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ApVERTISEMENT I

ART of the enfuing Dif-.
courﬁzq;bout Li b% zm{r
. _ written at the Defire of
 Jome Gentlemen of theRoyal So-..
ciety, in the Tear 1675, and then.
Jent to their Secretary, and read
at their Meetings, and the reft
was added about twelveTears af-
terto completetbe Theory ; except  ~
the Third Book, and the laff Ob: .
Jervation in the laft Part of the
Second, which were fince put to:
gether out of featter'd Papers. To
wvod being engaged in Difputes
- A2 . abour
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~ Advertifement.

about thefe Matters, I bavé bi-

therto délzg’ed the printing, and
Should ftill bave delayed it, bad not
the-Impertunity of Friends pre-
vailed uwpon me. If any other Fa-
pers writ on this Subject are got
ot of my Hands they are imper-
123, and “weré perbaps dritten
before Fhad. tried 4l the Expe-
Pments here fet down, and fully.
Jatisfied my Jelf about the Laws
of . Réf"riiéi;qns. and.; Compofdion
of Calowrss. I bavehore publifp'd
dbat-1-think profier. to come. d-
bioad, wifbing that it may not .be.
tranflated into aniother Language.
without my Confent. . . .-
" The Crasions of Colours, which
fometimes appear about the Sun

\

#ind Moon, ﬁaw\'mdmwuréd

to-give an. Account of 5 but “for
e T want

R
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Advertifement.

- want of Oi
leave tha to

examined. The Subjelt of the
' bird Book I bave alfo left 1m-

 perfed, not baving tried all the
Experiments which I intended
- when I was about . thefe Matters,

nor repeated fome of thofe which
I did try, until I had fatisfied
my Jelf about all their Circum-

ftances. To communicate what

I bave tried, and leave the reft

to others for farther Enquiry,
25 all my Defign in publifbing

thefe Papers. o
In aletterwrittento Mr.Leib-
nitz in the Tear 1676, and pub-
Tifbed by Dr Wallis, I mention'd
a Method by which I had found
Jome general Theorems —about
Squaring Curvilinear Figures,
or

~ LT R 3% ag28 AR
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Advertifement.

or comparing them with the Co- |

nic Seltions, or other the fimpleft
Figures with which they may be
compared. And fome Years ago

- I 'lent out a Manuféript contains

ing fuch Theorems, and baving

Jince met with fome Things copr=

ed out of it, I bhave onthis Occa-

| ﬁon made it publz‘ck, Z'Jre.xing'td .

it an Introducion, and fubjoin-
ing a Scholium concerning that
Method. And I have joined with
it anotber finall Traclk concerning
the Curvilinear Figures of the
Second Kind, which was alfo
written many Tears ago, and
made known to fome Friends,

“who bave folicited the making it
publick.

April 1.
1F‘)71;;l}I R ‘ R I N.
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ADVERTISEMENT 1I.

N this Second Edition of
thefe Opticks I bave o-
mitted the Mathematic ]
Tradls publifbed at the End of
the former Edition, as not be.
longing to the Subjed. And af
the End of the Third Book I
bhave added fome Queftions. And
to fhew that I do ;z?) take Gra-
ity for an effentia “roperty o
Bo}cliz{r, I bgz;e added £ze‘ éz/&f
Jtion concerning its Canfe, chy,.
fing to propofe it By way of a
Queftion, becaufe I am not yet
Jatisfed about ‘it for want of
- Experiments. B

I. N.
) July 16, ‘
1717.
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R Y Deﬁgn in thlS Bmk is.not to ex-
8 plain the- Properties of ‘Light by Hy-
‘pothefes; but to propofe and prove

® ‘them by Reafon and Experiments: In
er&er o which I fhall premxfe thc fbllow,pg
'Deﬁnmons an& L%xxoms o
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DEFINITIONS.

DEFIN. L

7 the Rays of Light T undérﬁa’m? its leaf?
Parts, andthofe as well Succeffive in the

- fame lines as Contemporary .in feveral lines.

For it is manifeft that Light confifts of parts

* both Succeflive and Contemporary; becaufein’
‘thefame place you may flop that which comes

one moment, and let pafs that which comes pre-
fently after; and in the fame timre you may.,
ftop it in any one place, and let it pafs in any
other. For that part of Light which is flopt
cannot be the fame with that which is let pafs.
The leaft Light or part of Light,which may

* be ftopt alone without the reft of the Light, or

propogated alone, or door fuffer any thingalone
which the reft of the Light doth not or fuffers
not, Icall a Ray of Light. '

« DEFIN. I '

Refrangsbility of the Rays of Light, is their
szﬁoﬁti,ogn to be refracted 'gr turned out of their
Way in paffing out of one tran(parent Body or
Medium into another. Andagreater or lefs Re-
Sfrangibility of Rays, is their Difpofition to be
turned more or lefs out of their Way in like In-
cidences on the fame Medium. Mathematicians
ufually confider the Rays of Light to be Lines
reaching from the luminous Body to the Body -
illuminated, and the refraction of thofe Rays to
be the bending or breaking of thofe linelf in

. their
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their pafling out of one Medium into anothef:
And thus may Rays and Refra¢tions be confi-
dered, if Light be propagated in ah inftint.
But by an Argument taken from the Aqua-
tions of the times of the Kclipfes of Fupirer’s
Satellites it feems that Light 1s" propagated in
time, fpendingin its paflage from the Sun to.us
about {feven Minutes of time: And therefore 1
have chofen to'define Rays and Refraétions in
fuch general terms asmay agree to Light inbbdth

cafes. ‘

DEFIN. I.

Reflexibility of Rays, istheir @%aﬁtz’on tobé
reflectedor turned back into the fame Medium fPoms.
any other Medium upow whofe Surface they fall.

And Rays are more or lefs reflexible, which are
myturned back more or lefs eafity. As if Light
pafs out of Glafs into Air, and by beingjnclined
more and more to the common Surface of the -
Glafsand Air, begins at length to be totally re+
flefted by that Surface; thofe forts of Rays
which at like Incidences are reflected moft eo«
pioufly, or by inclining the Ra{s begin fooneft
to be totally reflefted, are moft réflexible..

. | DEFIN. IV: .

- The df?le of Incidence is that Angle, which
the Line deferibed by the incident Ray contains
with the Perpendicular to the reflecting or res
Sradting § ur\)g;e at the Posnt of Incidence.
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DEFIN.V. |

The.Angle of Reflection or Refrabtion, is the
Angle which the line defiribed by the reflected
or refraéted Ray containeth with the Perpendi-
cular to the refleiting or refraéting Surface at
the Point of Incidence. o -

DEFIN. VL. .

The Sines of Incidence, Reflexion, and Refra-

 &ion, are the Sines of the Angles of Incidence,
Reflexion, and Refraction. '

DEFIN.VIL. .. -

The Light whofe Rays are all alike Refran-.
gible, I call Simple, Homogeneal and Similiar
and that whofe Rays are fime more Refrangible
than others, I call compound, Heterogenal and
Diffimilar. The former Light I call Homoge-
neal, not becaufe I would affirm it {o in all re-
fpe&s ; but becaufe the Rayswhich agree in Re-
frangibility, agree at leaftin all thofe their other
- Properties which I confider in the following
-Difcourfe.

B " DEFIN. VILL.
" The Colours of Himogeneal Lights, I call Pri-

mary, Homogeneal and Simple; and thofé of

" ‘Heterogeneal Lights, Heterogeneal and Com-
pound. For thefe are always compounded of

the colours of Homogeneal]):

pear in the following Difcourfe.

AXIOMS.

e .
s ¥

ights; as will ap-
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AXIO0O MS.
. CAX. L |
;'[1 HE Angles of Reflexion, and Refraction,

die in one and the fame Plane with the
ngle of Incidence. :

| AX. IL
 The Angle of Reflexion is equal to the Angle
of Incidence. : '
R AX. IL

If the Refratted Ray be returned diretly
back to the Point of Incidence, it fball be re- -
fraéted into the Line before defiribed by the in-
cident Ray. -

A X. IV.

Refraction out of the rarer Medium intothe
denfer, is made towards the Perpendicular, that
zs, fo that the Angle of Refraction be lefs than
the Angle of Incidence. .

AX. V.

The Sine of Incidence is either accurately or
very nearly in.a given Ratio to the Sine of Re-

T fraftion.

Whence if that Proportion be known in any
one Inclination of the incident Ray, ’tis known
in all the Inclinations, and thereby the Refra-
.&ion in all cafes of Incidence on the fame refra-
&ing Body may be determined. Thus if the
" "~ B3 Refra-
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Refration be made out of Airinto Water, the
Sine of Incidence of the red Light is to the Sine
ofits Refraétionas 4to 3. If outof Air into Glafs,
the Sines are as 17 to 11. Ih Light of other
Colours the Sines have other Proportions: but
the djfference is fo little that it need feldom be
confidered. |
Snppofe therefore, that RS [in Fig. 1.] repre-
fentsthe Surface of {ftagnating Water, and that C
ig the pqint of Incidence in whichanyRay caming
inthe Air from A in the Line A C isretleéted or
refraéted, and I would knew whither this Ra
fhall go after Reflexion or Refradtion: 1 ere
. ypan the Syrface of the Water from the point-
.of Incidence the Perpendicular CP and produce
it downwards to Q, and conclude by the firft
Axiom, that the Ray after Reflexion and Re-
fraétion, fhall be found fomewhere in the Plane
of the Angle of Incidence A CP produced. 1let
fall therefare upon the Per engigcular CP the
‘Sine of Incidence AD; and if the refleéted
Ray be defired, I produce AD to B fo that
Dg’ be equal to AD, and draw CB. For this
Line CB fhall be the refleéted Ray; the Angle
of Reflexion BCP and its Sine BD being e-
qual to the Angle and Sine of Incidence, as they
ought to be by the fecond Axiom. But if the
refra@ted Ray be defired, I produce AD to H,
fo that DH may be to AD as the Sine of Re-
- fradtion to the Sine of Incidence, that is (if the
gght be red) ‘as 3 to 4; and about the Center
C and in the Plane A CP with the RadiusCA
- defcribing a Circle ABE Idraw Parallel to the
Perpendicular CPQy'the Line HE cutting the
4 \ : " Circuma.
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Cireumference inE, and joyning CE, thisLine
CE fhall be the Line of the refraéted Ray.
For if EF be let fall perpendicularly on the
Line PQ, this Line E F fhall be the Sine of Re-
- fra&tion of the Ray CE, the Angle of Refraétion.
being ECQ; and this Sine EF is equal to DH,
and confequently in Proportion to the Sine of
Incidence AD as3 to 4. '
* In like manner, if there be a Prifm of Glafs
(that is a Glafs bounded with two h‘ﬂual and
Parallel T'riangular ends, and three plain and
well polithed Sides, which meet in three Parallel-
Lines running from the three Angles of one
end to the three Angles of the other end) and
if the RefraGion of the Light in pafling crofs this
Prifm be defired : Let AC B [in Fig. 2.]reprefent
a Plane cutting this Prifm tranfverfly to its three
Parallel ‘lines or edges there where the Light
~ pafleth through it, and let DE be the Reay inci-
’ gent upon the firft fide of the Prifm A C where
the Light goes into the Glafs; and by putting
the Proportion of the Sine of Incidence to the
Sine of Refration as 17 to 11 find EF the
firft refraCted Ray. Then taking this Ray for the
Incident Ray upon the fecond fide of the Glafs -
BC where the Light goes out, find the next
refrated Ray FG by putting the Proportion
of the Sine ‘of Incidence to the Sine of Re-
fraQion as 11 to 17. For if the Sine of Inci-
dence out of Air into Glafs be to the Sine of
Refra&ion as17to 11, the Sine of Incidence out
of Glafs into Air muft on the contrary be to the
Sine of Refra¢tion as 11 to 17, by the third

By 1B
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Mich after the fame manner, if ACBD <in
Fig, 3.] reprefent a Glafs fi)herically Convex on'
both fides (ufually called a Lens, fuch as is a Burn-
ing-glafs, or Speftacle-glafs, or ant Obje@-glafsaf
a Telefcope) and it be required to know how
Light falling upon it from any lucid point Q
thall be refraéted, let QM reprefent 2 Ray
falling upon any point M of its firft fpherical
Surface A CB, ‘and by erefting 2 Perpendicular
to the Glafs at the point M, find the firft re-
frated Ray MN by the Proportion of .the
Sines 1% to 11. Let that Ray in going out of
the Glafs be incident upon N, and then find
the fecond refraéted Ray N ¢ [’)y. the Proporti-
on of the Sines 11 to 17. And after the fame
manner may the Refraétion be found when the
Lens is Convex on one fide and Plane or Con-
cave on the other, or Concave on both fides.

AX. VI

Homogenenl Rays which flow from feveral
Points of any Object, and fall perpendicalarilyor
almof} perpendicularly on any reflecting or refraéi-
jng Plane or [pherical Surface, foall afterwards
drverge from [0 many other Points, or be Parallek
20 fomany other Lines,or converge to o many other
Points, either accurately or withost any fenfible
Error. And the fame thing. will bappen, if the
Rays be refleéted or reﬁ’aé‘tiged [fucceflively by two
or three or more Plane or Spherical Surfaces.

The Point from which Rays diverge ot to

~which they converge may be called their Focws,
And the Focus of the incident Rays being gi-
ven, that of the refleted or refracted anes mgy
* ¢
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be found by finding the Refra&ion of any two
Rays, as above; or more readily thus. .

Caf. 1. Let ACB[in Fig, 4.]beareflefting or
refraéting Plane, and Q the Focus of the incident
- Rays, and Q ¢ C a perpendicular to that Plane..
And if this perpendicular be produced to g5
fo that 4 C be equal to QGC, the point 4, fhail
be the Focus of the refletted Rays. Orif ¢ C
be taken on the fame fide of the Plane with
QC and in Proportion to QC as the Sine of
Incidence to the Sine of Refraction, the point
g fhall be the Focus of the refratted Rays. :
" Gaf2. Let ACB[in Fig.5.] be the retleéting
Surface of any Sphere whofe Center is E. Bi-
fe& any Radius thereof (fuppofe EC) in T,
and if in that Radius on the fame fide the
}i_gint T gou take the Points Q and ¢, fo that

, TE, and T ¢, be continual Proportionals,

and the point Q ge the Focus of the incident
Rays, the point ¢ fhall be the Focus of the re-
' ﬂeged ones. , :
" Caf 3. Let ACB [in #jg. 6.] be the refralting
- Surface of any Sphere whofe Center is E. In
any Radius thereof EC produced both ways

- take KT and C7 equal to one another and fe-

verally in fuch Proportion to that Radius as
the lefler of the Sines of Incidence and Re-
fraGtion hath to the difference of thofe Sines,
And then if in the fame Line yon find any twa
Points Q and ¢, fo that TQ be to ET asE¢
to ¢ g, taking ,tgrthe contrary way from # which
TQ lieth from T, and if the Point Q be the
Focus of any incident Rays, the Point ¢thall be
the Focys of the refracted ones. ' And




e . 2 ted "

[10]
- And by the fame means the Focus of the
Rays after two or more Reflexions or Refrac~.

- tions may be found.

- Caf 4. Let ACBDJin Fig. 7.1 beany refra&t-
ing Lens, fpherically Convex or Concave or.
Plane on either fide, and let CD be its Axis
(that is_the Line which cuts both its Surfaces
perpendicularly, and paffes through the Centers’
of the Spheres,) and in this Axis produced let
F and f be the Foci of the refraéted Rays found as -
above, when the incident Rays on both fides the.
* LensarePara]lelto the fame Axis; and uponthe
Diameter F- fbifefted in E, defcribe a Circle. .
Suppofe now that anBPoin_t % be the Focus of.
any incident Rays.  Draw QE cutting the faid.
Circlein T and #, and therein take # ¢ in fuch
Proportion to # E as # E or. TE hath to T'Q.
Let £ g lye the contrary way from # which T
doth from T, and g4 fhall be the Focus of the
refraéted Rays without any fenfible Error, pro-
vided the Point Q be not fo remote from the.
Axis, nor the Lens fo broad as to make any of
the Rays fall too obliquely on the refraéting
Surfaces. o ,

And by the like Operations may the refleét-
- ing or refrating Surfaces be found when the
twoFociare given, and thereby a Lens be form-
ed, which fhall make the Rays flow towards or
from what place you pleafe. -

So then the meaning of this Axiom is, that
if Rays fall upon any Plane or Spherical Surface
or Lens, and before their Incidence flow from
or towards any Point Q, they fhall after Re-.
flexion or Refrattion flow from or towardlg the

' ‘ toint
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Point ¢ found by the foregoing Rules. And if
_ the incident Rays flow from or towards feveral
oints Q, the reflefted or refratted Rays fhall
gow from or towards fo many other Points
found by the fame Rules. Whether the refle&-
ed and refraéted Rays flow from or towards the
Point 4 is eafily known by the fituation of that
Point,” For if that Point be on the fame fide
of the reflefting or refracting Surface or Lens
with the Point Q, and the incident Rays flaw
from the Point Q, the reflefted flow towards
the Point 4 and the refraéted fromit; and ifthe
incident Rays flow towards Q, the reflefted
flow from ¢, and the refraéted towards it. And
the contrary happens when .4 is on the other
" fide of that Surface, )

AX. VIL

. Wherever the Rays which come from all the |

Points of amy Object meer again in [o many

Points after they have been made to con'ver‘ie :
e

by Reflexion or Refraition, there they willma
a Picture of the Objeit upon any white Body
on which they fall. '

" SoifP R[in Fig. 3 .:k'eeprefent any Obje& with-
out Doors, and ﬁB a Lens placed at a hole
in the Window-fhut of a dark Chamber, where-

by the Rays that come from any Point Q of

that Objeét are made to converge and meet a-
~ gain in the Point ¢; and if a Sheet of white Pa-

per be held at ¢ t%r the Light there to fall up-
onit: the PiCture of that Objeét PR will ap-

pear upon the Paper in its proper fhape and Co--

lours

7
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Tours. For as the Light whichcomes from the
Point Q goes to the Point ¢, fo the Light which
comes from other Points P and R of the Objeét,
will go to fo many other correfpondent Points.
£ and » (as is manifeft by the fixth Axiom;) fo
that every Point of the Object fhall illuminatea
correfpondent Point of the Pi&ure, and there-
make a PiGure like the€ Objet in Shape and
Colour, this only excepted -that the Piture-
thall be inverted. And this is the reafon of that’
vulgar EExperiment of cafting the Species of Ob-
jetts from abroad upon a Wallor Sheet of white
erin adatk Room. .- . . . ,

* In like mammer, when a Man views any Object
PQR, [in Fzg.8.] the Light which comesfrom
the feveral Points of the Obje& is {o refracted
by the tranfparent skins and humours of the
Eye, (that is by the outivard coat EFG called -
the Tawica Cornea, and by the cryftalline hu-
mour AB which is beyond the Pupil m £) asto
converge and meet again at {fo many Points in
the bottom of the Eye, and there to paint the
Picture of the Objet upon that skin (called the
Tunica Retina) with which the bottom of the
Eyeis covered. For Anatomifts when theyhave
taken off from the bottom of the Eye that out-
.ward and moftthick Coatcalled the Dure Ma-

- ter, can then fce through the thinner Coats,
the Pictures of Objefts lively painted there-
on. And thefe Pi¢tures propagated by Mo-
tion along the Fibres of the Optick Nerves in-
to the Brain, are the cayfe of Vifion. For ac-
cordingly as thefe Pitures are perfe&t or im-
perfett, the Object is feen perfeily or imperfedt-

ly
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ly. K the Eyebe tinged with any colour (asin
t{e Difeafe of the Jammdifé) fo as to tinge the
Piftures in_the bottom of the Eye with that
Colour, then all Objeéts appéar tinged with the
fame Colour. If the humours of the Eye by
old Age decay, fo s byihrinking to make the
Cornea and Coat-of the Cryfalline humonr grow
flatter than before, the Light will not be re-
frafted enough, and for want of a fufficient Re-
fra@ion will not converge to the bottem of the
Eye but to fome place beyond it, and by con-
fequence paint in the betton1 of the Eye a con-
fuled Piture, and accordiag to the indiftinét-
nefs of this Picture the Object will appear con-
fufed. ' This is the reafon of'the-decay of fight
inold Men, and fhews why their Sight is mend-
ed by Speftacles. Forthote Cepvex-glatles fup-

_ ply the defect of plumpnefsin the Eye, and by

encreafing the Refraltion make the Rays con~
verge fooner f{o as to convene diftinétly at the
bottom of the fye if the Glafs have a due de-
greeof cfgnvexi_ty. - And the contrary happens
in fhort-fighted Men whofe Eyes are too plump.
For the Refraétion being now teo great, the
Rays converge and convene in the Eyes before
they -come at-the bottom ; -and -therefore the.
Piegﬁre made in -the -bottem and .the Vifion

caufed thereby will not be diffinct, unlefs the

-gree of Coricavity, -or laflly that -by Age the

Ohject be brought fo near thie Eye as that -the
glacc where the converging Rays:cenvene may
e removed to thebottom, -or-that ‘the plump-

-ziefs of the Eye be taken off and the Refraéti-

ons diminithed by a Concave:glafs of a due de-

i

Eye
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Eye grow flatter till it come to a due Figuré!
For fhort-fighted Men fee remote Objeéts beft

in Old Age, and therefore they are accounted
to have the moft lafting Eyes.

A X. VHI.

 An Object feen by Reflexion or Refraltion;
-appears in that place from whence the Rays afs
-ter thesr laft Reflexion or Refraction diverge in
falling on the Spectator's Eye. ,

- Ifthe Objeét A [in Fig. 9'}7l|1be feenby Reflexion
of a Looking-glafs » =, it appear, notin its
proper place A, but behind the Glafs at #, from
- 'whence anyRays AB, AC, AD, which flow from
one and the fame Point of the Objeét, do after
their Reflexion.made in the Points B, C, D, di-
verge in going from the Glafs to E, F, Gy
where theﬁare incident on the Speator’sEyes.
For thefe Rays do make the fame Piéture in the
bottom of the Eyes as if they had come from
the Object reall{placed at & withoutsthe inter=
pofition of the Looking-glafs; and all Vifion is
made according to the place and fhape of that
Pi¢ture. y ‘ _

In like manner the Obje& D [in Fig. 2.] feent
through a Prifm, appears notin its proger place
D, but is thence tranflated to fome other place
d fituated in the laft refra¢ted Ray F G drawn
backward from F to 4.

- Andfo the Obje&Q [in Fif' 10.]{eenthrough.
the Lens AB, appears at the place’y from whence
the Ra%sI divergein E:ﬂing om the Lens to the
Eye. Now it isto be noted, that the Image of
. the
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the Objeét at ¢ is fo much bigger or lefler thm
the Objeét it felf at Q, as the diftance of the
Image at ¢ from the Lens AB is bigger or lefs
than the diftance of the Object at 1

fame Lens. And if the Objeé be feen

two or more fuch Convex or Concav:

every Glafs fhall make a new Imaége, anu wic
Obje& fhall appear in- the place and of the big-
nefsof thelaft ma%e. Which confideration un-
foldsthe Theory of Microfcopes and- Telefcopes.
For that Theory confifls in almoft nothing elfe
than the defcribing fuch Glafles as fhall make
the laft Image of any Obje& as diftin& and -
large and luminous as it can conveniently be
made. ) )

I have now given in Axioms and their Ex-
plications the fumm of what hath hitherto been
treated of in Opticks. For what hath been
nerally agreed on I content my felf to aflume
under the notion of Principles, in order to what
I have farther to write. And this may fuffice
for an Introduétion to Readers of quick Wit
and good Underftanding not yet verfed in Op-
ticks: Although thofe who are already acquain-
ted with this Science, and have handled Glaffes,
will more feadily apprehend what followeth.

PROPO-



" PROP.L Turor. 1.

. IGHT'S which differ i Colouy , differ alfo
L in Degrees of Reﬁjaﬂgi&ilig'.r 7 f |

" The Proof by Experiments.

Esxper. 1. 1took a black oblong fliff Paper
terminated by Parallel Sides, and with-a Per<
pendicular right Line drawn crofs from one
~ Side to the other, diftinguithed it into two e-

-qual Parts. One of thefe parts I painted with
-a red colour and the other with a blew. ‘The
‘Paper was very black, and the Colours intenfe
and thickly laid on, that the Ph2nomenon
‘might be ‘more confpicuous. This Paper I
“yview’d through a Prifm of folid Glafs, whofe
-two Sides through which the Light pafled to the
-Eye were planeand well polithed ; and contained
«an Angle of about fixty degrees: which Angle

I call the refraéting Angle of the Prifin. And
whilftIviewed it, L held it and the Pri{m before

aWindow in fuch manner that the Sides of the

Paper were parallel to the Prifm, and both thofe

Sidesand the Prifm were parallel to the Horizon,

and the crofs Line was alfo parallel to it; and
* that the Light which fell from the Window upon

-the Paper made an Angle with the Paper, equal

to that Angle which was made with the Pfame
' aper
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'ﬁapéf »By‘t‘ﬁe nght refleced fiom it to the Eyé.

