,being
much bigger and neater shap’d, and the horns that grew out between his
eyes on two little balls, were of a very differing shape from the tufts of
the other Gnat, these having but a few knots or joynts, and each os
thosc but a few, and those short and strong, brisles. The formost horns
or feelers, were like those of the former Gnat.

One of these Gnats I have susser’d to pierce the skin of my hand, with
itsprobofeis, and thence to draw out as much blood as to fill its belly
as full as it could hold, making it appear very red and transparent, and
this without any further pain, then whilst it was sinking in its yrobofiis, as
it is also in the slinging of Fleas: a good argument, that these creatures
do not wound the skin, and suck the blood out of enmity and revenge,
but for meet necessity, and to satisfy their hunger. By what means thiT
creature is able to suck, we (hall shew in another place.

Observ. XLVl. Of the white seatherwingd Moth or Tinea
Argentea.

THis white long wing’d Moth, which is delineated in the ^o.Scheme^afforded a lovely objed both to the naked Eye,and through a Mi-
croscope ; to the Eve it appear d a small Milk white Fly with four white1 D d 2 Wings
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Wings 3 the two formost somewhat longer then the two hindermost, and
the two Ihorter about half an Inch long, each of which four Wings seem’d
to consist of two small long Feathers., very curioussy tufted, or haired on
each side, with purely white, and exceedingly fine and small Haires, pro-
portion’d to the stalks or stems, out of which they grew, much like the
tufts of a long wing-feather of seme Bird, and their stalks or stems were,
likethose, bended backwards and downwards, as may be plainly seenby
the draughts of them in the Figure.

Obferving one of these in my Microfeope3l found,in the sirst 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, easily rubb off and ssy about, in so much that looking on my
Fingers, with which I had handled this Moth,' and perceiving on them lit-
tle white ipecks, I found by my ltficrofcope3 that they were feveral of the
small Feathers of this little creature, that stuck up and down in the r«-
gojities of my Skin.

Next, I found that underneath thefe Feathers, the pretty Insest was co-
vered all over with a crusted Shell, like other of those Animals, but with
one much thinner and tenderer.

Thirdly, I found, as in Birds also is notable, it had differing and ap-
propriate kinds of Feathers, that covered several parts of its body.

Fourthly, surveying the parts of its body, with a more accurate and
better Magnifying Microfcope3 I found that the tufts or haires of its Wings
were nothing elfe but a congeries, or thick set cluster of small vimina or
twiggs, resembling a small twigg of Birch, stript or whitned, with which
Brushes are usually made, to beat out or brulh off the dust from Cloth
and Hangings. Every one of the twiggs or branches that composed the
Brulh of the Feathers, appeared in this bigger Magnifying Glass (of which
E F which reprefents part of an Inch, is the feale, as G is of the lesser,
which is only t) like the figure D. The Feathers allo that covered a
part of his Body, and were intersperfed among the brulh of his Wings, I
found,in the bigger Magnifying Glats, of the lhape A, consisting of a stalk
or stem in the middle, and a seeming tuftedness or brushy part on each
side. The Feathers that cover’d most part of his Body and the stalk of
his wings, were,in the same Microfeope, much of the figure B, appearing of
the lhape of a small Feather, and seemed tufted : those which covered
the Horns and Imall parts of the Leggs, through the lame ltficrofcope3 ap-
pear’d of the lhape C. Whether the tufts os any or all of these small
Feathers, consisted of such component particles as the Feathers of Birds,
I much doubt, becaufe I find that Nature does not alwaies keep, or ope-
rate after the lame method, in sinaller and bigger creatures. And
of this, we have particular Instances in the Wings of several creatures.
For whereas, in Birds of all kinds, itcomposes each of the Feathers of
which its Wing consists, of such an exceeding curious and most admirable
and stupendious texture, as I else where lhew, in the Observations on a
Feather 5 we find it to alter its method quite, ip the fabrick of the Wings
ofthefe minute creatures, competing feme of thin extended membranes

or
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dr skins, such as the Wings of Dragon-ssys 5 in others, those skins are ail
over-grown, or pretty thick bestuck, with sliort brides, as in Flesh-ssies 5
in others, those dimes are covered, both on the upper and under side,
with small Feathers, plac’d almosr like the tyleson a House, and are
curioussy rang’d and adorn’d with most lively colours, as is ob-
servable in Buttet-ssies, and several kinds of Moths 5 In others, instead of
their films, Nature has provided nothing, but a matter of half a score
stalks(if I well remember the number} for I have not lately met with any
of these ssys, and did not,when I first observ’d them, take sufficient notice
of divers particulars) and each of these stalks, with a few single branch-
ings on each side, resembling much the branched back-bone of a Herring
or the like Fish, or a thin hair’d Peacocks feather, the top or the eye
being broken off With a few of these on either side(which it was able to
ihut up or expand at pleasure, much like a Fann, or rather like the po-
sture of the feathers in a wing, which ly all one under another, when
[hut, and by the side of each other, when expanded) this pretty little
grey Moth (for such was the creature I obierv’d, thus wing’d) could ve-
ry nimbly, and as it seem’d very easily move its corpufcle, through the
Air,from place to place. Other Insers have their wings cas’d, or cover’d
over,with certain hollow Ihells, shap’d almost like those hollow Trayes,
in which Butchers carry meat, whose hollow sides being turn’d down-
wards, do not only secure their folded wings from injury of the earth,
in which most of those creatures reside, but whilst they ssyy serves as a
help to sustain and bear them up. And these are obiervable in Scarabees
and a multitude of other terrestrial cruflaceous Insests 5 in which we may
yet further observe a particular providence of Nature.

Now in all these kinds of wings, we observe this particular, as a thing
most worthy remark 5 that where ever a wing consists of difcontinued
parts, the Pores or interfitia between those parts are very seldom, either
much bigger,or much (mailer, then these which we here find between the
particles of these brushes, so that it should seem to intimate, that the
parts of the Air are such, that they will not easily or readily, if at all, pass
through these Pores, so that they seem to be strainers fine enough to hin-
der the particles of the Air (whether hinder’d by their bulk, or by their
agitation^ circulation^ rotation or undulation, I (hall not here determine)
from getting through them,and,by that means,serve the Animal as well,if
not better, then if they were little films. I say, if not better, because I
have obierv’d that all those creatures, that have film’d wings, move them
aboundantly quicker and more strongly,such as all kind of Flies and Sea*
rabees and Batts, then such as have their wings covered with feathers, as
Butter-ssies and Birds, or twiggs, as Moths, which have each of them a
much slower motion of their wings 5 That little ruggedness perhaps of
their wings helping them somewhat,by taking better hold of the parts of
the Air, or not sullering them so easily to pass by, any other way then one.

But what ever be the reasbn of it, tis most evident, that the smooth
wing’d Insers have the strongest Muscles or movent parts of their wings>
and the other much weaker 5 and this very Jnseft, we are now describing,

had
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had a very (mail thorax or middle part of his body, if compar’d to the
length and number of his wings 5 which therefore, as he mov’d them ve-
ry (lowly ,so must he move them very weakly. And this last propriety do
we find somewhat observ’d aiso in bigger kind of Flying creatures,Birds 5
so that we lee that the Wisdom and Providence of the All-wise Creator,
is not lesslhewn in these Imall delpicable creatures, F lies and Moths,
which we have branded with a name of ignominy, calling them Vermine,
then in those greater and more remakable animate bodies, Birds.

I cannot here stand to add any thing about the nature of ssying,
though, perhaps, on another occasion, I may say something on that sob-
bed:, it being soch as may deierve a much more accurate examination and
scrutiny then it has hitherto met with 5 For tome* there seems nothing
Wanting to make a man able to ssy, but what may be easily enough sop-
ply’d from the Mechanicks hitherto known, save onely the want of
strength, which the Mufeles of a man seem utterly uncapable of, by rea-
Ibn of their smalneis and texture, but how even strength also may be me-
chanically made, an artificial Muscle so contriv’d,that thereby a man (hall
be able to exert what strength he pleases, and to regulate it also to his
own mind, I may elfewhere endeavour to manifest.

Observ. XLVII. Os the Shepherd Spider, or long teggd
Spider.

THe Carter,Shepherd Spider,or long-legg’d Spider,has, for two parti-
cularities, very few similar creatures that I have met with 5 the first,

which is discoverable onely by the Microjcope^ and is in the first and fe-
cond Figures of the 31. Scheme^ plainly describ’d, is the curious contri-
vance of his eyes, of which (differing from most other Spiders) he has
onely two, and thole plac’d upon the top of a Imall pillar or hillock,riling
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 transverse Diameters of the eye, and look’d on in
another posture,appear’d much of the lhape, BCD) The two eyes, • B B,
wereplacedback to back, with the tranlparent parts,or the pupils, look-
ing towards either side, but somewhat more forward then backwards.
C was the column or neck on which they stood, and D the crown of the
head out of which that neck sprung.

Thele eyes,to appearance, feem’d to be of the very lame struseure with
that of larger binocular creatures, feeming to have a very smooth and ve-
ry protuberant Cornea^and in the midst of it to have a very black pupil,
incompassed about with a kind of grey IrZr, as appears by the Figure 5
whether it were able to move these eyes to and fro, I have not obferv’d,
but ’tis not very likely he lhould,the pillar or neck C, feeming to be co-
ver’d and stiffen’d with a crusty (hell 5 but Nature,in probability,has sop*

ply’d
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ply d that desestj by making the Cornea so Very protuberant, and letting
it so cleer above the shadowing or obstruding of its prosped by the body,
that 'tis likely each eye may perceive,though not see disrindly,'alrhost 4
Hemi/phere, whence having so small and round a body plac’d Upbh silch
long leggs, it is quickly able so to wind, and turn it, as to see any thing
didind. This creature, as do all other Spiders I have yet exattiih’d, do£s
very much differ from mod other Inseds in the Figure Of its eyes 5 for
1 cannot, with my bed Microscope., diseover its eyes to be any Ways
kn< bb’d or pearl’d like those of other Inseds.

The second Peculiarity which is obvious to rhe eye, is also very Re-
markable, and that is the prodigious length of its leggs, in proportion to
its small round body, each legg of this I drew, being above sifteen times
the length of its whole body, and there are feme which have them yet
longer, and others that seem of the same kind,that have them a great deal
(hotter} the eight leggs are each of them jointed, just like those of a
Crab^but , every, qf the parts are spun out pyodigjqusjy longer in pro-
portidh} each of thest leggs are tesrninated in a (mad case or shell,shap’d
almost like that of a Musle-lhell, as is evident in the third Figure Of the
same Scheme (that represtnts the appearance of the under part or belly
of the creature) by the shape of the protuberant conical Body, III I, &c.
Thest are as ’twere plac'd or fasten’d on to the protuberant body of the
Instd3which is to be suppos’d very high at M,making a kind of blunt cone
whereof M is to be suppos’d the Apex. about which greater cone of the
body,the smaller cones of the leggs are plac’d,each of them almod reach-
ing to the top in so adriiirable a manner, as does not a little manifest the
wildom of Nature in the contrivance 5 for thest long Leavers (as I may so
call them)of the legs,havingnot the advantage of a long end on the other
side of the hypomochiion or centers on which the parts os the legg§ move,
mud necessarily require a vad drength to move them, and keep the
body ballanc’d and iuspended,in so much, that if we should suppbst a
man’s body suspended by such a contrivance, an hundred and fifty
times the drength of a man would not keep the body from falling on the
Bread. To supply therefore each of thest leggs with its proper drength,
Nature has allow’d to each a large Ched or Cell, in which is included a
very large and drong Muscle, and thereby this little Animal is not onely
able to sidpend its body upon leis then thest eight, but to ihove it very
(wiftly over the tops of grast and leaves. .,

Nor are thest eight leggs so prodigiously long, but theJ Aihth, and
tenth, which are the two claws, K K, areas short,and stsye ipssftodofa
protiojcisy for thost feem’dvery little longer then his mouth} each of them
had three parts, but very short, the joints K. K, Which repfesented
the third, being longer then both the other. This creatune^ stems
(which I have several times with pleasure obstrv’d) to throw, {its body
upon the prey, indeed of its hands, not unlike a hunting/Spidqr, whicn
leaps like a Cat at aMoust. The whole Fabrick was a Very psstty one,
and could I have disse&ed it,I doubt not but I should have found ^ma-
ny Angularities within it as without,perhaps, for the mod part,not unlike

the
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the parts of a Crab, which this little creature does in many things, very
much reserable} the curiosityof whose contrivance,! have in another place
examin’d. I omit the defcription of the horns, A A, of the mouth, L L,
which seem’d like that of a Crab } the speckledness of his (hell, which
proceeded from a kind of feathers or hairs, and the hairiness of his leggs,
his large thorax and little belly, and the like, they being manifested by
the Figure 5 and shall onely take notice that the three parts of the body,
namely, the head,breast,and belly,are in this creature strangely confus’d,
so that ’tis difficult to determine which is which,as they are also in a Crab 5
and indeed, this feemstobe nothing elfe, buttan Air-crab, being made
more light and nimble, proportionable to the medium wherin it resides 5
and as Air feems to have but one thousandth part of the body of Water,fc?
does this Spider seem not to be a thousandth part of the bulk of a Crab.

Observ. X L V111. Of the hunting Spider, andseveral other forts
os Spiders.

THe hunting Spider is a small grey Spider, prettily bespeck’d with
black (pots all over its body, which the Ulicrojcope difcovers to be a

kind of feathers like those on Butterssies wings, or the body of the
white Moth I lately deferib’d. Its gate is very nimble by fits, sometimes
running, and sometimes leaping, like a Grashopper almost,then handing
still, and setting it self on its hinder leggs, it will very nimbly turn its
body, and look round it self every way : It has six very conspicuous
eyes, two looking diredly forwards, plac’d just before} two other, on
either side of thofe, looking forward and side-ways}and two other about
the middle of the top of its back or head, which look backwards and
side-wards} thefe feem’d to be the biggest. The surface ofthem all was
very bl ack, sphserical, purely polish’d, resse&ing a very cleer and distin<ft
Image of all the ambient obje&s, stich as a window,a man’s hand,a white
Paper, or the like. Some other properties of this Spider, observ’d by the
most accomplish’d Mr. Evelyn* in his travels in Italy* are most empha-
tically fet forth in the History hereunto annexed, which he was pleas’d
upon my desire to send me in writing.

Of all the sorts of Insc&s, there is none has afforded me
moredivertisements then the Venatores^ which are a sort of
that have their Denns in the rugged walls, and crevices of our
houses; a small brown and delicately spotted kind of Spiders,
whole hinder leggs are longer then the rest.

Such I did frequently observe at Kozzze, which espying a Fly
at three or four yards distance,upon the Balcony (where I stood)

would
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would not make diredly to her, but craul under the (RaiL, till
being arriv’d to the Antipodes, it would steal up, seldom missing
its aim ; but if it chanced to want any thing of being perfedly
opposite,would at first peep, immediatly Aide down- again, till
taking better notice, it would come the next time exadly upon
the Fly’s back: But, if this hapn’d not to be within a compe-
tent leap, then would this Insed move so softly, as the very
shadow of the Gnomon teem’d not to be more imperceptible,
unless the Fly mov’d; and then would the Spider move also in
the same proportion, keeping that just time with her motion,as
if the same Soul had animated both those little bodies: and

■ ■ r*

whether it were forwards, backwards, or to either side, without
at all turning her body, like a well mannag’d Horse; But, if
the capricious Fly took wing, and pitch’d upon another place
behind our Huntress, then would the Spider whirle its body so
nimbly about, as nothing could be imagin’d more swift; by
which means,(he 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 indiscernable progress (being ar-
riv’d within the sphere of her reach) sihe made a fatal leap
(swift as Lightning) upon the Fly, catching him in the pole,
where she never quitted hold till her belly was fully and then
carried the remainder home. I have beheld them instruding
their young ones, how to hunt, which they would sometimes
discipline for not well obferving; but, when any of the bld
ones did (as sometimes) miss a leap, they would run out of
the field, and hide them in their crannies, as asham’d, and
haply not be seen abroad for four or five hours after ; for so
long have I watched the nature of this strange Insed, the con-
templation of whofe so wonderful! sagacity and address has
amaz’d me; nor do I find in any chase whatsoever, more cun-
ning and Stratagem observ’d; I have found some of thefe SpU
ders in my Garden, when the weather (towards the Spring)

E e is
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is very hot, but they are nothing so eager of hunting as they
arc in

There are multitudes of other sorts of Spiders, whose eyes, and most
other parts and properties, are so exceedingly different both from thofe
I have defcrib’d, and from one another, that it would be almost end I css,
at least too long for my present Essay, to desoribe them,as some with six
eyes, plac’d in quite another order ; others with eight eyes 5 others with
fewer, and some with more. They all seem to be creatures of prey, and
to feed on other small Infests, but their ways of catching them feem very
differing: the Shepherd Spider by running on his prey 5 the Hunting Spi-
der by leaping on it,other sorts weave Nets, or Cobwebs, whereby they
enshare 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 soon as ever en-
tangled.

Their thread or web seems to be spun out of some viseous kind of
excrement, lying in their belly, which, though soft when drawn out, is,
prefently by reason of its smalness, hardned and dried by the ambient
Air. Examining feveral of which with my AsicrofiopeA found them to ap-
pear much like white Hors-hair, or some fach transparent horny substance,
and to be of very differing magnitudes 5 some appearing as bigg as a
Pigg’s brisse, others equal to a Horss-hair 5 other no bigger then a man’s
hair, others yet smaller and finer. I observd further, that the radia-
ting chords of the web were much bigger, and smoother then those that
were woven round, which feem’d smaller,and all over knotted or pearFd,
with small transparent Globules, not unlike small Crystal Beads or feed
Pearls, thin strung on a Clew of Silk 5 which, whether they were so spun
by the Spider, or by the adventitious moisture of a fogg (which I have
obferv’d to cover all thefe filaments with such Crystalline Beads) I will
not now dispute.

Thefe threads were some of them so small, that I could very plainly,
with the Microjcopc, difeover the same consecutions of colours as in a
Trisid and they feem’d to proceed from the same cause with thofe co-
lours which I have already describ’d in thin plated bodies.

Much re fembling a Cobweb, or a confus’d lock of thefe Cylin-
ders, is a certain white substance which, after a fogg, may be obferv’d
to ssy up and down the Air5 catching feveral of thefe, and examining
them with my. Jkticrojcope^ I found them to be much of the same form,
looking mostlike to a ssake of Worsted prepar’d to be spun, though
by what means they should be generated, or produc’d, is not easily
imagined: they were ofthe same weight, or very little heavier then the
Air j and ’tis not unlikely, but that thofe great white clouds, that appear
all the Summer time, may be of the same substance.

Observ.







Obierv. XLIX. Of an Ant or Pismire,

THis was a creature, more troublesbm to be drawn, then any of therest, for J could not, for a good while, think of a way to make it
suffer its body to ly quiet in a natural posture 5 but whil’st it was alive,
if its feet were fetter’d in Wax or Glew , it would so twist and wind its
body, that I could not any wayes get a good view of it 5 and if I killed
it, its body was so little, that I did often spoil^ the shape of is, before I
could throughly view it: for this is the nature of these minute Bodies,
that as soon,alsnost, as eyer their life is destroy’d, their parts immediate-
ly shrivel, and lose their beauty 5 and so is it also with sinall Plants, as I
instanced before, in the description of Moss.. And thence also is the rea-
son of the variations in the beards os wild Oats, and in those of Musk-
grass seed, that their bodies, being exceeding small, those sinall variations
which are made in the surfaces os all bodies, almost upon every change
of Air, especially if the body be porous, do here, become sensible, where
the whole body is fb small, that it is almost nothing but surface 5 for as in
vegetable substances, I see no great reasbn to think, that the moisture of
the Aire(that, flicking to a wreath’d beard, does; make it untwist Jshould
evaporate, or exhale away, any faster then the moisture of other bodies,
but rather that the avolation from, or access of moisture to, the surfaces
of bodies being much the same, those bodies become most sensible of it,
which have the least proportion of body to their surface. So is it also
with Animal substances 5 the dead body of an Ant, or such little creature,
does almost instantly shrivel and dry, and your object shall be quite an-
other thing, before you can half delineate it, which proceeds not from the
extraordinary exhalation, but from the sinall proportion of body and jui-
ces, to theusual drying of bodies in the Air, especially if warm. For
which inconvenience, where I could not otherwise remove it, I thought
of this expedient.