Beyond the Pri{m was the Wall of the Chamber
under the Window covered over with black
Cloth, and the Cloth was involved in Darknefs
that no Light might be refle€ted from thencey
which in pafling by the edges of the Paper to
the Eye, might mingle it felf with the Light of
the Piper, aiid obfcure the Phenomenon there-
of. efe things being thus ordered, I found
that if the refra¢ting Angle of the Prifm be
turnied upwards, fo that the Paper may feem to
be lifted upwards by the Refraction, its blue
half will be lifted higher by the Refra&ion than
its red half. Biit if the fefracting Angle of the
Prifm be tiirned downward, fo_that the Paper
may feem to bé carried lower by the Relra-
¢tipn, its blue half will be carried fomething
lower thereby-than ifs red half. Wherefore in
both cafes the Light which comes from the
blue half of the Paper through the Prifm to
the Eye, does in like Circumitances fuffer a
greater Refraction than the Light which comes

- from the red half, and by confequence is more

refrangible. o
Llufiration. In the eleventh Figure, MN
reprefents the Window, and D E the Paper
termindted with parallel Sides D dl and HE,
and by the tranfverfe Line FG diftinguithed
into two halfs, the one D G of an interifely
blue Colour, the other F E of an intenfely
red. And B A C ¢z /4 repreferits the Prifm
whofe refialting Planes AB 4 2 dnd AC ¢ &
meet in the edge of the refrifting Angle A 4.
‘This édge A a being upWar% i pdrallel both ac;
, 4 ¢
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the Horizon and to the parallel edges of the
Paper DJ and HE, and the tranfverfe Line FG
is perpendicular to the Plane of the Window.
And de reprefents the Image of the Paper feen
by Refrattion upwards in fuch manner that the
blue half DG is carried higher to 4g than the
red half FE is to fe, .and therefore fuffers a
greater Refraétion. If the edge of the refraét-
ing Angle be turned downward, the Image of
the Paper will be refraéted downward, fuppofe
to J¢, and the blue half will be refracted lower
to 'y than the red half is to @e.

Exper. 2. About the aforefaid Paper, whofe
‘two halfs were painted over with red and blue,
and which was Ejﬁ" like thin Paftboard, I lapped
feveral times a {lender thred of very black Silk,
in fuch manner that the feveral parts of the
thred might appear upon the Colours like fo
many black Lines drawn over them, or-like
long and {lender dark Shadows caft upon them.
I might have drawn black Lines ‘with a Pen,
but the threds were {maller and better defined. .
This Paper thus coloured and lined I fet againft
a Wall perpendicularly to the Horizon, fo that
one of the Colours might ftand to the right

band, and the other to the left. Clofe before
- the Paper at the confine of the Colours below
I placed a Candle to illuminate the Paper ftrong-
ly: For the Experiment was tried in the Night.
'iz‘he flame of the Candle reached up to the
lower edge of the Paper, or a very little higher.
Then at the diftance of fix Feet and one or two
Inches from the Paper upon the Floor I eretted
a glafs Lens four fnches and a quarter brgiac}),

. - whic
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which might colle&t the Rays coming from the
~ feveral Points of the Paper, and make them con-
verge towards fo many other Points at the {fame
-diftance of fix Feet and one or two Inches on
the other fide of the Lens, and {fo form the I-
mage of the coloured Paper upon a white Pa-
E:r placed there, after the fame manner that a
ens at a hole in a Window cafts the Images of
Objects abroad I}Fon a Sheet of white Paper in
a dark Room. The aforefaid white Paper, e-
refted perpendicular to the Horizon ancf to the
Rays which fell upon it from the Lens, I moved
fometimes towards the Lens, fometimes from
it, to find the places where the Images of the
"blue and red parts of the coloured Paper appear-
ed moft diftin&. Thofe places I eafily knew by
the Images of the black Lines which I had made
by winding the Silk about the Paper. For the
Images of thofe fine and flender Lines (which
by reafon of their blacknefs were like Shadows
on the Colours) were confufed and {carce vifi-
ble, unlefs when the Colours on either fide of
eachLine were terminated moft diftinély. No-
ting therefore, as diligently as I could, the
places where the Images of the red and blue
halfs of the coloured Paper appeared moft di-
{tinét, I found that where the red half of the

Paper agpcared diftin&, the blue half appeared

confufed, - fo that the black Lines drawna upon
it could fcarce be feen; and on the contrary,
where the blue half appeared moft diftinét, the
red half appeared confufed, fo that the black
L.ines upon it were f{carce vifible. And between
the twe places where thefe Images appeared
| | Ca2 - diftinct
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diftin& there was the diftance of an Inch and a
half: the diftance of the white Paper from the
Lens, when the Image of the red half of the
coloured Paper appeared moft diftinét, being
greater by anInch and an half than the diftance
of the fame white Paper from the Lens when
the Image of the blue half appeared moft di-
ftinét. In like Incidences therefore of the blue.
and red upon the Lens, the blue was refraéted
more by the Lens than the red, fo as to con-
verge fooner by an Inch and an half, and there-
fore is more refrangible. < ‘

luftration. In the twelfth Figure, DE fig-
nifies the coloured Paper, DG theblue half,
FE the red half, MN the Lens, H ] the white
Paper in that place 'where the red half with its

‘black Lines appeared diftin&, and 47 the fame

Paper in that place where the blue half appear-

- ‘ed diftin¢t. The place b was nearer to the

Lens MN than the place HJ by an Inch and

.an half.

Scholium. The fame things {fucceed notwith-
{tanding that fome of the Circumitances be va-
ried: as in the firft Experiment when the Prifin
and Paper are any ways inclined to the Hori-
zon, and in both when coloured Lines are
drawn upon very black Paper. But in the De-
{cription of thefe Exgeriments,’ I have fet down
fuch Circumftances by which either the Phee-
nomenon might be rendred more confpicuous,
or a Novice might more eafily try them, or by
which I did try them only. The fame thing I

"have often done in the following Experiments:
- Concerning all which this ohe Admonition may

fuffice.

R S Y
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{uffice. Now. from thefe Experiments it fol-
lows not that all the Light of the blue is more
Refrangible than all the Light of the red: For
both Lights are mixed of Rays differently Re- -
frangible, fo that in the red there are fome Rays
not lefs Refrangible than thofe of the blue, and
in the blue there are fome Rays not more Re- -
frangible than thofe of thered : But thefe Rays
in proportion to the whole Light are but few,
anc{) ferve. to diminifh the Event of the Experi-
ment, but.are not able.to deftroy it. For if
the red and blue Colours were more dilute and
weak, the diftance of the Images would be lefs
than an Inch and an half; and if they were more
intenfe and full, that diftance would be greater,
as will appear hereafter.” Thefe Experiments
- may fufhice for the Colours of Natural Bodies.
For. in the Colours made by the Refraétion of
Prifms this Propofition will appear by the Ex-.
eriments which are now to follow in the next.
ropofition, | '

&mmﬁmﬁﬁi&m&ﬁﬁ%mﬁmﬁmgﬁ7&&5&?&5&%!&9&*&&&5&%%#&&
. PROP II. Tueor. Il

The Light of the Sun confifts of Rays. differently
- Refrangible.

The Proof by Experiments.

Exper. 3. YN a very dark Chamber at a round

‘ _ hole about one third part of an.

Inch broad made in the Shut of a Window I

placed a Glafs Prifm, whereby the beam of the

Sun’s Light which came 18 at that hole migll)nt ;
' ' 3 ¢
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ké refracted upwards toward the oppofite Wall
of the Chamber, and there form a colour’d I- -
‘mage of the Sun. The Axis of the Prifm (that
is the Line paffing through the middle of the
“Prifm from one end of it to the other end pa-'
rillel to the edge of the Refrating Angle) was
1in this and the following Experiments perpen-
dicular to the incident Rays. About this Axis.
I turned the Prifm {lowly, and faw the refra--
¢ted Light on the Wall or coloured Image of
the Sun firft to defcend, and then to afcend.
Between the Defcent and Afcent when the I-
mage feemed Stationary, I ftopp’d the Prifm,
and fix'd it in that pofture, that it fhould be.
thoved no more. For in that pofture the Re-
fraltions of the Light at the two fides of the
refratting Angle, that is at the entratice of the
Rays into the Prifm, and at their going out of
. if, weré€ equal to one another. So alfo in other
Experiments, as ofteh as I would have theRe-
fradtions on both fides the Prifm to be equal to
one another, Inoted the place where the Image
" of the Sun formed by the refrated Light ftood
ftill between its two contrary Motions, in the
common Period of its progrefs and regrefs; and
when the Image fell upon that place, I made
faft the Prifm. And in this Pofture, as the moft
convenient, it is to be uriderftood that all the
Prifms are placed in the following Experiments,
unlefs where fome other pofture is defcribed.
The Prifm therefore being .placed in this po-
fture, I let the refratted Light fall perpendicu-
larly upon 2 Sheet of white Paper at the oppo-
fite Wall of the Chamber, 3nd obferved theFi-
- gure



. < T -

gure and Dimenfions of the Solar Image form-
- ed on the Paper by that Light. This Image
was Oblong and not Oval, but terminated with
two Reétilinear and Parallel Sides, and two Se-
micircular Ends. On-its Sides it was bounded
pretty diftin@ly, but on its Ends very confufed-
y and indiftinétly, the Light there decaying
and vanithinig by degrees. The breadth of this
Image anfwered to the Sun’s Diameter, and was
about two Inches and the ‘eighth part of an
Inch, including the Penumbra. For the Image
was eighteen Feet and an half diftant from the
Prifm, and at this diftance that breadth if di-
minithed by the Diameter of the hole in the
Window-fhut, that is by a quarter of an Inch,-
fubtended an Angle at the Prifm of about half
a Degree, which is the Sun’s apparent Diame-
ter. But the length of the Image was about ten
Inches and a quarter, and the length of the Re-
Eilinear Sides'about eight Inches; and the re-
fracting Angle of the Prifm whereby fo great a
length was made, was 64 degrees. With alefs
Angle the length of the Image was lefs, the
breadth remaining the fame. If the Prifm was
turned about its Axis that way which made the
Rays emerge more obliquely out of the fecond
refraéting Surface of the Prifm, the Image foon

became an Inch or two longer, or more; and .
if the. Prifm was turned about "the contrary
way, fo as t6 make the Rays fall more oblique-
1y on the firft refrafting Surface, the Image {oon
became an Inch or two fhorter. And there-
fore in trying this Expériment, I was as curi-
ous as I could be ip placing the Prifm by the
- C 4 above-
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ahove-mentioned Rule exactly in fuch a pofture
that the Refractions of the Rays at their emer--
gence out of the Prifm might be equal to that
at their incidence on it. 'This Prifm had fome.
Veins running along within the Glafs from one
end ro the other, which fcattered fome of the
Sun’s Light irregularly, but had no fénfible ef-
fet in encreafing the length of thé  coloured
Speétrum., For T tried the fame Experiment
with other Prifms with the-fame Succefs. And
Farticularly_ with a Prifm which feemed freg
rom fuch Veins, .and whofe refracting Angle
was 62 Degrees, I found the length of the
Image 93 or 10 Inches 4t the diftance of 18:
Feet from the Prifm, the breadth -of the hole
in the Window-fhut being + of an Inch, as be-
fore. And becaufe it is eafie to commit a mi-
ftake in placing the Prifm'in its due pofture, I
repeated the Experiment four or five times,
and always found the length of the Image that
which s fet down above. With another Prifm
of clearer Glafs and better Polifh,  which feem-
~ ed free from Veins, and whofe refracting Angle
was 63} Degrees, the length of this Image at
the fame diftance of 18+ Feet was alfo about 10
Inches, or 10;. Beyond thefe Meafures for a,
bout ¢ or + of an Inch at either end of the Spe-
¢trum the Light of the Clouds feemed to be a
little tinged with red and violet, but fo very
faintly, that I fufpeéted that tin¢ture might ei-
ther wholly or in great meafure arife from fome
Rays of the Spectrum fcattered irregularly by
fome inequalities in the Subftance and Polifh of
the Glafs, and' therefore I did not include 1}5 ifn,

' : o thele
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thefe Meafures. Now the different Magnitude
of the hole in the Window-fhut, and different
thicknefs of the Prifm where the Rays paffed
through it, and different inclinations of the
Prifm to the Horizon, made no fenfible chan-
ges in the length of the Image. Neither did.
the different matter- of the Prifms make any:
for in a Veflel made of polithed Plates of Glafs
cemented. together in the.fhape of a Prifm and
filled with Water, there is‘the like Succefs of
the Experithent according to the quantity of
the Refraction: ' It is fart er. to be obferved,
that the Rays went on in right Lines from the
Prifm to the Image, and therefore at their, ve-
ty going out of the Prifm had all that Inclina-
tion to one another from which. the length of
the Image proceeded, that is the Inclination of
more than two Degrees and an half. And yet
according to the Laws of Opticks vulgarly re-
ceived, they could not poflibly be fo much incli-
ned to one another. For let KG [in Fig. 13.] re-
prefent theW indow-fhut, F the hole made there-
in through which a beam of the Sun’s Light was
tranfmitted into the darkned” Chamber, and -
ABC aTriangular Imaginary Plane whereby the
Prifm is feigned to be cut tranfverfly through
the middle of the Light. Or if you pleafe, let
ABC reprefent the Prifm it felf, looking di-
rectly towards the Spectator’s Eye with its near-
er end: Arnd let X'Y be the Sun, M N the Pa-
per upon which the Solar Imaée or Speétrum is
caft, and PT the Image it felf whofe fides to-
wards vand w are Rectilinear and Parallel, and
gnds towards P and T Semicircular. 'Y KHI:I
T an
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and XL]JT afe two Rays, the firft of which
comes from the lower part of the Sun to the
higher part of the Image, and is tefraéted in the.
Prifm at K and H, and the Tatter comes from.
the higher part of the Sun to the lower pait of
the Image, and is refrafted at L and J. ~ Since:
the Refraétions on both fides the Prifm are e-’
%ua’l to one another, that is the Refra¢tion at
R equal to the Refradtion at J, ard the Refra-
€tion at L equal to the Refrattion at H, fo that
the Refractions of the iricident Rays at K and L.,
taken together ,are equal to the Refrations of
the emergent Rays at H and J taken together *
it follows by adding equal thi’ri%s to equal things,
that.the Refra&ions at K and H taken together,
dfe equal to the Refractions at J and L taken
. together, and therefore the two Rays being e-
qually refra¢ted have the fame Inclination to
one ‘another after Refra@tion which they had
beforé, that is the Inclination of half a Degree
anfwering to the Suh’s Diameter. For {o great
was the Inclination of the Rays to one another
before Refraltion. So then, the length of the
Imagé PT would by the Rules of Vulgar Op-
gd{s fubtend an An%le of half a Degree at the
rifm, and by confequence be equal to the
breadth vw; and therefore the Image would
be round. Thus it would be were the two
Rays X L] T'and Y KH P,and all the reft which
form the Image Pw T v, alike refrangible.
And therefore feeing by Experience it is found .
that the Image is not round but about five
times longer than broad, the Rays which go-
ing to the upper end P of.the Iinage fuffer the
A | - greateft
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greateft Refration, muft be more refrangible
than thofe which go to the lower end T, un-
lefs the inequality of Refraction be cafual.

This Image or Spetrum P T was coloured,
being red at its leaft refrafted end T, and vio-
let at its moft refratted end P, and yellow
green and blue in the intermediate Spaces.
Which aﬁtees with the firft Propofition, that.
Lights which differ in Colour do alfo differ in
Refrangibility. The length of the Image in the
foregoing Experiments I meafured from the
fainteft and outmoft red at one end, to the
~ fainteft and outmoft blue at the other end, ex-
cepting only a little Penumbra, whofe breadth
fcarce exceeded a quarter of ar Inch, as was
faid above. - = o R

Eixper. 4. In the Sun’s beam which was pro-
gggated into the Room through the holein the

indow-fhut, at the diftance of fome Feet
from the hole, Iheld the Prifm in fuch a po-
fture that its Axis might be perpendicular to
that beam. Then Ilooked through the Prifm
upon the hole, and turning the Prifm to and
fro about its Axis to make the Image of the
hole afcend and defcend, when between its
two contrary Motions it feemed ftationary, 1
ftopp’d the Prifm that the Refraétions of both
fides of the refralting Angle might be equal td
eacl other, as inthie former Experiment. In
~ this Situation of tNe Prifm viewitig through it
he faid hole, I obferved the length of its re-
ralted Image to be many times greater than
fts breadth, and that the moft refracted  part
theréof appeared yiolet; the leaft refracted re}cli,

- the
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the middle parts blue green and yellow in or- _
der. The {ame thing happen’d when [ remo- -
ved the Prifm out of the Sun’s Light, and look-
ed through it upon the hole fhining by the
Light of the Clouds beyond it. And yet if the
Refradtion were done regularly according to
- one certain Proportion of the Sines of Inci-
dence and Refradtion as is vulgarly fuppofed,
‘the refracted Image ought to have appeared-
round. . , S
. So then, by thefe two Experiments it appears
that in equal Incidences there is a confiderable
inequality of Refrations. But whence this in- .
equality arifes, whether it be that fome of the,
incjdent Raysare refracted more and others lefs,
_conftantly, or by chance, or that one and the
fame Ray is by Refraction difturbed, fhatter’d,
dilated, and as it were {plit and {pread into
many diverging Rays, as Grimaldo fuppofes,
does not yet appear by thefe Experiments, put
will appear by thofe that follow. e
.. Exper. 5. Confidering therefore, that if in
the third Experiment the Image of .the Sun
fhould be drawn out into an oblong form, ei-
thér by a Dilatation of every Ray, or by any o-
- ther cafual inequality of the Refractions, the
fame oblong Image would. by a fecond Refra-
¢tion made fideways be drawn out as much in
breadth by the like Dilatation of the Rays, oro-
ther cafual inequality of the Refra&ions fide- .
ways, I tried what would be the effe@s of fuch
a fecond Refraction. For this end I.ordered
~ all things as in the third Experiment, and then
placed a fecond Prifm immediately after ftihe
. rit -
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fiift in a crofs Pofition to it, that it might again
refraét the beam of the Sun’s Light which came
to it through the firft Prifm. In the firft Prifm
this beam was refracted upwards, and in the
fecond fideways. And I found that by the Re-
fraétion of the fecond Prifm the breadth of the:
Image was not increafed, but its fuperior part
which in the firft Prifm fuffered the greater
Refra¢tion and appeared violet and blue, did
again in the fecond Prifm fuffer a greater Re-
fration than its inferior part, which appeared
- red and yellow, and this without any Dilatation
of the Image in breadth.. '

Iliuftration. Let S [in Fig. 14.] reprefent
the Sun, F the hole in the Window, ABC the
firft Prifm, D'H ‘the fecond Prifm, Y the round
Image of the Sun made by a dire¢t beam of
- Light when the Prifms are taken away, PT
the oblong Image of the Sun made by that beam
pafling through the firft Prifm alone when the

fecond Prifm is taken away, and p ¢ the Image
made by the crofs Refractions of both Prifms
together. Now if the Rays which tend to-
‘wards the feveral Points of the round Image Y
were dilated and fpread by the'Refraction of
the firft Prifm, fo that they fhould not any lon-
ger go in {ingle Lines to fingle Points, but that
-every Ray being fplit, fhattered, and changed
‘from a Linear Ray to a Supertficies of Rays di-
verging from the {)oint of Refraétion, and ly-
- ing in the Plane of the Angles of Incidence and
Refradtion, they thould go in thofe Planes to
fo many Lines reaching almoft fromrone end of
the Image PT to the other, and if that }lrlnz:ﬁﬁ
0
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fhould thence become oblong: thofe Rays and
their feveral parts tending towards the {everal
Points of the Image P'T ought to be again di-
lated and fpread fideways by the tranfverfe
Refradtion of the fecond Prifm, f{o as to com-
.pofe a four {quare Image, fuch as is reprefent-
€d at#7. For the better underftanding of which,
let the Image P'T" be diftinguifhed into five e-
qual parts PQK, KQRL, LRSM, MSVN,
NVT. And by the fame iri‘{/gularity that the
orbicular Light Y is by the Refraftion of the
firft Prifm dilated and drawn out into a long
Image P'T, the Light PQK which takes up a
{pace of the fame length and.breadth with the-
fight Y ought to be by the Refraction of the
fecond Prifm dilated and drawn out into the
‘Jong Image = ¢ £ p, and the Light KQRL in-
to the long Image £4# /, and the Lights LRSM,
MSVN, NV, into fo many other long I-
mages Jrsm, msUn, nvt]; and all thefe long
Images would compofe the four fquare Image
#]. Thus it ought to be were every Ray dila-
ted by Refraction, and fpread into a trianlgula,r
Superficies of Rays diverging from the Point
of Refration. For the fecond Refraétion
would {pread the Rays one way as much as the
firft doth another, and fo dilate the Image in
breadth as much as the firft doth in length.
And the fame thing ought to happen, were
fome Rays cafually refraéted more than others.
But the Event is otherwife. The Image PT
was not made broader by the Refraction of the
fecond Prifm, but only became oblique, as ’tis’
reprefented at p 7, its upper end P being iﬁy
, : the
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the Refraftion tranflated to a greater diftance
thahitslowerend T. So thern the Light which
went towards the upper end P of the Image,
was (at equal Incidences) more refraéted in
the fecond Prifm than the Light which tended
towards the lower end T, that is the blue and
violet, than the red and yellow ; and therefore
was more refrangible. . The fame Light was by
the Refraétion of the firft Prifm tranflated far-
ther from the place Y to which it tended before
Refration; and therefore fuffered as well in
- the firft Prifm as in the fecond a greater Refra-
¢tion than the reft of the Light, and by con-
fequence was more refrangible than the reft,
even before its incidence on the firft Prifm.

Sometimes I placed a third Prifm after the

fecond, and fometimes alfo a fourth after the
third, by all which the Image might be often
reﬁra&ec{ fideways: but the Rays which were
more refrafted than the reft in the firft Prifm
were alfo more refracted in all the reft, and that
without any Dilatation of the Image fideways:
and therefore thofe Rays for their conftancy of
a greater Refraltion are defervedly reputed
more refrangible. .

But that the meaning of this Experiment may
more clearly appear, it is to be confidered that
the Rays which are equally refrangible do fall

- upon a circle anfwering. to the Sun’s Difque.
For this was proved in the third Experiment.
By a Circle I underftand not here a perfeét geo-
metrical Circle, but an{ orbicular Figure whofe
length is equal to its breadth, and which, as
to {enfe, may feem circular. Let therefore A{ G

o . : + in
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[in F7g. 15.] reprefent the Circle which ail
the mott refrangible Rays propagated from the
whole Difque of the Sun, would illuminate and
paint upon the oppofite Wall if they were a-
lone 5 EL the Circle which all the leaft fefran- -
gible Rays would in like manner iltluminate and
paint if they were alone; B H; CJ, DK, the
Circles which fo many intermediate forts of
Rays would fucceflively paint upon the Wall,
if they were fingly propagated from the Sun
in fucceflive order, the reft being always in=
tercepted ; and conceive that there are other
intermediate Circles without -number, which
innumerable other-intermediate forts of Rays
would fucceflively paint upon the Wall if thé
Sun fhould fucceflively emit every fort apart.
. And fecing the Sun emitsall thefc {orts at once;
they muft all together illuminate and paint in-
numerable equal Circles, of -all which, being
according to their degrees of Refrangibility
placed in order in a continual Series, that .ob-
long Speétrum PT is compofed which 1 de-
fcribed in the third Experiment. Now if the
Sun’s circular Image Y [in Fig. 14, 15.] which
is made by an unrefra¢ted beam of Light was
by any Dilatation of the fingle Rays, or by any
other irregularity in the Refraétion of the firft
Prifm, converted into the oblon Slge&rum,-
PT: then ought every Circle AG, BH, C]J,
&¢. in that Spectrum, by the crofs Refractipn
of the fecond Prifm again dilating or otherwife
fcattering the Rays as before, to be in like man-
ner drawn out and transformed into an oblong -
Figure, and thereby the breadth of the Imls;gf'
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PT would be now as much augmented as the
length of the Image Y was before by the Refra-
¢tion of the firft Prifm; and thus by the Refra-~
¢tions of both Prifms together would be form-
ed a four fquare Figure p 7 #7, ds I defcribed a-
bove. Wherefore EI;JCe the breadth of the Spe-
&rum PT is not increafed by the Refraction
fideways, it is certain that the Rays are not
fplit or dilated, or otherways irregularly fcat-
ter’d by that Refraction, but that every Circle
is by a regular and uniform Refration tranfla-
. ted "entire into another place, as the Circle A
G by the greateft Reﬁ‘agion into the place ag;
the Circle BH by a lefs Refraétion into the
f)lace 6 b, the Circle CJ by a Refraction {till
efs into the place ¢#, and {o of the reft; by
which means a new Spectrum p ¢ inclined to
the former P'Tis in like mannetr compofed of
Circles lying in 4 right Line; and thefe Circles
muit -be of the fame bignefs with the former,

becaufe the breadths of all the Spe@rums Y;

PT and p¢ at equal diftances from' the Prifms
are equal.

I confidered farther, that by the breadth of

the hole F through which the Light enters in~
to the dark Chamber, there is a Penumbra
made in the circuit of the Speétrum Y, and
that Penumbra rémains 1n the reétilinedr Sides
of the Spectrums PT and pr. 1 placed shere-
fore at that hole a Lens or Obje&-glafs of a Te-
léfcope which might caft the %mage of the Sun
- diftin&ly on Y without any Perumbra at all,

and found thatthe Penumbra of the re@ilige#*

Sides of the Oblong'Spe&rli;)ns PT and p'z was

alfo

-
|

1

|
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alfo thereby taken away, fo that thofe Sides ap-
eared as -Xiﬁin&ly detined as did the Circum-~
erence of the firft Image Y. Thus it happens
if the Glafs of the Prifms be free from Veins,
and their Sides be accurately plane and well
" polithed without thofe numberlefs Waves or
urles which ufually arife from Sand-holes a
little fmoothed in polifhing with Putty.” If the
Glafs be only well polifhed and free from Veins
and the Sides not accurately plane but a little
Convex or Concave, as it frequently happens;
yet may the three Spectrums Y, PT and p # -
want Penumbras, but not in equal diftances
from the Prifms. Now from this want of Pen-
umbras, I knew more certainly that every one
of the Circles was refracted according to fome
moft regular, uniform, and conftant law. For
if there,were any irregularity in the Refraction,
~ the right' Lines AE and G L which all the Cir-
cles in the Spe¢trum PT do touch, could not
by that Refraftion be tranflated into the Lines
ae and g/ as diftiné and ftraight as they were
before, but there would arife in thofe tranflated
- Lines-fome Penumbra or Crookednefs or Un-
dulation, or other fenfible Perturbation con-
trary to what is found by Experience. What- -
foever Penumbra or Perturbation fhould be
tnade in the Circles by the crofs Refraction of
the fecond Prifm, all that Penumbra or Pertur-
bation would be confpicuous in the right Lines
ae and g/ which touch thofe Circles. And
‘therefore fince there is no fuch Penumbra or
Perturbation in thofe right Lines there muft he
nond in the Circles.  Since the diﬂ@nggbﬁmlffep
: . ST . thoie
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thofe Tangents or breadth of the Spectrum s
not increaled by the Refraétions, the Diameters
of the Circles are not increafed thereby. Since
thofe T'angents continue to be right Lines, e«
very Circle which 1in the firft Prifm is more or
lefs refrafted, is-exadtly in the fame propor-
" tion more or lefs refraéted in the fecond. And
feeing all thefe things continue to fucceed afs
ter the fame manner When the Rays gre again
in a third Prifm, and again in a fourth refra<
¢ted fideways, it is evident that the Rays of one
and the fame Circle, as to their degree of Re=
frangibility continue always uniform and ho-«
mogeneal to one another; and that thofe of
feveral Circles do differ in degree of Refran~
gibility, and that in fome certain and conftant
proportion. Whichis the thingI was to prove.
- There is yet another Circumftance or two
of this Experiment by which it becomes {till
more plain and convincing. Let the fecond
Prifm D H [in Fig. 16.] be placed not ims«
- mediately after the firft, but at fonte diftance
from it; fuppofe in the mid-way between it
and the Wall on which the oblong Speétrum
PT is caft, fo that the Light from the firft
Prifm may fall upon it in the form of an oblong
-Speétrum #7 parallel to this fecond Prifm, an

be refrated fideways to form the oblonﬁ

Spectrum p ¢ upon the Wall. And you wi

find as before, that this Spectrum p # is inclined
to. that Spe¢trum P T, which the firft Prifm
forms alone without the fecond ; the blue ends
P and p being farther diftant from one another

than the red ones T and #,.and by confequence
' Do - that
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that the Rays which go to the blue end = of
the Image »7 and which therefore fuffer the
greateft Refraction in the firft Prifm, are again
inﬁthe fecond Prifm more refrated than the
reft.

The {ame thing I try’d alfo by letting the
Sun’s Light into a dark Room through two lit-
tle round holes F and ¢ [in-Fig. 17.] made in
the Window, and with two parallel Prifms

"ABC and 28y placed at thofe holes (one at
each) refradting thofe two beams of Light to
the oppofite Wall of the Chamber, in fuch man-
ner that the two colour’d Images PT and MN
which they there painted were joined end to
end and lay in one ftraight Line, the red end T
of the one touching the blue end M of the o-
ther.  For if thefe two refraéted Beams were
again by a third Prifm DH plated crofs to the
two firft, refraéted fideways, and the Speétrums
thereby tranflated to fome other part of the
Wall of the Chamber, fuppofe the Spectrum
PT to pt and the Spectram MN to m#, thefe
tranflated Speétrums p# and # # would not lie
in one ftraight Line with their ends contiguous
as before, but be broken off from one another
and' become parallel; the blue end # of the I-
mage m » being by a greater Refra¢tion tran-
flated farther from its former place MT, than
the red end ¢ of the other Image p # from the
‘fame place M'T'; which puts the Propofition
paft difpute. And this happens whether ti.e
third Prifm DH be placed immediately after
the two firft, or at a great diftarice from
" ‘them, fo that the Light refrafted in the %w{ci
BN . ~ . 8 r
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firft Prifms be either white and circular, or co-
loured and oblong when it falls on the third.
Exper. 6. In the middle of two thin Boards
. { made round holes a third part of an Inch in
.diameter, and in the Window-fhut a much
- broader hole being made to let into my dark-
ned Chamber a large beam of the Sun’s Light;
I placed a Prifm behind the Shut in that beam
to refract it towards the oppofite Wall, and
clofe behind the Prifm I fixed -one of the Boards,
in fuch manner that the middle of the refraéted
Light might pafs through the hole made in it,
and the reft be intercepted by the Board. 'Then
at the diftance of about twelve Feet from the
firft Board I fixed the other Board in fuch man-
ner that the middle of the refraéted Light which
came through the hole in the firft Board and
fell upon the oppofite Wall might pafs through
the hole in this other Board, and the reft being
intercepted by the Board might paint upon it
the coloured Speétrum of the Sun. And clofe
behind this Board I fixed another Prifm to re-
fra¢t the Light which came through the hole,
Then I returned fpeedily to the firft Prifm, and
by turning it {lowly to and fro about its Axis,
I caufed the Image which-fell upon the fecond
Board to move up and down upon that Board,
that all its parts might fucceflively pafs through
the hole in that Board and fall upon the Prifm
behind it. Andin the mean time, I noted the
places on the oppofite Wall to which that Light
after its Refration in the fecond Prifm did pafs;
and by the difference of the places I found that
the Light which being moft refratted in the
| ' D 3 - firfk
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fir{t Prifm did go to the blue end of the Image,
was again more refraéted in the fecond Prifm
than the Light which went to the red end of
that Image, which proves as well the firft Pro-
~pofition as the fecond. And this happened .
whether the Axis of the,two Prifms were pa-
rallel, or inclined to one another and to the
Horizon in any given Angles.
Llluftration. LetF [in Fig.18.] bethe wide
+hole in thé Window-fhut, through which the
Sun fhines upon the firft Prifm ABC, and let
the refrated Light fall upon the middle of the
Board DE, and the middle part of that Light
upon the hole G made in tlge middle of that
Board. Let this trajected part of the Light
fall again upon the middle of the fecond Board
Ade and there paint fuch an oblong coloured I-
mage of the Sun as was defcribed in the third
Experiment. By turning the Prifm ABC flow-
ly to and fro about its Axis this Image will be
made to move up 'and down the Board 4 ¢,
and by this means all its parts from one end to
‘the other may be made to pafs fucceflively
‘through the hole g which is made in the mid-
dle of that Board.” In the mean while another
Prifm 2 4¢is to be frxed next after that hole g
to refract the trajeted Light a fecond time.-
And thefe things being thus ordered, I marked
the places M and N of the oppofite Wall upon
which the refraéted Light fell, and found that
whilft the twa Boards and fecond Prifm re-
mained unmoved, ' thofe places by turning the
firft Prifm about its Axis were changed perpe-
tually. For when the lower part of the Light
I - ' which
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which fell upon the fecond Board 4 e was caft
through the hole g it went to a lower place M
on the Wall, and when the higher part of that
Light was caft through the fame hole g, it went
to a higher place N on the Wall, and when a-
ny. intermediate part of the Light was caft
through that hole it went to {fome place on the
Wall between M and N. The unchanged Po-
fition of the Holes in the Boards, made the In-
cidence of the Rays upon the fecond Prifm to
be the fame in all cafes: And yet in that com-
mon Incidence fome of the Rays were more re-
fratted and others lefs. And thofe were more
refraéted in this Prifm which by a greater Re-
fraction in the firft Prifm were more turned
out of the way, and therefore for their con-
ftancy of being more refralted are defervedly

called more re%rangible. v
Exper.7. At two holes made near one ano-
ther in my Window-fhut I placed two Prifms,
one-at each, which might caft upon the oppo-
fite Wall (after the manner of the third Expe-
riment ) two oblong coloured Images of the
Sun.  And at a little diftance from the Wall 1
placed a long {lender Paper with ftraight and
parallel edges, and ordered the Prifms and Pa-
per fo, that the red Colour of one Image might
fall directly upon one half of the Paper, and the:
violet Colour of the other Image upon the o-
ther half of the fame Paper; fo that the Pa-
per appeared of two Colours), red and violet,
much after the manner of the painted Paper
in the firft and fecond Experiments. Then °
with 4 black Cloth I covered the Wall behind
' S D4 . the
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the Paper, that no Light might be refleéted
from it to difturb the Experiment, and view-
ing the Paper through a third Prifm held pa~
rallel to it, I faw that half of it which was il-
luminated by, the violet Light to be divided
from the other half by a greater Refraétion, e-
fpecially when I went a good way off from the

aper. For when I viewed it too near at hand,
the two halfs of the Paper did not appear fully
- divided from one another, but feemed conti~
§uous at one of their Angles like the painted

aper in the firft Experiment. Which alfo
happened when the Paper was too broad.

Sometimes inftead of the Paper I ufeda white
Thred, and this appeared through the Prifm
divided into two parallel Threds as is repre-
- fented in.the nineteenth Figure, where DG
denotes the Thred illuminated with violet Light
‘from D _to E and with red Light from F to G, -
? dé‘?‘ﬁ are the parts of the Thred feen by
‘Refraltion. If one half of the Thred be con-
ftantly illuminated with red, and the qther half
be illuminated with all the éolqur.s fucceflively,
(which may be done by caufing one of the
Prifms to be turned about its Axis whilft the
other remains unmoved) this other half in view-
ing the Thred through the Prifm, will appear
inacontinued right Line with the firft half when
illuminated with red, and begin to be a little
divided from it when illuminated with orange,
and remove farther from it when illuminated
with yellow, and ftill farther when with green,
and farther when with blue, and go yet farther
off when illuminated with indigo, and .fartlﬁeﬁ'

. when
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when with deep violet. Which plainly thews,
that the Lights of feveral Colours are more and
more refrangible one than another, in this or-
der-of their Colours, red, orange, yellow, green,
blue, indigo, deep violet ; and fo proves as well
the firft Propofition as the fetond. :
I caufed alfo the coloured Spe@trums P T
[in Fig.1 7.1{and MN made in a dark Cham-
ber by the Refra&tions of two Prifms to lye in
a right Line end to end, as was defcribed above
in the fifth Experiment, and viewing them
through a third Prifm held parallel to their
length, they appeared no longer in a right Line,
but became broken from one another, as they
are reprefented at pz and = #», the violet end
" of the Spe¢trum m # being by a greater Refra-
g}'on tranflated farther from its former é)lace
* MT than the red end # of the other Speétrum
P

z. o .
I farther caufed thofe two Speétrums PT
. [in-Fig. 20.] and MN to become co-incident
i, an inverted order of their Colours, the red
end of each falling on the violet end of the o- -
ther, as the&are reprefented in the oblong Fi-
gure P'T M N; and then viewing them through
a Prifm DH held parallel to their length, the
agpeared' ot co-incident as when viewed witK
the naked Eye, but in the form of two diftinét
Spetrums p £ and m # crofling one another in
the middle after the manner of the letter X.
Which fhews that the red of the one Speétrum
and violet, of the other, which were co-incident
at PNand MT, being parted from oneanother
by a greater Refraction of the violet to p and
L - - than
.’ :
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than of the red to #zand #, do differ in degrees
of Refrangibility. 3 ' v

I illuminated alf6 a little circular piece of -
'white Paper all over with the Lights of both
© Prifms intermixed, and when it was illumina-
ted with the red of one Spectrum and - deéep
. violet of the other, {o as by the mixture of
- thofe Colours to- appear all over purple, I view-
ed the Paper, firft at a lefs diftance, and then
at a greater, through a third Prifm; and as I
went from the Paper, the refratted Image there-
of became more and more divided by the une-
qual Refraction of the two mixed Colours, and
at length parted into two’diftinct Images, a red
one and a violet one, whereof the violet was
. fartheft from the Paper, and therefore fuffered
the greateft Refraétion. And when that Prifm
at the Window which caft the violet on the Pa-
per was taken away, the violet Tmage difap-
peared; but when the other Prifm was taken
away the red vanithed: which fhews that thefe
two Images were nothing elfe than the Lights
of the two Prifms which had been intermixed
on the purple Paper, but were parted again b
their unequal Refraétions made in the thir
Prifm through which the Paper was viewed.
This alfo was obfervable, that if one of the .
Prifms at the Window, fuppofe that which caft
the violet on the Paper, was turned about its
Axis to make all the Colours in this order, vio-
let, indigo, blue, green, yellow, orange, red,
fall fucceflively on the Paper from that Prifm,
the violet Image changed Colour accordingly,
turning fucceflively to indigo, blue, green, yel-
! A A e T . Tow
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low and red, and in changing Colour came

nearer and nearer to the red Image made b
the other Prifm, until when it was alfored botK

- Images became fully co-incident. o
I placed alio two Paper Circles very near one
another, the one in the red Light of one Prifm,
and the other in the violet Light of the other.
The Circles were each of them an Inch in dia-
meter, and behind them the Wall was dark that
the Experiment might not be difturbed by any
Light coming from thence. 'Thefe Circles thus
illuminated, I viewed through a Prifm fo held
that the Refration might bé made towards the
red Circle, and as Fwent from them they came
neatrer and pearer together, and at length be-
tame co-incident; and afterwards when I went
ftill farther off, they parted again in a contrary
order, the violet by a greater Refraétion being

carried beyoh® the red. ' :
Exper.8. In Summer when the Sun’s Light
ufes to be ftrongeft, I placed a Prifm at the
hole of the Window-fhut, asin the third Fxpe-
riment, yet fo that its Axis might be parallel to
the Axis of the World, and at the oppofite
Wall in the Sun’s refraéted Light, I placed an
open Book. Then going fix Feet and two In-
ches from the Book, I placed there the above-
mentioned Lens, by which the Light refleéted
from the Book mig{t be made to convergeand
meet again at the diftance of fix Feét and two
Inches behind the Lens, and there paint the
- Species of the Book upon a fheet of white Pa-
per much after the manner of the fecond Ex-
periment, The Book and Lens being madeI faft,
’ . . S0 no-

b
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I noted the place where the Paper was, when
the Letters of the Book, illuminated by the
fulleft red Li§ht of the folar Image falling up-
on it, did cait their Sfecieson that Paper moft
diftinétly: And then [ ftay’d till by the Motion
of the Sun and confequent Motion of his Image
on the Book, all the Colours from that red to
the middle of the blue pafs’d over thofe Let-
ters; and when thofe Letters were illumjnated
by that blue, I noted again the place of the Pa-
per when they caft their Species moft diftinctly
- upon it: And I found that this laft place of the
Paper was nearer to the Lens than its former
place by about two Incheseand an half, or two
and three quarters. So much fooner therefore
did the Light in the violet end of the Image
by a greater Refraction converge and meet,
than the Light in the red end. = But in trying
this the Chamber was as dark as I could make
it. For if thefe Colours be diluted and weak-
ned by the mixture of any adventitious Light,
the diftance between the places of the Paper
will not be fo great. 'This diftance in the fe-
cond Experiment where the Colours of natural
Bodies were made ufe of, was but anInch and
an half, by reafon of the imperfeétion of thofe
Colours. 'Here in the Colours of the Prifm,
which are manifeftly more full, intenfe, and live-
ly than thofe of natural Bodies, the diftance is
. two Inches and three quarters. And were the
Colours flill more full, I queftion not but that
‘the diftance would be confiderably greater. For
the coloured Light of the Prifm, by the inter-
fering of the Circles defcribed in the fecohd

Figure
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¥igure of the fifth Experiment, and alfo by the
Light of the very bright Clouds next the Sun’s
Body intermixing with thefe Colours, and by
the Light fcattered by, the inequalities in the
Polith of the Prifm, was fo very much com-
pounded, that the Species which thofe faint and
dark Colours, the indigo and violet, caft upon
the Paper were not diftinét enough to be well
obferved. ‘

Exper. 9. APrifm, whofe two Angles at its
Bafe were equal to one another and half right
ones, and the third a right one, I placed in a
beam of the Sun’s Light let into a dark Cham-
ber through a hole in the Window-fhut as in
the third Experiment. And turning the Prifm
flowly about its Axis until all the Light which
went through one of its Angles and was refra-
¢ted by it began to be refleéted by its Bafe, at
which till then it went out of the Glafs, I ob-
ferved that thofe Rays which had fuffered the
greateft RefraGtion were fooner refleéted than
the reft. I conceived therefore that thofe Rays
of the refle¢ted Light, which were moft re-
frangible, did firft of all by a total Reflexion
become more copious in that Light than the
reft, and that afterwards the reft alfo, by a to-
tal Reflexion, became as copious as thefe. To
try this, I made the refle¢ted Light pafs through
another Prifm, and being refraéted by it to fgll
afterwards upon a fheet of white Paper placed
at fome diftance behind it, and there by that
Refraétion to paint the ufual Colours of the
Prifm. And then caufing the firft Prifm to be
turned about its Axis as above, I obferved:tl?at‘-

' 2 ' when
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when thofe Rays which in this Prifm had fuf-
- fered the greateft Refra¢tion and appeared of a-
a blue and violet Colour began to be totally re-
flected, the blue and violet Light on the Paper
which was moft refraéted in the fecond Prifm
received a fenfible increafe above that of the
red and yellow, which was leaft refraéted ; and
afterwards when the reft of the Light which
was greep, yellow and red began to be totally
refleéted in the firft Prifm, the Light of thofe
Colours on the Paper received as great an in-
- creafe as the violet and blue had done before.
Whence ’tis manifeft, that the beam of Light
refleéted by the Bafe of the Prifm, being aug-
mented firft by the more refrangible Rays and
afterwards by the lefs refrangible ones, is com-
pounded of {’\ays differently refrangible. And
that all fuch refleéted Light is of the fame na-
ture with the Sun’s Light before its Incidence
on the Bafe of the Prifm, no Man ever doubt~
ed: it being generally allowed, that Light by
fuch Reflexions {uffers no alteration in its Mo-
difications and Properties. I do not here take
notice of any Refractions made in the fides of -
the fir{t Prifm, becaufe the Light enters it per-
pendicularly at the firft fide, and goes out per«
pendicularly at the fecond fide, and therefore
{uffers none. So then, the Sun’s incident Light
being of the fame Temper and Contftitution
with his emergent Light, and the laft being
compounded of Rays differently refrangible, the
firft muft be in like manner compounded.

Tlluftration. In the twenty firft Figure, ABC
is the firft Prifm, BC its %afe, B and C its
. . equal
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equal Angles at the Bafe, each of 45 Degrees,
A its retangular Vertex, FM a beam of the
Sun’s Light let into a dark Room through a
hole F one third ]};art of an Inch broad, M its
Incidence on the Bafe of the Prifm, M G a lefs
refratted Ray, MH a more refratted Ray, MN
the beam of Light refle¢ted from the Bafe,
VXY the fecond Prifm by which this beam in
afling through it is refra¢ted, N¢ the lefs re-
Fra&ed Light of this beam, and N p the more
refralted - part thereof. When the firlt Prifm
ABC is turned about its Axis according to the
order of the Letters ABC, the Rays MH e-
merge more and more obliquely out of that
Prifm, and at length after their moft oblique
Emergence are refle¢ted towardsN, and going
on to p do increafe the number of the Rays
Np. Afterwards by continuing the Motion of
the firft Prifm, the E\ays MG are alfo refleéted
to N and increafc the number of the Rays Nz,
‘And therefore the Light M N admits into its
Compofition, firft the more refrangible Rays,
and then the lefs refrangible Rays, and yet af-
ter this Compofition is of the fame nature with
the Sun’s immediate Light F M, the Reflexion
of the {pecular Bafe B C caufing no alteration

therein. : .
Exper. 10. T'wo Prifms, which were alike
in fhape, I tied fo together, that their Axes and
oppolite Sides being parallel, they compofed a
Parallelopiped. And, the Sun fhining into my
dark Chamber through a little hole in the Win-
dow-fhut, I placed that Parallelopiped in hig
beam.at fome diftance from the hole, in fuch a
2 pofture -