I took the creature, I had design’d to delineate, and put it into a drop
of very well redified spirit of Wine,this I found would presently dispatch,
as it were, the Animal, and being taken out of it, and lay’d on a paper,
the spirit of Wine would immediately flyaway, and leave the Animal
dry, in its natural posture, or at least, in a constitution, that it might easi-
ly with a pin be plac’d, in what posture you desired to draw it, and the
limbs would sb remain, without either moving, or shriveling. And thus I
dealt with this Ant, which I have here delineated, which was one of ma-
ny, of a very large kind, that inhabited under the Roots of a Tree, from
whence they would sally out in great parties, and make most grievous
havock of the Flowers and Fruits, in the ambient Garden, and return
back again very expertly, by the same wayes and paths they went.

It was more then half thebignessof an Earwig, of a dark brown, or
reddish colour, with long legs, on the hinder of which it would stand

E e 2 up,
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up,and raise its head as high as it could above the ground, that it might
ssare the further about it, just after the same manner as I havealso ob-
serv’d a hunting Spider to do: and putting my finger towards them,
they have at firstallrun tbWlrdsit,tiilalmdst at its and then they would
ssand round about it, at a certain distance, and smell, as it were, and con-
Sider whether they should any of them venture any further, till one more
bold then the rest venturing to climb it,all the rest, if I would have fuller-
ed them, would have immediately followed : many Rich other seeming-
ly rational actions I have observ d in this little Vermine with much plea*
sore,which would be too long to be here related 5 thole that desire more
of them may satisfie their curiosity in Ligons History of the Earbadoes.

Haying inshar’d several of these into a small Box, I made choice of the
tallestgrown among them, and separating it fr om the rest,I gave it a Gill
of Brandy, or Spirit of Wine, which after a while e’en knock’d him down
dead drunk, lb that he became moveless, though at first putting in he
struggled for a pretty while very much, till at last, certain bubbles issii-
ing out of its mouth, it ceased to move 5 this ( because I had before
found them quickly to recover again, if they Were taken out presently )
I suffered to lye above an hour in the Spirit 5 and after I had taken it
out, and put its body and legs into a natural posture, remained move-
less about an hours but then , upon a hidden, as if it had been awa-
ken out of a drunken deep, it suddenly reviv’d and ran away 5 be-
ing caught, and serv’d as before, he sor a while continued struggling and
driving,till at last there issiied several bubbles out os its mouth,and then,
tanqutm animam expirajjet^ he remained moveless for a good while 5 but
at length again recovering, it was again redipt, and suffered to lye some
hours in the Spirit 5 notwithstanding which, after it had layen dry
some three or four hours, it again recovered life and motion : Which
kind os Experiments, if prosecuted, which they highly deferve, seem
to me of no inconsiderable ufe towards the invention of the Latent
Scheme^ (as the Noble Verulam calls it) or the hidden, unknown Texture
of Bodies.

Of what Figure this Creature appear’d through the Alicroscope, the
32. Scheme ("though notso carefully graven as it ought) will repre-
sont to the eye, namely. That it had a large head A A, at the upper
end of which were two protuberant eyes, pearl’d like thofe of a Fly,
but (mailer B B 5 out of the Nose,or foremost part, issiied two horns C C,
os ashape sofliciently differing srom those of a blew Fly, though indeed,
they ssem to be both the same kind of Organ, and to serve for a kind
of smelling 5 beyond these were two indented jawsT) D, which he o-
pen’d side-wayes, and was able to gape them asunder very wide 5 and
the ends of them being armed with teeth, which meeting went between
each other, it was able to grasp and hold a heavy body , three or four
times the bulk and weight of its own body: It had only six legs, shap’d
like those of a Fly, which, as I shewed before, is an Argument that it is a
winged Insed, and though I could not perceive any sign of them in the
middle part of its body s which seem’d to consist of three joints or pie-

ces
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ces E F G; but of which sprung two legs, yet ’tis known that there are
of them that have long wings, and ssy up and down in the air.

The third and last part of its body III was bigger and larger then
the other two, unto which it was joy nd by a very (mail middle, and
had a kind of loose shell, or another distind: part of its body H, which
seem’dto be interpos’d, and to keep the thorax and belly from touch-
ing.

The whole body was cas’d over with a very strong armour, and the
belly 111 was covered likewise with multitudes of (mail white shining
brilles 5 the legs, horns, head, and middle parts of its body were bestuck
with hairs alio, but smaller and darker.

. . ■ -j ■ ■ n . . ■ ■ . . ' 4

Oblcrv* L. Of the wandring Mite,

IN September and October, 1661. I obterv’d in Oxsord ieveral of these
J little pretty Creatures to wander to and fro,and often to travel over
the plains of my Window. And in September andosifr/’cr. 1663. I ob-
serv’d likewise several of these vefy same Creatures traversing a window
at London, and looking without the window upon the subjacent wall, I
found whole ssocks of the same kind running to and fro among the small
groves and thickets os green moss, and upon the curioussy spreading ver-
getable blew or yellow moss, which is a kind of a Mushrome or Jews-
car.

These Creatures to the naked eye teemed to be a kind os black Mite,
but much nimbler and ftronger then the ordinary Cheese-Mites 5 but
examining them in a JMicrosope, I found them to be a very finecrusted
or sheH’d Intecr, much like that reprefented in the fir st Figure of the
three and thirtieth Scheme, with a protuberant Oval shell A, indented
or pitted with an abundance os small pits, all covered over with little
white brilles, whose points all directed backwards*

It had eight legs, each os them provided with a very sharp tallon, or
claw at the end, which this little Animal, in its going, fastned into the
pores of the body over which it went. Each of these legs were bestuck
in every joynt of them with multitudes of small hairs, or ( if we re-
spest the proportion they bore to the bigness os the leg ) turnpikes, all
pointing towards the claws.

The Thorax,or middle parts of the body of this Creature,was exceed-
ing small, in respest both os the head and belly , it being nothing but
that part which was covered by the two (hells B B, though it teem d to
grow thicker underneath: And indeed, if we consider the great
variety Nature utes in proportioning the three parts of the body,
the Head, Thorax, and Beify ) we fliall not wonder at the small pro-
portion of this Thorax B nor at the yaster bulk of the belly, for could
we exa&ly anatomife this little Creature, and obterve the particular de-
signs of each part, we (hould doubtless, as we do in all her more ma-

nageable
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nageable and tradable fabricks, find much more reasonto admire the
excellency of her contrivance and workmanship, then to wonder, it was
not made otherwife.

The head of this little Insed was (hap’d somewhat like a Mite’s, that
is,it had a long snout, in the manner of a Hogs, with a knobbed ridge
running along the middle of it, which was bestuck on either side with
many (mail brides, all pointing forward, and two very large pikes or
horns, which rose from the top of the head, just over each eye, and
pointed forward also. It had two pretty large black eyes on either side
of the head E E, from one of which I could see a very bright ressedion
of the window, which made me ghess, that the Cornea of it was sinooth,
like those of bigger Inseds. Its motion was pretty quick and strong,
it being able very easily to tumble a (tone or clod four times as big as its
whole body.

At the lame timeand place, and divers times since, I have obferved
with my M/croJcope , another little Infed, which, though I have not an-
nexed the pidure of, may be worth noting, for its exceeding nimblenels
as well as (malnessj it was as Imall as a Mite, with a body deep and
ridged, almost like a Flea 5 it had eight blood-red legs, not very long,
but (lender 5 and two horns or feelers before. Its motion was so exceed-
ing quick, that I have often lost sight of one I have observed with my
naked eye 5 and though, when it was not frighted, I was able to follow
the motions of some with risy Microfcope 5 yet if it were never so little
startled, it posted avvay with Inch (peed, and turn’d and winded it (elf
so quick, that I (hould presently lose sight of it.

When I first obferv’d the former of these Inseds, or Mites, I began to
conjedure, that certainly I had found out the vagabond Parents of thofe
Mites We find in Cheefes, Meal, Corn, Seeds, musty Barrels, musty Lea-
ther, &c. these little Creatures, vvandring to and fro every whither,
might perhaps, as they were invited hither and thither by the musty
steamsof several putrifying bodies, make their invasions upon thofe new
and pleasing territories , and there (pending the remainder of their life,
which might be perhaps a day, or thereabouts, in very plentisul and rio-
tous living, might leave their ofT-spring behind them, which by the
change of the soil and Country they now inhabite, might be quite al-
ter’d from the hew of theirprimogenitors., and, like Mores translated into
Northern European Climates, after a little time, change both their skin
and (hape. . And this feems yet more probable in thefe Infeds, becaufe
that the soil or body they inhabit, feems to be almost half their parent,
for it not only hatches and brings thofe little eggs, or feminal principles,
to perfedion, but seems to augment and nouristi them also before they
are hatch d or (haped 5 for it is obvious enough to be obferv’d, that the
eggs of many other Infeds, and particularly of Mites, are increas’d in
bulk after they are laid out of the bodies of the Inseds, and plump’d
sometimes into many times their former bigness , so that the bodies they
are laid in being, as it were, half their mothers, we (hall not wonder that
it (hould have sitch an adive power to change their forms. We find by

relations^
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relations how much the Negro Women do besineer the of-spring of the
Spaniard, bringing forth neither white-lkinn’ d nor black, but tawny
hided Mulattos.

Now, though I propound this as probable, I have not yet been sbfarr
certify d by Observations as to conclude any thing, either positively or
negatively,concerning it. Perhaps,seme more lucky diligence may please
the curious Inquirer with the diseovery of this,to be a truth,which I now
conjecture, and may thereby give him a iatisfastory account of thecaufe
ofthofe creatures,whole original seems yet so obseure, and may give him
caufe to believe,that many other animate beings, that seem also to be the
mere produst of putrifaction, may be innobled with a Pedigree as anci-
ent as thefirst creation, and fair exceed the greatest beings in their nu-
merous Genealogies. But on the other side, if it Ihould be found that
these,or any other animate body,have no immediate similar Parent,! have

- in another place let down a conjectural hypothecs whereby those Phe-
nomena may likely enough be soly’d, wherein the infinite wisdom and
providence os the Creator is no lets rare and wonderfull.

Observ. LI. Of the Crab-like Ins&

REading one day in Septemh. I chanced to obferve a very sinal creature
creep over the Bock I was reading,very (lowly 5 having a Microfcope

by me,! observ’d it to be a creature of a very unusual form,and that not
lets notable 5 such as is deferib’d in the fecond Figure of the 33. Scheme. It
was about the bigness of a large Mite,or somewhat longer,it had ten legs,
eight of which, A A A A, were topt with verysharp claws, and were those
upon which he walk’d, teeming shap’d much like thole of a Crab, which
in many other things allb this little creature refembled 5 for the two
other claws,B B, which were the formost ofall the ten,and seem’d to grow
out of his head,like the horns of other Animals, were exaCtly form’d in the
manner of Crabs or Lobsters claws, for they were lhap’d and jointed
much like those reprefened in the ^c/jez^^and the ends of them were sur-
nifli’d with a pair of claws or pincers,C C,which this little animal did open
and shut at pleasure : It feem’d to make ufe of thofe two horns or claws
both for feelers and holders 5 for in its motion it carried thefe aloft ex-
tended before, moving them to and fro, just as a man blindfolded
would do his hands when he is fearfull of running against a wall, and if I
put a hair to it, it would readily take hold of it with these claws,
and feem to hold it fast. Now, though thefe horns feem’d to ferve him
for twoufes,namely,for feeling and holding yet he feem’d neither blind,
having two sinall black spots, D D, which by the make of them, and the
bright ressexion from them feem’d to be his eyes nor did it want other
hands, having another pair of claws, E E, very neer plac’d to its mouth,
and seem’d adjoining to it.

The whole body was cascd over with armour-Ihells, as is usuall in all
thofe
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thofe kinds of crufiaceous creatures, especially about their bellies, and
teem’d of three kinds 5 the head F teem’d cover’d with a kind of tealy
shell, the thorax with two smooth (hells, or Rings, G G, and the belly
with eight knobb’d ones. I could not certainly find whether it had under
thete last (hells any wings, but I susped the contrary 5 for I have not found
any wing’d Insed with eight leggs, two of those leggs being always con-
verted into wings, and, for the most part, those that have but six, have
wings.

This creature, though I could never meet with more then one of
them, and so could not make so many examinations of it as otherwise I
would,Idid notwithstanding,by reason of the great curiosity that appear’d
to me in its (hape, delineate it, to (hew that,in all likelihood, Nature had
crouded together into this very minute Infed, as many, and as excellent
contrivances, as into the body of a very large Crab, which exceeds it in
bulk,perhaps,feme Millions of times5 for as to all the apparent parts.there
is a greater rather then a lels multiplicity of parts,each legg has as many
parts, and as many joints as a Crabs, nay,and as many hairs or brides 5 and
the like may be in all the other visible parts 5 and ’tis very likely,that the
internal curiosities are not lest excellent: It being a general rule in Na-
ture’s proceedings, that where (he begins to display any excellency, if
th^subjed be surther tearch’d into, it will manifest, that there is not lest
curiosity in those parts which our single eye cannot reach, then in thofe
which are more obvious.

Obscrv. HI. Os the [mail Silver-colour d Book-worm.

AS among greater Animals there are many that are fcaled, both forornament and defence, (b are there not wanting such alsb among the
lesser bodies of Infeds, whereof this little creature gives us an Instance.
It is a small white Silver-shining Worm Or Moth,which I found much con-
verlant among Books and Papers, and is suppos’d to be that which cor-
rodes and eats holes through the leaves and covers 5 it appears to the
naked eye, asmall glittering Pearl-colour’d Moth,which upon the remov-
ing of Books and Papers in the Summer, is often observ’d very nimbly to
feud, and pack away to feme lurking cranney, where it may the better
proted it (elf from any appearing dangers. Its head appears bigg and
blunt, and its body tapers from it towads the tail, (mailer and (mailer,be-
ing (hap’d almost like a Carret.

This the J/zrr^/c^zw/appearance will more plainly manifest,which ex-
hibits,in the third Figure of the Scheme^ a conical body, divided into
fourteen several partitions,being the appearance of so many feveral (hels,
or (hields that cover the whole body, every of these (hells are again co-
ver d or tiled over with a multitude of thin transparent feales, which,
from the multiplicity of their resseding siirfaces^nake the whole Animal
appear of a perfed Pearl-colour.

Which
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Which,by the way,may hint us the reason of that so much admixed ap-

pearance of thoseso highly esteem’d bodies, as also of the like in mother
of Pearl-foells, and in multitudes of other shelly Sea-(ubstanc^s 5 for they
each of them consisting of an infinite number of very thin (hells or la-
minated orbiculations, caufe such multitudes of resseXions, that the com-
positions of them together with the resseXions of others that are (b thin
as to afford colours (of which I elsewhere give the reason) gives a ve-
ry pleasant resseXion of light. And that this is the true cause,(eems likely,
first, becauseall thoseso appearing bodicsare compounded of multitudes
of plated substances. And next that,by ordering any trasparcnt sobstance
after this manner,the like Phenomena may be produc’d 5 this will be made
very obvious by the blowing of Glass into exceeding thin (hells, and
thenbreaking them into fcales,which any lamp-worker will prefentlydo |
for a goodquantity of these (bales,laid in a hdap together,have much the
same refemblance of Pearls. Another way, not lest instruXive and plea-
(ant, is a way which I have feveral times done, which is by working and
toiling,as ’twere, a parcel of pure crystalline glals whilst it is kept glowing
hot in the blown ssame of a Lamp, for,by that means,that purely tranipa-
rent body will be so divided into an infinite number of plates, or small
sirings, with interpos’d aerial plates and^re/, that from the multiplicity
of the resseXions from each of those internal surfaces, it may be drawn
out into curious Pearl-like or Silver wire, which though small, will yet
be opacousy the same thing I have done with a competition of red Colo-
phon and Turpentine^ and a little Bee’s Wax, and may be done like wife
with Birdlime, and such like glutinous and traniparent bodies: But tore-
turn to our description.

The small blunt head of this InfeX was furnifo’d on either side of it
with a cluster of eyes, each of which seem’d to contain but a yery few, in
comparisonof what I had obferv’d the clustersof other InseXs to abound
with 5 each of these clusters were beset with a row of small brisses, much
like the cilia or hairs on the eye-lids, and, perhaps, they serv’d for the
lame purpofe. It had two long horns before, which were streight, and
tapering towards the top, curioussy ring’d or knobb’d, and brisled much
like the Marfo Weed, call’d Horse-tail, or Cats-tail, having at each knot
a fring’d Girdle,as I may so call it, of smaller hairs, and several bigger and
larger brisses,here and there dispers’d among them; besides these, it had a
two foorter horns, or feelers, which were knotted and fring’d, just as the
former, but wanted brisses, and were blunt at the ends 5 the hinder part
os the creature was terminated with three tails, in every particular re-
sembling the two longer horns that grew out of the head: The leggs of
it were soal’d and hair’d much like the rest, but are not express’d in this
Figure^ the Moth being intangled all in Glew, and so the leggs of this
appear’d not through the Glass which looked perpendicularly upon
the back.

This Animal probably feeds upon the Paper and covers of Books, and
perforates in them feveral (mall round holes, finding, perhaps, a conve-
nient nourifoment in those hulks of Hemp and Flax, which have passd

F f through
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through so many scourings, wa(hings,dressings and dryings/as the parts
os old Paper must necessarily have suffer’d} the digestive faculty,it seems,
ofthese little creatures being able yet further to work uponthose stub-
born parts, and reduce them into another form.

And indeed, when I consider what a heap of Saw-dust or chips this
little creature (which is one of the teeth of Time) conveys into its in-
trals. I cannot chuse but remember and admire the excellent contrivance
of Nature, in placing in Animals soch a fire, as is continually nourilhed and
siipply’d by the materials convey’d into the stosnach, and somented by the
bellows of the lungs 5 and in so contriving the most admirable fabrick of
Animals, as to make the very (pending and wasting of that fire, to be
instrumental to the procuring and collecting more materials to augment
and cherish it self, which indeed seems to be the principal end of all the
contrivances observable in bruit Animals.

Observ. L111. Of a Flea.

THe strength and beauty of this small creature, had it no other rela-
tion at all to man, would deserve a description.

For its strength, the Microjcope is able to make no greater disooveries
ofit then the naked eye, but onely the curious contrivance of itsleggs
and joints, for the exerting that strength,is very plainly manifested, such
as no other creature, I have yet observ’d, has any thing like it j for the
joints of it are so adapted,that he can,as ’twere,fold them shortone with-
in anothcr.and soddenly stretch,or spring them out to their whole length,
that is, of the fore-leggs, the part A, of the 34. Schemet lies within B,
and B within C, parallel to, or side by side each other 5 but the parts
of the two next, lie quite contrary, that is, D without E, and E with-
out F, but parallel also s but the 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 5 these six leggs he ciitches up al-
together, and when he leaps, springs them all out, and thereby exerts
his whole strength at once.

But, as for the beauty ofit, the Microfcope manifests it to be all over
adorn’d with a curioully polish’d suitof/^/e Armour, neatly jointed,
and befet with multitudes of (harp pinns, shap’d almost like Porcupine’s
Quills, or bright conical Steel-bodkins 5 the head is on either side beau-
tify’d with a quick and round black eye K, behind each of which also
appears a (mail cavity, L, in which he feems to move to and fro a cer-
tain thin film befet’with many small transparent hairs,which probably may
be his ears 5 in the forepart of his head, between the two fore-leggs, he
has two small long jointed feelers, or rather smellers, M M, which have
four joints,and are hairy, like thofe of several other creatures 5 between
these, it has a small probofck^i probe,, N N O, that feems to consist of a

tube.
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tube N N, and a tongtie or sucker O, which I have perceiv’d him to ssip
in and out. Besides these, it has also two chaps or biters P P, which are
so mewhat like those of an Ant, but I could not perceive them tooth’d $
these were shap’d very like the blades of a pair of round top’d Scizers,
and were opened and shut just after the same manner ; with these Instru-
ments does this little busie Creature bite and pierce the skin , and suck
out the blood of an Animal,leaving the skin inssamed with a small round
redipot. These parts are very difficult to be discovered, because, for
the most part, they lye covered between the fore-legs. 1 here are many
other particulars, which, being more obvious, and affording no great
matter of information, I ihall pass by, and refer the Reader to the Fi-
gure.

Oblerv. L1V. Of a Loufe,

THis is a Creature so officious, that ’twill be known to every one atone time or other, so busie, and sb impudent, that it will be intru-
ding it self in every ones company, and so proud and aspiring withall,
that it fears not to trample on thebcst, and affeds nothing sb much as a
Crown 5 feeds and lives very high, and that makes it sb saucy, as to pull
any one by the ears that comes in its way, and will never be quiet till it
has drawn blood: it is troubled at nothing so much as at a man that
scratches his head, as knowing that man is plotting and contriving seme
misehief against it, and that makes it oftentime sculk into some meaner
and lower place, and run behind a mans back, though it go very much
against the hair 5 which ill conditions of it having made it better known
then trusted, would exempt me from making any further description of
it, did not my faithful Mercury my Microjcope, bring me other infor-
mation of it. For this has diseovered tome, by means of a very bright
light cast on it, that it is a Creature of a very odd shape j it has a head
shap’d like that exprest in ^.Scheme marked with A,' which seems al-
most Conical, but is a little ssatted on the upper and under sides, at the
biggest part of which, on either side behind the head ( as it were, be-
ing the place where other Creatures ears stand) are placed its two black
shining goggle eyes B B, looking backwards, and fenced round with se-
veral small cilia or hairs that incompass it,so that it seems this Creature
has no very good foresight: It does not seem to have any eye-lids, and
therefore perhaps its eyes were sb placed, that it might the better cleanse
them with its fore-legs, and perhaps this may be thereasbn, why they
so much avoid and run from the light behind them, for being made to
live in the shady and dark recesses of the hair, and thence probably their
eye having a great aperture, the open and clear light, especially that
of the Sun, must needs very much offend them 5 to secure these eyes
from receiving any injury from the hairs through which it passes, it has
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two horns that grow before it, in the place where one would have
thought the eyes should be , each os these C C hath four joynts, which
are fringed, as ’twere, with small brides, from which to the tip of its
snout D, the head seems very round and tapering, ending in a very
(harp nose D, which seems to have a small hole, and to be the passage
through which he sucks the blood. Now whereas if it be plac’d on its
back, with its belly upwards, as it is in the 3 5. Scheme^ it seems in feve-
ral Politicos to have a resemblance of chaps, or jaws, as is represented
in the Figure by E E, yet in other postures those dark strokes dilappear 5
and having kept several of them in a box for two or three dayes, so that
for all that time they had nothing to feed on, I found, upon letting one
creep on my hand, that it immediately fell to sucking, and did neither
feem to thrust its nose very deep into the skin, nor to open any kind of
mouth, but I could plainly perceive a small current of blood* which
came diredly from its snout, and part into its belly 5 and about A there
seem’d a contrivance, somewhat resembling a Pump, pair of Bellows, or
Heart, for by a very swift fyftole and diajlole the blood seem’d drawn
from the nose, and forced into the body. It did not seem at although
I viewed it a good while as it was sucking, to thrust more of its nose in-
to the skin then the very snout D, nor did it cause the least discernable
pain, and yet the blood seem’d to run through its head very quick and
freely, sb that it seems there is no part of the skin but the blood is di-
spers’d into, nay, even into the cuticula 5 for had it thrust its whole nose
in from D to CC, it would not have amounted to the supposed thick-
ness of that tegument length of the nose being not more then a three
hundredth part of an inch. It has six legs, covered with a very transpa-
rent shell, and joynted exactly like a Crab’s, or Lobster’s 5 each leg is
divided into six parts by these joynts, and those have here and there
several small hairs 5 and at the end of each leg it has two claws, very
properly adapted for its peculiar use, being thereby inabled to walk
very securely both on the skin and hair 5 and indeed this contrivance of
the feet is very curious, and could not be made more commodiously and
compendiously, for performing both these requisite motions, of walking
and climbing up the hair of a mans head, then it is: for, by having the «
teller claw (a J set so muchshort of the bigger (b) when it walks on
the skin the shorter touches not, and then the feet are the same with
those of a Mite, and several other small Insefrs, but by means of the
small joynts of the longer claw it can bend it round, andsb with both
clawstake hold of a hair, in the manner represented in the Figure, the
long transparent Cylinder F F F, being a Man’s hair held by it.

The Thorax seem’d cas’d with another kind of substance then the bel-
ly, namely, with a thin transparent horny substance, which upon the
falling of the Creature did not grow flaccid 5 through this 1 could plain-
ly see the blood, suck d from my hand, to be varioully distributed, and
mov’d to and fro $ and. about G there seem’d a pretty big white sub-
stance, which seem d to be moved within its thorax 5 besides, there ap-^
pear’d very many small milk-white vessels, which crost over the breast
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between the legs, out of which, on either side, were many sinal! bran-
chings,these seem'd to be the veins and arteries,for that which is analogusto blood in all Insests is milk-white. 6

The belly is covered with a transparerit substance likewise, but more
resembhng a skin then a shell, for ’tis grain’d all over the belly ^ust like
the skin in the palms of a man’s hand, and when the belly is empty grows
very ssaccid and wrinkled 5 at the upper end of this is placed the sto-
mach H H,and perhaps also the white spot 11 may be the liver,orpancreas
which;by theperift altick motion of the guts, is a little mov’d to and fro
not with aststole and diaftole, but rather with a thronging or iustling
motion. Viewingoneof these Creatures, after it had fasted two daye?
all the hinder part was lank and ssaccid , and the white spot 11 hardly
mov’d, most of the white branchings disappear’d, and most also of the
redness or sucked blood in the guts, the perftaliit^ motion of which
was scarce discernable 5 but upon the sullering it to suck , it prefently
fill’d the (kin of the belly, and of the six scolop’d embosments on either
side, as full as it could be stuft $ the stomach and guts were as full as
they could hold 5 the periftalticft motion of the gut grew quick,and the
justling motion of 11 accordingly 5 multitudes of milk-white vesTels
seem’d quickly filled, and turgid, which were perhaps the veins and ar-
teries, and the Creature was so greedy, that though it could not contain
more, yet it continued sucking as fast as ever, and as fast emptying it self
behind : the digestion of this Creature must needs be very quick for
though I perceiv’d the blood thicker and blacker when suck d, "yet
when in the guts, it was of a very lovely ruby colour, and that part of
it, which was digested into the veins, seemed white 5 whence it appears
that a further digestion of blood may make it milk, at least of a resem-
bling colour : What iselseobservable in the figure of this Creature, maybe seen by the 3 5. Scheme. ’ 17

Observ. LV. Os Mites.

THe least of Reptiles I have hitherto met with, is a Mite, a Creaturewhereof there are seme so very small, that the fliarpest sight, tin-
ailisted with Glasses, is not able to diicern them, though, being white of
themfelves, they move on a black and smooth surface 5 and the Eggs,
out of which thefe Creatures seem to be hatch’d, are yet smaller, thofe
being usually not above a four or five hundredth part of a well grown
Mite, arid thofe well grown Mites not much above one hundredth
of an inch in thickness 5 so that according to this reckoning there may be
no less then a million of well grown Mites contain’d in a cubick inch, and
five hundred times as many Eggs.

Notwithstanding which minuteriest a good Microjeope difcoVers thofe
small movable specks to be very prettily shap’d Infers, each of them fur-
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nish’d with eight well shap’d and proportion’d legs., which are each of4
them joynted or bendable in eight several places., or joynts, each of
which is covered, forthemost part, with a very transparent fliell, and
the lower end of the lhell of each joy nt is fringed with feveral sinal!
hairs 5 the contrivance of the joynts seems the very same with that of
Crabsand Lobsterslegs, and like those also, they are each of them ter-
minated with a very (harp claw or point 5 four of thefe legs are so pla-
ced, that they seem to draw forwards, the other four are placed in a
quite contrary petition, thereby to keep the body backwards when
there is occasion.

Pig. 1. The body, as in other larger Insers, consists of three regions or
sthem, 36, parts« the hinder or belly A, seems covered with one intire (hell, the

middle, or chest, feems divided into two (hells B C. which running one
within the other, the Mite is able to (brink in and thrust out as it finds
occasion, as it can also the snout D. The whole body is pretty transpa-
rent, so that being look’d on against the light, divers motions within its
body may be perceived 5 as also all the parts are much more plainly de-
lineable, then in other postures, to the light. The (hell, especially that
which covers the back, is curiously polisht, so that ’tis easie to fee, as in a
convex} Looking-glass, or soliated Glass-ball, the pisture of all the ob-
jects round about 5 up and down, in feveral parts of its body, it has fe-
veral small long white hairs growing out of its shell, which are often
longer then the whole body, and are reprefented too fliort in the first
and fecond Figures 5 they seem all pretty straight and plyable, save only
two upon the fore-part of its body, which feem to be the horns, as may
be feen in the Figures 5 the first whereof is a prosped of a smaller sort of
Mites ( which are usually more plump ) as it was paflant to and fro 5 the
fecond is the prospeCt of one fixt on its tail ( by means of a little mouth-
glew rub*d on the objest plate) exhibiting the manner of the growing of
the legs, together with their several joynts.

This Creature is very much diversify’d in shape, colour, and divers
other properties, according to the nature of the substance out of which
it feems to be ingendred and nourished,being in one substance more long,
in another more round, in some more hairy, in others more smooth, in
this nimble, in that slow, here pale and whiter, there browner, blacker,
more transparent, &c. I have observed it to be resident almoston all
kinds of sobstances that are mouldy, or putrifying, and have seen it very
nimbly meshing through the thickets of mould, and sometimes to lye
dormant underneath them; and ’tis not unlikely, but that it may feed on
that vegetating substance , jpontaneous Vegetables feeming a food proper
enough for spontaneous Animals.,

But whether indeed this Creature, or any other, be such or not, I can-
not positively, from any Experiment, or Observation, I have yet made,
determine. But,as I formerly hinted, it seems probable, that some kind
of wandring Mite may sow, as ’twere, the first seeds, or lay the first eggs,
in thofe places, which Nature has instru&ed them to know convenient
for the hatching and nourishing their young 5 and though perhaps the
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prime Parent might be of a Chape very disfering from what the off-
spring, after a little while, by reason os rhe Cubstance they feed on, or
the Region (as ’twere ) they inhabited yet perhaps even one of thefe
alter’d progeny, wandering again from its native soil, and lighting on by
chance the lame place from whence its prime Parent came, and there set-
tling, and planting, may produce a generation os Mites of the same
Chapes and properties with the first wandring Mite: And from some suel!
accidents as these, I am very apt to think, the most sorts of Animals, ge-
nerally accounted spontaneons , have their origination, and all thofe va-
rious forts of Mites, that are to be met with up and down in divers pu-
trifying substances, may perhaps be all of the same kind, and have sprung
from one and the same sort os Mites at the first.

Observ. L V I* Of a fmall Creature hatch'd on a Vine,

THere is, almost all the Spring and Summer time, a certain sinallyround, white Cobweb, as twere, about the bigness of a Pea,which
sticks very close and fast to the stocks of Vines nayl’d against a warm
wall : being attentively viewed,they seem cover’d, upon the upper side
of them, with a small husk, not unlike the scale, or shell of a Wood-
loufe, or Hog-louse, a small Inscdt usually found about rotten wood,
which upon touching presently rouls it self into the form os a pepper-
corn : Separating feveral of these from the stock , I found them, with
my Asicrojcopc^ to conlist of a shell, which now seemed more likely to be
the hulk of one of these Insers: And the fur feem’d a kind of cobweb,
consisting of abundance of small filaments, or sseaves os cobwebs* In
the midst of this, if they were not hatch’d,and run away before, the time
of which hatching was usually about the latter end of ftne^ or begin-
ning of July, I have often found abundance of small brown Eggs, siich
as A and B in the fecond Figure of the 36. Scheme^ much about the big-
ness of Mites Eggs 5 and at other times, multitudes of small Infests, flia-
ped exactly like that in the third Figure marked with X. Its head large,
almost half the bigness of its body, which is usual in the /Mz/j- of most
Creatures. It had two small black eyes a a, and two small long joynted
and brissed horns b b. The hinder part of its body seem’d to consist of
nine scales, and the last ended in a forked tayl, much like that of a Cu-
tio} or Wood louse, out of Which grew two long hairs 5 they ran to
and fro very swiftly, and were much of the bigness of a common Mite,
but some of themless: The longest of them seem’d not the hundredth
partofan inch, and the Eggs usually not above half as much. They
seemed to have six legs, which were not visible in this I have here define^
ated, by reason they were drawn under its body.

If these Minute creatures were Wood-lice(a$ indeed srom their own fhape
and frame,the skin,or shell5that grows on them,one may with great pro-
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bability ghess) it^affords us an Instarice, whereof perhaps there are not
many like in Nature,and that is,ofthe prodigious increase of these Crea-
tures after they are hatch’d and run about dor a common Wood-louse,of
about half an inch long, is no less then a hundred and twenty five thou-
sand times bigger then one of thefe, which though indeed it seems very
strange, yet Lhave obferved the young ones of feme Spiders have almost
kept the same proportion to their Dam.

This, methinks, if it be so, does in the next place hint a Qyasry,which
may perhaps deserve a little further examination : And that is,Whether
there be not many of those minute Creatures,such as Mites, and the like,
which, though they are commonly thought of otherwife, are only the
puily, or young ones, of much bigger Infests, and not the generating,
or parent Infest, that has layd thofe Eggs 5 for having many times ob-
serv’d those Eggs, which usually are found in great abundance where
Mites are found , it feems something strange, that so small an Animal
fliould have an Egg so big in proportion to its body. Though on the
other side, I must confels, that having kept divers of thofe Mites inclosed
in a box fora good while, I did not find them very much augmented be-
yond their usual bigness.

What the husk and cobweb of this little white substance fliould be, I
cannot imagine, unless it be, that the old one, when impregnated with
Eggs, fliould there ssay, and fix it self on the Vine, and dye, and all the
body by degrees fliould rot, lave only the husk, and the Eggs in the bo-
dy : And the heat, or fire, as it were, of the approaching Sun-beams
fliould vivifie thofe Relists of the corrupted Parent, and out of the
allies, as ’twere, ( as it is fabled of the Phcenix ) Ihould raife a new' ofl-
ipring for the perpetuation of the jpecies. Nor will the cobweb, as it
were, in which thefe Eggs are inclos’d, make much against this Con je-
sture 5 for we may, by thofe cobwebs that are carried up and down the
Air after a Fog (which with my Microfeepe I have difeovered to be made
up of an infinite company of small filaments or threads) learn, that
soch a texture of body may be otherwife made then by the ipinning of
a Worm.

Oblerv. L VII. Os the Eels in Vinegar.

OF thefe small Eels, which are to be found in divers sorts of Vine-
gar, I have little to add besides their Pisture, which you may

find drawn in. the third figure of the 25. Scheme: That is, they were
shaped much like an Eel, lave only that their nofe A, ( which was a lit-
tle more opacous then the rest of their body ) was a little fliarper, and
longer, in proportion to their body, and the wrigling motion of their
bodyfeemd to be onely upwards and downwards, whereas that of
Eels is onely side wayes; They feem’d to have a more opacous part

about
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about B, which might, perhaps,be their Gills 5 it seeming always the same
proportionate distant from t heir nose, from which, to the tip of their
tail, C, their body seem’d to taper.

Taking several ofthese out of their Pond of Vinegar, by the net of a
small piece of filtring Paper, and laying them on a black smooth Glass
plate, I found that they could wriggle and winde their body, as much
almost as a Snake, which made me doubt, whether they were a kind of
Eal or Leech.

I shall add no other observations made on this minute Animal, being
prevented herein by many excellent ones already publilh’d by the inge-
nious, Dostor Power among his Microscopical Observations, save onely
that a quantity of Vinegar repleat with them being included in a small
Viol, and stop’d very close from the ambient air, all the included Worms
in a very short time died, as if they had been Rissed.

And that their motion seems (contrary to what we may obferve in the
motion of all other Insers) exceeding slow. But the reason of it seems
plain, for being to move to and fro after that manner which they do, by
waving onely, or wrigling their body, the tenacity, or glutinousness,
and the density or resistance of the ssuid medium becomes ib exceeding
sensible to their extremely minute bodies,that it is to me indeed a greater
wonder that they move them sb fast as they do,then that they move them
no faster. For what a vastly greater proportion have they of their super-
ficies to their bulk, then Eels or other larger Fillies, and next, the tena-
city and density of the liquor bei ig much the same to be moved,both by
the one and the other, the resistance or impediment thence arising to
the motions made through it, must be almost infinitely greater to the
small one then to the great. This we find experimentally verify d in the
Air, which though a medium a thousand times more ratify’d then the wa-
ter,the resistance ofit to motions made through it,is yetso sensible to ve-
ry minute bodies,that a Down-feather(the leait os whofe parts seem yet
bigger then these Eels, and many of them almost incomparably bigger,
such as the quill and stalk) is suspended by it, and carried to and fro as if
it had no weight.

Observ. L V111. Of a new Property in the Air, and feveral other
transparent Mediums nanid Inssexion, whereby very many con-
siderable Phenomena are attempted!to be folvdy and divers other
ufes are hinted.

Since the Invention (and perfecting in feme measure) of Telefcope^ it hasbeen observ’d by several, that the Sun and Moon neer the Horizon,
are disfigur’d ( losing that exastly-smooth terminating circular limb,
which they are observ’d to have when situated neerer the Zenith) and
are bounded with an edge every way (especially upon the right and left

G g sides)
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(ides) ragged and indented like a Saw: which inequality os their limbs, I
have surther observ d, not to remain always the same, but to be conti-
nually chang’d by a kind of ssustuating motion, not unlike that of the
waves of the Sea 5 so as that part of the limb, which was but even now
nick’d or indented in, is nOw protuberant, and will presently be sinking
again 5 neither is this all,but the whole body of the Luminaries, do in the
lelefcope^ seem to be depress’d and ssatted, the upper,and more Specially
the under side appearing neerer to the middle then really they are,and the
right and left appearing more remote: whence the whole Area soems to be
terminated by a kind of Oval.Tt is further obsorv’d .that the body,for the
mosl part, appears red, or of some colour approaching neer unto it, as
feme kind of yellow 5 and this I have always mark'd, that the more the
limb is flatted or ovalled.the more red does the body appear, though not
always the contrary. It is further observable, 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 observ’d to twinkle 5 in so much, that
I have seen the Dog-starr to vibrate so strong and bright a radiation of
light, as almost to dazle my eyes, and presently, almost to disappear.
It is also observable, that thoso bright scintillations neer the Horizon, are
not by much so quick and hidden in their consecutions of one another, as
the nimbler twinklings of Stars neerer the Zenith. This is also notable,
that the Starrs neer the Horizon, are twinkled with soveral colours 5 so as
sometimes to appear red,sometimes more yellow,and sometimes blue,and
this when the Starr is a pretty way elevated above the Horizon. I have
further, very often soen some of the small Starrs of the fifth or sixth ma-
gnitude, at certain times to disappear for a small moment of time, and
again appear more conspicuous, and with a greater luster. I have soveral
times,with my naked eye, seen many smaller Starrs, soch as may be call’d
of the feventh or eighth magnitude to appear for a short (pace, and then
vanish, which, by directing a small Telefiope towards that part they ap-
pear’d and disappeard in 51 could prefently find to be indeed sinall Starrs
so situate.as I had seen them with my naked eye, and to appear twinkling
like the ordinary visible Stars 5 nay, in examining some very notable parts
of the Heaven,with a three foot Tube , me thought I now and then, in
soveral parts of the constellation, could perceive little twinklings of
Starrs, making a very short kind of apparition,and presently vanishing,
but noting diligently the places where they thus soem’d to play at boe-
peep, I made uso of a very good twelve foot Tube, and with that it was
not uneasie to soe thoso, and soveral other degrees of smaller Starrs, and
some smaller yet, that soem’d again to appear and disappear, and thefe
also by giving the same Objed-glass a much bigger aperture, I could
plainly and conssantly soe appear in their former places 5 so that I have
obsorv’d some twelve soveral magnitudes of Starrs less then thoso of the
six magnitudes commonly recounted in the Globes.