48]

poftiire that the Axes of the Priftiis might bd
perpendicular to the incident Rays, and that
. thofe Rays being incident upon the firft Side
- of one Prifm, might go on through the two
contiguous Sides of both Prifms, and emerge
out of the laft Side of the fecond Prifm. This
Side being parallel to the firft Side of the firft
- Prifm, caufed the emerging Light to be paral-
fel to the incident. Then, beyond thefe two
Prifms I placed a third, which might refraét
that emergent Light, and by that Refraction
caft the ufual Colours of the Prifm upon the
oppofite Wall, or upon a fheet of white Paper
held at a convenient diftance behind the Prifm
for that refracted Light to fall upon it. After

this I turned the Parallelopiped about its Axis; - -

and found that when the contiguous Sides of
the two Ptifms became fo oblique to the inci-
- dent Rays that thofe Rays began all of them to
be reflected, thofe Rays which in the third
Prifm had fuffered the greateft Refration and
painted the Paper with violet and blue, were
firtt of all by a total Reflexion taken out of the
tran{mitted Light, the reft remaining and on -
- the Paper painting their Colours'of green, yel-
low, orange, and red as before ; and afterwards
by continuing the Motion of the two Prifms;
- the reft of the Rays alfo by a total Reflexion
vanifhed in order, according to their degrees
of Refrangibility. 'The Light therefore which
emerged out of the two Prifms is compound-
ed- of Rays differently refrangible, feeing the
more refrangible Rays may be taken out of it
while the lefs refrangible remain. But this
C Light
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Light being trijected only throtigh the patallel
* Superfictes of tgxe two Pnfims; if 1t fuffer’d any
ge by the Refraction of one Supetficies it
loft that impreflion by the contrary Refratioy
of the other Superficies; and {o being reftored,
to its priftine Conflitution became of the fame
nature #nd condition as 4t firft before its Inci-
dence on thofe Priftns; and therefore; before
its Incidence; was 4s much compounded of
Rays diffetently refrangible, as afterwards; ‘
 Hiuffration.” In the twenty fecond Figute
ABC and BCD ate the two Prifms tied toge=
ther in the fotm of a Parallelopiped, thejt Sides
BC dnd CB being contiguous, and their Sides
ABand CD parallel: ' And HJK is the third
Prifm; by which the Sum’s Light propagated
through the hole F into the dark' Chamber; and :
there pafling through thofe fides of the Prifms  /
AB, BC; CBand CD; is refraéted at'O to
the white Paper P'T; falling there partly upon
P by a greater Refra@ion, ‘partly upon T by #
lefs Refradion; and partly upon i]l and other in-
termedidte places by intermediate Refrations:
By turning the Para"llelop’iged ACBD about its
Axis; according to the order of the Letters Ay
- €, D; B, it length when the contiguous Planes
BC and CB become fufficiently oblique to the
Rays F M, which are incident upon them at My
there will vanifh totally out OF the refralted |
Light OP'T; firft of all the moft refraéted Rays
01;3, (the reft OR and OT remaining as be=
fore) then the Rays OR and other intermedi-
ate ones; and laftly; theleaft refraéted Rays OT
For when the PLne'BC becomes futhciently’
’ : E obhque‘ TN
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oblique ta the Rays incident upon.it; thofe
Rays will begin to be totally refletted by it to-
wards N; and firft the moft refrangible Rays
will be totally reflefted (as was e¢xplained 1n-
- the preceding Experiment) and by confequence
muit firft difappear at P, and afterwards. the
reft-as they are in order totally refle¢ted .to N
they muft difappear in the fame arder at K
and T. So then the Rays which at O fuf-
fer the greateft’ Refration, ' may. be taken ou
of the Light M O whilft the reft of the Rays
remain in it, and therefore that.Light MO
is compounded ‘of Rays differently refrangis
. ble. And becaufe the Planes A B and CD
are parallel, and therefore by equal and con-
trary Refrallions deftroy one anothers Ef-
fects, the incident Light FM mutft be of the
fame kind and nature with the emergent Light
MO, and therefore doth alfo confift of Rays
differently refrangible. Thefe two Lights F
and MO, before the moft refrangible Rays are
feparated out of the emergent Light MO, a«
ee in colour, and in all other properties {o
ar as my obfervation rcaches, and therefore
are defervedly reputed of the fame nature and
conflitution, -‘and by confequence the one is .
compounded as well as the other. But after
the moft refrangible Rays begin to be totally
refle¢ted, and thereby feparated out of the e-
~ mergent Light MO, that Light changes its co~
lour from white to a dilute and faint yellow,
a pretty good orange, a very full red fuccef-
fively and then totally vanithes. For after the
moft refrangible Rays which paint the Pziyer. aﬁ )
' o wi
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P with a purple Colour, are by total Refle=
Xion taken -out of the beam of ]Zight MO; the
reft of the Colours which appear on the Paper
at R and T being mixed in the Light NY o
compound thete 4 faint yellow ; and after the.
blue and part of the "%{’een- which appear on the-
Paper between Pand R are'taken away, the reft-
which-appear between Rand T (that 1$ the yel-
low, orange, red ard 4 little green) being mix~
ed in theé beam MO compound tliere anorange s
and whef all the Ray¢ are by Reflexion taken
out of the beam M&' except the leaft refran-
ible, which at T appear of a full red; ‘their
olour is the fame in that beaim M O as after-
wards at T, the Refration of the Prifm HJK
fervinﬁ only to feparate the differently refran<
~ gible Rays,- without - making any alteration in
their Colours," as thall be more fully proved
hereafter. - All which confirms as well the firft
Propofition as the fecond. R
Scholiuri. If this Experiment and the fotmer
be conjoined and made one by applgting a fourth
Prifm {’ XY [in Fig:22.] torefrat the refteét<
ed beam MN towards # p, the conclufion. will
be clearet. For then the Light N # which in
the fourth Prifm is more réfracted, will become
faller and ftronger when the Light OP; which
in the third Prifm HJK is more refraéted, va-
nithes at P; and afterwards when the lefs re-
fra@ted Light'OT vanifhes ‘at T, the lefs re-
fra&ted Light N # will become encreafed whilit
the more refrafted Light at p receives no far-
ther encreafe. And as the trajected beam' MO
in vanithing is always of ﬁfagh a Colour as qught
) oo e o
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to refnlt from the mixture of the Coloyrs which
fall upon the Paper PTy fo is the refleéted
beam M N always of fuch a Colour as ought ta
refult from the mixture of the Colours which
fall upon the Paper p . For when the moft
refranfgible Rays-are tf; a total Reflexion taken
out of the beam MO, and leave that beam of
an orange Colour, the Excefs of thefe Rays int
the refleCted Light, does not only make the
violet, indigo and blue at p more full; but -alfo,
makes the beam MN change from the yellow—
ith Colour of the Sun’s Light, to a pale white
inclining to blue, and afterward recover its
yellowifh Colour again, fo foon as all the reft
of the tranfmitted Light MOT is refle@ted.
. Wow feeing that in all this variety of Expe-
_riments, whether the Trial be made in Light
refle@ted, and that either from natural Bodies,
as in the firft and fecond Experiment, or fpe-
cular, asin the ninth; or in Light refraéted,
and that either before the unequally refrated
Rays are by diverging feparated frome one an-
other, and lofing their whitenefs which they
have altogether, appear feverally of feveral Co-
- Yours, as1n the fifth Experiment ; or after they
are {eparated from one another, and appear co-
tour’d as in the fixth, feventh, and eighth Ex-
eriments ;. or in Light trajected through paral-
el Supertficies, deftroying each qthers Effetts,
as in the tenth Experiment; thére are always
‘found Rays, which at equal Incidences on the
fame Medium fuffer unequal Refraétions, and
that without any fplitting or dilating of fingle
Rays, or contingence in the inequality ﬁf fghe
‘ efra~
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Refra®tions, - as is proved in the fifth and fixth
Experiments. And feeing the Rays which dif-
fer in Refrangibility may be parted and forted
from .one another, and that either by Refra.
&ion as in the third Experiment, or by Re.
flexion as .in the tenth, and then the feveral
forts apart at equal Incidences fuffer unequal
Refraftions, and thofe forts are more refraéted
than others after feparation, which were more
refraCted before it, as in the fixth and follow-
ing Experiments, and if the Sun’s Light be tra-
- jeted through three or more crofs Prifms fuc-
ceflively, thofe Rays which in the firft Prifm
are refra¢ted more than others, are in all the
- following Prifms refra¢ted.more than others in
the fame rate and proportion, as appears by
_the fifth Experiment; it’s manifeft that the
Sun’s Light is an heterogeneous mixture of
.. Rays, fome of which are conftantly more re.
frangible thanh others, as was propofed.,

PROP. M. Turor. 1.

The Sun's Light confils of Rays differing inRev

Slexibility, and thofé Rays are more reflexible
than others which are more refrangible.

' HIS is manifeft by the ninth and tenth
Experiments: For in the ninth Experi-

ment, by turning the Prifm about its Axis, un-
til the Rays within it which in going out into
-the Air were refra@ed by its Bafe, became {o .
oblique to-that Bafe, as to begin to be totally
. . ‘E 3 . reflefted

J
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refletted thereby; thofe Rays became firft of
all totally reflected, wuich before at equal In-
cidences with the reft had fuftered the greateft
Refrattion. And the fame thing happens.in the
Reflexion made by the commen Bafe of. the
two Prifms in the tenth Experiment. . =~

FHAFRHER AR LR B E A4
~ 'PRO®P.IV. Pros. L '

Fa jéfdmt’e ﬁ”bm one another the beterbgmeqm:
‘ " Rays of compound Light.

&P HE heterogeneous Rays are in fome mea-

: fure (f;parated from one another by the
Retraction of the Prifm in the third Experi-
ment, and in the fifth Experiment by taking a-
way the Penumbra from the reétilinear fides of
the coloured Image, that feparation inthofe ve-
ry reflilinear fides or ftraight edges of the I-
mage becomes perfe¢t. But in all places be-
tween thofe reétilinear edges, thofe innumera-
ble Circles.there defcribed, "which are feveral-
ly illuminated by homogeneal Rays, by interfe-
.ring with one another, and being every where
commix’d, do render the Light fufficiently
compound. But if thefe Circles, whilit their

enters keep their diftances and pofitions, could
-be made lefs in diameter, their interfering one
with another and by -confequence the mixture
of the heterogeneous Rays would be dpr0p0r~
tionally diminithed. In the twenty third Figure
 gles which fa many forts of Rays flawing from
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the fame difque of the-Sun, do in the third
Experiment illuminate ; of all which and in-
numerable other intermediate ones lyingina
continnal Series between the two rettilinear
and parallel edges of the Sun’s oblong Image
P T, that-Image is compofed as was explained
in the fifth Experiment. And let ag, 45, c;,
dk, e/, fm be fo many lefs Circles lying in a
like continual Series between' two parallel right
Lines 2fand gm with the fame diftances be-
tween their centers, and 'illuminated by the
fame forts of Rays, that is the Circle 2g with
the {ame fort by which the correfponding Cir-
cle AG was illuminated, and the Circle 4 4
with the fame fort by which the correfponding
Circle BH was illuminated, and the reft'of the
Circles ci, dk, el, fm refpeftively, with the
fame forts of Rays by which the feveral corre-
fponding Circles C_I, DK, EL, FM were il-
luminated. In the Figure P'T' compofed of the
greater Circles, three of thofe Circles AG, BH,
CJ, are fo expanded into one another, that the
three forts of Rays by which thofe Circles are
illaminated , together with other innumerable
forts of intermediate Rays, are mixed at QR
in the middle of the Circle BH. And the like
mixture happens throughout almoft the whole
length of the Figure PT. 'But in the Figure
Pt compofed of the lefs Circles, the three lels
Circles zg, &b, c i, which anfwer to thofe three
greater, go not extend into one another; nor
" are there any where min%l\ed fo much as any.
two of the three farts of Rays by which thofe
S L4 Circles
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Circles are illuminated, and which in the Fi-
gure P'T are all of them intermingled at B H.
" Now he that fhall thus confider it, will eafily
underftand that the mixture is diminifhed in
the fame proportion with the Diameters of the
Circles. If the Diameters of the Circles whilft
their Centers remain the fame, be made three
times lefs than before, the mixture will be alfa
three times lefs; if ten times lefs, the mixture
will be ten times lefs, and fo of aother propors
tions, That is, the mixture of the Rays in the
greater Figure PT will be to their mixture in
the lefs g #, as the Latitude of the greater Fi+

re is tq the Latitude of the lefs. For the
Latitudes of thefe Figures are equal to the Dix
ameters of their Circles. And hence it eafily
follows, that the mixture of the Raysin the re=
~ frafted Spe@rum p ¢ is to the mixture of the
Rays in the dire@ and immediate Light of the
Sun, as the breadth of that Spetrum is to the
difference between the length and breadth of
the fame Spe&trum.

So then, if 'we would diminifh the mixture
of the Rays, we are to diminifh the Diameters
of the Circles. Now thefe would be diminith-
ed if the Sun’s Diameter to which they anfwer
could be made lefs than it is, or (which comes
to the fame purpofe) if without doors, at a
eat diftance from the Prifm towards the Sun,
{fome ppake Body were placed, with a round
hole. in the middle of it, to intercept all the
Sun’s Light, excepting fo much as coming
from the middle of his Body could pafs th,rO“hgh‘
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“that hole to the Prifm. For fo the Cireles AG,
B H and the reft, would not any longer anfwer
to the whok Difque of the Sun, but only to
that part of it which could be feen from the -
Prifm through that hole, that is to the appa-
rent magnitude of that hale viewed from the
‘Prifm, But that thefe Circles may anfwer more
diftinétly to that hale, a Lens is to be placed by
the Pri.,('xyn to caft the Image of the hole, (that
is, every one of the Circles AG, BH, {&.) di-
ftinétly upon the Paper at PT', after fuch a
manner as by a Lens placed at 2a Windew the
Species of Objects abroad are caft diftinétly up~
on a Paper within the Room, and the reétili-
near Sides of the oblong folar Image in the fifth
Ex;éeriment. became diftinét without any Pen-
umbra. If this be done it will not be necefla-
rz to place that hole very far off, no not beyond
the Window. And therefore inftead of that

.~ hole, I ufed the hole in the Window-fhut as

follows. | .

Exper. 11. In the Sun’s Li‘gh( let intq my
darkned Chamber through a {mall round hole
-in my Window-fhut, at about ten or twelve
Feet from the Window, I placed a Lens, by
which the Image of the hole might be diftinét-
Iy caft upon agheet of white Paper, placed at
the diftance of fix, eight, teri or twelve Feet
. from the Lens. For according to the diffe-
rence of the Lenfes I ufed various diftances, -
which I think not worth the while to defcribe.
Then immediately after the Lens I placed a
Prifm, by which the trajeéted Light might be
refratted either upwards or fideways, and there-

by
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by the round Image which the Lens aloné did.
caft upon the Paper might be drawp out into a
- Jong one with parallel Sides, as in the third Ex-
periment. 'This oblong Image I‘let fall upon
another Paper at 'about the fame diftance from
the Prifm as before, moving the Paper either
towards the Prifm or from it, ‘until I found the
juft-diftance where the rectilinear Sides of the
age became moft diflinét. For in this cafe
the circular Images of the hole which compofe
that Image after-the famie manner that the Cir-
cles ag, bb; ci,-&c.-do the Figur’e&pt [in:Fzg.
23.] were terminated moft diftinétly without
any Penumbra, and -therefore extended into
one another the leaft that they could, and by.
confequence the mixture of the hetérogeneous
Rays was now -the leaft of all. By this-means
I ufed to form an oblong Image -(fuch as is p#)
[in Fig. 23, and 24.] of circular Images of the
hole (fuch as are ag, 64, ci, &c.) and by u-
fing a greater or lefs hole in the Window-fhut,
I magle the circular Images ag, 64, ¢ 7, &c. of
“which it was formed, to become greater or lefs
at pleafure, and thereby the mixture of the
Rays in the Image p# to be as much or as lit-
tleas' Idefired. ~ - . - . -
- luftration. In the twenty fourth Figure, R
- reprefents the circular hole in the Window-
fhut, MN the Lens whereby the ¥mage or Spe- .
cies of that hole is caft diftinétly upon-a Paper
at J, ABC the Prifm whereby. the Rays are at
their emerging out -of the Lens refraéted from
J towards another Paper at p ¢, and the round
Image at ] is turned into-an oblong Image p#
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falling on that other Paper. ThisImage ¢ con,
fifts of Circles placed one after another in a re-
¢tilinear ordeér, as was fufficiently explained in
the fifth Experiment; and thefe Circles are e-
qual to the Circle J, and confequently anfwer
in magnitude to the haole F; and therefore by .
diminithing that hole they may be at pleafure
- diminifthed, whilft their Centers remain in their
places.. . By this means I made the breadth of
the Image p ¢ to be forty times, and fometimes
fixty or {eventy times lefs than its lehgth. As for
inftance, if the breadth of the hole IF be ohe tenth
of an Inch, and MF the diftance of the Leens from
the hole be 12 Feet; and if B or p Mthe di-
{tance of the Image p # from the Prifm or Lens
be 10 Feet, and the refrating Angle of the
Prifm be 62 Degrees, the breadth of the I-
mage p ¢ will be one twelfth of anInch and the
length about fix Inches, and therefore the
length to the breadth as 72 to 1, and by confe-
quence the Light of this Image 71 times lefs
compound than the Sun’s direct Light. And
Light thus far fimple and homogeneal, is futli-
cient for trying all the Experiments in this Book
~about fimple Light. For the compofition of
heterogeneal Rays is in this Light fo little that
it is fcarce to be difcovered and gerceiv'ed by
Senfe, except perhaps in the indigo and vio-
let. For thefe being dark Colours, do eafily
fuffer a fenfible allay by that little fcattering
Light which ufes to be refraéted irregularly by
the inequalities-of the Prifm. .

Yet inftead of the circular hole F, ’tis better
to fubftitute an oblong hole fhaped like a long

Paral-
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Parallelogram with its length parallel to the -
Prifm ABC. For if this holé be an Inch or
two lon%,‘ and but a tenth.or twentieth part of
an Inch broad, or narrower: the Light of the
Image p¢ will be as {imple as before, or fimpler;
and the Image will become much broader, and
therefore more fit to have Experiments tried in
its Light than before, . : -
Inftead of :this parallelogram hole may be fub-
firuted a triangular one of equal Sides, whofe -
Bafe for inftance is about the tenth part of an
Inch, and its height an Inch or more. For by
this means; if the Axis of the Prifm be parallel
to the Perpendicular of the Triangle, the Image -
2t [in Fig. 25.] will now be formed of equi-
crural Triangles ag, 65, ci, dk, el fm, &c.
and innumerable other intermediate ones an-
{wering to the triangular hole in fhape and big-
nefs, and lying one after another in a continual
Series between two parallel Lines afand g».
"Thefe Triangles are a little intermingled at their
Bafes but not at their Vertices, and therefore
the Light on the brighter fide 2z £ of the Image
where the Bafes of the Triangles are, is a little
* compounded, but on the darker fide g m is al-
‘together uncompounded, and in all places be-
tween the fides the Compofition is proportio-
nal to the diftances of the places from that ob-
{curer fide gm. And having a Speétrum p#
-of fuch-aCompofition, we may try Experiments
. either in its ftronger and lefs {imple Light near
the fide 2f; or in its weaker and fimpler Light
‘near the other fide gm, as it fhall feem moft
‘convenient. S .. ,
S But
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- But in making Experiments of this kind the
Chamber ought to be-made as dark as can begy
left any foreign Light mingle it felf with the
Light of the Spefirum p#, and render it com:
pound ; efpecially if we would try Experiments
" 1n the more fimple Light next the fide g 7 of
the Spe@rum; which being fainter, will have
a lefs propartion to the foreign Light, and fo:
by the mixture of that Light be more troubled
and made more ‘The Lens alfor
ought to be gooa, 1ucn as may ferve for opti-
cal ufes, and the Pri{fm ought to have a large
é\nﬁle, fuppofe of 65 or 70 Degrees, and to bg
well wrought, being made of Glafs free from
bubbles and veins,.. with its Sides not a little
convex or concave, as ufually happens, but tzuly

plane, and its Polith elaborate, as in working
" Optick-glafles, and not fuch as isufually wrought
with Putty, whereby the edges of the Sand-
- holes being worh away,. there are left all over
the Glafs a2 numberlefs company of very litile
convex polite Rifings like Waves.  The edges
alfo of the Prifm and Lens fo far as they may
make an lar Refraétion, muft be covered
with a black raper glewed on. And all the
Light of the Sun’s beam let into-the Chamber
which is ufelefs and unprofitable to the Experi~
ment, ought to be intercepted with black Pa-
per or other black Obftacles. For otherwife
the ufelefs Light being refleéted every. way in
the Chamber, will mix with the oblong Spe-
étrum and help to difturb it. In trying thefe
things fo much diligence is not altogether ne~
eeflary, but it will promate the fuccefs of the

g .

Expe-
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ériments; and by a very fcrupulous Exa:
nE;)ier:er of things 'dd{rves to be agpliedl Ies
difficult to get Glafs Prifms fit for this purpofe,
and therefore I ufed fometimes prifmatiek Vef-
fels made with pieces of broket Looking:glaf~
fes, and filled with' Rain Watér: And to in=
creafe the Refraftion, I{ometimes impregnated
- the Water ftrongly with Seccharum Saturni. - ..

O O LI I
:ﬁ‘, TRO P.V. Turor. IV. coite oy
Fomogenéal Light is refraéted regularly with-
- out any Dilatation [plitting or jhattering ﬁoif
* the Rays, and the ctmﬁzfd Vifion of Obyetts
" feen through refracting Bodies by beterogeneal
. Light arifes from the different Refrangibi-
- hity of feveral forts of Rays.. - .

"J HE firft part of this Propofition has beent

, already fufliciently proved in the fifih
Experiment, and will farther appear by the Ex-+
periments which follow. - A
~Exper. 12. In the middle of a black Paper I
made a round hole about a fifth or fixth part of
an Inch in diameter. Upon this Paper I caufed
the Speétrum .of homogeneal Light defcribed
in the former Propofition; {o to fall, that fome
part of the Light might pafs through the hole
of the Paper. This tranfmitted part of' the
Light I refraéted with a Prifm placed behind
the Paper, and letting this refracted Light falk
perpendicularly upon a white Paper two or
three Feet diftant from the Prifm; I found th;ctz
Sl - the
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the Spedtrum formed-on-the Paper by this Liglit
was not oblongy 35, whentis;made (in the third
- Experiment) by refrafting the Sun’s compound

Liight, butwasi({e far as I could ,Judge‘gy m

Eye) : perfectly circular 5 . the dength being n
greater than she;breadth,; Which fhews . that
thisk.ight-is refinéled regularly without any Dis
latation of theRays. .- -~ ... L -
_Exper. 13, Jn the homogeneal Light I placed:a
Paper Circle of-aquarter of an Inch'in diameter,
ang in the Sunt’s unrefracted heterogeneil.white
Light I placed anather Paper. Ciiele of the-fame
bignefs.. -And;going from the Papers-to the
diftance of fome Feet, I:yiewed botl:Circles
through a Prifim..The Gircle illumjnheed by
the Sun’s heterogeneal Light appeared vergiabs
long as in the- fourth ExPerimeht;'*théflcﬁﬁth
being many times greater than,the breadch: bur
the other Circle Hluminated: with homogehest
Light appeared circular and diftinétly defingd
as when ’tis viewed with the naked Eye.
Which proves the whole Propofition. -
Exper. 14. In the homogeneal Light I placed
Flies and fuch.ike minute Objeéts, and view-
ing them through a Prifm, I {aw their parts as
diftin@ly defined as if I had viewed them, with
the naked Eye. The fame Objeéts placed ‘in
the Sun’s unrefraed heterogeneal Light which
was white I viewed alfo through a Prifm; and
faw them moft confufedly defined, fo that I
could not diftinguith their {fmaller-parts from
one another. I placed alfo the Letters of a
fmall print one while in the homegeneal Light
and then in the heterogeneal, and viewing them
- through
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through a Priftn, they appeared in the litref
cafe fo confufed and indifthnét that I could not
read them; but in the former they appeared fo
diftiné& that I could read reddily, and thought
I faw them as diftin& 4s when I viewed them
with my naked Eye. In beth cafes I viewed ¢
the fame Objeéts thirough the fame Prifm at the:
- fame diftance from me and in the fame fitua=
tion. 'There was no difference but in the Light
by which the Objefts were illuminated; and
which in orie cafe was fimple and in the other
compound, and: therefore therdiftinét Vifion ‘in
ghe former cafe and confufed in the latter could.
arife from nothing elfe than from that difference
of the Lights. “Which proves the whole Pro+
pofition. : C : - :
¢ “And in thefe three Expetimerits it is farther
very.remarkable, that the Colour of homoge-
freal Light was never changed by the Refra-
&tion. : Lo :
ESEBRBIBIEHL22582202885
PROP. VL. Tueor. V.:
The Sine of Incidence of e've;rg Ray confidercd a<

- party is to its Sine of Refrattin in a givenw . -
- Ratio. ' ' :

H AT every Ray confidered apart is con=
- ] ftant to it felf in fome degree of Refran« -
gibility, is fafficiently manifeft out of what has
- been faid. Thofe Rays which in the firft Re-
fraGtion are at equal Incidences moft refraétedy
are alfo in the following Refradtiens at equalF
: ‘ Inci~
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Incidences moft refracted; and fo of the leaft
refrangible, and the reft which have any mean
degree of Refrangibility, as is manifeft by the
fifth, fixth, feventh, and eighth, and ninth Ex-
periments. And thofe which the firft time at
like Incidences are equally refracted, are again
at like Incidences equally and uniformly refra-
¢ted, and that whether they be refratted be-
fore they be feparated.from one another as in
the fifth- Experiment, "‘or whether they be rey
fraéted apart, as in the twelfth, thirteenth and
fourteenth Experiments. The Refraction there-
fore of every Ray apart is- regular, and what
"~ Rule that Refra¢tion obferves we are now to
‘Thew. . L
The late Writers in Opticks teach, that the
Sines of Incidence are in a given Proportion
-to the Sines of Refraétion, as was explained in
the fifthr Axiom ; -and fome by Inftruments fit-
téd for meafuring of Refradtions, or otherwife
experimentally examining this Proportion, do
acquaint us thit they have found it accurate.
But whijlft they, not underftanding the diffe-
rent Refrangibility of feveral Rays, conceived
them all to be refraed according to one and
the fame Proportion, “tis to be prefumed that
they adapted their meafures only to the middle
of the refra¢ted Light; fo that from their mea-
fures we may conclude- only that the Rays
which have a mean degree of Refrangibility;
that is thofe which when feparated from the
reft appear green, are refraéted according to a
given Proportion of their Sines. And there-

fore we are now to thew that the like given
‘ : F Pro-
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Proportiens obtain in all the reft. That it
fhould be fo is very reafonable, Nature being
ever conformable to her felf: but an experi-
~mental Proof is defired. And fuch a Proof
-will be had if we can fthew that the Sines of
Refra¢tion of Rays differently refrangible are
one to another in a given Proportion when
their Sines of Incidence are equal. For if the
‘Sines of Refradtion of all the Rays are in given
JProportions to the Sine of Refraction of aRa
which has a mean degree of Refrangibility, and
this Sine is in a given Proportion to the equal
Sines of Incidence, thofe other Sines of Refra-
tion will alfo be in given Proportions to_the
equal Sines of Incidence. Now when the Sines
of Incidence are equal, it will appear by the .
following Experiment that the Sines of Refra-
él’(]ion are in a given Proportion to one ano-
ther. : .
Exper. 15. 'The Sun fhining into a dark
- Chamber through a little round hole in the
Window-fhut, let S [in Fig. 26.] reprefent his
round white Image painted on the .oppofite
‘Wall by his direét Light, P'T his oblong co-
loured Image made by refracting that Light
with a Prifm placed at the Window; and p ¢
or2 pat, or 3p 3¢, his oblorg colour’d Image
made by refrafting again the fame Light fide-
ways with a fecond Prifm placed immediately
after the firft in a crofs pofition to it, as was
explained in the fifth Experiment: that is to
fay, p ¢ when the Refraction of the fecond
Prifm is {fmall, 2 p 2 # when its Refrattion is
greater, and 3p 3¢ when it is greateft. fFolf
2 uc
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“fuch will be the diverfity of the Refra&ions if
the refraéting Angle of the fecond Prifm be of
various magnitudes; fuppofe of fifteen or twen-
:_yDegrees to make the Image p#, of thirty or
orty to make the Image 2p 27, and of f{ixty to
make the Image 3 ]{) 3¢. But for want of fold
Glafs Prifms with Angles of convenient big-
nefles, there may be Veflels made of polithed .
Plates of Glafs cemented together in the form
of Prifms and filled with Water. Thefe things
being thus ordered, I obferved that all the fo-
lar Images or coloured Speétrums P T, gz, 2p
2 £, 3 p 3¢ did very nearly converge to the
lace S on which the direét Light of the Sun
ell and painted his white round Image when
+ the Prifms were taken away. The Axis of the
‘Speétrum P'T, that is the Line drawn through
the middle of it parallel to its rectilinear Sides,.
did when produced pafs exaétly through the
middle of that white round Image S. And when
‘the Refra¢tion of the fecond Prifm was equal
to the Refraétion of the firft, the refraéting An-
gles of them both being about 6o Degrees, the
Axis of the Speétrum 3 g 3 £ made by that Re-
fraltion, did when produced pafs alfo through
the middle of the fame white round Image S.
But when the Refraétion of the fecond Prifm
was lefs than that of the firft, the produced
Axes of the Speétrums £ p or 2¢ 2 p made by
that Refraction did cut the produced Axis of
‘the Speétrum T'P in the points =2 and #, a lit-
tle beyond the center of that white round I-
mage S. Whence the proportion of the Line

3¢'T to the Line 3 pP-was a little greater than
: Fa the
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-the Proportion of 22T to 2pP, and this Pro-
‘portion a little greater than that of #T to p P.
ow when the Light of the Speétrum PT falls
perpendicularly upon the Wall, thofe Lines
3¢'T, 3pP, and 22T, 2pP and ¢ T, pP, are
the T'angents of the Refractions, and therefore
by this Experiment the Proportions of the Tan-
gents of the Refraftions are obtained, from
whence the Proportions of the Sines being de-
rived, they come out equal, fo far as by view-
ing the Speétrums and ufing fome mathemati-
cal Reafoning I could eftimate. For I did not
Mmake an accurate Computation. So then the
Propofition holds true in every Ray apart, fo
far as appears by Experiment. And that it is
accurately true, may be demonftrated upon this |
Suppofition, That Bodies refraét Light by act-
ing wpon its Rays in Lines perpendicular to
. their Surfaces. But in order to this Demon-
ftration, I muft diftinguith the Motion of every
Ray into two Motions, the one perpendicular
to the refraéting Surface, the other parallel to
1t, and concerning the perpendicular Motion
lay-down the following Propofition.
- If any Motion or mqving thing whatfoever be~
incident with any velocity on any broad and
thin fpace terminated on both fides by two pa-
rallel Planes, and in its paffage through that
fﬂace be urged perpendicularly towards the far-
ther Plane by any force which at given diftances
from the Plang is of given quantities; the per-
pendicular ‘velocigy of that Motion or“Thing,
at its emerging out of that {pace, fhall be al-
.ways equal to the {quare Root of the fum l?f |
| , the
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the fquare of the perpendicular velocity of that 4
Motion or Thing at its Incidence on that fpace ; '
and of the fquare of the perpendicular velocity ]
which that Motion or Thing would have at its
Emergence, if at its Incidence its perpendicu-
lar velocity was infinitely little. .
" And the fame Propofition holds true of any
Motion or Thing perpendicularly retarded in
its paffage through that fpace, if inftead of the
fum of the two Squares you take their diffe-
rence. 'The demonftration Mathematicians will
eafily find out, and therefore I fhall not trouble
the Reader with it.

Suppofe now that a Ray coming moft oblique-
i lér in the Line MC [in Fig. 1.] be refraéted at
~ € by thePlane R S into the Line CN, and if it

be required to find the Line CE into which
an% other Ray A C fhall be refratted ; let MC,.
AD, bethe Sines of Incidence of the two Rays,.
and NG, EF, their Sines of Refra&ion, and
let the equal Motions of the incident Rays be
reprefented by.the equal Lines MC and AC,
. and the Motion MC being confidered as paral-
lel to the refracting Plane, let the other Motion
A C be diftinguifhed into two Motions AD
and DC, oneof which AD is parallel, and the
other DC perpendicular to the refratting Sur-
face. In like manner, let the Motions of the
. emerging Rays be diftinguifh’d into two, where-

of the perpendicular onesare f—;g CGand ;-z-‘?CF.

And if the force of the refra@ing Plane begins
to act upon the Rays either in that Plane or at
a certain diftance from it on the one fide, and

ends at a certain diftance from it on the other
: . Fis _ ‘ fide,
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fide, and in all places between thofe two limits
alts upon the Rays in Lines perpendicular to
that refracting Plane, and the Actions upon the
Raysat equal diftances from the refracting Plane
be equal, and at unequal ones either equal or
unequal according to any rate whatever ; that
Motion of the Ray which is parallel to the re-
frafting Plane will fuffer no alteration by .that
force ; and that Motion which is perpendicular
to it will be altered according to the rule of the
foregoing Propofition. If therefore for the per-
pendicular veﬁ)city of the emerging Ray CN

you write %—g CG as above, then the perpendi-
cular velochty of any other emerging Ray CE
- which was %?,CF » will be equal to the fquare

RootofCDq+1—X-.-g-ZCGq. And by {quaring

- thefe Equals, and adding to them the Equals
ADg and MCgq—CDg, and dividing the
Sums by the Equals CF¢g + EF7and CG g +
NGy, you will have T\IFZ equal to %gﬁ Whence
AD, the Sine of Incidence, is to E?F the Sine

- of Refraétion, as MC toNG, thatis, in a given
ratio. And this Demonftration being general,
without determining what Light is, or by what
kind of force it is refracted, or afluming any
thing farther than that the refracting Body

- ats upon the Rays in Lines perpendicular to its
Surface; I takeittobe a very convincing Argu-
ment of the full #uth of this Propofition.

So then, if the ra4tia of the Sines of Inci-
dence and Refraction of any fort of Raﬁys b;
: & " foun
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found in any one cafe, ’tis given in all cafes;

and this may be readi}y found by the method
in the following Propofition. ' :

2O90C0oE0AIOOSE0OI00Q

"PROP. V. Turor. VL

The Perfection of Telefeopes is impeded by the
- different Refrangibility g" the Rays of Lighe.

THE Imperfetion of Telefcopes is vul-

: garly attributed to the fpherical Figures

ot the Glafles, anl therefore Mathematicians
haye propounded ‘to figure them by the coni-
cal Seftions. 'To fhew that they are miftaken,
1 have inferted this Propofition; the truth of
which will appear by the meafures of the Re-
fractions of the feveral forts of Rays; and thefe
meafures I thus determine, -

_In the third Experiment of the firft Book,
where the refrating Angle of the Prifm was
621 Degrees, the half of that Angle 31deg. 15
.min. is the Angle ‘of Incidence of the Rays at
their going out of the Glafs into the Air; and
the Sine of this Angle is 5188, thc Radius being
10000. When the Axis of this Prifm was pa-
rallel to the Horizon, and the Refraétion of
the Rays at their Incidence on this Prifm equal
to that at their Emergence out of it, I obferved
with a Quadrant the Angle which the mean re-
frangible Rays (that is, thofe which wenttothe
middle of the Sun’scoloured Image) made with
the Horizon and by this Angle and the Sun’s al-
titude obferved at the fame' time, I found the
Angle which the emergexll:; Rays contained with

B , ' 4 the



the incident to be 44deg. and 40 min. and the
half of this Angle added to the Angle of Inci-
dence 31 deg. 15 min. makes the Angle of Re-.
frattion, which is therefore 53 deg. 35 min. and
its Sine 8047. Thefe are the Sines of Incidence
and Refraction of the mean refrancible Rays,
and their proportion in round numbers is 20 to
31. This Glafs was of a colour inclining to
green: 'The laft of the Prifms mentioned in the
third Experiment was of clear white Glafs. Its’
refraéting Angle 63+ Degrees. The Angle which
the emergent Rays contained, wirth the incident.
45 deg. somin. The Sine of -half the firft An-
gle 5262. ‘The Sine of half the fum of the An-
gles8157.  And their proportion in round num-

bers zo to 31, as before. o
From the length of the Image, which was a-
bout 9 or 1olInches, fubduct its breadth, which
was 24 Inches, and the remainder 73 Inches
would be the length of the Image were the Sun
but a point, and therefore fubtends the Angle
which the moft and leaft refrangible Rays, when
incident on the Prifm in the fame Lines, do
contain with one another after their Emergence.
Whence ' this . Angle is 2 deg. o’. 7”. For the
diftance between the Image and the Prifm
where this Angle is made, was 18; I'eet, and
at that diftance the Chord 72 Inches fubtendsan
Angle of 2 deg. ©". 7*. Now half this Angle is
the Angle which thefe emergent Rai/{: contain
with the emergent mean refrangible Rays; and
a quarter thereof, that is 30". 2”. may be ac-
counted the Anglé which they would contain
- with'the fame emergent mean refrangible Rays,
: , ‘ , ) were
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were they co-incident to them within the Glafs -
and fuffered no other Refra¢tion than that at
their Emergence. For if two equal Refraétions, |
the one at the Incidence of the Rays on the |
Prifm, the other at their Kmergence, make half
the Angle 2 deg. ©’. 7”. then one of thofe Re--
frattions will make about a quarter of that An- .
gle, and this quarter added to and fubduéted
from the Angle of Refraétion of the mean re-
frangible Rays, which was 53 deg. 3¢, gives
the Angles of Refraction of the moft and leaft
refrangible Rays 54 deg.5"2", and 53 deg. 4 58",
whofe Sines are 8099 and 7995, the common-
Angle of Incidence being 31 deg. 15" and its
Sine 5188; and thefe Sines in the leaft round-
numbers are in proportion to: one another, as'
78 and 77 to so.. .
- Now if you fubduét the common Sine of In-
cidence so from the Sines of Refraction 77 and -
78, the remainders 27 and 28 thew that in {mall
Refraétions the Refraction of the leaft refran--
gible Rays is to the Refraction of the moft re-
frangible ones as 27 to 28 very nearly, and that
the difference of the Refractions of the leaft re-
frangible and moft refrangible Rays is about the
275th part of the whole Refraétion of the mean.
refrangible Rays. -
Whence they that are skilled in Opticks will
eafily underftand, that the breadth of the.leaft
circular {pace into which Objeét-glafles of Te-
lefcopes can colle¢t all forts of .parallel Rays, is
about the 27;th part of half the Aperture of the ;
Glafs, or ssth part of the whole Aperture ; and |
that the Focus of the moft refrangible Rays is ‘
nearer

"



L :
— [74]
 nearer to the Objeét-glafs than the Focus of the -
leaft refrangible ones, byabout the 27:ith. part
* of the diftance between the Obje&-glafs and the
. Focus of the mean refrangible ones.

And if Rays of all forts, flowing from any .
one lucid point in the Axis of any convex Lens,
be made by the Refraftion of the Lens to con-
verge to points not too remote from the Lens,
the Focus of the moft refrangible Rays fhall be
nearer to the Lens than the Focus of the leaft
refrangible ones, by a diftance which is to the
27+th part of the diftance of the Focus of the .
mean refrangible Rays from the Lens as the di--
ftance between that Focus.and the lucid point
from whence the Rays flow is to the diftance
between that. lucid point and the Lens. very
nearly. . , ,

- Now to examine whether the difference be-
- tween the Refraétions which the moft refrangi-
ble and the leaft refrangible Rays flowing from-
the fame point fuffer in the Object-glaffes of
"Felefcopes and fuch like Glaffes, be {o great as.
is here d%fcri,bed, I contrived the following Ex- -
periment. ~
- Exper.16. The Lens which I ufed in the fe-
cond and eighth Experiments, being placed fix
Feet and an Inch diftant from any Objeét, col-
~ letted the Species of . that Objeét by the mean
refrangible Rays.at the diftance of fix Feetand .
an Inch from the Lens on the other fide. And
therefore by the foregoing Rule it ought to col-
le€t the Species of that Obje&t by the leaft re-:
frangible Rays at the diftance of fix Feet and
3+ Inches from the Lens, and by the moft re-
B o frangible
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frangible ones at the diftance of five Feet and
10+ Inches from it: So that between the two

laces where thefe leaft and moft refrangible
ﬁays colle&t the Species, there may-be the di-
ftance of about 57 Inches. For by that Rule,
as {ix Feet and an Inch (the diftance of the Lens
from_ the lucid Objeét) is to twelve Feet and
two Inches (the diftance of the lucid Objet
from the Focus of the mean refrangible Rays).
that is, as one is to two, fo is the 27ith part
of fix Feet and -an Inch (the diftance between
the Lens and the fame Focus) to the diftance
between the Focus of the moft refrangible Rays
and the Focus of the leaft refrangible ones,
which is therefore s+ Inches, that is very near-
ly s+ Inches. Now to know whether this. mea~
glre was true, I repeated the fecond and eighth
Experiment with coloured Light, which was
lefs compounded than that I there made ufe
of: For I now feparated the heterogeneous
Rays from one another by the method I de-
feribed in the eleventh Experiment, fo as to
make a coloured Speétrum about twelve or fif~
teen times longer than broad. This Speétrum
I cafton a printed Book, and placing the above-
mentioned Lens at the diftance of {ix Feet and:
an Inch from this Speétrum to colle¢t she Spe-
cies of the illuminated Letters at the fame di-
{tance on the other fide, I found that the Spe-
cies of the Letters illuminated with blue were
nearer to the Lens than thofe illuminated with
deep red by aboyt three Inches or three and a
~quarter: but the Species of the Letters illumi-
nated with indigo and violet appeared fa fcuc}n&

o e
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fufed and indiftinét, that I could not read them:
Whereupon viewing the Prifm, I found it was
full of Veins running from one end of the Glafs
to the other; fo that the Refraétion could not
" be regular. I took another Prifm therefore
which was free from Veins, and inftedd of the
Letters I ufed-two or three parallel black Ignes -
a little broader than the ftroakes of the Let-
ters, and cafting the Colours upon thefe-Lines
in fuch manner that the Lines ran along the
Colours from one end of the Spe¢trum to the
other, I found that the Focus where the indigo,
_or confine of this Colour and violet caft the
Species of the black Lines moft diftin&ly, to
be about four Inches or 4} nearer to the Lens
than the Focus where the deepeft red caft the
Species of the fame black Lines moft diftinét-
ly. The violet was fo faint and dark, thatI
could not difcern the Species of the Lines di-
ftiné&ly by that Colour; and therefore confi-
dering that the Prifm was made of a dark co-
loured Glafs inclining to green, I took another
Prifm of clear white Glifs; but the Speétrum
of Colours which this Prifm made had long
white ftreams of faint Light thooting out from
both ends of the Colours, which made me con-
clude that fomething was amifs; and viewing.
the Prifm, I found two or three little bubbles
in the Glafs which refraéted the Light irregu-
larly. Wherefore I covered that part of the Glafs

- with black Paper, and letting the Light pafs
through another part of it which was free from
‘fuch bubbles, the Spe¢trum of Colours became
frec from thofe irregular Streams of Light, and
- , was
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was now fuch as I defired. But ftill I found
the violet fo dark and faint, thatI could fcarce
fee the Species of the Lines by the violet, and
not at all by the deepeft part of it, which was
next the end of the Speétrum. I fufpected -
therefore that this faint and dark Colour might

" be allayed by that fcattering Light which was
refralted, and refleéted irregularly, artly by
fome very {mall bubbles in the Glaifes, and
' Eartly by the incqualities of their Polith: which
ight, tho’ it was but little, yet it being of a
white Colour, might fuffice to affeét the Senfe
fo ftrongly as to difturb the Phenomena of that
weak and dark Colour the violet, and there-
fore I tried, as in the rath, 13th and 14th Ex-
‘periments, whether the Light of this Colour
did not confift of afenfible mixture of heteroge-
neous Rays, but found it did not. Nor did the
Refraétions caufe any other {enfible Colour than
violet to emerge out of this Light, as they
" would have done-out of white Light, and by
confequence out of this violet Light had it been
fenfibly compounded with white Light. And
therefore I concluded, that the reafon why I
could not fee the Species of the Lines diftin&-
g by this Colour, was only the darknefs of .this - -

olour and thinnefs of its Light, and its di-

ftance from the Axis of the Lans; I divided
therefore thofc parallel black Lines into equal
parts, by which I might readily know the di-
ftances of the Colours in the Speftrum from
one another, and noted the diftances of the
Leéns from the Foei of fuch Colours as caft the -
Species of the Lines diftin¢tly, and then confi-

‘dered -
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., dered whether the difference of thofe diftances
bear fuch proportion to s+ Inches, the greateft
difference of the diftances which the Foci of
. the deepeft red and violet ought to have from
" the Lens, as the diftance of the obferved Co-
lours from one another in the Speétrum bear to -
the greateft diftance of the deepeft red and
violet meafured in the reftilinear fides of the
Spectrum, that is, to the length of thofe Sides
or Excefs of the length of the Speétrum above
its breadth. And my Obfervations were as fol-
lows. - c -
~ When I.obferved and compared the deepeft
fenfible red, and the Colour in the Confine of
green and blue, which at the retilinear Sides
of the Spetrum was diftant from it half the
“1ength of thofe Sides, the Focuswhere the Con-
fine of green and blue caft the Species of the
Lines diftin¢tly on the Paper, was rtearer to the
Lens than the Focus where the red caft thofe
Lines diftinétly on it by abdut 2% or 24 Inches.
- For fometimes the Meafures were 4 little great-
er, fometimes a little lefs, ‘but feldom varied
from' one another above ; of an Inch. For it
was_very difficult to define the places of the
Foci, without fome little Errors. Now if the
- Colours diftant half the length of the Image,
~ (meafured at #s re@ilinear Sides) give 2+ or 2
difference of the diftances of their Foci from
the Lens, then the Colours diftant the whole
" length ought to give § or 5+ Inches difference
of ‘thofe diftances. '

But here it’s to be noted, thatI could not

fee the red to the full end of the Speftru';n ,
: : ut
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“but only to the center of the Semicircle which
bounded that' end, or a little farther; and
therefore I compared this red not with that
- Colour which was exaétly in the middle of the
Speétrum, or Confine of green and blue, but
‘with that which verged a little more to the blue
than to the green: And as I reckoned the
“whole length of the Colours notto be the whole
length of the Speétrum, but the length of its
rectilinear Sides, fo completing the {emicircu-
lar Ends into Circles, when either of the ob-
ferved Colours fell within thofe Circles, I mea-
fured the diftance of that Colour from the fe- .
micircular end of the Speétrum, and fubdué&t-
ing half this diftance from the meafured di-
ftance of the two Colours, I took the remain-
~der for their correéted diftance; and in thefe
Obfervations fet down this correéted diftance
for the difference of the diftances of their Foci
from the Lens. For as the length of the recti-
linear Sides of the Spe¢trum would be the whole °
length of all the Colours, were the Circles of
which (as we fhewed) that Speftrum confifts
contraéted and reduced to phyfical Points, fo
in that cafe this.correéted diftance would be the
real diftance of the two obferved Colours.
When therefore 1 farther obferved the deep-
eft fenfible red, and that blue whofe correéted
diftance from it was -% parts of the length of
the reftilinear Sides of the Speétrum, the dif-
ference of the diftances of their Foci.from the -
Lens was about 34 Inches, and as 7 to 12 {o is
3% to 5. o :

When
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When I obferved the deepeft fenfible red,
and that indigo whofe correétéd diftance was
=% or  of the length of the reétilinear Sides of
_the Speétrum, the difference of the diftances of
their Foci from the Lens, was about 3% Inches, -
and as 2 to 3 {ois 3} to §+. o

When I obferved the deepeft {enfible red,
and that deep indigo whofe correéted diftance
_from one another was % or & of the length of
the reilinear Sides of the Speétrum, the dif-
ference of the diftances of their Foci from the
Lens wasabout 4 Inches; and as 3to 4 fo is 4
- to 5. . ,
When I obferved the deepeft fenfible red,
and that part of the vialet next the indigo,
.whofe corrected diftance from the red was +2
-or  of the length of the re¢tilinear Sides of the
Speétrum, the difference of the diftances of
their Foci from the Lens was about 4+ Inches,
.and as 5 to 6, {ois 4+ to §3. For fometimes
when the Lens. was advantagioufly placed, fo
that its Axis refpeéted the blue, and all things
elfe were well ordered, and the Sun fhone clear,
and I held my Eye very near to the Paper on -
which the Lens caft the Species of the Lines, I
could fee‘pretty diftinétly the Species of thofe
Lines by that part of the violet which was next
the indigo; and fometimes I could fee them
by above half the violet. For in making thefe
E);periments I had obferved, that the Species
of thofe Colours only appear diftinét which were
in or near the Axis of the Lens: So that if the
blue or indigo were in the Axis, I could fee

their Species diftin¢tly; and then the red ap- .

peared
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peared titich lefs diftin& than beforé. - Wherea
fore I contrived to make the Speétrum of Coa
lours fhorter than befote; fo that both its ends
might be nearer to the Axis of the Lens: And
tow its length was about 2} Inches and breadth
about + or + of an Inch: Alfo inftead of the
black Lines on which the Speétrum was caft, I
made one black Line broader than thofe; that
I might fee its Species more eafily; and this
Line I divided by fhort crofs Lines into equal
parts, for meafuring the diftances of the obfer-
ved Colours. And now I could fometimes fee
the Species of this Line with its divifions al-
moft as far as the center of the femicircular
violet end of the Spetrum, and made thefe
farther Obfervations.

When I obferved the deepeft ferifible red,and
that part of the violet whofe correfted diftance
from it was about £ parts of the re&ilinear Sides
of the Spe@rum the ditference of the diftances
of the Foci of thofe Colours from the Lens,
Wis one time 4% another time 4%, another time
4+ Inches, and as 8 to 9, fo are 4%, 4% 4% tO
§1 5+ 535 refpectively. - -

When I obferved the deepeft fenfible red,
and deepeft fenfible violet, (the corrected di-
ftance of which Colours when all things were
ordered to the beft advantage, and the Sun’
fhone very clear, was about ++ or +# parts of
the length'sf the retilinedr Sides of the co- -
loured Speétrum) I found the difference of the
diftances of their Foci from the Lens fometimes
4} fometimes 5+, and forG!:he moft part 5’11111..

: €hey
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~ ches or thereabouts: and as 11 to 12 ot 14 to
16, fo is five Inches to 5+ or 5+ Inches. '
- And by this progrefiion of Experimerits | fa-
tisfied my felf, that had the Light at the very
ends of the Speétrum been {trong enough to
make the Species of the black Lines appear
plainly on the Paper, the Focus of the deepeft
violet would have been found nearer to the
Lens, than the Focus of the deepeft red, by a-
bout s+ Inches at leaft. And this is a farther
evidence, that the Sines of Incidence and Re-
fraction of the feveral forts of Rays, hold the
fame proportion to one another in the fmalleft
Refractions which they do in the greateft.

My progrefs in making this nice and trouble-
fome Experiment I have fet down more at large,
that they that fhall try it after me may be aware -
of the circumfpection requifite to make it fuc-
ceed well. And if they cannot make it fuc-
ceed fo well as I did, they may notwithftand-
ing colle& by the proportion of the diftance of
the Colours of the Speétrum, to the difference
of the diftances of their Foci from the Lens,
what would be the fuccefs in the more diftant
Colours by a better trial. And yet if they ufe
a broader Lens than I did, and fix it to along
ftraight Staff by means of which it may be rea-
dily and truly directed to the Colour whofe Fo-
cus-is defired, I queftion not but the Experi-

~ment will fucceed better with themythan it did
with me. For I direéted the Axis as nearly asI
could to the middle of the Colours, and then
the faint ends of the Speétrum being remete
from the Axis; caft their Species lefs diftinétly
‘ on
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on the Paper than they would have done had
the Axis been fucceflively direted to them.