It has been obsorv’d and confirm’d by the accuratest Obfervati-
onsof the best of our modern Astronomers, 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 seen above the Horizon, whilst theMoori
has been in an Eclipse. I shall not hereinstance in the great refraXions,
that the tops of high mountains^ seen at a distance, have been found to
have 5 all which seem to argue the Horizontal refraXion, much greater
then it is hitherto generally believ’d.

I have further taken notice, that not onely the Sun, Moon andStarrs3
and high tops of mountains have suffer’d these kinds of refraXion, but
Trees, and several bright ObjeXs on the ground: I have often taken no-
tice of'the twinkling of the reflexions of the Sun from a Glass-window
at a good distance, and of a Candle in the night, but that is not sbcon-
spicuous,and in’obferving the fettingSun,! have often taken notice of the
tremulation of the Trees andBushes, as well as of the edges of the Sun.
Divers of these Phenomena have been taken notice of by several, who
have given several reasons of them, but I have not yet met with any alto-
gether satisfaXory, though some of their conjeXures have been partly
true,but parly also falfe.betting my felf therfore upon the inquiry of thefe
Ph^nomena^ I first endeavour’d to be very diligent in taking notice of
the several particulars and circumstances obfervable in them 5 and next,
in making divers particular Experiments, that might cleer feme doubts,
and serve to determine, confirm, and illustrate the true and adequate
caufe of each 5 and upon the whole, I find much reason to think, that
the true caufe of all thefe Phenomena is from the injie&ion., or multi'
plicate rest aft ion of thofe Rays of light within the body of the Atmojphere,
and that it does not proceed from a rssiattion caus’d by any terminating
juperficies of the Air above, nor from any such exaXly defin’d superficies
within the body of the Atmofchere.

This Conclusion is grounded upon these two Propositions;
First, that a medium^ whose parts are unequally denfe, and mov’d by

various motions and transpositions as to one another, will produce all
these visibleefleXs upon the Rays of light, without any other coefficient
caufe.

Secondly, that there is in the Air or Atmofchere^ such a variety in the
constituent parts of it, both as to their denfcty and rarity, and as totheir
divers mutations and portions one to another.

By Denfcty and Rarity^ I underhand a property of a transparent body,
that does either more or less refraX a Ray of light (coming obliquely
upon its superficies out of a third medium) toward its perpendicular: As
I call Glast a more densc body then Water, and Water a more r^re body
then Glals, because of the refraXions (more or less desseXing towards the
perpendicular) that are made in.them,of a Ray of light out of the Air
that has the same inclination upon either of their superficies.

So as to the busincss of RefraXion. spirit of Wine is a more denfc body
then Watcr,it having been found by an accurate Instrument that measures
the angles of RefraXions to Minutes that for the same refraXed angle of
30:00' in both thofe Mediums, the angle of incidence in Water was
but 410. 3'5. but the angle of the incidence in the trial with spirit of
Wine was 42° .• 45'. But as to gravity, Water is a more denfe body then
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spirit of Wine, for the proportion of the same Water, to the same very
well rectify’ d spirit of Wine was, as 21. to 19.

So as to Refl ation,Water is more Dense then Ice 5 fori have found
by a moll certain Experiment, which I exhibited before divers illullrious
perlons of the Royal Society s that the Refraction of Water was greater
then that of Ice, though feme considerable Authors have affirm’d the con-
trary, and though the Ice be a very hard, and the Water a very fluid
body.

That the former of the two preceding Propositions is true,may be ma*
nifested by several Experiments:As first,if you take any two liquors differ-
ing from one another in density,but yet such as will readily mix:as SaltWa-
ter,or Brine,& Freshjalmost any kind of Salt dilsolv’d in Water,and filtra-
ted, so that it be cleer,spirit of Wine and Water 5 nay, spirit of Wine,and
spirit of Wine, one more highly rectify’d then the other, and very many
other liquors 5 if(I say) you take any two of these liquors, and mixing
them in a Glass Viol, against one side of which you have fix’d or glued a
small round piece of Paper, and lhaking them well together (so that the
parts of them may be somewhat disturb’d and move up and down)you
endeavour to fee that round piece of Paper through the body of*the li-
quors 5 you shall plainly perceive the Figure to wave, and to be indented
much after the same manner as the limb of the Sun through a Telefcope
feemsto be,save onely that the mutations here,a re much quicker. And if,
insteed of this bigger Circle, you take a very small spot, and fallen and
view it as the former, you will find it to appear much like the twinkling
os the Starrs, though much quicker: which two Phenomena (fori shall
take notice of no more at prefent, though I could insiance in multitudes
of others) musl necessarily be caus d by an inflexion of the Rays within
the terminating luperficies of the compounded mediums since the sursaces
of the transparent body through which the Rays pass to the eye, are not
at all altered or chang’d.

This inssexion (if I may so call it) I imagine to be nothing elfe, but a
mhltiplicate refractions caused by the unequal dcnfrty of the constituent
parts os the medium , whereby the motion, aCtion or progrels of the Ray
of light is hindred from proceeding in a sireight line, and infleCted or Je-
freCledViy a curve. Now, that it is a curve line is manisest by this Expe-
riment : I took a Box,fuch as A D G E, in the firsl Figure of the ^-/.Schemes
whole tides A B C D, and E F G H, were made of two smooth siat
plates of, Glass, then filling it half sull with a very lirong solution of
Salt, I filled the other half with very fair fresh water, then exposing
the opacous side, D H G C, to the Sun, I obferv d both the refratlion and
inssection of the Sun beams,! D & K H, and marking as exastly as I could,
the points, P, N, O, M, by which the Ray, K H, palled through the com-
pounded mediums I found them to be in a curve line 5 for the parts of the
medium being continually more denfe the neerer they were to the bot-
tom, the Ray p s was continually more and more desiested downwards
from the (freight line.

This Irifiedion may be mechanically explained, cither byMonsieur
Des
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Des Cartes principles,by conceiving the Globuls off the third Element to
find lets and less resinance against that side of them which isidownwards,
or by a way, which I have further explicated, in the Inquisition about Co-
lours, to be from an obliquatioELof the pulse os light, whence the ruder
part is continually promoted, and conscquently refraded towards the
perpendicular, which cuts the Orbs at right angles. What the particu-
lar Figure of the Curve line, describ’d by this way of lights is, I sshall not
now Hand to examine, Specially since there may be fo many sorts of it as
there may be varieties of the Petitions os the iniermediat degrees osden-
fit} and rarity between the bottom and the top of the inssecting Medium,,

I could produce many more Examples and Experiments, to illustrate
and prove this first Proposition^ viz. that there is such a constitution of
feme bodies as will caule inssection. As not to mention those I have ob-
serv’d in Horn, lortoise-jbelt, transiarent Gums, eonds refinaus.Subfiances :
The veins of Glafe, nay, os melted Crfiiad, found, and much complained
of by Glass-grinders, and: others, might fufficiently demonstrate the
truth of it to any diligent Obfervator.

But that, I presume, I have by this Example given proof sussicient
( viz. ocular demonfiration) to evince, that there is such a modulation,
cr ocnding of the rayes of light, as I have call’d insse&ion, differing
both srom reflection, and resraction ( since they are both made in the su-
persicies, this only in the middle ) 5 and likewise, that this is able or suf-
ficient to produce the efle^ks I have ascribedto it.

It remains therefore to the w , that there is such a property in the Air,
and that it is sufficient to produce all the above mentioned fbanomena^
and therefore may be the principal, is not the only cause of them.

First, That there is such a property, may be proved from this, that the
parts os the Air are seme of them more condens’d, others more ratified,
either by the differing heat, or differing pressure itsustains, or by the
fomewhat heterogeneous vapours iiiterspers’d through it. For as the Air
is more or lest ratified, so does it more or less refrast a ray of light ( that
comes out os a denser medium) from the perpendicular, This you may
find true, is you make tryal of this Experiment.

Take a small Glass-bubble, made in the form of that in the second
Figure os the 37. Scheme^ and by heating the Glass very hot, and there-
by very much ratifying the included Air, or, which is better, by ratify-
ing a small quantity of water, included in it, into vapours, which will
expel the most part, if not all the Air, and then sealing up the sinal!
neck of it, and letting it cool, you may find, is you place it m a conve-
nient Instrument, that there will be a manifest difference, as to the refra-
&ion»

As is in this second Figure you suppose A to represent a small sight or
hole, through which the eye looks upon an object, as C, through the
Glass-bubble B, and the second sight L 5 all which remain exadly fixt
in their several places, the objest C being so cized and placed, that it
may just seemto touch the upper and under edge of the hole L : and
so all of it be seen through the small Glass-ball of ratified Air 5 then by

breaking
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breaking off the small seal’d neck of the Bubble ( without at all stirring
the sights, object, or glass) and admitting the external Air, you will
find your self unable to see the utmost ends of the objest 5 but the termi-
nating rayes A E and A D ( which were before refracted to G and F
by the ratified Air ) will proceed almost directly to I and H 5 which al-
teration of the rayes ( seeing there is no other alteration made in the
Organ by which the Experiment is tryed, save only the admission, or ex-
clusion of the condens’d Air ) must necessarily be caused by the variation
of the medium contain’d in the Glass B 5 the greatest difficulty in the ma-
king of which Experiment, is from the uneven surfaces of the bubble,
which will represent an uneven image of the objest.

Now,that there is such 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 topsand feet of Mountains 5
and may be further illustrated , and inquired into, by a means, which
feme whiles since I thought of, and us d, for the finding by what degrees
the Air passes from such a degree of Density to such a degree of Rarity.
And another, for the finding what pressure wasrequisite to make it pais
from such a degree of Rarefaction to a determinate Density: Which
Experiments, because they may be useful to illustrate the prefent Inqui-
ry, I (hall briessy describe.

I took then a sinallGlass-pipe A B, about the bigness of a Swans quill,
and about four foot long, which was very equally drawn, so that, as far
as I could perceive, no one part was bigger then another: This Tube
s being open at both ends) I fitted into another small Tube DE, that
had a small bore just big enough to contain the small Pipe, and this was
seal’d up at one, and open at the other, end 5 about which open end I
fastned a sinall wooden box C with cement, so that filling the bigger
Tube, and part of the box, with Quicksilver, I could thrust the smaller
Tube into it, till it were all covered with the Quicksilver : Having thus
done, I fastned my bigger Tube against the side of a wall, that it might
stand the steadier , and plunging the small Tube cleer under the Mercu-
ry in the box, I stopt the upper end of it very fa st with cement, then
lifting up the small Tube, I drew it up by a small pully, and a siring that
I had fastned to the top of the Room, and found the height of the Mer-
curial Cylinder to be about twenty nine inches.

Then letting down the Tube again, I opened the top, and then thrust
down the small Tube, till I perceived the Quicksilver to rise within it to
a mark that I had plac’d just an inch from the top^and immediately clap-
ping on a small peice of cement that I had kept warm, I with a hot Iron
seal’d up the top very fast, then letting it cool (that both the cement
might grow hard , and more especially, that the Air might come to its
temper, natural for the Day I try’d the Experiment in ) I observ’d dili-
gently, and found the included Air to be exa&ly an Inch.

Here you are to take notice, that after the Air is seal’d up, the top of
the Tube is not to be elevated above the superficies of the Quicksilver
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in the box, till the sursace of that within the Tube be equal to it, for
the Quicksilver ( as I have clsewhere prov’d ) being more heterogene-
ous to theGlass then the Air, will not naturally rise upso high within
the small Pipe,as the superficies of the Mercury in the box , and therefore
you are toobserve, how much below the outward superficies of the
Mercury, in the box, that of the same in the Tube does stand, when the
top being open, free ingu-ss is admitted to the outward Air.

Having thus done, I permitted the CyUnder, or small Pipe, to rife out
of the box, till I found the surface of the Quicksilver in the Pipe to be
two inches above that in the box, and found the Air tp have expanded
it felf but one sixteenth part of an inch, then drawing up the small
pipe, till I found the height of the Quicksilver within to be four inches
above that without, I obferved the Air to be expanded only ) o/ an inch
more then it was at first , and to take up the room of is inch: then I
raised the Tube till the Cylinder was six inches high, and found the Air
to takeup i| inches of room in the Pipe, then to8, io, 12. &c.
the expansion of the Air that I found to each of which Cylinders are
set down in the following Tables where, the first row signifies the
height of the Mercurial Cylinder 5 the next, the expansion of the Air 5
the third, the pressure of the Atwojphere y or the highest Cylinder of
Mercury., which was then neer thirty inches The last signifies the force
of the Air so expanded, which is found by substrasting the first row of
numbers out of the third y for having found, that the outward Air would
then keep up the Quickfilver to thirty inches, look whatever of that
height is wanting must be attributed to the Elater of the Air depressing.
And therefore having the Expansion in the fecond row,and the height of
the subjacent Cylinder of Mercury in the first, and the greatest height of
the Cylinder of Mercury^ which os it self counterballances the whole
pressure of the Atmcjphere by substrading the numbers of the first row
out of the numbers of the third, you will have the measure of the Cylin-
ders so deprest, and consequently the force of the Air,in the feyeral Ex-
pansiops, registred.
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I had several other Tables of my Observations, and Calculations,

which I then made j but it being above a twelve month iince I made
them j and by that means having sorgot many circumstances and par-
ticulars , I was resolved to make them over once again, which I did
Auguftthe second 1661. with the very sameTube which I uled the year
before, when I first made the Experiment s for it being a very good
one, I had carefully preserv’d it:) And after having try ed it over and
over again 5 and being not well satisfied of feme particulars,* I, atlast,
having put all things in very good order, and being as attentive, and
observant, as possibly 1 could, of every circumstance rcquisite to be ta-
ken-notice of, did register my several Observations in this following
Table. In the making of which, I did not exactly follow the method
that I had used at first j but, having lately heard of Mr. Townlys Hypo*
thefts, Ishap’d my course in such sort, as would be most convenient for
the examination of that Hypothefts 5 the event of which you have in the
latter part of the last Table.

. The other Experiment was, to find what degrees of force were requi-
site to compress, or condense, the Air into such or such a bulk.

The manner .of proceeding therein was this: I took.aTube about
five foot long, one of whose ends was tea led up, and bended in the forrri
of a Syphon , much like that represented in the fourth Figure of the
37. Scheme, one side whereof A D, that was open at A, was about fifty
inches long, the other side B C, sont at B, was not much above feven in-
ches long 5 then placing it ex uftly perpendicular , I pour’d in a little
Quicksilver, and found that the Air B C was 63 inches, or very near to
ieven 5 then pouring in Quicksilver at the longer Tube, I continued
filling of it till the Air in the shorter part of it was contracted into half
the former dimensions, and found the height exaCcly nine and twenty in-
ches -j and by making several other tryals, in several other degrees of
condensation of the Air, I found them exactly answer the former Hypo-

thefts'.

But having (by reasbn it was a good while sirtce I first made) forgot-
ten many particulars,and being much unsatisfied in others, I made the Ex-
periment over again, and, from the several tryals,collected the former
part of the following Table : Where in the row next the left hand 24.
signifies the dimensions of the Air, sustainingonly the presiure of the At-
mojphere^ which at that time was equal to a Cylinder of Mercury of nine
and twenty inches; The next Figure above it ( 20 ) was the dimensi-
ons of the Air inducing the first compression, made by a Cylinder of Mer-
cury 5 h high, to which the presiuse of the Atmofphere nine and twenty
inches being added , the elastick strength of the Air fb comprest will be
found 34^, &c.
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A Table of the Elastick, power of the Air,
both Experimentally and Hypothetically calculated,
according to its various 'Dimensions.
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From which Experiments, I think, we may safely conclude, that the

Elater of the Air is reciprocal to its extension, or at least very sseet* So
that to apply it to our present purpose ( which was indeed the chief
cause of inventing these Wayes of try al ) we will suppose a Cylinder i#-
definitely extended upwards, [ I say a Cylinder^ hot a piece of a Conei
because, as I may elsewhere (hew in the Explication of Gravity, that tri-
plicate proportion of the shels of a Sphere, to their respedive diameters,
I suppose to be removed in this case by the decrease of the power of Gra-
vity J and the pressure of the Air at the bottom of this Cylinder to be
strong eno ugh to keep up a Cylinder of Mercury of thirty inches : Now
because by the most accurate tryals of the molt illustrious and incompa-
rable Mr. Boyle, published in his defervedly famous Pneumatick Book,
the weight of Quicksilver, to that of the Air here below, is found neet
about as fourteen thousand to one: If we suppose the partsof the Cy-
Under of the Atmojphere to be every where of an equal dettsity, we shall
{ as he there deduces ) sind it extended to the height of thirty five
thousand feet, or seven miles: But because by these Experiments we have
somewhat confirm’d the hypothesis of the reciprocal proportion of the
Elaters to the Extensions we shall find, that by supposing thist^/zWerof
the Attnojphere divided into a thouland parts, each of which being equi-
valent to thirty five feet, or feven geometrical paces,that is,each of thefe
divisions containing as much Air as is suppos’d in a Cylinder sseer the
earth of equal diameter,and thirty five foot high, We shall find the lower-
most to press against the surface of the Earth with the whole weight os
the above mentioned thousand parts 5 the pressure of the bottom os the
fecond against the top of the first to be 1000-1 — 999. of the third
against the fecond to be 1000—2—998. of the fourth against the third
to be 1 coo — 3—997. of the uppermost against the 999. or that next be-1
low it, to be icoo.—999—1. sb that the extension of the lowermost
next the Earth, will be to the extension of the next below the upper-
most, as 1. to 999. for as the pressure sustained by the 999. is to the
pressure sustain’d by the first, sb is the extension of the first to the ex-^
tension of the 999. sb that, from this hypothetical calculation, we shall
find the Air to be indefinitely extended : For if we suppofe the whole
thicknessof the Air to be divided, as I just nowinstanced, into a thou-
sand parts, and each of those under differing Dimensions, or Altitudes,
to contain an equall quantity of Air, we shall find, that the first Cylinder^
whose Base is supposed to lean on the Earth, will be found to be exten-
ded 3 5^ foot 5 the fecond equal Division, or Cylinder.‘, whofe bajis is
supposed to lean on the top of the first,shall have its top extended higher
by 35^8$ the third 35’°^ 5 the fourth 35^6 5 and sb onward, each e-
qual quantity of Air having its dimensions measured by 3 5. and feme
additional number exprest alwayes in the manner of a fraction, whofe
numerator isalway the number of the place multipli’d by 35. and
whofe denominator is alwayes the pressure of the Atmojphere sustain’d by
that part, so that by this means we may easily calculate the height of 999.
divisions of thofe iooo. divisions, I suppos’d j whereas the uppermost
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may extend it felf more then as high again,nay, perhaps indefinitely, or
beyond the Moon 5 sor the Elaters and Expansions being in reciprocal
proportions, since we cannot yet find the plus beyond which the Air
will not expand it felf, we cannot determine the Height of the Air: for
since, as we have (hewn, the proportion will be alway as the pressure
sostain’d by any partis to 35. so 1000. to the expansionof that part 5
the multiplication or produst therefore of the pressure, and expansion,
that is, of the two extream proportionals, being a,lwayes equal to the
product os the means, or 35000. it follows, since that Restangle or
Produst may be made up of the multiplication of infinite diversitiesof
numbers, that the height of the Air is also indefinite j for since (as far as
I have yet been able to try) the Air seems capable of an indefinite Ex-
pansion, the pressiire may be decreafed in insinitum, and ccnfequently its
expansion upwards indefinite also.

There being therefore such a disserence of density, and no Experi-
ment yet known to prove a Saltus, or flapping from one degree of rari-
ty to another much differing from it, that is, that an upper part of the
Air Ihould so much differ from that immediately jubjacent to it, as to
make a distinft superficie®, sitch as we observe between the Air and Wa-
ter, &c. But it being more likely, that there is a continual increafeos
rarity in the parts of the Air, the further they are removed from the
sursace of the Earth; It will hence necessarily follow, that (as in the
Experiment of the sait andfresh Water) the ray os Light palling ob-
liquely through the Air also, which is of very disferent density, will be
continually, and infinitely inssested, or bended, from a streight, or direst
motion.

This granted, the reasonof all the above recited Phenomena s con-
cerning the appearance of the Celestial Bodies, will very easily be de-
duced. As,First, The rednessof the Sun, Moon, and Stars, will be found to be
caufed by the inssestion of the rays within the Atmofphere. That it is
not really in or near the luminous bodies, will, I suppofe, be very eafily
granted, feeing that this redness is obfervable in feveral places dissering
in Longitude, to be at the same time different, the fetting and rising Sun
of all parts being for the moil part red :

And fecondly, That it is not meerly the colour of the Air interpos’d,
will, I suppofe, without much more difficulty be yielded, seeing that we
may observe a very great interftitium os Air betwixt the Ob jest and the
Eye, makes it appear os a dead blew, far enough differing from a red,
or yellow.

But thirdly, That it proceeds from the refrastion,or inssestion, of the
rays by theAtmoJphere^ this sollowing Experiment will, I suppofe, siiffici-
ently manifest.

Take a sphaerical Crystalline Viol, siich as is defcrib’d in. the fifth Fi-
gure A B C D, and, having fill’d it with pure clear Water, expofe it to
the Sun beams 5 then taking a piece of very fine Venice Paper, apply it
against that side of the Globe that is opposite to the Sun, as against theside



sideBC, and you mail perceive a bright red Ring to appear, caus’d bv
the refradion ofthe Rays, A A A A, which is made by the Globe 5 in
which Experiment, if the Gla£ and Water be very cleer, so that there be
no Sands nor bubbles intheGlais, nor dirt in the Water, you (hall not
perceive any appearance of any other colour. To apply which Experi-
ment, we may imagine the Atmosphere to be a great tranlpaxent Globe,
which being of a substance more denfe then the .other, or (which comes
to the same) that has its parts more dense towards the middle, the Sun
beams that are tangents, or next within the tangents of this Globe,will
be refraded or insseded from their dired passage towards the center of
the Globe, whence, according to the laws of reflations made in a trian-
gular and the generation of colour set down in the description of
Muscovi-glals,there must necessarily appear a red colour in thctransitus
or passage of those tangent Rays. To make this more plain, we will slip-
pose (in the sixth Figure^ A B C D, to reprefent the Globe of the At-
mosthere, E F G H to represent the opacous Globe of the Earth, lying
in the mid st of it, neer to which, the parts of the Air, sustaining a very
great pressure, are thereby very much condens’d, srom whence those
Rays that are by inssexion made tangents to the Globe of the Earth,and
those without them, that pals through the more condens’d part os the At-
mosphere^ as suppole between A and E, are by realbn of the inequality
of the medium^ insseded towards the center, whereby there must necest
sarily be generated a red colour, as is more plainly (hewn in the former
cited place 5 hence whatsoever opacous bodies (as vapours,or the like J
fliall chance to be elevated into thole parts,will ressed a red towards the
eye 5 and therefore thole evenings and mornings appear reddest,that have
themost store of vapours and halituous substances exhaled to a conve-
nient distance from the Earth5 for thereby the inssexion is made the
greater,and thereby the colour ajso the more intense^and feveral of thofe
exhalations being opacous, ressed feveral of those Rays, which, through
an Homogeneous traniparent medium would pals unfeen 5 and therefore we
fee, that when there chances to be any clouds situated in thofe Regions
they ressed a strong and vivid red. Now, though one great caufe os
the rednelsmay bethisinssedion,yet I cannot wholly exclude the colour
of the vapours themselves, which may have something of redness in them,
they being partly nitrous.and partly fuliginous 5 both which sseams tinge
the Rays that pals through them, as is made evident by looking at bodies
through the fumes of Aquasortis, or spirit os Nitre Qas the newly menti-
oned Illustrious Person has demenstrated J and alio through the smoak of
a Fire or Chimney^

Having therefore made it probable at least, that the morning and
evening rednelsmay partly proceed from this inssexion or refradionof
the Rays,we (hall next (hew. how the Oval Figure will be likewife easily
deduced.

Suppofe we therefore, EF GH in the sixth Figure of the 37= Scheme5
to represent the Earth j, A B C D, the Atmofyere^ E I, and E L, two Rays
coming from the Sun, the one from the upper,the other from the neather

Limb,



2£O MlCROGRAPHl a.
Limb, thefe Rays, being by the Atmojphere inssestcd, appear to the eye
at E, as if they had come from the points, N and O 5 and bccausc the
Ray L has a greater inclination upon the inequality of the Atmojphere
then I, therefore must it (uffer a greater inssexion, and consequently be
further elevated above its true place, then the Ray I, which has a lets
inclination, will be elevated above its true place 5 whence it will
follow, that the lower side appearing neerer the upper then really it is,
and the two lateral sides, viz. the right and left side, sufferingno sensible
alteration from the inssection, at least what it does suffer, does rather
increase the visible Diameter then diminish it, as I (hall shew by and by,
the Figure of the luminous body must necessarily appear somewhat
'Elliptical.

This will be more plain, if in the seventh Figure of th 37. Scheme we
suppose A B to represent the sensible Horizon 5 C D E F, the body of the
Sun really below it 5 G HIK, the same appearing above it, elevated
by the inssection of the Atmojphere : For if, according to the best obfer-
vation, we make the visible Diameter of the Sun to be about three or
four and thirty minutes,and the Horizontal refrastion according to Ticho
be tbereaboutjor somewhat more,the lower limb of the Sun E,will be ele-
vated to 15 but because,by his account, the point C will be elevated but
29. minutes, as having not so great an inclination upon the inequality of
the Air, therefore IG, which will be the apparent refraCted perpendicu-
lar Diameter of the Sun,will be less then C G, which is but2p. minutes,and
consequently six or feven minutes (hotter then the unrefraCted apparent
Diameter. The parts, D and F, will be likewiso elevated to H and K,
whole refrastion, by reason of its inclination, will be bigger then that of
the point C,though lest then that of E;therefore will the semidiameter IL,
be (hotter then L G, and consequently the,under side of the appearing
Sun more ssat then the upper.

Now, becauso the Rays from the right and left sides of the Sun, &c.
have been obsorv’d by Ricciolo and Grimaldus^ to appear more distant
one from another then really they are,though(by very manyObservations
that I have made for that purpose,with a very good 2eZe/t^e,fitted with a
divided Ruler) I could never perceive any great alteration, yet there be-
ing really some,it will not be ami(s,to (hew that this also proceeds from the
refrastion or inssection of the Atmojphere 5 and this will be manifest,is we
consider the Atmojphere as a transparent Globe, or at least a transparent
(hell, encompassing an opacous Globe,which, being more denfe then the
medium encompassing it, refrasts or insseCts all the entring parallel Rays
into a point or focus,so that wheresoever the Observator is plac’d within
the Atmofyhere, between the focus and the luminous body, the lateral
Rays must necessarily be more converg’d towards his eye by the refra&i-
on or inssexion, then they would have been without it, and therefore
the Horizontal Diameter of the luminous body must necessarily be aug-
mented.

This might be more plainly manifest to the eye by the sixth Figure 5
but becauso it would be somwhat tedious, and the thing being obvious

v enough
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enough to be imagin’d by any one that attentively considersit, I shall ra-
ther omit it, and proceed to the w, that themassof Airneerthe surface of
theEarth,consists,or is made up,of parcels,which do very much differ from
one another in point of density and rarity ; and confequently the Rays os
light that pass through them will be variously insseded,here one way3and
there another,according as they pass so or so through those differing parts}
and those parts being always in motion,either upwards or downwards,or
to the right or left, or in some way compounded of these, they do by this
their motion inssed: the Rays, now this way, and prefently that way.

This irregular,unequal and unconstant inssexion of the Rays of light,
is the reason why the limb of the Sun^ Moon^ Jupiter^ Saturn^ Mars^ and
Venus., appear to wave or dance; and why the body of the Starts appear
to tremulate or twinkle, their bodies,by this means, being sometimes ma-
gnify’d,and sometimes diminished 5 sometimes elevated, otherwhiles de-
press d 5 now thrown to the right hand, and then to the left.

And that there is such a property or unequal distribution of parts, is
manisest from the various degrees of heat and cold that are foundinthe
Air 5 from whence will follow a differing density and rarity, both as to
quantity and refradion 5 and likewise from the vapours that are inter-
pos’d, ^which,by the way, Iimagine,as to refradion or inssedion,to do
the same thing, as if they were ratify’d Air 5 and that those vapours that
ascend,are both lighter, and lest denfe, then the ambient Air which boys
them up; and that those which defcend,.are heavier and more dense)
The sirst of these may be found true, if you take a good thick piece os
Glass,and heating it pretty hot in the fire, lay it upon such another piece
of Glass, or hang it in the open Air by a piece of Wire, then looking
upon some far distant Objed s such as a Steeple or Tree) so as the Rays
from that Objed pass diredly over the Glass before they enter your eye,
you shall find such a tremulation and wavering of the remote Objed, as
will very much offend your eye: The like tremulous motion you may
observe to be caus’d by the afeending sleams of Water, and the like.
Now, from the firsl of these it is manifest, that from the rarifadion of the
parts of the Air,by heat,there is caus’d a differing refradion,and from the
ascension of the more ratify’d parts of the Air, which are thrustup by the
colder, and therefore more condens’d anddieavie, is caus’d an undula-
tion or wavering of the Objed; sor I think, that there are very few
will grant, that Glass, by as gentle a heat as may be endur’d by ones
hand, should send forth any of its parts in sleams or vapours, which does
not seem to be much wasted by that violent fire of the green Glass-house 5
but, is yet it be doubted, let Experiment be further made with that bo-
dy that is accounted, by Chymists and others., the most ponderous and
fix’d in the world; for by heating of a piece of Gold, and proceeding in
the same manner, you may find the same efleds.

This trembling and shaking of the Rays, is more sensibly caus’d by an
adual flame, or quick nre, or any thing else heated glowing hot; as by
a Candle, live Coal, red-hot Iron, or a piece of Silver, and the like: the
same alsb appears very conspicuous, if you look at an Objed betwixt

which
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which and your eye, the sifing smoak of some Chimney is interpos’d
Which brings into my mind what I had once the opportunity to observe,
which was, the Sun rising to my eye just over a Chimney that sent forth
a copious steam of smoak 5 and taking a short Telefcope^ which I had then
by me, I observ’d the body of the Sun, though it was but just peep d
above the Horizon, to have its underside, not onely ssatted, and prels'd
inward, as it usually is when neer the Earth 5 but to appear more pro-
tuberant downwards then if it had sullered no refrastion at all 5 and
besides 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 ssag in the Wind.

This I have likewile often observ’d in a hot Sunshiny Summer’s day,
that looking on an Object over a hot stone,or dry hot earth,I have found
the Object to be undulated or lhaken, much after the lame manner. And
if you look upon any remote Objecft through a Telefcope (in a hot Sum-
mers day especiallyj you shall find it likewile to appear tremulous. And
further, if there chance to blow any wind, or that the air between you
and the ObjeCt be in a motion or current, whereby the parts of it, both
rarity’d and condens’d, are Iwistly remov’d towards the right or left, if
then you observe the Horizontal ridge of a Hill far distant,through a very
good Telefcope^, you (hall find it to wave much like the Sea, and thole
waveswill appear to pals the same way with the wind.
. From which,and many other Experiments, tis cleer that the lower Re-

gion of the Air,elpecially that part of it which lieth neerest to the Earth,
has, for the most part,its constituent parcels varioully agitated, either by
heat or winds, by the first of which, some of them are made more rare,
and lb sufter a less reflation 5 others are interwoven, either with amend-
ing or descending vapours 5 the former of which being more light, and
so more rarify’d,have likewile a lest refraction the latter being more Iica-
vie, and consequently more dense,have a greater.

Now, because that heat and cold are equally diffus’d every way 5 and
that the further it is Ipread, the weaker it grows $ hence it will follow,
that the most part of the under Region of the Air will be made up of le-
ver al kinds of lentes., some whereof will have the properties of Convex
others of Concave glasjes^ which, that I may the more intelligibly make
out, we will suppose in the eighth Figure of the 37. Scheme., that A re-
presentsan ascending vapour, which, by realbn of its being somewhat
Heterogeneous to the ambient Air,is thereby thrust into a kind of Globular
form, not any where terminated, but gradually finilhed, that is, it is most
rarity’d in the middle about A, somewhat more condens’d about B B,
more then that about C C 5 yet further.aboutDD, almost of the lame
density with the ambient Air aboutEE, and lastly, inclosed with the
more dense Air F F, so that from A, to FF, there is a continual in-
create of density. The reason of which will be manifest, if we consider the
rising vapour to be much warmer then the ambient heavie Air 5 for by
thecoldness of the ambient Air, the (hell EE will be more refrigerated
then D D,and that then C C,which will be yet more then B B, and that

more
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more then A 5 so that from F to A, there is a continual inctease of heat
and consequently os rarity 5 from whence it will necelsarily follow, that
the Rays of light will be insseded or refrasted in it, in the same man-
ner as they would be in a Concave-glase 5 for the Rays GKI, G KI will
be inssecked by G K H 0 GKH^ which will easily follow from what I be-
fore explained concerning the inssexion of the Atmojphere.

On the other side, a desending vapour,or any part of the air included
by an afccnding vapour,will exhibit the same efteds with a Convex lens 5
for,if we suppose,in the former Figure,the quite contrary constitution to
that last ddcrib’d 5 that is, the ambient Air F F being hotter then any
partofthat matter within any circle, therefore the coldest partmust
necessarily be A, as being farthest remov’d from .the heat, all the
intermediate spaces will be gradually discriminated by the continuall
mixture of heat and cold, so that it will be hotter at E E, then D D, in
DDthen CC, in CC then BB, and in B B then A. From which, a like
refraction and condensation will follow 5 and consequently a lesseror
greater refradion, so that every included part will refraCt more then the
including, by which means the Rays, GK I, GK I, coming srom a Starr,
or seme remote ObjeCt, are so infieded, that they will again concurr and
meet, in the point M. By the interposition therefore of this desending
vapour the visible body of the Star, os other Objed, is very much aug-
mented, as by the former it was diminished.

From the quick confecutions of thefe two,one after another, between
the Objed and your eye,caustd by their motion upwards or downwards,
proceeding from their levity or gravity, or to the right or left,proceed-
ing from the wind, a Starr may appear, now bigger, now less, then really
it would otherwise without them 5 and this is that property of a Starr,
which is commonly call’d twinkling, or scintillation.

The reason why a Star will now appear of one colour^now of another,
which for the most part happens when ’tis neer the Horizon, may very
easily be deduc’d from its appearing now in the middle of the vapour,
other whiles neer the edge, for is you look against the body of a Starr
v/ith a Telefiope that has a pretty deep Convex Eye-glass, and lb order it,
that the Star may appear sometimes in one place,and sometimes in another
of it$you may perceive this or that particular colour to be predominant
in the apparent Figure of the Starr, according as it is more or Ids remote
from the middle of the Lens. This I had here further explain’d, but that
it does more properly belong to another place.

I (hall therefore onely add feme few Queries, which the consideration
of these particulars hinted, and so finish this Sedion.

And the first I (hall propound is. Whether there may not be made an
artificial transparent body of an exast Globular Figure that (hall so
inflest or refrast all the Rays, that,coming from one point, fall upon any
Hewijphere of it 5 that every one of them may meet on the opposite side,
and cross one another exadly in a point 5 and that it may do the like also
with all the Rays that, coming from a lateral point, fall upon any other
Hentijphere'-) for ifso, there were to be hoped a perfection of tJioptricks^

• j j and



Micrograp hi a.
and a transmigration into heaven, even whil’st we remain here upon earth
in the ssesh, and a desending or penetrating into the center and inner-
most recedes of the earth, and all. earthly bodies 5 nay, it would open not
onely a cranney, but a large window (as I may lb speak) into the Shop of
Nature, whereby we might be enabled to lee both the tools and opera-
tors, and the very manner of the operation it self of Nature 5 this, could
it be effected, would as farr surpass all other kind of perspedives as the
vast extent of Heaven does the imall point of the Earth, which distance
it would immediately remove, and unite them, as’t were,into one,at least,
that there should appear no more distance between them then the length
of the Tube, into the ends of which these Glasses should be aiserted:
Now, whether this may not be effected with parcels of Glass of several
densities, I have sometimes proceeded so farr as to doubt (though in
truth, as to the general, 1 have wholly despair’d of it) for I have often
observ’d in Optical Glasses a very great variety of the parts, which are
commonly called Veins 5 nay, sbme of them round enough (for they are
for the most part, drawn out into sirings) to constitute a kind of lens.

This I should further proceed to ope, had any one been sb in-
quisitive as to have found out the way of making any tratisparent body,
either more dense or more rare j for then it might be possible to compole
a Globule that should be more dense in the middle of it, then in any
other part, and to compole the whole bulk, sb as that there should be a
continual gradual transition from one degree ofdensity to anothers such
as should be found requisite for the desired inssexion of the tranjmigrsi-
ting Rays 5 but of this enough at present, because I may say more of it
when I set down my own Trials concerning the melioration of Dioptricks.*
where I (hall enumerate with how many several substances I have made
both Microfiopes., and Telesccpes^ and by what and how many, ways: Let
such as have leifare and opportunity farther consider it.

The next Quaery shall be, whether by the same collection of a more
dense body then the other, or at least, of the denser part of the other,
there might not be imagin’d a reasbn of the apparition of seme new fix’d
Stars, as those in the Swan, Cajsiope's Charr) Serpentarius^* rifeis, Ce-
tus.* &c.

Thirdly, Whetherit be possible to define the height of the Atmojphere
from this inssection of the Rays, or from the Quicksilver Experiment os
the rarifaCtion or extension of the Air.

Fourthly, Whether the disparity between the upper and under Air be
not sometimes so great, as to make a ressecting superficies 5 I have had se-
veral Observations which seem to have proceeded from sbme such cause,
but it would be too long to’ relate and examine them. An Experiment,
alsb somewhat analogous to this, I have made with Salt-water and Fresh,
which two liquors,in most Positions,seem’d the same, and not to be sepa-
ratedby any determinate superficies,which separating surface yet in sbme
other Positions did plainly appear.

And if so, Whether the reasbn of the equal bounding or terminus of
the under parts os the clouds may not proceed from this cause 5 whether,

fecondly,



M tC ROGRAPHlA*
fecondly, the Reason of the apparition of many Suns may not be found
out, by considering how the Rays of the Sun may so be ressected, as to
describe a pretty true Image of the body,as we find them from any regu-
lar Superficies. Whether also this may not be found to cause the appa-
rition of some of those Parelii, or counterfeit Suns, which appear colou-
red,by refrariing the Rays so, as to make the body of the Sun appear in
quite another place then really it is. But of this more elsewhere.