Now by what has been faid, it’s certain that

- the Rays which differ in Refrangibility do not
converge to the fame Focus, but if they flow
from a lucid point, as far from the Lens on one
fide as their Foci are on the other, the Focus'
of the moft refrangiblé Rays'thall be nearer to
the Leris than that of the leaft tefrangible; by

above the fourteenth part of the whole diftance:’

anid if they flow from a lucid point, fo veryre-
mote from the Lens that before their Incidence
they may be accounted parallel, the Focus of
the moft refrangible Rays fhall be nearer to the
Lens than the Focus of the leaft refrangible;
by about thé 27th or'28th part of their whole-
diftance from it. And the diameter of the Cir-
cle in the middle {pace between thofe two-Fo+
ci which they illuminate when they fall there
onany Plane, perpendicular to the Axis (which

Circle is the leaft into which they can all be ga-

thered ) is about the s5th part of the diameter
of the Aperture of the Gla{}s). So that ’tisa won-,
der that ‘Telefcopes reprefent Objeéts fo diftinét
as they do, But were all the Rays of Light ¢-

qually rétrangible, the Error arifing only from

the {phericalnefs of the Figures of Glafles wauld
be many hundred times lefs.  For if the Objeét-
lafs of a Telefcope be Plano-convex, and the
lane fide be turned towards the Objeét, and
the diameter of the Sphere whereof this Glafs
is a fegment, be called I}, and the femidiame-
ter of the Aperture of the Glafs be called S,
and the Sine of Incidepce out of Glafs into A’iar,
- 2 e
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be to the Sine of Refraction asI toR: the Rays
which come parallel to the Axis of the Glafs,
fhall in the place where the Image of the Obje&
is moft diftinétly made, be fcattered all over a.

Ettle Circle whofe- diameter is %ximj very
nearllzr; as I gather by computing the ﬁlrrors_of
the Rays by the method of infinite Series, and
‘rejefting the Terms whofe Quantities are in-
confiderable. As for inftance, if the Sine of
Incidence I, be to the Sine of Refraftion R, as
10 to 31, and if D the diameter of the Sphere
to which the convex fide of the Glafs is ground,
"be 100 Feet or r200 Inches, and S the {emidia-
meter of the Aperture be two Inches, the dia-
R-%S$cub. ) W

meter of the little Circle (that is — -2
1, % guaa.

2cw20 w1200 w1200 \OF 72.060500) partsof an Inch.-

But the diameter of the little Circle through
which thefe Rays are f{cattered by uinequal Re-’
frangibility, will be about the s5th part of the
Aperture of the Obje@-glafs which herc is four
Inches. And therefore the Error arifing from
the {pherical Figure of the Glafs, is to the Er-
. ror arifing from the difterent Refrangibility of

| 961 4 . , .
. the R.ays,.asnoooooo to .- that is as 110 5449

and therefore being in comparifon {o very lit-
tle, deferves not to be confidered. - |
But you will fay, if the Errors caufed by the |
different Refrangibility be {o very great, how
comes it to pafs that Obje&s appear through |
Telefcopes fo diftinét as they do? T anfwer, 'tis
: o * b 77 - becaufe |

Jrx3ra8 061
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becaufe the erring Rays are net fcattered uni-
formly over all that circular fpace, but colle&®-
ed infinitely more denfely in the center than in
any other. part of the Circle, and in the way"
from the center to the circumferenice grow
continually rarer and rarer, {o as at the ¢ircum-
ference to become infinitely rare; and by rea-
fon of their rdrity are not {trong enough to be
vifible, unlefs in the center and very near it.
Let ADE [in Fig.27.] reprefent one ef thofe
Circles defcribed with the Ceénter C and Semi-
diameter AC, and let B F G be a fmaller Circle
concentrick to the former, cutting with its cir-
cumference the Diameter AC in B, and bife&
ACin N, and by my reckoning the Denfity of
the Light in anﬁ glace B will be to its Denfity -
in N, asAB 10 BC; and the whole Light with-
in the lefler Circle BF G, will be to the whole
Light within the greater AE.D, as the Excefs
'of the Square of AC above the Square of A B,
isto.theil?:uare of AC. Asif BC be the fifth
art of AC, the Light will be four times den-
er in B than inN, and the whole Light within
the lefs Circle, will be to the whole Light with-
in the greater, as nine to twenty five. Whence
i’s evident that the Light within the lefs Cir-
cle, muft ftrike the Senfe much more ftrongly,
than that faint and dilated Light round about
between it and the circumference of the grea-
ter. : C :
But it’s farther to be noted, that the moft lu-
minous of the prifmatick Colours are the yel-
low and orange. 'Thefe affet the Senfes more
ftrongly than all the reft together, and next to
L. G 3 thdb
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thefe in ftrength are the red and green. The'
blue compared with thefe is a faint-and dark
.Colour, and the indigo and violet are much
darker ang fainter, {o that thefe compared with
the ftronger Colours are little to be regarded.
The Images of Objeéts are therefore to be pla-
ced, not in the Focus of the mean refrangible
Rays which are in the confine of green and
blue, but in the Focus of thofe Rays which are
_in the middle of the orange and yellaw ; there
where: the Colour. is moft lumingus and fulgent,
thatis in the brighteft yellow, that yellow which
inchines more to orange than to green. And
by the Refraction of thefe Rays (whofe Sines of
‘Incidence and Refraction in Glafs are as 17and
- jx) the Refraétion of Glafs and Cryftal for op-
tical Ufes is to be meafured. Let us therefore
place. the Image of the Objeét in the Focus of
«thefe Rays, and all the yellow- and orange will
fall within a Circle, whofe diameter is about
the 250th part of the diameter of the Aperture
of the Glafs. And 1f you add the brighter half .-
of the red, (that half which is next the orange)
and the brighter half of the green, (that balf
which is next the yellow) about three fifth
parts of the Light of thefe twa. Colours will-
fall within the fame Circle, and two fifth parts
will fall without it round about ; -and that which
falls withoyt. will be fpread through almoft as
much more fpace as that which %alls within,
and {o in the grofs be almpft three fimes rarer.
Of the other half of the red and greén, (thatis
of the deep dark red and willow green) about
gne quarter will fall: within this Circle, I?rnd
AT e ’three
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three quarters without, and that which falls
without will be fpread through about four or
five times more {pace than that which falls with-
in; and {o in-the grofs be rarer, and if com-
pared with the whole Light within it, will be
about 25 times rarer than all that taken in the
grofs;. or rather more than 30 or 40 times ra-
rer, becaufe the deep red in the end of the
Speétrum of Colours made by a Prifm is very
thin and. rare, and the willow green is fome-
thing rarer than the orange and yellow. The
_ Light of thefe Colours therefore being fo very
much rarer than that within the Circle, will

fcarce affeét the Senfe, efpecially fince the dee
red and willow green of- this Light, are much
darker Colours than the reft. And for the fame
reafon the blue and violet being much darker
Colours than thefe, and much more rarified,
may be negle@ted. For the denfe and bright
Light of the Circle, will obfcure the rare and
“weak Light of thefe dark Colours round about
it, and render them almoit infenfible. The
fenfible Image of a lucid point is therefote
fcarce broader than a Circle whofé diameter is
the 250th part of the diameter of the Aperture
of the Obje&-glafs of a good TelefcoXe, or not
muchbroader, if you except a faint and dark mif-
ty Light round agout it, which a Speétator will
{carce regard. And therefore in a Telefcope
whofe aperture is four Inches, and length an
. hundred Feet, it exceeds not 2” 45, or 3”. And
in a Telefcope whofe aperture is two Inches,
and length 20 or 30 Feet, it may be 5* or 6"
and-fcarce above, And this anfwers well to
. G4 - €xpe-
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experience: For fome Aftronomers have found
the Diameters of the fix’d Stars, in Telefcopes
of between 20 and 6o Feet in length,- to be a-
bout 5" or 6”,' or at moft 8” or 10” in diame-
ter. But if the Eye-Glafs be tinéted faintly
with the fmoke of a Lamp or Torch, to ob-
fcure the Light of the Star, the fainter Light
in the circumference of the Star ceafes to be
vifible, and the Star (if the Glafs be fufhicient-
ly foiled with fmoke) appears fomething more
like a mathematical Point. - And for the fame
reafon, the enormous part of the Light in the -
circumference of every lucid Point ought to
be lefs difcernible in thorter Telefcopes than in
longer, -becaufe the fhorter tranfmit lefs Light
to the Eye. .

- Now that the fix’d Stars, by reafon of their
immen{e diftance, appear like Points, unlefs {o
far as their Light is dilated by Refraction, may
appear from hence; . that when the Moon paf-
{es over them and eclipfes them, their Light
wanifthes, not gradually like that of the Planets,
but all at once; and in the end of the Eclipfe
it returns into Sight all at once, or certainly in
lefs time than the fecond of a Minute; the Re-
frattion of the Moon’s Atmofphere a little pro-
tracting the time in which the Light of the Star
firft vanifhes, and afterwards. returnsinto Sight.
Now if we fuppofe the fenfible Image of a lu-
«cid Point, to be even 250 times narrower .than
the aperture of the Glafs; yet this Image would
be ftill much greater than if it were only from
the {pherical Figure of the Glafs. For were
it pot for the different: Refrangibility of the

Rays,
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. Rays, its breadth in an 100 Foot Telefcope
. o i 961 -
whofe aperture is 4 Ipches Would 1-b,¢ but Py
parts of an Inch, as is manifeft by the foregoing
computation. And therefore in this cale the
greateft Errors arifing from the fpherical Figure
of the Glafs, would be to the greateft fenfible
Errors arifing from the different Refrangibility
PR 961 4 .
of the Raysas 5105 at m}oﬁ, that is on-
ly as 1 to 1200. And this fufticiently thews that
it is not the fpherical Figures of Glafles but the
‘different Refrangibility of the Rays which hin-
ders the perfection of Telefcopes. v
There is another Argument by which it may
appear that the different Refrangibility of Rays,
is the true caufe of tghe imperfection of Tele-
fcopes. For the Errors of the Rays arifing
from the {pherical Figures of Objeét-glafles, are
as the Cubes of the Apertures of the Objeét-
glafles; and thepce to make Telefcopes of var
rious lengths, magnify with equal diftin¢tnefs,
the Apertures -of the Obje&-glafles, and the
Chaagcs or magnifying Powers, ought to be.as
“the Cubes of the {quare Roots of their lengths;
which-doth not anfwer to experi¢nce. But the
Errors of the Rays arifing from the different
Refrangibility, are as the Apertures of the Ob-
Je€t-glafles, and thence to make Telefcopes of
various lengths, magnify with equal diftincinefs,
their Apertures and Charges ought to be as the
{quare Roots of their lengths ; and-this anfwers
- to experience, as is well knowa. For inftance,
a Telefcope of 64 Feet in length, with an Apes-
S ' fure
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ture of 2} IncHes, magnifies about 120 times,
with as much diftin¢tnefs as one of. a Foot in
length, with 3 of an Inch aperture, magnifies
Sf‘times. . .,." : o N o .
- Now were it not for this'different Refrangi-
bility of Rays, Felefcopes might be brought to
. a greater perfeftion than we have yet defcrib’'d,
by compofing the Obje&t-Glafs of two Glafles
with Water betweenthem. Let ADFC/[in Fig.
28.] reprefent the Ob{g&-glafs compofed of two
Glaffes ABED and BEFC, alike convex on the
outfides AGD and CHF, and alike concave
on the infidles BME, BNE, with Water in'
the concavity BMEN. Let the Sine of Inci-
dence out of Glafs into Air -be'asTto R, and
out of Water into Air as K toR, and by con-
fequence out of Glafs inte Water, as'to K :
‘an((li let the diameter of the Sphere to which the
convex fides AGD and CHF are ground be
D, and the diameter of the Sphere to which
the concave fides BM E and BNE are ground
be to D, as the Cube Root of KK—K to the
Cube Root of R K—RI:: and-the Refrations
on the concave fides of :the Glaffes, will very
much cotre& the Errors of ithe Refraétions on
the convex-fides, fo fat as they arife from the
{phericalnefs of the Figure. - And by this means
might Telefcopes be brought to fufficient per-
fettion, were it not for the different Refrangi-
bility of feveral forts of Rays. - But by reafon
of this different Refrangibility, I do not yet fee
any other mieans: of improving Telefcopes by
Refrattions alone than that of inereafing their
fengths, for which end the-late'Contrivance of
DR Huge”iu'p



[or]

Hugenius {feems well accommodated. For ve-
;ry.’fong Tubes are cumberfome, "and fcarce to
pe readily managed, and by reafon of their
length are very apt to bend, and: fhake by bend-
ing {o as to. caule a continual trembling in the
Objeéts, whereby it becomes difficult-to fee
them diftinctly: whereas by his contrivance the
Glafles are readily manageable, and the Objeét-
glafs.being fix’d upon a ftrong upright Pole be-
comes more fteady. . - S
. Se€ing therefore the Improvement of Tele.
{copes of given lengths by Refractions is defpe-
rate;. I contrived heretofore a-Perfpeftive by
Reflexion, - ufing inftead 'of .an Object-glafs. 2
concave Metal. The diameter of the Sphere
- 10 which the Metal was ground.concave was:a-
bout. 25. Englith Inches; and.by confequence
the length of the Inflrument about fix Inches

_ and a quarter.  The Eye-glafs was Plano-con-

vex, and the diameter of the Sphere to: which
the.convex fide-'was ground was about + of an
Inch, or a’little lefs, and by confequence it
magnified -between 30 and 4o times. By ano-
thers way of meafuring I found that it mdgnified
-about 35 times. - The concave Metal boré -an
Aperture of an Inch and a third part; but the
Aperture was limited not %m opake Cirale,
covering the Limb of the Metal round abous,
but by an opake Circle placed between theEyes
glafs and the Eye, and perforated- in the mids
dle with a little raund hole for the Rays topafs
through to the Eye. For this Circle by being
placed here, ftopp’d much of the erronequs
ight, which otherwife would have dlﬁ.\nbid
v : ~ the
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the Vifion. Bycomparing it with a prett d
Perfpedtive of four Feet: in length, mad}é g\x?i(;h
a concave Eye-glafs, I could read at a greater
diftance: with my own Inftrument .than. with the
Glafs.  Yet Objects appeared much darker in
it than in the Glafs, and that partly becaufe
more Light was loft by Reflexion in the Metal,
than by Refraction in the Glafs, and partly be-
eaute my Inftrument was overcharged. Had it
ified but 30 or 25 times it would have
: 'the Object E‘z‘t‘gpear more brisk and plea-
- Two of thefe I made about 16 Years a-
nd have one of them fiill by me by which
prove the truth of what I write. Yet it
t fo good as at the firlt. For the concave
een divers times tarnithed and cleared a-
by rubbingit with very foft Leather. When
le thefe, an Artift in London undertook to
te it; but ufing another way of polifhing
-than I did, . he fell much fhort of what I
. had attained to, as I afterwards underftood by
ditcourfing the under Workman he had em-
ployed. The Polifh T ufed was in this man-
per. - I had two round Copper Plates each
#ix Inches in diameter, the one convex the o--
gher coneave, ground very true to one another,
On the convex I ground the Objeét-Metal or
Concave which was to be polith’d, till it had
taken the Figure of the Convex and was ready
for a Polifh. Then I pitched over the convex
very thinly, by:dropping melted Pitch upen it
and- warming it to keep the Pitch foft; whilft
I ground it-with the concave Copper wetted
to-make. it {pread eavenly all over ¢ co’x}x‘rgx.
=i us
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"Thus by working it well [.made it as thin a5 8.
Groat, and after the convex was.cold L ground-
- 1t again to give it as true a'Figure as I could..
Then I took Putty which:I had made very. fine
by wathing it from all its grofler Particles; and;
laying a little of this upon the Pitch, I ground:
it upon the Pitch with the concave Copper il
it had done makinganoife; and then uponthe-
Pitch T groungl the Objet-Metal with a: prisk
motion , for about two or ‘three Minutes .of,
time, leaning hard upon it. Then I put frefh
Putty upon thePitch and ground it again till it
" had done making a noife,and afterwards ground;
‘the Objeét-Metal upon it as before. And this:
Work I repeated till the Metal was polithed,
§rinding it the lait time with all my ftrength
or a good while together, and frequently
breathing upon the Pitch to keep it moiit with~
-out laying on any more frefh Putty.  The Ob-
je&-Metal was two Inches broad and abour one.
third part of an Inch thick, to keep it from.
bending. Ihad two of thefe Metals, and when
I had' polithed them both I tried which was
beft,and ground the other again to feeif I could
make it better than that which I kept:, And
thus by many Trials I learn’d the way of po-
lifhing, till I'made thofe two reflecting Per{pe-.
¢tives I fpake of above. For this Art of po-
lithing will be better learn’d by repeated Pra~
¢tice than by my Defcription. Before I ground.
the Objeél—glletal on the Pitch, Lalways ground
the Putty on it with the concave Copper till it
had done making a noife, ‘kecaufe it the Parti<
cles of the Putty were not by this means:made,
v B8 A . ‘o
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to fick faft iri' the'Pitéh, they would by rolling.
up and down grate-and fret the Objett-Metal
and fill it full of little holes, =~~~ ~ " °" &
- But becaufe Metal'is more difficult to polith
than Glafs, an&is afterwards very apt to be,
iEOiledfb tarnifhing, and refleéts not fo much

ight as Glafs quick-filver’d over does: Iwould.
propound to ufe inftead of the Metal, 4 Glafs’
ground concave on the forefide ,®and as much'
convex on the back-fide, and quick-filver'd o-:
ver on the convex fide. ‘The Glafs muft be e«
- very where of the fame thicknefs exaétly. O-:
therwife it will make Objects look colour’d and
indftin&t. By fuch a Glafs I tried about five or
fix Years ago to make a refle&ing Telefcope of
four Feet in length to magnify about 150 times,-
and I fatisfied my felf that there wants nothing’
but a good Artift to bring the Defign to perfe-
éion. For the Glafs being wrought by one of’
our London Artifts after fuch a manner as they
grind Glaffes for Telefcopes, tho’ it feemed as
well wrought as the Objeét-glafles ufe to be, yet.
when it was quick-filver’d, the Reflexion dif~.
covered innumerable Inequalities all over the
Glafs. And by reafon of_fhefe Inequalities, Ob-
~ je&s appeared indiftinét in this Inftrument. For
the Errors of refleted Rays caufed by any In-
equality of the Glafs, are about fix times great~
er than the Errors of refrated Rays caufed by
the like Inequalities. Yet by this Experiment
I fatisfied my felf that the Reflexion on the
concave fide of the Glafs, which I feared would
difturb the Vifion, did no fenfible prejudice to
ity and by confequence that nothing is wanting
. o : to
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to perfe&t thefe Telefcopes, but good Work-
men who can grind and polith Glafles truly
fpherical. An Objeét-glafs of a fourteen Foot

elefcope, made. by an Artificer at London, 1
once mended confiderably, by grinding it on
Pitch with Putty, and leaning very eafily on it
in the grinding, left the Putty fhould fcratch it.
Whether this way may not do well enough for
. polithing thefe reflecting Glafles, I have not yet
tried: But he that fhall try either this or any
- other way of polithing which he may think bet-
ter, may do well to make his Glafles ready for
polithing by grinding them without that vio-
lence, wherewith our Lowdon W orkmen prefs
their Glafles in'grinding. For by fuch violent
preflure, Glafles are apt to bend a little in.the
grinding, and fuch bending will certainly fpoil
. their Figure. To recommend thercfore the
‘confideration of thefe refleéting Glafles, to fuch
Artifts as are curious in figuring Glafles, I thall
defcribe this optical Inftrument in the follow-
ing Propofition. - :

) H'M-'M'******&H'T-*'H"Mm*f******ﬂ:ﬂ'ﬁmm

P RO P. VIl Pros. IL
To fborten Telefecopes. =~ «

ET ABDC [in Fig. 29.] reprefent a Glafs
fpherically concave on the forefide AB,

and ‘as much convex on the backfide CD, fo
that it be every where of an equal thicknefs.
Let it not be thicker on one fide than onthe
other, left it make Objects appear colour’d adn;i'
) 2 - indi-
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indiftin®; and lét it be vety truly wrought-and
‘quick-filver’d ever on the ‘backfide ; and-fet in
the Tube VX Y Z which muft be very black
within. Let EFG reprefent a Prifm of Glafs -
or. Cryftal placed near the.other end of the
Tube, in the middle of it, by means of a han=
dle of Brafs or Iron F GK, totheend of which
made flat it is cemented. Let this Prifm be
reftangular at E, and let the other two Angles
at F and G be accurately equal to each other,
and by confequence equal to half right ones;
and let the plane fides FE and GE be fquare,
and by confequence the third fide F G arettan-
gular Parallelogram, whofe length is to its
breadth in a fubduplicate proportion of two to
one. Let it be fo placec{) in the Tube, that
the Axis of the Speculum may pafs through the
middle of the fquare fide EF perpendicularly,
and by confequence through the middle of the:
fide F' G at an Angle of 45 Degrees, and let the
fide EF be turned towards the Speculum, and

- the diftance of this Prifm from the Speculum-
be fuch that the Rays of the Light PQ, RS, &.
which are incident upon the Speculum in Lines
parallel to the Axis thereof, may enter the Prifm
at the fide EF, and be reflefted by the fide
F G, and thence go out of it through the fide
GE, to the -point T which muft be the com-
‘mon Focus of the Speculum ABDC, and of 4 °
Plano-convex Eye-g‘ffs H, through which thofg
Rays muft pafs to the Eye. And let the Rays
at their coming out of the Glafs pafs through
a fmall round hole, or aperture made in a lit-
tle plate of Lead, Brafs, or Silver, Whe’rewiltlh
- b : the
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the Glafs is to be covered, which hole muft be
no bigger than is neceflary for Light enough

‘to pafs through. - For fo it will render the O
jeét diftin&, the Plate in which ’tis made inter-
cepting all the erroneous part of the Light
which comes from the verges of the Speculum
A B. Such an Inftrument well made; if it bé
fix Foot long, (reckoning the length from the
Speculum to the Prifm, and thence to the Fo-
cus T') will bear an aperture of {ix Inches at the
Speculum, and magnify between two and three
hundred times. But the hole H here limits
the aperture with more advantage, than if thé
aperture was placed at the Speculum. If the
Inftrument be made longer or thorter, the aper-
ture muft be in proportion as the Cube of thé
fquare-fquare Root of ‘the length, and the mag+

nifying as the aperture.” Butit’s conveniert that
the Speculum be an Inch or two broader than
the aperture at the leaft, and that the Glafs of
the Speculum be thick, that it bend not in the
working, ThePrifm EFG muft be no bigger
than is neceflary, and its back fide F G muft
not be quick-filver’d over. For without quick-
filver it will refle¢t all the Light incident on it

from the Speculum. -

In this Inftrument the Objeét will be invert=
ed, but may be ere(ted by making the {quare
*fides EF and EG of the Prifm EF G not plane
but fpherically convex, that the Rays mdy crofs
as well before they come: at it as afterwards
between it and the Eye-glafs. If it be defired
that the Infirument bear a larger aperture, that -
, H - may
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be alfo d t[, ’9compo‘8 ]f' th (&ecu}um
ma o done by mg-the ypec
ofzwo Glafles with Water between them.. -
If the Theory of making Telefcape$ could at
length be fully brought-into praétice, yet there
would be certain Bounds beyond. which Tele-
fcopes could not perform. For the Air through
which we look upon the Stars, is in a perpé- -
tual Tremor; as may be feen by the tremulous
Motion of Shadows caft ffom high Towers,
and by the twinkling of the f’d Stars. " But .
thefe Stars do not twinkle when viewed through
Telefcopes which have large apertures. For
* the Rays of Light whick pafs through divers
parts of the aperture, tremEle each of them a~
part, and by means of their various and fome-
~times contrary Tremors, fall at one and the
fame time upon different points in the bottom
of the EYe, and their trembling Motions are too
uick-and confufed to be perceived feverally.
d all thefe illuminated Points conftitute one
broad lucid Point, compofed of thofe many
trembling Points confufedly and infenfibly mix-
ed with one another by very fhort and fwift
Tremeors, and thereby caufe the Star to appear
broader than it is, and without any trembling
of the whole. LongTelefcopes may caufe Ob-
je€ts to appear brighter and larger than fhort
enes can do, but they cannot be fo formed as
to take away that confufion of the Rays which °
~ arifes from the Tremors of the Atmofphere.
The only remedy is 2 moft ferene and quiet Air,
fuch as may perhaps be found on the tops of
the higheft Iz'lountams.abovc the groffer Clouds.