5. Whether the Phenomena of the Clouds may not be made out by
this diversity of density in the upper and under parts of the Air, by
supposing the Air above them to be much lighter then they themselves
are, and they themfelves to be yet lighter then that which is subjacent
to them, many of them feeming to be the same substance with the Cob-
webs that ssy in the Air after a Fog.

Now that siich aconstitution of the Air and Clouds, if sitch there be,
may be sufficient to perform this efteCt, may be confirm’d by this Expe-
riment.

Makeasstrong a Solution of Salt as you are able, then filling a Glafe
of some depth half full with it, fill the other half withfrelh Water, and
poyfe a little Glals-bubble, so as that it may sink pretty quick in frelh
Water, which take and put into the aforelaid Glass, and you (hall find
it to sink till it comes towards the middle, where it will remain fixt,
without moving either upwards or downwards. And by asecond Ex-
periment, of poising such a bubble in water, whofe upper part is warmer,
and confequently lighter, then the under, which is colder and heavier 5
the manner of which follows in this next Qusery, which is^

6. Whether the rarifaftion and condensation of Water be not made
after the feme manner, as thofe effects are produc’d in the Air by heat 5
for I once pois’d a feal’d up Glals-bubble so exactly, that never so sinal!
an addition would make it sink, and as small a detraction make it swim,
which luffering to rest in that Vesfel of Water for some time, I alwayes
found it about noon to be at the bottom of the Water, and at night, and
in the morning, at the top: Imagining this to proceed from the Rari-
faCtionof the Water, caus’d by the heat, Imadetryal, and found most
true 5 for I was able at any time, either to depress, or raise it, by heat
and cold 5 for if I let the Pipe stand for some time in cold water, I
could easily raife the Bubble from the bottom, whither I had a little a-
fore detruded it, by putting the same Pipe into warm Water. And this
way I have been able, for a very considerable tirtie, to keep a Bubble so
poys*d in the Water, as that it should remain in the middle, and neither
sink, nor swim : For gently heating the upper part of the Pipe with a
Candle, Coal, or hot Iron, till I perceived the Bubble begin to defcend,
then forbearing, I have observed it to defeend to such or such a station,
and there to remain sulpended for some hours, till the heat by degrees
were quite vanilhed , when it would again afcend to its former place.
This I have also often obferved naturally performed by the heat of the
Air, which being able to rarifie the upper parts of the Water sooner
then the lower, by reason of its immediate contact, the heat of the Air

lie? has



has sometimcs so (lowly increased, that I have observed the Bubble to be
seme hours in palling between the top and bottom.

7. Whether the appearance os the Pike of Tenerise and feveral other
high Mountains, at (o much greater a distance then seems to agree with
their respective heights, be not to be attributed to the Curvature of the
visual Ray, that is made by its palling obliquely through so difleringly
Denfe a Medium from the top to the eye very far distant in the Hori-
zon : For since we have already, I hope, made it very probable, that
there is such an inflexion of the Rays by the disfering density of the
parts of the Air j and since I have found, by several Experiments made
on places comparatively not very high, and have yet found the pressiire
iustain’d by those parts of the Air at the top and bottom, and alsb their
differing Expansions very considerable : Insomuch that I have found the
pressiire of the Atmofyhere lighter at the top of St. Paul’s Steeple in Lon-
don ( which is about two hundred foot high ) then at the bottom by a
sixtieth or fiftieth part, and the expansion at the top greater then that at
the bottom by neer about so much allo 5 for the Mercurial Cylinder at the
bottom was about 39. inches, and at the top half an inch lower 5 the Air
alsb included in the Weather-glass,that at the bottom fill d only 155. (pa-
ces, at the top fill’d 158. though the heat at the top and bottom was
found exastly the same with a scal’d Thermometer: I think it very rational
to suppose , that the greatest Curvature of the Rays is made nearest the
Earth,and that the inssexion of the Rays, above 3. or 4. miles upwards, is
very inconsiderable, and therefore that by this means such calculations of
the height of Mountains, as are made from the distance they are visible in
the Horizon,from the supposal that that Ray is a straight Line (that from
the top of the Mountain is, as’twere, a Tangent to the Horizon whence it
isseen) which really is a Curve., is very erroneous. Whence, I suppofe,pro-
ceeds the reason of the exceedingly disfering Opinions and Assertionsof
feveral Authors, about the height of several very high Hills.

8. Whether this Inssection of the Air will not very much alter the sup-
pofed distancesof the Planets, which seemto have a very great depen-
dence upon the Hypothetical refraction or inssexion of the Air, and that
refraCtion upon the hypothetical height and density os the Air: For
since ( as I hope ) I have here shewn the Air to be quite otherwife then
has been hitherto suppos’d, by manifesting it to be, both of a vast , at
lealt an uncertain, height, and of an unconstant and irregular density 5
It must necessarily follow, that its inssection must be varied accordingly:
And therefore we may hence learn, upon what sure grounds all the A-
stronomers hitherto have built, who have calculated the distance of the
Planets from their Horizontal Parallax 5 for since the RefraCtion and Pa-
rallax are so nearly ally’d, that the one cannot be known without the
other, especially by any wayes that have been yet attempted, how uncer-
tain must the Parallax be,when the RefraCtion is unknown? And how easie
is it for Astronomers to asiign what distance they pleafe to the Planets,and
defend them,when they have such a curious fobtersuge as that of RefraHi-
on,wherein a very little variation will allow them liberty enough to place
the Celestial Bodies at what distance they please. Is



If therefore we would come to any certainty in this point, we must go
other wayes to work 5 and as I have here examined the height and refra-
ctive property of the Air by other wayes then are usual, so must we
find the Parallax of the Planets by wayes not yet prastised 5 and to this
end, I cannot imagine any better way, then the Observations of them by
two persons at very far distant parts of the Earth, that lye as neer as may
be under the same Meridian, or Degree of longitude , but dissering as
much in latitude, as there can be places conveniently found : These two
persons, at certain appointed times, should ( as near as could be ) both
at the same time, observe the way of the Moon, Mars, Venus, Jupiter,
and Saturn, amongst the sixt Stars, with a good large Telefcope, and ma-
king little Iconismes, or pi&ures, of the small fixecl Stars, that appear to
each of them to lye in or near the way of the Center of the Planet, and
the exaCc measure of the apparent Diameter '5 from the comparing of
such Observations together, we might certainly know the true distance,
or Parallax, of the Planet. And having any one true Parallax of thefe
Planets, we might very easily have the other by their apparent Diame-
ters, which the Telefcope likewife affords us very accurately. And thence
their motions might be much better known, and their Theories more ex-
actly regulated. And for this purpose I know not any one place more
convenient for such an Observation to be made in, then in the Issandof
St. Helena, upon the Coast of Asrick^, which lyes about sixteen degrees
to the Southwards of the Line, and is very near, according to the latest
Geographical Maps, in the lame Meridian with London 5 sor though
they may not perhaps lye exactly in the same, yet their Obfervations,
being ordered according to what I shall anon (hew, it will not be diffi-
cult to find the true distance of the Planet. But were they both under
the same Meridian, it would be much better.

And because Obfervations may be much easier, and more accurately
made with good Telefopes, then with any other Instruftients, it will not,
Isuppose, feem impertinent to explain a little what wayes 1 judge most
fit and convenient for that particular. Such therefore as shall be the
Obsei waters for this purpose, ssiould be furnished with the best lelefcopes
that can be had, the longer the better and more exade will their Obser-
vations be, though they are somewhat the more difficultly manag’d.
These ssiould be fitted with a Rete, or divided Scale, plac’d at lucha di-
stance within the Eye-glals,that they may be distinssly seen,which ssiould
be the mealures of minutes and feconds 5 by this Instrument each Ob-
servator ffiould, at certain prefixt times, obferve the Moon, or other
Planet, in, or very near, the Meridian 5 and becaufe it may be very dissi-
cult to find two convenient Rations that will happen to be just under the
same Meridian, they shall, each of them, observe tire way of the Planet,
both for an hour before, and an hour after, it arrive at the Meridian 5
and by a line, or stroke, amongst the Imall fixed Stars, they shall denote
out the way that each of them observ’d the Center of the Planet to be
mov’d in for thofe two hours : These Obfervations each of them shall
repeat for many dayes together, that both it may happen, that both of
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them may sometimes make their Observations together, and that from
divers Experiments we may be the better allured of what certainty and
exaCtnest soch kind of Obfervations are like to prove. And becaufe ma-
ny of the Stars which may happen to come within the compass of such
an Iconism, or Map, may be such as are only visible through a good Tele-

scope, whose Positions perhaps have not been noted, nor their longitudes,
or latitudes, anywhere remarked}therefore each Obfervator shouldin-
deavour to infert feme fixt Star,whofe longitude, and latitude, is known 5
or with his Telefcope he shall find the Position of some notable telejcopical
Star, inferred in his Map, to some known fixt Star, whose place in the Z0-
diacl^ is well defin’d.

Having by this means found the true distance of the Moon, and ha-
ving obferved well the apparent Diameter of it at that time with a good
Telefeope, it is easie enough, by one single Obfervation of the apparent
Diameter of the Moon with a good Glast, to determine her distances
in any other part of her Orbit> or Dragon, and consequently, some few
Obfervations will tell us, whether (he be mov’d in an Ellipsis, (which, by
the way, mayalso be found, even now, though I think we are yet igno-
rant of her true distance ) and next ( which without such Observati-
ons, I think, we shall not be sure of ) we may know exactly the bigness of
that Ellipsis, or Circle, and her true velocity in each part, and thereby be
much the better inabled to find out the true caufe of all her Motions.
And though, even now also, we may, by Rich Observations in one stati-
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
ghest at the Specie/ or kind of Curve, in which she is mov’d, that is,
whether it be sphaerical, or elliptical, or neither, and with what propor-
tional velocities she is carried in that Curve 5 yet till her true Ear allax
be known, we cannot determine either.

Next, for the true distance of the Sun, thebest way will be, by accu-
rate Obfervations, made in both thefe forementioned stations, of some
convenient Eclipfe of the Sun, many of which may so happen, as to be
teen by both 5 for the Penumbra of the Moon may, if she be sixty Semi-
diameters distant from the Earth, and the Sun above feven thousand, ex-
tend to about feventy degrees on the Earth , and confequently be feen
by Obfervators as far distant as London, and St. Helena, which are not
full sixty nine degrees distant. And this would much more accurately,
then any way that has been yet ufed, determine the Parallax, and di-
stance, of the Sun 5 for as for the Horizontal Parallax I have already
shewn it sofficiently uncertain 5 nor is the way of finding it by the Eclipfe
os the Moon any other then hypothetical 5 and that by the difference of
the true and apparent quadrature of the Moon is lest not uncertain, wit-
Mest their Deductions from it,who have made ufe os it 5 for Eendeline puts
that difference to be but 4'. 30". whence he deduces a vast distance of
the Sun, as I have before shewn. Ricciolo mokes it full 30'. 00. butAez-
noldus, and Kircher, no lest then three degrees. And no wonder, for if
we examine the Theory, we shall fi»d it so complicated with uncertain-

ties. First,
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First, From the irregular surface of the Moon, and from several Paral-

saxes, that unless the Dichotomy happen in the Nonagefimus of the Eclip-
tic^and that in the Meridian, &c. all which happen so very seldom,
that it is almost impossible to make them otherwise then uncertainly.
Besides, we are not yet certain, but that there may be sbmewhat about
the Moon analogue to the Air about-the Earth, which may cause a refra-
ction of the light of the Sun, and consequently make a great difference
in the apparent dichotomy of the Moon. 1 heir way indeed is very
rational and ingenious 5 and such as is much to be preferr’d before the
way by the Horizontal Parallax, could all the uncertainties be remov’d,
and were the true distance of the Moon known.

But because we find by the Experiments of Vendiline, Reinoldus, &c.
that Observations of this kind are very uncertain also: It were to be
wisht, that such kind of Observations, made at two Very distant stati-
ons, were promoted. And it is so much the more desirable, because, from
what I have now (hewn of the nature of the Air, it is evident, that the
refl ation may be very much greater then all the Astronomers hitherto
have imagined it: And consequently, that the distance of the Moon, and
other Planets, may be much lesse then what they have hitherto made
it.

For first, this Inssection, I have here propounded, Will allow the sha-
dow of the Earth to be much shorter then it can be made by the other
Hypothejis of refraCtion, and consequently, the Moon will not suffer an
Eclipse, unless it comes very much nearer the Earth then the Astronomers
hitherto have supposed it.

Secondly, There will not in this Hypothejis be any other shadow of the
Earth, siich as Kepler supposes, and calls the Penumbra, which is the sha-
dow of the refraCting Atmojphere j for the bending of the Rays being al-
together caus’d by Inflection, as I have already ifiewn , all that part
which is ascribed by Kepler, and others after him, to the Penumbra, or
dark part, which is without the umbra terra, does clear vanish 5 for in
this Hypothejis there is no refraCting surface of the Air, and consequently
there can be no shadows, such as appear in the ninth Figure of the 37.
Scheme, where let ABCD represent the Earth, and EFGH theJt-
mojphere,which according to Keplers supposition,is like a Sphere of Water
terminated with an exaCt surface EFGH, let the lines MF, LB, ID,
K H, represent the Rays of the Sun5 ’tis manifest, that all the Rayes be-
tween L B, and I D, will be ressected by the surface of the Earth
BAD, and consequently, the conical space BOD would be dark and
obscure 5 but, lay the followers of Kepler, the Rays between M F, and
L B, and between I D, and K. H, falling on the Atmojphere, are re-
fraCted, both at their ingress and egress out of the Atmojphere, nearer to-
wards the Axis of the spserical shadow C O, and consequently, inlighten
a great part of that former dark Cone, and shorten, and contraCt, its top
to N. And because of this Ressection of these Rays, say they, there is
superinduc’d another shell of a dark Cone F P H, whole Apex P is yet
further distant from the Earth: By this Penumbra, say they, the Moon
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is Eclipsed, for it alwayes passes between the lines i 2, and
3 4-

To which I say, That if the Airbesuch, as I have newly shewn it to
be and consequently cause inch an inssection of the Rays that fall into
it, thosedarkj FYZQ_, HXVT, andORPS, will all va-
nish. For if we iuppose the Air indefinitely extended, and to be no
where bounded with a determinate refra&ing surface, as I have shewn
it uncapable of having, from the nature of it; it will follow, that the
Moon will no where be totally obscured, but when it is below the Apex
N, of the dark blunt Cone of the Earth’s shadow:Now,from the supposi-
tion, that the Sun is distant about (even thousand Diameters, the point
N, according to calculation, beinghot above twenty five terrestrial Se-
midiameters from the Center of the Earth: It follows, that whcnsoevcr
the Moon eclipsed is totally darkned, without affording any kind of
light, it muss: be within twenty five Semidiameters of the Earth, and con-
sequently much lower then any Astronomers have hitherto put it.

This will seem much more consonant to the rest of the secundary Pla-
nets j for the highest of Jupiter’s Moons is between twenty and thirty
Jovial Semidiameters distant from the Center of Jupiter ; and the Moons
of Saturn much about the same number of Saturnial Semidiameters from
the Center of that Planet.

But these are but conjectures alsb,and must be determin’d by such kind
of Observations as I have newly mention’d.

Nor will it be difficult, by this Hypothecs,to all the appearances
of Eclipses of the Moon, for in this Hypothecs also, there will be,on each
side of the shadow of the Earth, a Penumbra, not caus’d by the Refracti-
on of the Air, as in the Hypotbejis of Kepler 5 but by the faint inlight-
ning of it by the Sun : For if, in the sixth Figure,we suppose E S Q_, and
G SR, to be the Rays that terminate the shadow from either side of the
Earth 5 E S coming from the upper limb of the Sun, and GSR from
the under 5 it will follow, that the shadow of the Earth, within thole
Rays, that is, the Cone G S E, will be totally dark. But the Sun being
not a point, but a large area of light, there will be a secondary dark
Cone of shadow EPG, which will be caus’d by the earth’s hindring
part of the Rays of the Sun from falling on the parts G P R, and EP Q.
of which halved shadow, or Penumbra, that part will appear brightest
which lyes nearest the terminating Rayes G P, and E P, and those dar-
ker that lye nearest to G S, and E S : when therefore the Moon ap-
pears quite dark in the middle of the Eclipse,she must be below S,that is,
between S and F 5 when the appears lighter near the middle of the
Eclipse, shemust pass.sbme where between R Q_and S$ and when the
is alike light through the whole Eclypse, shemust pals between RQ_,
and P.

Obsem
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Obscrv. LIX. Os multitudes of small Stars discover able by the
Telescope.

H Aying, in thelast Obfervation, premis’d some particulars observable
in the medium,through which we mutt look upon C^/e/izWObje&s,

I lhall here add one Observation of the Bodies themselves 5 and for a
sieri men I have made choice of the Pleiades, orseven Stars, commonly sd
called s though in our time and Climate there appear no more then six
to the naked eye ) and this I did the rather, becaufe the deservedly fa-
mous Galileo, having publilht a Picture of this Jsterijme, was able, it
seems, with his Glass to discover no more then thirty six, whereas with a
pretty good twelve foot Telefcope which I drew this 38 IconiJmJ. could
very plainly discover leventy eight, placed in the order they are ranged
in the Figure, and of as many differing Magnitudes as the Asieriss^s,
wherewith they are Marked, do specifie 5 there being no lels then four-
teen several Magnitudes of thole Stars, which are compris’d within the
draught, the biggest whereof is not accounted greater then one of the
third Magnitude 5 and indeed that account is much too big,if it be com-
pared with other Stars of the third Magnitude, especially by the help of
a Telefcope, for then by it may be perceiv’d, that its splendor, to the na-
ked eye, may be somewhat augmented by the three little Stars immedi-
ately above it, which are near adjoyning to it. The Telefcope also diseo-
vers a great variety, even in the bignels of those, commonly reckon’d, of
the first, fecond, third, fourth, fifth, and sixth Magnitude 5 so that Ihould
they be distinguilh’d thereby, those six Magnitudes would, at least, af-
ford no lels then thrice that number of Magnitudes, plainly enough di-
stinguilhable by their Magnitude, and btightnels 5 lb that a good twelve
foot Glals would afford us no lels then twenty five feveral Magnitudes.
Nor are theseall, but a longer Glass does yet further, both more nicely
distinguish the Magnitudes os thofe already noted, and also discover fe-
veral other os smaller Magnitudes, not difeernable by the twelve foot
dais: Thus have I been able, with a good thirty six foot Glals, to difeo-
ver many more Stars in the Pleiades then are here delineated, and thofe
of three or fourdistinst Magnitudes less then any os thofe ipots os the
fourteenth Magnitude. And by the twinkling of divert other places of
this Ajlerisme, when the Sky was very clear, I am apt to think, that with
longer Glasses, or liich as would bear a bigger aperture, there might be
difcovered multitudes of other Imall Stars, yet inconlpicuous. And in-
deed, for the difeovery of Imall Stars, the bigger the aperture be, the
better adapted is the Glass 5 for though perhaps it does make the several
Ipecks more radiant, and glaring, yet by that means, uniting more Rays
very near to one point, it does make many of thofe radiant points conipi-

K k cuous,
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cuous, which, by putting on a lest aperture., may be found to vanissj5
and therefore, both for the difeovery of the fixt Star, and for finding the
Satellites of Jupiter, before it be out of the day, or twilight, I al waves
leave the Objest-glass as clear without any aperture as I can , and have
thereby been able to discover the Satellites a long while before 51 was
able to difcern them, when the smaller apertures were put on 5 and at o-
ther times, to fee multitudes of other smaller Stars, which a sgialler aper-
ture makes to disappear.

In that notable Ajlerism alio of the Sword of Orion, where the ingeni-
ous Monsieur Hugens van Zulichem has discovered only three little Stars
in a cluster, I have with a thirty six foot Glass,without any aperture (the
breadth of the Glass being about some three inches and a half )disco ver d
five, and the twinkling of divers others up and down in divers parts of
that small milky Cloud.

So that tisnot unlikely, but that the meliorating of Telefcopes will af-
ford as great a variety of new Discoveries in the Heavens, as better Mi-
crofcopes would among small terrestrial Bodies, and both would give us
infinite caufe, more and more to admire the omnipotence of the Crea-
tor.

Obferv. LX. Of the Moon.

HAving a pretty large corner of the Plate for the feven Starrs, void,for the filling it up, I have added one small Specimen of the ap-
pearance of the parts of the Moon, by describing a small spot of it,which,
though taken notice of, both by the Excellent Hevelius, and called Mons
Olympus (though I think somewhat improperly, being rather a vale) and
reprefented by the Figure X,of the 38. Scheme, and allb by the Learn d
Ricciolus, who calls it Hipparchus, and defcribes it by the Figure Y, yet
how far short both of them come of the truth, may be somewhat per-
ceiv’d by the draught, which I have here added of it, in the Figure Z,
.( which I drew by a thirty foot Glass, inO&ober 1664. just before the
Moon was half inlightned) but much better by the Reader’s diligently
obferving it himself, at a convenient time, with a Glass of that length,
and much better yet with one of threefeore foot long 5 for through these
it appears a very spacious Vale, incompassed with a ridge of Hills, not
very high in comparison of many other in the Moon, nor yet very steep.
The Vale it felf A B C D, is much of the figure of a Pear, and from fe-
veral appearances of it, seems to be some very fruitful place, that is, to
have its sijrface all covered over with some kinds of vegetable substan-
ces 5 for in all politicos of tjie light on it, it feems to give a much fainter
ressexion then the more barren tops of the incompassing Hills, and thofe
a much fainter then divers other cragged, chalky, or rocky Mountains
of the Moon. So that I am not unapt to think, that the Vale may have

Vegetables
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Vegetables analogue to our Grass, Shrubs, and Trees 5 and most of thefe
incompassing Hills may be covered with so thin a vegetable Coat, as we
may observe the Hills with us to be, such as the Ihort Sheep pasture which
covers the Hills of Salisbury Plains.

Up and down in several parts of this place here describ’d sas there
are multitudes in other places all over the surface of the Moon ) may
be perceived several kinds of pits, which are shap’dalmost like a dish,
some bigger, someless, some iliallower, some deeper, t£iat is, they Gem
to be a hollow incompassed with a round riling bank, as if
the substance in the middle had been digg’d up, and thrown on either
side. These seem to me to have been the effeds of lome motions within
the body of the Moon, analogus to our Earthquakes, by the eruption
of which, as it has thrown up a brim, or ridge,round about, higher then
the Ambient sorface of the Moon, so has it left a hole, or depression, in
the middle, proportionably lower 5 divers places resembling some of
t hese, I have observ’d here in England, on the tops of some Hills, which
might have been caus’d by some Earthquake in the younger dayes of the
world. But that which does most incline me to this belief, is, first, the
generality and diversity of the Magnitude of these pits all over the bo-
dy of the Moon. Next, the two experimental wayes, by which I have
made a representation of them.

The first was with a very soft and well temper’d mixture of Tobacco-
pipe clay and Water, into which, if I let fall any heavy body, as a Bul-
let, it would throw up the mixture round the place, which for a while
would make a representation, not unlike these of the Moon 5 but con-
sidering the state and condition of the Moon, there feems not any proba-
bility to imagine, that it should proceed from any caufe analogus to this 5
for it would be difficult to imagine whence those bodies should come 5
and next, how the substance of the Moon should be so soft 5 but if a
Bubble be blown under the surface of it, and suffer’d to rile, and break 5
or if a Bullet, or other body, sunk in it, be pull’d out from it, thefe de-
parting bodies leave an impression on the surface of the mixture, exa&ly
like these of the Moon, save that these alio quickly subside and vanish.
But the second, and most notable, reprefentation was, what I obferv’d
in a pot of boy ling Alabaster, for there that powder being by the erupti-
on of vapours reduc’d to a kind of ssuid considence, if, whil’st it boy Is, it
be gently remov’d besides the fire , the Alabaster prefently ceasing to
boyl, the whole sorface, elpecially that where some of the last Bubbles
haverifen, will appear all over covered with small pits, exastly. shap’d
like these of the Moon, and by holding a lighted Candle in a large dark
Room, in divers positions to this surface, you may exastly reprefent all
the Phenomena of these pits in the Moon, according as they are more or
1 ess inlightned by the Sun.

And that there may have been in the Moon feme such motion as
this, which may have made thefe pits, will seem the more probable,

if we soppofe it like our Earth, for the Earthquakes here with Us feem
to proceed from some soch caufe, as the boyling of the pot of Ala-

K k 2 baster.
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batter, there feeming to be generated in the Earth from some siibter-
raneous fires, or heat, great quantities of vapours, that is, of expan-
ded aerial substances, which not presently finding a passage through the
ambient parts of the Earth, do, as they are increased by thesiipplying
and generating principles, and thereby ( having not sufficient room to
expand themfelves J extreamly condens’d, at last overpower, with
their elasiick^ properties, the resistence of the incompassing Earth, and
lifting it up, or* cleaving it, and sb (battering of the parts of the Earth
above it, do at length, where they find the parts of the Earth above them
more loose, make their way upwards, and carrying a great part of the
Earth before them, not only raife a small brim round about the place,out
of which they break , but for the most part considerable high Hillsand
Mountains, and when they break from under the Sea, divers times,
mountainous Islands , this seems confirm’d by the Vulcans in several
places of the Earth, the mouths of which, for the most part, are incom-
pasiied with a Hill of a considerable height, and the tops of those Hills,
or Mountains, areusiially shapd very much like these pits, ordishes, of
the Moon : Instances of this we have in the descriptions of ./Etna, in Si-
cily y of Hecla in Iceland, of Teneris in the Canaries, of the several Vul-
cans in New-Spain, describ’d by Gage, and more especially in the erupti-
on of late years in one of the Canary Islands. In all of which there is not
only a considerable high Hill railed about the mouth of the Vulcan, but,
like the spots of the Moon, the top of thole Hills are like a dilh, or ba-
ibn. And indeed, if one attentively consider the nature of the thing,
one may find sufficient reason to judge, that it cannot be otherwise 5 for
thele eruptions, whether of fire, or smoak, alwayes raysing great quan-
tities of Earth before them, mutt necessarily, by the fall of thofe parts
on either side, raife very considerable heaps.

Now, both from the figures of them, and from feveral other cir-
cumstancesj thefe pits in the Moon seem to have been generated
much after the same' manner that the holes inAlabaster, and the Vul-
cans of the Earth are made. For first, it is not improbable, but that
the siibstance of the Moon may be very much like that of our Earth,
that is, may consist of an earthy, sandy, or rocky siibstance, in several of
its superficial parts, which parts being agitated, undermin’d, or heav’d
up, by eruptions of vapours, may naturally be thrown into the same
kind of figured holes, as the small dust, or powder of Alabaster. Next,
it is not improbable, but that there may be generated, within the body
of the Moon, divers such kind of internal fires and heats, as may pro-
duce such Exhalations 5 forsincewecan plainly enough difcover with a
Tekfiope, that there are multitudes of such kind of eruptions in the
body of the Sun it felf, which is accounted the most noble .ZEtherial bo-
dy, certainly we need not be much feandaliz’d at such kind of altera-
tions, or corruptions, in the body of this lower and less considerable
part of the universe, the Moon, which is only secundary, or attendant,
on the bigger, and more considerable body of the Earth. Thirdly, ’tis
not unlikely, butthat supposing such a sandy or mouldring siibstance to
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be there found, and supposing also a possibility of the generation of the
internal elafiical body ( whether you will call it air or vapours) tis
not unlikely. I say, but that there is in the Moon a principle of gravita-
tion, such as in the Earth. And to make this probable, I think, we need

„no better Argument, then the roundnels, or globular Figure of the bo-
dy of the Moon it self, which we may perceive very plainly by the Te-
lefeope^ to be ( bating the small inequality of the Hills and Vales in it,
which are all of them likewiso shap’d, or levelled, as it were, toanswer
to the center of the Moons body ) perfectly of a Spherical sigure, that
is, all the parts of it are so rang'd ( bating the comparitively small rug-
gedness. of the Hills and Dales ) that the outmost bounds of them are
equally dislant from the Center of the Moon, and consoquently, it is
exceedingly probable also, that they are equidistant from the Center of
gravitation; and indeed, the figure of the superficial parts of the Moon
are so exactly shap’d, according as they should be, supposing it had a
gravitating principle as the Earth has, that even the figure of thoso
parts themsolves is of sufficient efficacy to make the gravita tion, and the
other two suppositions probable: so that the other suppositions may be
rather prov’d by this considerable Circumstance, or Obsorvation, then
this suppos’d Explication can by them ; for he that (hall attentively
obsorve with an excellent Telefcope^ how all the Circumslances, notable in
the shape of the superficial parts, are, as it were, exastly adapted to
suit with soch a principle,will,if he well considers the usual method ofNa-
ture in its other proceedings,find abundant argument to believe itto have
really there also such a principle; for I could never obsorve,among all the
mountainous or prominent parts of the Moon ( whereof there is a huge
variety ) that any one part of it was plac’d in soch a manner,that is there
should 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 visible poslure.
Next, the shape and petition of the parts is such, that they all soem put
into thoso very shapcs they are in by a gravitating power : For first,there
are but very few clifts, or very steep declivities in the aseent of these
Mountains; for besides thoso Mountains, which are by Hevelius call’d the
Apennine Mountains, and some other, which soem to border on the Seas
of the Moon, and thoso only upon one side, as is common also in thoso
Hills that are here on the Earth; there are very few that soem to have
very steep aseents, but, for the most part, they are made very round,
and much resemble the make of the Hills and Mountains also of the
Earth ; this may be partly perceived by the Hills incompassing this Vale,
which I have here describ’d ; and as on the Earth also, the middlemoll
of theso Hills seems the highest, so is it obvious also, through a good Te-
lefcope, in thoso of the Moon ; the Vales also in many are much shap’d
like thoso of the Earth, and I am apt to think, that could we look upon
the Earth from the Moon, with a good Telefcape, we might eafily enough
perceive its surface to be very much like that of the Moon.

Now whereas in this small draught, (as there would be multitudes if
the whole Moon were drawn after this manner) there are several little
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Ebullitions, or Dishes, even in the Vales themsclves,and in the incompas-
sing Hills also 5 this will, from this supposition, s which I have, I think, up-
on very good reason taken) be exceeding easily explicable 5 for, as I
have several times also obierv’d, in the sorface of Alabaster so ordered,
as I before delcrib’d, lb may the later eruptions of vapours be even in the
middle, or on the edges of the former 5 and other Succeeding these also
in time may be in the middle or edges of these, . of which there are
tnstances enough in divers parts of the body of the Moon, and by a
boyling pot of Alabaster will be sufficiently excmplifi’d.

To conclude therefore, it being very probable, that the Moon has a
principle of gravitation, it affords an excellent distinguifliinglnstance
in the search after the cause of gravitation, or attraction, to hint, that it
does not depend upon the diurnal or turbinated motion of the Earth, as
some have somewhat inconsiderately supposed and affirmed it to do 5 for
if the Moon has an attractive principle, whereby it is not only shap’d
round , but does firmly contain and hold all its parts united, though
many of them ieem as loose as the land on the Earth, and that the Moon
is not mov’d about its Center 5 then certainly the turbination cannot be
the cause of the attraction of the Earth 5 and therefore some other
principle must be thought of, that will agree with all thesecundaryas
well as primary Planets. But this, I confels, is but a probability, and
not a demonstration, which (from any Observation yet made J it seems
hardly capable of, though how succelsful future indeavours (promoted
by the meliorating of Glasses, and observing particular circumstances)
may be in this, or any other, kind, must be with patience expected.

FINIS



*&» *&* A$* £&>*&»«£»<•&» <■$» «■&»,

*£*’ *$» *sp» «^> «£.a vj» e!jx> «4> «^> <$» Yj> *sj» eji* «j? *f» «js<^«J»

THE TABLE-
Pag.
1 Observat. i. Os the point of a Nee-

dle.
’\

2 A Description of it : what other
XA Bodies have the jharpeji points :
os the ruggednefs os polijht Metal. A

% defcription os a printed point. Of ve-
ry fmall writings and the ufe os it sor
fccret intelligence : the caufe os the
courfnesi os printed linesand points-

4 Observ.2. Of the Edge of a Razor.

A description of it : the caufes os
5 its roughnesi: os the roughnes os very

well polijht Opticlg GlaJJes.

Obser.3. Of fine Lawn.

A defcription os it: A filken Flax
mention dyin attempt to explicate the

6 Phenomena os it , with a conjecture
at the caufe os theglosios Sillg

Obferv. 4.. Os Tabby.

A Jhort defcription os it. A conje-
7 ssure about the reafon why Silkjs Jo

susceptible os -vivid colours : and why
Flax and Hair is not. -A conj eCture^
that it may perhaps, be pojsible to sirin
a kind ps ^artisicial Silk. out os fome
glutinous fubflance that may equalize
natural Silk.

3 Observ. 5. Of water’d Silks.

The great unaccuratene.si os artisi-
cial works. A defcription os a piece os

9 water’d Sil^ an Explication os the
cause os the Phenomena .• the way by
which that operation is persorm d -

jbme other Phenomena mention'd 10
depending on the fame caufe.

Observ. 6. Of Glasi-Canes.

The exceeding Jmalnefi os fome os
thefe Bodies By what means the hol-
lownesi os thefe fmall pipes was difco-
ver d:fever al Phenomena os it men- 11
tion d. An attempt to .explicate them
srom the congruity and incongruity os 12
Bodies : what thofe proprieties are. A 12
hypothetical explication os fluidity : os
thefluidity os the airlandfever al other 14
Phenomena osit ;os congruity & in- 15
congruity^ illufiratedwithfever al Ex- 16
periments.-what ess'e&s may be afcrib’d 17
to thefe properties : an explication os 18
the roundnesi os the Jursace of fluid
Bodies: how the ingresiosfluid bodies 19
into a fmall hole os an heterogenious 20
body is kindred by incongruity 5 a
multitude os Phenomena explicable 21
hereby. Several guieries propounded 5
1. Concerningthe propagation os light
through dissering mediums. 2. Con-H
cerning Gravity. 3. Concerning the
roundnefi os the Sun} Moon^ and Pla-
nets. 4. Concerningtheroundnesios
Fruits.; Stones, and divers artificial
Bodies. His Highnesi’Prince Rupert’s 23
way os making shot. Os the roundnefi 24
os Hail. Of the grain os Kettering
Stone^andos the Spars* osfire.^.Con- 25
cerning siringinefi and tenacity.
6. Concerning the original os Foun- 26
tains j feveral Hifiories and Experi-
ments relating thereto. 7. Concerning 27
the dijjolution oj' Bodies in Liquors.
8. Concerningthe univerfality oj this 28
Principle: what method was taken in
making and applying experiments. The

explication



The Table
ting themfelves by the contignation os
the Glafl drop , which is surther ex-
plicated by another Experiment made
with a hollow Glafl ball: the reafon os''
the ssying asstnder os the parts surther
explicated: that tisprobable thefebo-
dies may have many flaws, though not
vifible^and why : how a gradual heat-
ing and cooling does put the parts os 44
Glasfl and other hardned bodies 3
into a loofir texture.

'• Observ. 8. Of Fiery Sparks.

The occafion and manner os ma-
king this Experiment: divers Obfer- &~
vations Jet down in order to thefind-
ing out the reajbns : fome conjedures
concerning it, which are endeavoured
to be explicated and consirm'd by fi-
veral Experiments and Reasons: the . z
Hypothesis a little surther explica-
ted. Some Obfervations about the
Globular Figure : and an Experiment
os reducingthesilings os Tin or Lead
to exadly round Globules.

Observ, 9. Of Fantastical Colours.

The texture os Muscovy Glafl-} its
Figures:what other Bodies are like it: n
that it exhibits fever al colours, and
how fever al Observations and Experi-
ments about thofi colours : the reason
why on this occasion the nature os co-
lours is inquir'd into. A conjedure at
the reason os thefe colours explicated 5°
by fever al Experiments and Reasons :
Firjl) by continual cleaving the Body
till it become colour'd. Secondlyby
producing all kinds os colours with
two ssat Plates os Glass. Thirdly.by
blowing GlasJfo thin in the Lamp} till
it produce the fame essed. Fourthly fly
doing the fame with Bubbles os di-
vers other transsarent Bodies: the
reajbns os the colours on nealed Steely
where by the way the caufes os ths 52

hardning

explication ossiltration^ and sever al
29 other Phenomena fuch as the motion

os Bodies on the fursace os Liquorsse-
30 veral Experiments mention d to this

purpofi.Ofthe height to which the wa-
ter may rife in thefe Pipes^and a conje-

31 dure about the juices os Vegetables
theufi os their pores. A surther expli-
cation os Congruity.’And an attempt os
solving the Phenomena os the ftrange
Experiment os the sussension os the

32 Mercury at a much greater height
then thirty inches. The essicacy os im-
mediate cont ad, and the reason os it.

35 Observ. 7. Of Glass drops.

Several Experiments made with
34 thefi fmall Bodies. The manner os the

breaking and ssawing os them} expli-
cated by Figures, what other bodies
will be ssawed much in the same man-
ner : some other tryals^ and a deferip-
tion os the Drops themfelves: fome
conjedures at the caufe os the Phas-
nomen&jndeavoured to be made pro-

36 bable by fiver al Arguments and Expe-
riments. An Experiment os the expan-

sion os Water by heat3and Jhrinking by
cold : the like Proprieties Juppos'd in

3 7 Glafldrops, and what ejseds proceed
srom them: the sivenPropositions on
which the conjedures are grounded.
Experiments to Jhew., that bodies ex-

38 pand by heat. The manner os making
Thermometers, and the Inflrument

39 sor graduating them. The manner os
graduating them^ and their ufi: O-
ther Experiments to prove the expan-

40Jion os bodies by heat.Four experimen-
tal Arguments to prove the expansion

41 os Glass by heat: surther prov'd by the
Experiment os boy ling Alabafier 5
which is explicated. An explication
os the contrading os heated Glassup-

42 on cooling. An explication how the
parts os the Glass become bent by Jitd-
den cold} and how kgpt srom extrica-



52 hardning and tempering os Steel,
endeavour d to be fhewn and explica-
ted by fever al Reasons and Experi-
ments: the reasonos the colours on

53 Lead^ Eras, Copper, Silver .fac. other
Infances os fitch colour cl bodies in
animal fitbsiances : fever al other di-

fitnguifhing Obfervations. Des Cartes
54 Hypothesis of Colours examin’d. An

Hypothesis sor the explication os
light by motion , indeavoured to be
explicated and determined by feve-

5 5 ral Reasons and Experiments : three
difiinguifhing Properties os the moti-
on os light. 7he d/fiinguifhing Proper-
ties of a trasiarent Medium Q that
therefeems to be no Experiment that
proves the Infiantaneous motion os

5- light 3 the manner os the propagati-
on os light through them. Of the ho-
mogeniety and heterogeniety os
transoarent Mediums , and re hat es-
sects they caufeon the Rayes os light,
explicated by a Figure: an Ex ami-

rg nation os the resraction os the Rays
by a plain Sursace, which caufes Co-
lours. An Examination os the like es-

o se&s produced by a siherical Sursace :
7 the ufe that may be made os these Ex-

periments , for the examination os
fever al Hypotheses os Colours. Des

60 Cartes Hypothesis examind. Some
61 Dissiculties taken notice os in it. What

seems mofi likely to be the cause os co-
lour: that propriety is indeavoured

92 to be fhewn in a Glafi ball', that the
reflexion is not necesfary to produce

63 Colours nor a double resraction ; the
Hypothesissurther examined,both in

64 the pellucid Medium and in the Eye.
The definitions os Colourscand asitr-

65 ther explication and examination if
66 the Proprieties of laminated Bodies 5
67 by what means they conduce to the

production os Colours.