THE
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The Phenomena of Cobours in refraited or re-
fletted Light are not canfed by new Modifi-
cations of the Light varionfly impre(Sd, ac-
cording to the various Terminations of the
Light and Shadow. o -

\ ’ | The Proof by E_xperiinents.

Exper. 1 GSRFOR if the Sun fhine into a
’ﬁﬂ‘v; very dark Chamber through

- SgeA¥ an oblong hole F, [in Fig. 1.]
SRS\ hofe breadth is the fixth or
eighth part of an Inch, or fomethin(E lefs; and
his beam F'H do afserwardé pafs firlt through a
: 2% very
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very large Prifm ABC, diftant about 20 Feet
from the hole, and parallel toit, and then (with
its white part) through an oblong hole H, whofe
breadth is about the fortieth or fixtieth part of
an Inch, and which is made in a black opake
Body G 1, and placed at the diftance of two or
three Feet from the Prifm, in a parallel Situa-
tion both. to the Prifm and to the former hole,
and if this white Light thus trafmitted through
the hole H, fall afterwards upon a white Paper
2 ¢ placed after that hole H, at the diftance of
three, or-four Fegt: from. it,,.and there paint the
ufual¥Colaprs of the Prifm, fuppofe red- at 4
yellow at’s, - green at , blue at 4, and Violet
at p; you may with an Iron Wire,; or any fuch
like flender opake‘Body, 'whofe breadth is a-
bout the tenth part of an-Inch, by intercepting
the Rays at 4, 4 m, nor o, take away any one
of the Colours at 2, s, 7, g or p, whilft the other
Colours remain uposn- the Paper as before ; or
with an Og]{tacle fomething bigger you may"
take away any two, ‘or three, or four Colours
together, the reft remaining: So that'any one
of the Colours as well as violet may become
outmoft in the Confine of the Shadow towards
2> and any one of them as well as red may be-
come outmoft in the Confine of the Shadow
towards #, and any-one of them may alfo bor-
der upon the Shadow: made within the Colours
by the Obftacle R intercepting fome interme-
diate %art of the Light; and, laftly, any one of
them by being left alone may border upon the
Shadow on either hand.. All the Colours have
themfelves indifferently to any Confines odeha-
S .- dow,

O waaamd
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dow, and therefore the differences of thefe Co-
lours from one another, do not arife from the
different Confines of Shadow, whereby Light
_ is variouily modified; as has hitherto been the-
- Opinion of Philofophers. In trying thefe things
’tis to be obferved, that.by how much the holes
- F and H are narrower, . and the Intervals be-
tween them, and the Prifm greater, .and the
Chamber darker, by fo much the better doth
the Experiment fucceed; provided the Light
be not fo far diminithed, but that the Colours
at p ¢ be fufficiently vifible. To procure a.Prifm
of folid Glafs large enough for this Experiment
will be difficult, and therefore a prifmatick
Veflel muft be made of polifh’d Glafs Plates ce-
mented together, and filled with falt Water or
~ clear Oil. - ' S
- Exper.2. The Sun’s-Light let into a dark
- Chamber through the round hole F, [in Fig.2.]
half an Inch wide, pafled firft through:the Prifm
ABC placed at the hole, and then through a
Y.ens P T fomething more than four Inches
broad, and about eight Feet diftant from the
Prifm, and thence converged to O the Focus
of the Lens diftant from it about three Feet,
and there fell upon a white Paper DE. If that-
Paper 'was perpendicular to that Light incident
upon it, as’tis reprefented in the pofture DE,
. all the Colours upon it at O appeared white,
But if the Paper being turned about an Axis
parallel to the Y’rifm, became very much incli-
ned to the Light as ’tis reprefented in the Po-
fitions de and J¢; the fame Light in the one
cafe appeared yellow and red, inthe other blue.
' H 3 Here

<



[ roa ]
Here one and the fame part of the Light in
one and the fame place, according to the va-
" rious Inclinations of the Paper, appeared in one
cafe white, in another yellow or red, ina third
blue, whilft the Confine of Light and Shadow,
and the Refractions of the Prifm in all thefe ca-
fes remained the famé. - SR
- Exper, 3. Such another Experiment may be
more eafily tried as follows, Letabroad beam
of the Sun’s Light coming into a dark Cham-
“ber through a hole in the Window-fhut be re-~
fracted by a large Prifm ABC, [in Fig. 3.]
whofe refracting Angle C is more than 6o De-
lg';re'es, ‘and fo foon as it comes out of the Prifm ’
t it fall upon the white Paper DE glewed up-
on a {fiff: Plane; and this Light, when thePa-
er is perpendicular to it, as ’tis reprefented in
E, will appear perfe@ly white upon the Pa-
per, but when the Paper is very much inclin’d
to it in fuch a manner as to keep always paral-
lel to the Axis of the Prifm, the whitenefs of
the whole Light upon the Paper will according
to the inclination of the Papér this way or that
- way, change elther into yellow and red, as in
the pofture de, or into blue and violet, as in
the pofture de.  And if the Light before it fall
upon the Paper be twice refratted the fame
way by two parallel Prifms, thefe Colqurs will
become the more confpicuaus. Here all the .
middle parts of the broad beam of white Light
which fell upon the Paper, did without any
Confine of Shadow to modify it, become co-
lour'd all ‘over with one.uniform Colour, the
Colour being always the fame in the middle gf
Con ‘ ' the
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the Paper as at the edges, and this Colour chan-
ged according to the various Obliquity of the
refle(ting Paper, without any change in the Re-
fraétions or Shadow, or in the Light which fell
upon the Paper. And therefore thefe Colours
are to be derived from fome other Caufe than
- the new Modifications of Light by Refractions
and Shadows. . . = . ,

~ If it be asked, What then is their Caufe? I
anfwer, That the Paper in the pofture e, be-
ing more oblique to the more refrangible Rays
than to the lefs refrangible ones, is more ftrong-
ly illuminated by the latter than by the former,
and therefore the lefs refrangible Rays are pre-
dominant in the refleted Light. And where-
ever they are predominant in any Light they
tinge it with red or yellow, as may in fome nfea-
fure appear by the firft Propofition of the firft
Book, and will more fully appear hereafter.
And the contrary happens in the pofture of the
Paper d¢, the more refrangible Rays being then
Eredominam which always tinge Light with

lues and violets. -

. Exper. 4. The Colours of Bubbles with which
Children play are various, and change their Si-
tuation variqufly, without any refpeé to any
Confine of Shadow. If fuch a Bubble be co-
-ver'd with a concave Glafs, to keep it from be-
ing agitated by any Wind or Motion of the Air,
the Colours will flowly and regularly change
their Situation, . even whilft the Eye, and the
‘Bubble, and all Bodies which emit anX Light,
.or caft any Shadow, remain unmoved. And
therefore their Colours arife from {fome regular -

H 4 j caufe
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- Caufe which depends not on any Confine of
Shadow. W hat this Caufe-is will be fhewed in
the next Book. ' :
To thefe Experiments may be added the
tenth Experiment of the firft Book, where the
Sun’s Light in a dark Room being trajeted
through the parallel Superficies of two Prifms
tied together in the form of a Parallelopipede,
became totally of one uniform yellow or red
Colour, at its emerging out of the Prifms,
" Here, in the produ&ion of thefe Colours, the
Confine of Sgadow can have nothing to do.
For the Light changes from white to yellow,
orange and red fucceflively, without any alte-
ration of the Confine of Shadow: And at both
edges of the emerging Light where the con-
tr{y Confines of Shadow ought to produce -
different Effe@ts, the Colour is one and the
fame, whether it be white, yellow, orange or
red: -And in the middle of the emerging Light,
where there is no Confine of Shadow at all, the
Colour is the very fame as at the edges, the
whole Light at its very firft Emergence being
of one uniform Colour, whether white, yellow,
-orange or red, and going ‘on thence perpetual-
ly without any change of Colour, fuch as the
‘Confine of Shadow is vulgarly fuppofed to work
in refracted Light after its Emergence. Nei-
.ther can thefe Colours arife from any new Mo-
difications of the Light by Refraétions, becaufe
‘they change fucceflively from white to yellow,
orange and red, while the Refraftions remain
the fame, and alfo becaufe the Refraétions are
- made contrary ways by parallel Superficies which
, deftroy
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deftroy one anothers Effe@s. They. arife not
therefore from any Modificationsof Light made
by Refraétions and Shadows, but have fome o-
ther caufe. What that Caufe is we thewed a-
bove in this tenth Experiment, and need not
here repeat it. v

. There is yet another material circumftance
of this Experiment. For this emerging Light
being by a third Prifm HIK [in Fig.22. Part 1.]
refracted towards the Paper PT,and there paint-.
ing the ufual Colours of the Prifm, red, yellow,
green, blue, violet: If thefe Colours arofe from
the Refrations of that' Prifm modifying the
Light, they would not be in the Light before
its Incidence on that Prifm. And yet in that
Experiment we found that when by turning
the two firft Prifms about their common Axis
all the Colours were made. to vanifh but the
red ; the Light which makes that red being
left alone, appeared of the very fame red Co-
_ lour before its Incidence on the third Prifm.

And in general we find by other Experiments*

that when the Rz(\iys‘ which differ in Refrangibi-
lity are feparated from one another, and any
one fort of them is confidered apart, the Co-
lour of the Light which they compofe cannot
- be changed by any Refration. or Reflexion
whatever, as it ought to be were Colours no-
thing elfe than Modifications of Light caufed
, l%y Refra@ions, and Reflexions, and Shadows.

‘T'his unchangeablenefs of Colour I am now to
defcribe in the following Propofition.

PROP.

¢
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. PROP.I Tumor I
- Al homogeneal Light bas its proper Colour an-
fwerigg to its.Degree of Refrangibilsty, and
; b

that Colowr cannot be changed
‘ and Rgfmﬁiom.

YN the Experiments of the fourth Propofition
of the firft Book, when I had feparated the

eterogeneous Rays from one another, the Spe- -

&rum pz formed by the feparated Rays, did
in the progrefs from its end p, on which the
moft refrangible Rays fell, unto its other end #,
on which the leaft refrangible Rays fell, .appear
tinged with this feries of Colours, violet, indi-
go, blue, green, yellow, orange, red, together
with all their intermediate degrees in a conti-
nual Succeflion perpetually varying. So that
there appeared as many degrees of Colours, as
there were forts of Rays differing in Refrangi-

“bih"Et‘y. o :

" Exper. 5. Now that thefe Colours could not
be changed by Refraction, I knew by refralting
with a Prifm fometimes one very little part of
this Light, fometimes another very little part,
as is defcribed in the twelfth Experiment of

Reflexions

the firft Book. -For by this Refration the Co- ..

lour of the Li?ht was never changed in the leaft.
If any part of the red Light was refracted, it
remained totally of the fame red Colour as be-
fore. No.orange, no yellow, no green or blue,
no other new. Colour was produced by that
Refraction. Neither did the Colour any ways
change by repeated Refrattions, but continued
A always
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always the fame red entirely as at firt. The
like conftancy and immutability I found alfo in
the blue, green, and other Colours. So alfo if
I looked through a Prifm upon any Body illu-
minated with any part of this homogeneal Light,
~ asin the fourteenth Experiment of the firft Book:
is defcribed ; I could not perceive any new Co-
lour generated this way.. All Bodies illumina~ .
ted with compound Light appear through Prifms
confufed (as was faid above) and tinged with
various new Colours, but thofe illuminated with
homogeneal Light appeared through Prifms
neither lefs diftinét, nor otherwife colour’d,
than when viewed with the naked Eyes. Their
Colours were not in the leaft changed by the
Refraétion of the interpofed Prifm. I {peak
here of a fenfible change of Colour: For the
Light which I here call homogeneal, being not
abfolutely homogeneal, there ought to arife
fome little change of Colour from its hetero-
geneity. Bur if that heterogeneity was {o lit
tle as it might be made by the faid Experiments
of the fourth Propofition, that change was not
fenfible, and therefore in Experiments, where
Senfe is Judge, ought to be accounted none
at all. : . :
Exper. 6. And as thefe Colours were not
changeable by Refraétions, fo neither were the
by Reflexions. For all white, grey, red, ye
low, green, blue, violet Bodies, as Paper, Aihes,
red Lead, Orpiment, Indico, Bife, Gold, Sil-
ver, Copper, Grafs, blue Flowers, Violets,
Bubbles of Water tinged with various Colours,
Peacock’s Feathers, the Tinéture¢ of Lignum
‘ ' Nepbhri-
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Nephriticum, and fuch like, in red homogeneal
Light appeared totally red, in blue Light to-
tally blue, in green Light totally green, and fo
of other Colours. In the homogeneal Light
of any Colour they all appeared totally of that
fame Colour, with this only difference, that
fome of them refle¢ted that Light more ftrong-
lg, others more faintly. I never yet found any
ody which by refleGting. homogeneal Light
could fenfibly change its Colour.
: From all which it is manifeft, that if theSun’s
Light confifted of but one fort of Rays, there
would be but one Colour in the whole World,
nor would it be poflible to produce any new
Colour by Reflexions and Refractions, and by
- confequence that the variety. of Colours de-
pends upon the. compofition of Light.

DEFINITION.

HE homogeneal Light and Rays which
ap.lpear red, or rather make Objetts ap-

pear fo, I call Rubrific or Red-making; thofe
which make Objeéts appear yellow, green, blue
and violet, I call Yellow-making, Green-ma-
king, Blue-making, Violet-making, and fo of
the reft. And if at any time I {peak of Light
and Rays as coloured or endued with Colours,
1 woulcil be underftood to {peak not philofo-
hically and l}])roperly,' but groﬁlr, and accor-
-dingly to fuch Conceptions as vulgar People in
feeing all thefe Experiments would be apt to
frame. For the Rays to fpeak properly are not
coloured. Inthem there is nothing elfe than a
: ’ : certain
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~ certain power and dif‘goﬁtion to flir up a Sen-
fation of this or that Colour. For asSound in
a Bell or mufical String, or other founding Bo~
dy, is nothing but a trembling Motion, and in
the Air nothing but that Motion propagated
from the Objeét, and in the Senforium ’tis a -
Senfe of that Motion under the form of Sound 5
fo Colours in the Obje¢t are nothing but a Dif-
pofition to reflect this or that fort of Rays more
- copioufly than the reft; in the Rays they are
nothing but their Difpofitions- to- propagate this
or that Motion into the Senforium, and in the
Senforium they are Senfations of thofe Motions
under the forms of Colours.

- of homogeneal Light anfwering to the féve-
- ral Colours.

Y, 'OR determining this Problem I made the
followin%v eriment. .
Exper. 7. When I had caufed the reftili-
near ides AF, GM, [in Fig. 4.] of the Spe-
&rum of Colours made by the Prifm to be di-
ftinétly defined, as in the fifth Experiment of
the firft Part is defcribed, there were found in
it all the homogeneal Colours in the fame or-
der and fituation on¢ among another as in the
Speétrum of fimple Light, defcribed in the
fourth Propofition of that Part.” For the Cir~ .
cles of which the Spectrum of compound Lllgl’llt‘

’

" To define the Refrangibility of the f""”f’”dlﬁr;. o)
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PT is compofed, and which in the middle parts

of the Speftrum interfere and are intermixd |
with one another, are not intermix’d in theit |
outmoft parts where they touch thofe rectili-
near fides A F and G M. . ‘And therefore in

' thefe reftilinear fides when diftinétly defined,
there is no new Colour generated by Refra-
&ion. 1 obferved alfo, thatif any where be-
tween the two outmoft Circles. T M F and
PGA a right Line, as 4, was. crofs to the
Spe@trum, fo as at both ends to fall perpendi-
cularly upon its reftilinear fides, there appeat-

ed one and the fame Colour and degree of Co-
lour from one end -of this Line to.the other. §¥
delineated therefore in a Pa%er the perimeter

&f the Speétrum FAPGMTT, 2and in tr{ihg
the third Experiment of the fir{t Book, I hel

the' Paper fo that the Spetruny might fall upon
this delineated Figure, and -agree with it exaét=

- ly, whilftan Afliftant whofe Eyes for diftinguifh-
ing Colours were more critical than mine, did

by right Lines a8, 3 d, ¢ @c. drawn crofs the
Speétrum, note the Confines of the Colours,
that is of the red M 2B F, of the orange x5 48,

of the yellow 3 ¢{d, of the ‘green ¢4, of the

. blue 520, of the indico sapx, and of the vio-

let AGA x.. And this Operation being divers
times repeated both in the fame and in feveral
Papers, I found that the Obfervations agreed
well enough with one another, and that the |
retilinear fides MG and F A were by the faid
crofs Lines divided after the manner of'a mu-
fical Chord. Let GM be produced to X, that
M X may be. equal to GM,  and Cmc(ii;f(e
. .
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GX, KX, ‘X, ﬂX, !X’ 7X’ @X, MX, 10 be.
in proportion to one another, as the numbers,.
L, 35 % & 35 4y s 4, and fo to reprefent the-
Chords of the Key, and of a Tone, a third Mi--
nor, a fourth, a fifth, a fixth Major, a feventh.
and 'an eighth above that Key: And the Inter- -
vals M a, 2y, 3¢ ¢9, 74 52, and A G, will be -
the Spaces which the feveral, Colours (red, o- -
~ range, yellow, green, blue, indigo, violet) -
' take up. v R Pt
. Now thefe kntervals or Spaces fubtending ttre-
differences of the Refralions of .the Rays go- -
ing to the limits of thofe Colours, thas is, to -
the PointsM, «, ¥, 4, 1, 4, A,.G, may without -
any fenfible Error be accounted BE»roportional '
to the differences of the Sines of Refrattion of -
| thofe Rays having one common Sine of Inci- -
dence, and therefore fince the common Sine of -
Incidence of the moft and leatt refrangible Rays -
out of Glafs into Air was (by a method defcri--
bed above) found in propaetion to their Sines-
of Refraétion, as 50 to 77 and 78, divide the-
difference between the Sines of Refraétion 77-
and .78, as.the Line G M is divided by thofe.
Intervals; You will have 77, 773 7735 773 774
. 773 775, 78, the Sines of Refrattion of thofe -
Rays out of Glafs inte Air, their common Sine
of Incidence being s50. So then the Sines of
the Incidences of all the red-making Rays out
of Glafs into Air, were to the Sines of their Re-
frations, not greater than 50 to 77, nor lefs
than 50 to 774, but they varied from one amos
ther according to all intermediate proportions.
And the Sines of the Incidences of .the greens
' making
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making Rays were to the Sines of their Refras
€tions 1n all proportions from that of 5o to 774
unto that of soto77:. And by the like limits
abovementioned were the Refractions of the
Rays belonging to the reft of the Colours de-
fined, the Sines of the red-making Rays extend-
ing from 77 to 775, thofe of the orange-making
“from 77% to 775, thofe of the yellow-making
from 775 to 775, thofe of the green-making
from 77+ to 77+, thofe of the blue-making from
77% to 773, thofe of the indigo-making from:
773 go 77%, and thofe of the violet from 724
to 78. | - , o

- ‘Thefe are the Laws of the Refraétions made
out of Glafs into Air, and thence by the third
"Axiom of the firft part of this Book, theL.aws
of the Refraétions made out of Air into Glafs
are eafily derived. o .

. Exper.8. 1 found moreover that when Light
goes out of Air through feveral contiguous re-

- rafting Mediums as through Water and Glafs,

and thence goes out again into Air, whether
the refracting Superficies be parallel or inclin’d
to one another, that Light as often as hy con-
trary Refradtions ’tis fo correfted, that emer-
geth in Lines parallel to thofe in which it was
" incident, continues ever after to be white. But
if the emergent Rays be inclined to the inci-
dent, the whitenefs of the emergingLight will
by degrees in pafling on from the place of E~
mergence, become tinged in its edges with
Colours. ThisI tryed by refrafting Light with
Prifms of Glafs placed within a prifmatick Vef~
“fel of Water. .Now thofe Colours argue a di~

verging
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Yerging and feparation of the heterogeneous
Rays from one ahother by means of thejt ame-
ggjal Refraétions; as iri what follows will more
fully appear: And, on' the contrary, the per-
manent whitenefs argues, that in like Inciden,
ces of the Ra{{ there 15" no fuch feparationi of
the emerging Rays, and by confequence né in-
equality of their whole Refrations.., " Whence
I feem to gather thé two following Theorers.

1. 'The Exceffes of the Sines of RefraQion
of feveral forts of Rays above, theii' commiont
Sirie of Incidence when  the Refra&tions sre
made out of di\‘rfts denfer Meditn$ immiedi-
ately ihfo one and the fame rarer Medium, fup-
pofe of Air; are to orie another in 4 given Pro-
PortiOﬁ‘ o s ¢ .,.- . T e S

3. Thé Proportion of the Siné of Incidence
to the Sine of Refraltion of one and the fame
fort of Rays out of ohe Medium into’ anothery,
is compofed of the Proportion of the Sine of
Incidence td the Sme of Refractiof out of the
- firft Medium into any third Mediumj; and of the’
Proﬁorgion of the Sine of Incidence.to the Sine’
of Réfraftion dut of that third Mediuni into
the fecond Medium,. - R .

~ By the firft Thedtem' the Refrations of the'.
Rays of every fort made out of any Medigrvin<,
to Air are known by having the Refraction of
the Rays of any otte fort. . As foy inftatices if
the Rgra'éhons. of the Rayg of every fort out -
of Rain:water into’ Air be defiredy let the com-
mon Sine of Incidence out, of Glafy int¢ Ait;ﬁl?‘;

f
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fubdudted from the Sines of Refra@ion,- and
the Excefles will be. 27, 273, 275, 275y 275 .

272, 272, 28. Suppofe now that the Sipe of
Incidence of the leaft refrangible Rays.be ta
“their Sin€ of Refraction out of Rain-water in-
to Air as 3 to 4, and fay as 1 the difference of
thofe Sines is to 3 the Sine of Incidence, fo is
27 the leaft of the Excefles above-mentioned,
- to a fourth number 81; and 81 will be the
common Sine of Incidence out of Rain-water
into Air, -to which Sine .if you add all the a-
bovementioned Excefles you will have the de~
fired Sincs of the Refraéiions 108, :1084,. 1084,
1084, '10;8;-:'108%, 1083, 't09. . . ..

By the latter Theorem: the Refraction out of
‘one Medium into another”is gathered as often.
as you have the Refractions out of them both,
into any third Medium. As if the Sine of In- ~
cidence of anyRay out of Glafs into Air be to.
its Sine of Refraétion, as20.to 31, and the Sine-
of Ihcidence of the fame Ray out of Air into
Water, be to its Sine of Refraftion as-4to 3;
the Sine of Incidence of that Ray-out of Glafs”
into Water will be to its Sine o:y Refradtion as;
20 to 31 and 4 to 3 jointly, thatis, as the Fa~
&um of 20 and 4 to the Fadtum of 31 and: 3,.
or as 8o to 93. ' -

. And thefe Theorems being admitt d_into.()s:
ticks, there would be’ fcope enougix_ of hand~
ling that Science voluminouily after a new mane-
ner; not only by teachin tg’ofe things. which .
tend to the perfeétion of Vifion, but alfo by
determining mathematigally all kinds of Phe-
nomena of Colouys which: could be producid

s : y
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by Refraftions. - For to do this, there is nos
thing elfe requifite than t¢ find out:the Separa-
tions of heterageneous Rays, 4nd thieir various
ixfures and Proportiohs in eyvery: Mixture.
By- this way of arguing ¥ invénted almoft alt the
enomena’ defcribed in thefe Books, befide
foine others lefs neceffary to the Argument ;
afld by thé fuecefles I met with-in the Trials, I
e promife; that to him who fhall argue tru~
K, and then try all things with  good Glatles
and fufficient Circumfpettion, the expeéted E-
vent will not be wanting. -But he 1s firft to

. know what Col wrife from any others
mix’d in anyafhgnea rroportion. -
AR ERIAINAE

 PRO®P WV..Tagor. Ik o~
Colodirs may be produced by Compofition. which
Shall be I;'?ée to_‘fbe Colours of b;,zofqiéql Light
" as to the Appearance of Colour, but not as to
‘the Immutability of Colowr and Conflitution
" of Lighr. 1;1;31)' thofé Colours by how much,
 they are niore compqurided by [0, much are they
lefs fiill and intenfe; and by too much Compo-
_/1‘2(;071 they may be diluted and weaken'd till .
- shey ceafe, and tbf; Mixture becomes white or .
" grey. There may be alfo Colours produced by
- Compofition, which are not fubly like any of
~ the Colours of homogeneal Light.
¥ ;'OR aMixture of homogeneal red'and yel-
JE' low compounds an orange, like in appea-
tance of Colour t9 that Ior:t‘nge which u} the
2 eries
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feries of .ummixed prifmatick Colours lies. bex
tween them; but. the Light of one orange is
homogeneal as o Refrangibility,- that ef the
other 1s heterogeneal, :and the Coloyr of the
one;, if viewed through.-a Prifm;, - remains, una
changed, that of the .other is changed-and re-
folved into its component Colours red and yel-
low. = Andafter the fame manner;other neigh-
. bouring homogeneal, Colours may:compound
new Colours,: like -the, intermediate:;homoge+
neal ones, as yellow -and green, ‘the Colour be-
tween them both, and afferwards, if blue be ad-
ded, there will be made a green the midde Co-
lour of the three which enter the Compofition.
For the yellow and blue on either hand, if they
are equal in quantity they draw the intermedi-
ate green equally towards themfelves in Com-
pofition, afid fo keep it 3s it were:in Aquilibrio,
that it verge not more. to the yellow on the one
hand; than to tHe ‘blue on the other, but by
their mix’d A&ions remain {lill amiddle Colour.