Observ. 10. Of Metalline Colours.

68 That all Colours seem to be caus'd by

resraction. An Hypothesis confonant
hereunto ^explicated by Figures. How
fever al Experiments , os the sudden
changing os Colours by Chymical Li-
quors, may be hereby explicated : how 70
many wayes fitch Chymical Liquors
may alter the colours os Bodies.
Objections made againfi this Hypo- 71
thesis os two colours onlyjndeavour-
ed to be ansiverd, by fever al Reafons
and Experiments. The reafon why 7 2

fome Colours are capable os being di-
lut ed^ot hers not: what thofe are: that
probably the particles os mofi metal-
line Colours are transiarent 5 sor this

fever al Arguments and Obfervations
are recited : how Colours become in- 73
capable of diluting, explicated by a
Similitude. An Infirument, by which 74
one and the fame coloured Liquor at
once exhibited all the degrees os co-
lours between the paleji yellow and
deepefired: as likewifo another that
exhibited all varieties os blues'. fi-
veral Experiments try d, with thefe
Boxes. An Objeciion drawn from the 7^
nature of Painters colours anfwered: .
that diluting and whitening a colour
are different operations 5 as are
deepening and blackening : why Come
may be diluted by grinding^ and fome
other by being tempered with Oyl:
fever al Experiments for the explica- 76
ting os some sormer Asiertions: why 77
Painters are sorced to make uCe os
many colours : what thofe colours are :
and how mixt. The conclufion^ that 78
mofi coloured Bodies feem to con(isi
of tranjparent particles : that all co- -yy
lours difiblublc in Liquors are capa-
ble os diluting : fome os mixings what
a fir ange variety may thereby bepro-

dued.

Observ. 11. Of the Figures of
Sand.

Of the fiubstances and fhapes of^a
L 1 common
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common And other Sands : a defer i-
ption os a very fimall She U.

81 Observ. 12. Os Gravel in Urine.

A description os sitch Gravel, arid
82 feme tryals made with it, and conje-

ctures at its caufe.

Obser. 13. Of Diamonds in Flints.
I,

* A description and examination os
feme os them, explicated surther by

83 Cornijh Diamonds : fever al Obferva-
tions about reflection and resraction :
and feme deductions therefrom 5 as
an explication os whitenefi', that the
Air has afironger reflection then Wa-

§4 ter. How feveral Bodies may be made
transparent : an explication os the

g^ Phenomena os Oculus Mundi. Of
the regular Geometrical Figures os

ggfever al Bodies : an hypothetic al expli-
gy cation mentioned: the method os pro-

' fecuting this inquiry.

gg Observ 14. Of frozen Figur e.

The Figures os hoar Frofi, and the
gp Fortices on windows : fever al Obfer-

vations on the branched Figures os
Urine: the Figures os 'Regulus Mar-
tissrellatus, andosFern. OstheFi-

22 gures °s S}2ow. Os srozen water.

Observ. 15. OfKettering Stone.

A defeription os the Figure os the
Particles, and os the Pores., and os the
Contexture. SeveralObfervations and

$6 Confederations thereupon : feme Con-
jectures about the medium and pro-
pagation os light, and the confiitution
os ssuid and tranfearent Bodies. Se-

^.g veral Experiments to prove the po-
rotsiiesi os ? Marble, and feme other
Stones. An account os fome Experi-
ments to this purpofe made on an

Oculus Mundi: feme other Conside- 99
rations and Experiments about the
poroufiiefeos Bodies:feme other Con- 100
federations about the propagation os
light and resraction.

Observ. 16. Of Charcoal.

Of two fort os Pores to be sound iqx
in all Woods and Vegetables 5 the
Jhape os them •, the number , thicks
ness, manner and ufe os these Pores.
An explication os the Phenomena 102
os Coals. The manner os charring
Wood, or any other body. What part
os Wood is combufiible. An Hypo-
thesis os fire explicated in twelve I0^
particulars , wherein the ACtion os
the Air, as a Menstruum, in the dis

fiolution os all fulphureous bodies, is
very particularly explicated, and 105

fome other Confederations about the
Air propofed: the examination os
apiece os Lignum fosfile fent srom I0£
Rome, and feme Conclusions thence

deduc d.

Observ. 17. Of Wood, and I0?
Bodies, petrified.

Several Obfervations ..^ers
kinds os thefefubssances.A more par- 108
ticular examination and explicati-
on os one very notable piece os petri-
fied Wood 5 and feme Conjetlures a-
bout the cause os thofe productions :

fever al Obfervations made on other
petrisied Bodies, as Shells, See. And j
feme probable Conclusions thence de- j j j
dued, about the original cause es 112
thofe Bodies.

Observ. 18. Of the Pores of Cork, j
and other Bodies.

Several Obfervations and Confe-
derations about the nature os Corky 1
the number os Pores in a cubical

Inch,
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Inch., and fever al Confederations a-

115 bout Pores. Several Experiments
and Obfervations about the nature
os Corso: the Texture and Pores os
the Pith os an Elder, and fever al o-
ther Trees : of the Stalks os Eur-
docks ^Teasels JDaisies arret ennel)

116 Ferne^Reeds^^c. os the srothy tex-
ture os the Pith os a Feather : fame
Conjectures about the probability os
values in thefe Pores. Argued alfa
sront the Phenomena os the fenfi-

117 bleand humble Plant: sonts Obfer-
120 vations on which are inferted.

121 Observ. 19. Of a Vegetable
growing on blighted Leaves.

122 Several Obfervations and Exa-
123 minations made os them: fever al
124 Confederations about sjontaneous
125 generation arifing srom the putre-

saction os Bodies.

Obferv. 2Q. Of Blew Mould and
Mufliromes*

Mosfos ) upon this occasion fever al
ConjeCtures^about the manner os the
production os thefe kinds os Bodies,
are hinted) and fame os them expli-
cated by a Similitude taken srom a I33
piece os Clockwork. Thevaft disfe-
rence os the bignefeos vegetable Bo-
dies 5 and the probability that the
leaf may comprehend as curious
contrivances as the great eft. Of mu I- 155
titudes os other Moulds^MoJJes^and
Musbromes 3 and other vegetating
Principles) in Water) Wood) &c.

ObserV. 2 2.OfSponges,and other
fibrous Bodies.

Several Observations andConje- j
Ctnres about the making of thefe Bo-
dies ) andfever al Hift cries out os
Authors.Scarce any other Body hath 137

fuch a texture^ the sibrous texture 138
of Leather Spunso) &c. (which are 139
there defcrib’d ) come neareft to it.
I hat Upon try al with a piece os
Springe and Oyl the necejjity os re- 14Q
feiration could not be alter d.

126 I he defeription os fever a I kinds
127 os Moulds. The method os proceed-

ing in natural Inquiries. Several
Confederations about the nature os
Mould and Mufbromes. t. That
they may be produc’d without feed.
2. That they feem to have none.
3. That Saltsfiscc. are shap'd into as

128 curious sigures without a seed. 4. Os
a kind os Mufbrome growing in a
Candle: A more particular explica-
tion os this lastsort os Musbromes.

129 5* lhefigure and manner os the
production os petrified Iceiclesfeve-
ral deduCtions srom thefe Considera-

t 0 tionS) about the nature os the vege-
tation os Mould and Musbromes.

131 Obferv. 21* Of Mots.
j^2 The defeription os fever al forts os

Observ. 23. Of the Form of Sea-
weed.

From the curiously fhap'd Sur-
sace os this Sea-weed) and feme 0-
thersys conjeCluredthepolfibility os 14!
multitudes os the likg.

.ill; :
Obferv. 24. Of the Surfaces of

some Leaves.

The defeription) 1. Of the bald
Sursaces os Leaves. 2. Of the dow-
ny Sursaces os sever al others.
3. Of the gummous exfitdation) ar

fmall tranfear ent Pearls} difeovered ’
with a Microscope in sever al 0-
thers. An Inftance of all which is
assorded in a Rofemary Leas.

Obferv.’
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Observ. a5. Of the flinging

Points of a Nettle.

_ A defcription os the Needles and
feveral ether contrivances in the leaf

144 of a Nettle: how the ssingingpain is
created: upon this several conf dera-
tions about poyfoning Darts are fet
down. An Experiment os killing Esss,
and Fifties with Salt, Some conjedures
at the essicacy os Baths 5 the ufe that
may be made os injecting into the

145 Veins. A very remarkable Hislory
out os Bel Ionins 5 andfame Cons de-
rations about gaining and dying of

Bodies.

Observ. 26. Of Cowage.

The defcription os it out os? ark i n-
146 son; an Experiment made os it: a de-

fcription, and same conjectures at the
causeof Phenomena.

Observ. 27. Of the Beard of a
wild Oat.

147
148 TZtf description os its Jhape and
149 frofterttes: the manner os making a
i^o Hygroscope with it 5 and a Conje-
j 5 j dure at the caufes of thefe motions,
ijx and os the motions os the Muscles,

Observ. 28. Of the Seeds of Ve»
nice Looking«glass.

1 The defcription os them.

Obser. 29. Of the Seeds of Time.

154 A defcription of them. A digrejpon
about Natures method.

Observ. 30. Of PoppySeeds.

V7 The description and ufe os
them.

Observ. 31. Of Purssane Seeds, 176

A defcription of thefe and many
other Seeds.

Observ. 32. Of Hair.
»57

The defcription of feveral forts os 1 st
Hair i their Figures and Textures :
thereafon of their colours,A defcripti- j
on of the texture of the skin, and of
Spunky and Sponges-, by what paf-
fages and pores of the skin transpira-
tion feems to be made. Experiments
to prove the poroufhefs of the skin os

( Vegetables.

Observ. 33. Of the Scales of
Soale.

A defcription of their beauteous
sorm.

Observ. 3 4.Of the Sting of a Bee. jgg

A defcription os its Jhape, mechat
nisme, and ufe.

Observ. 35. Of Feathers. i6y
166

A description os the Jhape andcu-
rious contexture of Feathers : and
feme conjedures thereupon.

Obser. 3 6. Of Peacocks Feathers.

A defcription of their curious sorm 16 8
andproprieties ; with a conjedure at 169
the caufe os their variable colours.

Obser. 37. Of the Feet of Flyes,
and other Insedts.

A defcription os their sigure,parts, l7C
and ufe t, and fome considerations J7l

thereupon*

Observ*
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s7a Obser. 38. Of the Wings of Flyes

After what manneryind how [wift-
173 ly the wings of Infed s move. A de-

fcription of the Pendulums under the
174 wings , and their motion : the fbape

anaslrudurc of the parts of.the wing.

*7? Obfer. 39. Of the Head of a Fly.

1. Ad the fate of a Dr one-sly is no-
thing almojl but eyes. 2. Thofe are

176 os two magnitudes. %. They are
Hemifpheres, and very ressedive and
fmooth. ^.Some directedtowards eve-
ry quarter. 5. How the Fly cleanfes
them.6 Their number. 7.Their order ;

177 divers particulars obferv d inthedif*
1.78 feding ahead. That thefe are very

probably the eyes os the Creature 5 ar*
gued srom feveral Obfervations and

179 Experiments, that Crabs 9 Lobflers,
Shrimpsifeem to be water Infers,and
to be sramed much like Air Infeds.

180 Several Cons (derations about their
manner of v if ion.

Obser.40.Of the Teeth of a Snail.

181 A brief defcription of it.

Obferv. 41. Of the Eggs of Silk-
worms.

182 Several Obfervables about the
Eggs °s lnse^Si

183 Observ. 42. Of a blue Fly.

184 dl description os its outward and
inward parts. Its hardinefs to induce

igy sreessng^andsleeping inSpirit os wine.

Obferv. 43. Of a water Insed:.

186 A description ositsJhape, tr an [pa-
tency t motion^ both internal and pro-

grejfive-3and transformation. A Flislo- 187
ry fame what Analoguscited out of
Piso. Several Obfervations about the j gg
various wayes of the generations os
Infers : by what means they aid fo x g
feemingly wifely and prudently Seve*
ral Queries propounded. Pojlfcript, x x
containing a relation os another very j 2
odd way of the generation of Infers.
An Observation about the fertility os
the Earth of our Climate in producing
Inseds, and of divers other wayes os 19g
their generation.

Observ* 44, Of the tufted Gnat.

Several Obfervables about Infers,
and a more particular defcription os 194
the parts os this Gnat.

Ob.45.Of the great belly’d Gnat. t p $

AJbort defcription os it,

Obser. 4<J. Of a white Moth.

• A defcription of the feathers and
wings of this, andfeveral other In-
feds. Divers Cons derations about the jpg
wings, and the flying of In feds and
Birds.

Obs. 47. Of the Shepherd Spider.

A defcription of its Eyes: and the
foe hets os its long legs: and a Conje- 199
dure of the mechanical reafon of its
sabric k., together with a (uppofition^
that 'tis not unlikely flat Spiders may
have the make os their inward parts
exadly like a Crab, which may be 2C0
call'd a water Spider.

Obser.48. Of the hunting Spider.

1 AJhort defcription of it; to which
is annext an excellent Ehslory of it,
made by Mr, Evelyn. Some further

M ra Obfer a
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102 Observations on other Spiders , and

tbeir Webs, together with an exami-
nation os a white Suh siance ssying up
and down in the Air aster a Fog,

20 Obser. 49. Of an Ant.
That all fmall Bodies, both Vege-

table and Animal, do quicksy dry and
wither.The heft remedy 1 sound to hin-
der it,and to make the Animallyeftill

204 to be obferv d, Several particular s re-
lated os the adions os this Creature 5

2 © y and a /bort defcription os its parts.

Obs. 50. Of the wandriag Mite.

mation os the variety os forms in other
Blites, with a Conjedure at the tea- 21 y
fi»-

Ob. y6. Of small Vine-Mites.

A defcription os them; aghess at
their original • their exceeding sinal-
nefs compar’d with that of a Wood- 216
loufeffrom which they may be fuppos'd
to come.

Observ. 57. Of Vinegar-worms.

A defcription os them, with seme 217
considerations on their motions.

206 A defcription os.this Creature, and
one, which ufu-
A Conjedure at

Observ. 51. Of a Crab-like Insed.

20S dl bries defcription os it.

Observ. 52. Of a Book-worm.

209 A defcription os it 5 where by the
way is inferted a digression, experi-
mentally explicating the Phaenome-

210 na os Pearl. A confideration os its
digs sive saculty.

Observ. 53. Of a Flea.

I A (bort defcription os it.

Observ. $4* Of a Louse.

212 A defcription of its parts,and fame
213 notable circumssances.

Observ. Of Mites.

The exceeding fmalness os fame
Mites ^and tbeir Eggs. A description

214 os the Mites os Cbeefe: and an inti-

of another very fmaH
2O7 a^y ^ore ** company.

the original os Mites.

Obs. 58. Of the Inssection of the
Rays of Light in the Air.

A Jbort r ebearfal os feveralPhx- 218
nomena. An attempt to explicate 219
thenv.tbe fupposition sounded on two
Proportions 9 both which are inden-
tured to be made out by feveral Ex-
periments. What density and rarity
is in re ssed os res radion: the resracti-
on os Spirit os Wine compared with
that of common Water: the res radion 220
os Ice. An Experiment of making an
Undulation of the ssays by the mixing
os Liquors os dissering density. The
explication os inssection, mechanic 221
tally and hypothetically; what Bodies
have fuch an inssedion. Several Ex-
periments to Jhew that the Air has
this propriety ; that it proceeds srom 222
the dissering density os the Air: that
the upper and under part os the Air
are os dissering denfity •. feme Expert- 22^
ments to prove this. A Table os the
sirength os the spring os the Air, an.
fwering to each degree os extension
when sir ft made. and when repeated. 224
Another Experiment of comprejsmg 225
the Air. A Table os the sirength of.the 226
Air, answering to each comprejston
and expansion srom which the height
of



certain. That the disiance of the
Moon may be left then it has been
hitherto [appos'd. Kepler’/ Suppositi-
onnot fb probable: the explication of 240
the Phenomena by another Hypo-
thesi.%

Observ. $9. Of the sixt Stars* - <
241

Of the multitudes of Stars difco-
v er able by the Telcscope, and the
variety of their magnitudes: 78. Stars
dissinguijht in the P\Qia.dQS:that there
are degrees ofbignefs even in the Stars
ac c ounted os the fame magnitude: the
longer the Glasses are, and the bigger
apertures they will indure, the more
fit they are sor thefie difcoveries: that
tis probable, longer GlaJJes would yet
makegreater dtfcoveries. 5. Stars
difcoverdin the Galaxie of Orion 7
5 word.

Observ. 60. Of the Moon.
A defcription of a Vale in the

Moon 5 what call'd by Hevelius and
Ricciolus.ssW how deferib'dby them:
with what fubsiances the hills of the 243
Moon may be cover'd. A defcription
of the pits of the Moon, and a conje-
slare at their caufe: two Experiments
that make itprobable, that of the furs
face of boyl*d Alabasler dufl [eeniing 244
the mosi likely to be refembled by eru-
ptions ofvapours out of the body of the
Moon: that Earthquakes (eem to be
generated much the fame way, and
their effeCls feem very fimilar.An Ar*
gument that there may be fuch varia-
tions in the Moon, becaufe greater
have been obferv d in the Sun.becaufe
the fubssance of the Moon and Earth
feem much alike: and bee dpfe *tii pro-
bable the Moon has a gravitating
principle: this is argued srom fevered
particular rf. Thereafonwhy fever al z
pits are one within another. The ufe
that may be made of this hissance os
a gravity in the /Moon,

ERRATA.

227 os the Air may be fuppos'dindefinite >
228 to what degree the Air is rarifi'dat

any diflance above the Surface os the
Earth : how, srom this, Inssection is
inferdi and feveral Phaenomena

250 explain’d. That the Air near the
Earth is compos'd os parts of differing

made probable by feveral
_ Experiments and Obfervations ; how

this propriety produces the effects os
the waving add dancing of Bodies ;
and os the twinkling os the Stars.

233 Several Phenomena explicated.
Some Qu&ries added.

1. Whether this Principle may not
be made ufe of, for perfecting Optic f

234 Glasses ? What might be hoped srom
it if it were to be done ?

i. Whether srom this Principle
the apparition of fame new Stars may
not be explicated ?

5. Whether the height os the Air
may be desin'd by it ?

4. Whether there may not fame-
times be [0 great a difpanty os den-
fity between the upper and under parts
os the Air^ as to make a ressecting
Sursace s

y. Whether, is fo,this will not ex-
plicate the Phenomena of the
Clouds. An Experiment to this pur-
pofe s

7. Whether the J^ayes srom the
5 top of Mountains are not bended into

Curve-lines by inssection ? An Ar gu-
ment sor it, taken srom an Experiment
made on St. Paul/ Steeple.

8. Whether the dislance of the
Planets will not be more difficult to

^7 be sound f What wayes are mofi like-
lytoreClifiethe dislance of the Moon:
the way of fitting Telescopes for
fuch Obfervations. How to make the

R Obfervations , andhow srom them to
3 3 * sind the true diflance of tbs Moon at

any time. How the- diflance os the Sun
may be sound by two Obfervators.The
way by the Dicotomy of the Moon un-
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p. xii.l. 4. t.whence the under: p.i?4.1i Z.t-tohope. p.i38.1.4*.r.n«or lest: p.i4®'l.i9*r>W».
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Observations and I n ecu i r i e s thereupon.
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Nonpojjlr oculo quantum contendere Linceus^
Non tamenidcirco contemnas Lippus inungi. Horat. Ep. Lib. I.

MICROGRAPHIA:

By R. H00 KE, Fellow of the R o y a l Society.
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Phyfiological Descriptions
OF

MINUTE BODIES
made by

MAGNIFYING GLASSES

LONDON, Printed for James Alkftry? Printer j-?
Society, and are to be sold at his Shop, at t ="n
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