To this mix’d green there may be farther ad~

ded fome red and violet, and yet the green
will not ('i)reféntll)){' ceafe’but only grow lefs full
and vivid, and Dy-increafing the red and vio-
let it will grow moré and more dilute, until by
~ the prevatence of the added Colours it be over-
come and turned into whitenefs, or fome other
.Colour. So if to the Colaur of ‘anv hamaoe-
ncal Light, the Sun’s-white Light' F
all forts of Rays be added, thatCotour wii;
vanifh or change.its. Species but: be dilute
and by adding more apd more whité'it will
diluted more and more perpetually.  Laitly, }f
- re
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red and violet be mingled, there will be gene-
rated 4ccording to_their various Proportions
various Purples, fuch asare not liké in appear-
ance to the Colour of any homogeneal Light,
and" of thefe Purples mix'd with yellow and
blue may be made other new Colours. "

*W*‘&MM**MW“ oo Seof of-

PROP. V. "Tueor. IV.

W, hitenefs..and all grey Colours between white
- and black, may be compounded of Colours, and
. 2he whitenefs of the Sun's Light is compound-
ed of all the fnmary Colvur.r mix'd in 4 due
Trapormn - v

"The Proof by Expenments

Exper. 9." Y ‘HE Sun fhining into a dark
- 7 ]+ Chamberthroughali{tfe round
hole in the'V mdow—ﬂmt, and his Light being -

there refraéted by a Prifm to caft his coloure
Ima ePT (in Fzg 5{; upon the oppofite Wall: I
hel a white Paper V to that Image in fuch man-
- ner that it maghr. bé¢ illuminated by the colour’d
Light refleted from thence, and yet not inter-
cept any part-of that Light in its gaﬂége from
the Pri{m to the Speftrum. - found that
when the Paper was held siearer to any Colour
than to the reft; it appeared of that Colour to
which it. dppmached neateft; but wher it was
equally or.almoft eq uall%; diftant froth alt ‘the
Colours, o thit it might He- equally iflumina-
ted by thémall it appeared white. "And Hi'this
}aﬁ ﬁtuatfon of the Paper; 1f fome Coli lotirs were'
' Jinter=-



[n8]

intercepted, the Paper loft its white Coloiir; abd.
appeared of the Colour of the reft of the Di%ht:
which:w3s not: intercepted. So then'the Pa~
ser was illuminated with Lights of varieus Co-:
ours, namely, red; yellow, green, biue,and
violet, and every part of the Ligh,t retained its
proper Colour, until it was incident on the Pa-
per, and became refleéted thence to-the Eye;
~ {o that if it had been .either alone (the reft of
the Light being intercepted) or if it had a-
bounded moft and ‘been predominar in. the
Light refleted from the Paper, it would kave
tinged the Paper with its own Colours and yet
being mixed with the reft of the Colours in a
-due proportion, it made the Paper look white,
and therefore by a Campofition with the reft
produced that Colaur. The feveral parts of
~ the coloured: Light refleéted from theSpeétrum,
whilit they are propagated from thence through
the Air, do perpetually retain their praper Cor:
- lours,, bccagfe wherever they fall upon the Eyes
of any %e ator, they make the feveral pasts of
the Spe rEm to appear under their proper Cor
lours, They retain therefore theis.proper Co-~
Jours when fhey fall ypon the Paper V, and fa
l&thq confufion -and perfe@ mixture of thofe
olours compound the whitenefs. of the Light
r¢%€¢}§d f,r.omLth@ngt.sp B fﬂ i
¥per: 0. L.et that opecirum. Qr fQiar 1 (-1
P T i i, 1 Al B uponiod Lats M
above four and abomt fix Feet dis
{tant, from €, .and fo figured thav
1t m;y cavle tae-goroured Light which diverg-
sth from the Prifm to senverge.and:meet again
T . at
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it its Forhs G, about fix ot eight Feet diftant
froin the Liens, dnd theve to fall perpendicular-
1y upon a white Paper DE.  And # you move
~ this Paper to and fre; -you will perceive that

“near-the Lens, as at de, the whole folar Image
(fuppofe at p¢) will appear upon ‘it intenfely
coloured after the manner above-explaified, and
that by receding from the Lens thofe Colours
will perpetually come towards one another, and
by niixing tiore and more dilute ore-another

continually, until at length the Paper come to
“the Focus'G, whete by a perfe@ mixture they
will whally vanith ahd be converted intd white-
hefs, the whole Light appearing now upon the

Papet ‘liké a'little white Circle.  And after-

wards by receding farther from thé Lens, the

Rays which before converged will now crofs

onle another in the Focus Gy and divérge from
thence; and thereby make the Colours to ap-
et -dgain, but yet in a contrary order; fup-
,g’ofe‘ at J¢, Where the red 7 is now above which
efore ‘'was ‘below, -arid the violet p-is' below

which before: was above. , S

 -Let us'now ftop the Paper at the Focus G
where ‘the Light -appéars totally white' and cir-
calar, and let us confider its whitencfs. ¥ fay,
that this is compofed of the converging Colours.
‘For if any of thofe Colours be intcrcepted at
the Liéns, ‘the whitenefs will ceafe and -degene-
‘ate ineo’ ‘that Colour which arifeth from the
eompolifion of the other Colours thich dre not
jtiteréepted.  Anhd’‘then if the intercepted Co-
ours be- let pafs and fall ﬁzwn'that'mmgouﬂd ‘
Coloar): they mix withrit, 'and by their mixture
o 4 reftore
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reflore the whitenefs, ;; So if- the :violet; blue
and green be intercepted, the remajning yek
- Jow, “orangg and red will compound upenth
Paper an orange, and then if the-intercepte
- Colours be let pafs they will fall upen;this com-
pounded grange, and tggether with it decom-
pound a-white. So alfo if the red and violet

e intercepted, the. remaining yellow, - green
and blue,” will compound & green ypon the Pa-
per, and then the red-and violet being:let i;_J‘afs
will fall upon this green, and together with it
decompound a white.. " And. that in this Com-
- pofition of white the feveral Rays dq not-fuffer
any Change in their colorific qualities by acting
upon qne another, but are only mixed, 'and by
2 mixture of their Colours produce white, may

farther appear by thefe Argyments.: -~
If thea%a er b}; laced beyond the Egcus G,

fuppofe at d'¢, and then the red Colour at, the
Lens be alternately intercepted,. and let pafs a-
ain, the violet golour on the Paper will not
fuffer any Change thereby, as it ought to do if
the feveral forts of Rays aéted upon, ong ano-
ther in the Focys G, where they crofs. .Nei-
-ther ‘will the red upon. the Paper be. changed
by apy alternate ftopping, and letting pafs the
violet Which croffech it. =~ T
. And if the Raper be placed at the Focus G,
and the 'white round Image at G-be viewed
. through the Prifm HIK, and by t,he:Regg&ioa
of that Prifm be tranflated to the place:nw, and
there ‘appear tinged with yarious C%lpuljs, dame-
ly, the violet at v apd red at 7, and others be-
Tween, and then the 1ed Coloui af, the Lers
R B . ) €

= - L g e
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be: often flopp’d ‘and - let pafs by turns, the re
at » will accordingly difappear and return as
often, but the-yiolet at v will ngt thereby fuf-
fer any change; And-fo by flopping and letting
pafs alternately the blue at the Lens, the blue
at » will accordingly.difappear and return, with
out any change made in the red at#. ‘Thered
therefore depends on one fort..of Rays, and
the blue on angther fort, which in theFocus G
where. they are commix’d: do. not act on one
another. :Angd there is the fame reafon of the
other Colougs,, . . ! - "0 o
I confideredfarther, that when:the moft re-
frangible Rays P p," and the leaft refrangible
ones T'z, are by converging inclined to one az
other, the Paper, if held very obliquetothofe
ays in the FocusG, might refle&t one fort of
them more copioufly than the other fort, . and
by that means the refleted Light would be
tinged in that Focus with the Colour of the pre-_
dominant Rays, provided thofe Rays feverally
retained their Colours or colorific Qualities in
the Compofition of white made by.them in that
Focus. But if they did not retain themin that
white, but became all of them feverally endued
therg»with a difpofitien to ftrike the Senfe with
the perceptian of white, then they could never
lofe their whitenefs by fuch Reflexions. I in-
" clined therefore the Paper to the Rays very ob-
liquely, as in the fccond Experiment of this
Book, that the moft refrangible:Rays might be
" more copioufly refletted than the reft, and the
whitenefs at length changed . fucceffively. into
blue , ~indigo and: violet. Then L inclined hit
ey the
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¢he:contrarywayy thiat the loatt refrarigible Ra
might' be tnoref;x::fious iy the refletted Lighe
than the reft; and- the whitenefs turned “fuc-
ceffively to yellow, orangeand red.” - - -
“Laftly, I made an Inftrument XY in fafhion
of .aComb, - whofe ‘Teeth being in number fix-
teen-were about an Inch afid-dn half broad; and
thie Intervals of the Teeth about twe Inches
wide. Then by: interpofing -fucceflively - the
Teeth of this Inftrument near the Lens, I in-
tercépted part of the Colours by the interpofed
Toot%, whilft the reft of them went on through
the interval of the/Teeth to thePaper DE, and
thére ipainted a round folar Image’ ‘But the
Paper 1 'hadfirft placed fo; that the Image might
appear white« as - often as the’Cotnb was'takeit
aways and then the Comb being-as was faid in-
‘terpofed, that whitenefs by: reafon of thé inter-
cepted partiof the-Colours atthe:Lens ‘did al-
~ways change inte the Colour compounded of
- thofe Colours which were not intercepted, and
that Cologr was by the-motioA of -the Comib
rpetually vatied-{o, thatinthe paflingof every
Tooth over the Lens all: thefe Colours;-red,
vellow, green, bliue and purple, did always-fuc-
ceed one afother.” 1 caufed therefore all the
Teeth. to pafs-fucceflively over the Lens, . #hd
- awhdn the Motion was flow, -thefe appeated: a
Bzrp'etual fueceflion of the Colours upon the

.. Paper: But if I fo much aceelerated tie Mo-

tion, that the.Colours by: reaforvof their quick
fucceflion could not: be diftinguifhed: from oné
atiother, - .the. appearance’ of . the fingle Colours -
cedfed. THere was no‘rédy-no yellow,” ne
et o . green,
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green, no blue, nor purple to be'feen any lon.'
ger,. but from 2 confufion - of: them all there a<

- rode one uniform. white Colour. - Of the Light:
which now by the mixture of all:theColours ap-
peared white, there swas mo part really white.
One part was red, another yellow, a third gréen,-
a fourth blue;. d-fifth.purple, :and every part re-
tains its propet Colour tillit {trike: the Senfori~:
um. If the Impreffions.follow: one another
flowly, - fo that gliey may be feverdlly perceived,
there is made:a didlinét Senfation of all the Co~
lours. ene after amother in a continual fuccef-
- fion. But if the Impreflions follow one-ano--
ther {o Gguickly that they cannot be feverally
perceived, there arifeth out of them all -one
. common Senfation, - which' is neither ‘of - this
Colour alone nor of that alone,.but hath ‘it felf
indifferently to ’em all, and this is 2 Senfation.
of whitenefs. By the quicknefs of the Succef-
fions the Impreflions of the feveral Colours are:
confounded in: the Senforium, and out of that
confufion arifeth a mix’d Senfation. 'If a burn-~
ing: Coal be ‘nimbly moved round in a Circle
with Gyrations continually repeated, the whole
Circle will appear like Fire ; the reafon of
which is, that the Senfation of the Coal in the-
feveral places of that Circle remains imprefs'd
on the Senforium, until the Coal return again
to the fame place. And fo in a quick confegu-
tion of the Colours the Impreflion of every Co-
lour remains in - the Senforium, until a revolu-~
tipn of all the Colours be compleated, and-that -
firft Colour return4gain.- ‘The Impreflionsthere-
. fore of all the fucceflive Colours are at once ﬁn
g the
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the Senforium, and jointly fir nﬁ:’é Senfation;
of them all; -and fo it is manifeft by this Expe-:
riment 5 that, the commix’d Impreflions of all:
the Colours do ftir up and beget a Senfation of
white,. that is, that whitenefs' is.compounded:
of altthe Colours. . - - . ' . Tl
. And if the. Comb be now taken:away, that.
all-the Colours may at;once: pafs from the Lens
to.the Paper,: and be; there intermixed, and to-
gether refle@ted thence to the Spectators Eyes ;
their Impreflions on the Senforium being now:
more fubtilly and - perfetly commixed there:,:
ought much. more to flir up a Senfation of: -
whitenefs. -« L
You may inftead of the Lens ufe two Prifms;
HIK and L MN,; which by refraéting the co~
Toured Light the- contrary way.to.that of the
~ fisft Refraltion, may make the diverging Rays
“converge and meet again in.G,i as:you fee re-:
prefented in the feventh Figure.. For where
they meet and mix they will compofe a white
Light, as when a Lensisufed.. . .7~
«  Exper.11. L et the Sun’s coloured Inhage PiI™
fin Fig.8.] fall upon the Wall of a dark Chdm~
“ber, as-in the third Experiment of the firit Book,
 -and let, the fame be viewed -through.a Prifm
4 b, held patallel to the Prifm A B €, by whofe
Refraction that Image was:made; and let it now.
appear lower than before, fuppofé.in 'the“place,
S over againit the red Colour. T And if: you
go near (0 the-Image PT, the Spectrum § will
-appedr. ablong ahd coloured. like rheImage PT ;. -
but if you recede fram it, -the:Colours’of the
Speftrum S will be ngntfaﬁed:moré'ahdimor%;
’ an
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and at length vanith, that Speftrum Sbecomi
pj@rfé&lv ?gﬁllgd: and -white;} and if you .rece'gg
the Golours will emerge 4gain, bur
vinRyary .ordes. . Now that Spe&rum S ap-
white in that. cafe when the Rays- of fe-
forts which :conveige. froem the .feverat
! of éhgzlmgealﬁTi. t(_)vtheh]?rifm z;lét, are
, ratted-unequally by 1t, that in jtheir paf~
rom, the Prifm to the, Eye the nmypdaf-
3 and the fame: point of the Spe~
‘D, ana fo fall afterwards upon one and
me point in the bottom of tﬁe Eye, and
be mingled. - -, . o]
d farther; if the Comb be here made ufe.
y whofe Teeth the Colours at the Image-
nay be:fucceflively intercepted ;” the Spe=
.S when .the Comb'is moved {lowly will
tinged with fucceflive Calours:
voen: vy accelerating the motion of the!
), the fucceflion of the Colotirs is fo quick .
‘hey cannot be feverally feen, that Spe<
v S, by a confufed and-mix’d Senfation of
all, waill appear white. '
per. 12. 'T'he Sun fhining through a lar
. ABC [m Flg. 9.} upon a Comb X y
1immediately behind - the Prifm, his Light
1 pafled through the Hiterftices of the
1 fell UEOH a white Paper D E. The
ths of the Teeth were equal to their In-
ces, and feven Teeth together with their
: lices took up. an Inch in breadth. Now.
I .the Paper was about two or three Inches
- diftant from the Comb, the Light which paf-
fed through its feveral Interftices painted: fo
k o : many
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many ranges of Coloursy &4 m#, 69, q7; 8-
which we :to one anothet and eonitid
, gudus, and any mixture of white. And
thefe ranges or woiotirs, if the Comb was o .
ved continually up and down with a
" motion, afcended and defcended in
and when the motion of the Comb was 10 amick
that the Colougs could ot :be d
fram one another, the whole Paper by thelf
confufion and:mixture in the Seriforigm appears
é&'WhitQ-I el Y.. - .a ‘
i: Liet the Comb now reft,- arid let the Paper
be removed farther from the Prifm, and the
feveral ranges of Colours will be dilated and
ded imto one dnother mere and mioré 4
| by mixing their Colours will' dilute one* a<
nother, and at length, when' the diftance of
the Paper from the Comb is about a Foot, or a
little more (fuppofe in the place 2 D2 E) they
will fo far dilute one another as to- become

With any obftacle let all the Light be now
ftopp’d which paffes through any one interval
of the Teeth, {o that the range of Colours which,
cames from thence may be taken away, and
you will fee the Light of the reft of the ranges
to be expanded into the place of the range ta<
ken:away, and . there to be coloured. Let the
‘intercepted: range pafs on as before, and' ity |
Colours falling upon the Colours of the othey
ranges, and mixing with them) will reftore’ thig
whitenefs. R - o
Let the Paper 2 D-2 E be now very much'in~
clined to the Rays, fo- that the moft refrangible
. N ys

e e fae - sl
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Rays.mmgy be-more copioufly refleCled than the
refl, and the whiteColour of the Paper through
the .Exgefs of thofe:Rays will be changed into
blue and violet.. Let the Paper :be as. much ing
clined the contrafy-way, that the leaft refrane
gible Rays may b¢ now miare copiouily refle(ds
ed than the refl,- and. by their Excefs the whites
nefs will be chapged into yellow and red. The
feveral Rays therefore in that. white Light dg
retain their colorific qualities, by which thofe
of any fort, when-ever they become more cos
pious than the reft, do by their Excefs and Pype«
dominance capfe their proper Colour to ap-

pear... . . . .
- And by the fame way of arguing, applied to
the third Experiment of this Book, it may be:
concluded, that the white Galowur of all refraw
&ed Light at its very firft Emergence, where
it appears as white, a8 before its Incidence,, 18\
c unded of variousColours. - -
Exper. 13. In the foregoing Experiment ther -
fevesal intervals of the Teeth of the Comb dor
the office of fo many Prifms, every interval pro-
dncmg the Phanomenon of one Prifm. Whencer
inftead of thofe intervals ufing feveral Prifmsy
I try’d to compound: whitenefs by mixing theis!
Colours, and El?l it by ufing only three Prifms,
as alfo by ufing only.two as follows. Let twor
Prifms ABC and aé¢, [in Fig.10.] whofe res
fraéting Angles B and 4 are equal, be fo placed
parallel to one another, that the refraéting Ans
. gle B.of the one may touch. the Angle ¢ at the;
afe of the other, and their Planes C B and:
¢, at which the Rays emerge, may lie 1ré1t Di-
: - rectum.
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teQum. Then let the Light traje@ed throtight
them fall upon the Paper MN, diftant about &'
or 12 Inches from the Prifms. - And the Co-
* lours generated by the interfor limits B and ¢.
_ of the two Prifms,- will be mingled at P-T, and
" there tompound white. For if either Prifin
be taken away, the Colours made by thé other
will appear in thdt place PT, and when the
Prifim is reftored to its plice again, fo that its
Colours may there fall upon the Colours of the
~other, the mixture of them both will reflore
the whitenes. -~ .
_ ThisExperiment fucceeds al{o,: s I have tri~
ed, when the Angle 4 of the lower Prifm, isa
fittle greater than the Angle B of the upper,
and between the interior Angles B and ¢, there’
intetcedes fome f%'a’ce Be, ds is reprefented in
the Figure, and the refrating Planes BC ar:g
b¢, are neither in dire¢tum, nor parallel to one’
another. For there is nothing more requifite
to the fuccefs of this Experihent; than that
the Rays of all forts may be uniformly mixed
" wpon the Paper in the place PT. If the moft
refrangible Rays coming from the fuperior
Prifm take up all the fpace from M to P, the
Rays of the fame fort which come from the in-
ferior Prifih ought to begin 4t Py and take u
all the reft of the fpace fron¥ thence towards’
N: If the leatt refrangible Rays coming from
the fuperiot Prifm take up the {piice MT, the
Rays of the fame kind which come from the’o-
ther Prifn ought to be%}‘n" at Ty and take up'
the remaining {pace T'N. ' If one fort of the
Rays which have intermediate degrees of Re--
. \ : frangibility,

e ]
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ffangibiﬁ??,f and come from the fuperior Prifini
be extended through the fpace M Q, "and an-.

other fort of thofe Rays through'the {pace MR,

and a third fort of them through the {pace MS,

the fame forts of Rays coming from the lower
APrifm, ought to illuminate the remaining fpaces
QN, RNg, SN, refpectively. And the fame
is to be underftood of all the other forts of
Rays. “For thus the Rays of every fort will be
fcattered uniformly and eavenly thro’ the whole
fﬂace MN, and fo being every where mix’d in
the fame proportion, they muft every where

grodu'ce the fame Colour. And therefore fince.
y this mixture they produce white in the ex~’

. terior fpaces MPand TN, they mutt alfo pro-
duce wtite in-the interior fpace P'T. This is
the reafon of the compofition by which white=
nefs was produced in this Experiment, and by
what other way foever I made the like coripo-
fition the refult was whitenefs. B
- Laftly, If with the Teeth of a Comb of a due’

fize, the coloured Lights of the two Prifms
which fall upon the fpace PT be alternately
intercepted, that {pace P'T,* when the motion
of ‘the Comb is {flow, will always appear co-.
loured, but by accelerating the motion of the.
Comb fo much, that the fucceffive Colours
cannot be diftinguithed from one another; it
will appear white. ~ . e
+ Exper.14. Hitherto I have produced white-

niefs by mixing the Colours of Prifms. If now
the Colours of natural Bodies are to be min«
gled, let Water a littlé thicken’d with Soap be
agitated to raife a Froth; 'I%n‘d after that | r‘%th
¢ : 4 a9

-~ .

v o - s T T T T T g



[130]
I‘Las ftood a little, there will appear to one- that
all view it intently various Colours every where’
- in the Surfaces of the feveral Bubbles; but to’
one that fhall go fo far off that he cannot di~
{tinguifh the Colours from on¢ another, the

whole Froth will grow white with a perfet -

whitenefs. , :
"Exper. 15. Laftly, in attempting to com-
pound a white by mixing the coloured Powders
which Painters ufe, I confider’d that all co-
Iour'd Powders do fupprefs and ftop in them a
very confiderable part of the Light by which,
they are illuminated. For they become colour’d
by reflefting the Light of their own Colours
more copioufly, and that of all other Colours
more {paringly, and yet they do not refle& the
Light of their own Colours fo copioufly as
white Bodies do. If red Lead, for inftance,
and a white Paper, beplaced in the red Light
of the colour’d Speétrum made in a dark Cham-
ber by the Refraétion of a Prifm, as is defcri-
bed in the third Experiment of the firft Book ;
the Paper will appear more lucid than the red

"~ Lead, and therefore refleés the red-makin

Rays more copioufly than red Lead doth. An
if they be held in the Light of any other Co-
lour, the Light refleCted by the Paper will ex-
. ceed the Light reflefted by the red Lead in a
much greater proportion.. And the [ike hap-
pens in Powders.of other Colours. And there-
fore by mixing fuch Powders we are not to'ex--
pect 3 {trong and full white, fuch as is that of .
aper, but fome dusky obfcure one, fuch as

might arife from a mixture of light and darilg-
, * nefs,
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tyefs, or from white ‘and black, that is, a grey;
or dun, or ruflféet brown, fuch as are the Co-

~ lour§ of a Man’s Nail, of a Moufe, of Athes; -
of ordinary Stones, ' of Mortar, of Duft and
Dirt in High-ways, and the like. And fuch a
dark white I have often produced by mixing
colour’d Powders. For thus one part of re
Lead, and five parts of Viride Aris, compos
fed a dun Colour like that of a Moufe. For
thefe two Colours were {everally fo compound<
ed of others, that in both together were a mix+
ture of all Colours; and there was lefs red Lead

- ufed than Viride Airis, becaufe of the fulnefs
of its Colour. Again, one part of red Lead,
and four parts of blue Bife, compofed a dun
Colour verging a little to purple, and by ad-
ding to this a certain mixture of Orpiment and
Viride &Eris'in a due proportion,  the mixture
loft its parple tinéture, and became perfectly
dun. But the Experiment fucceeded beft with-
out Minium thus. To Orpiment I added by
little and little a certain full bright. purple,
which Painters ufe until the Orpiment ceafed -
to be yellow, and became of a pale'red. Then
I diluted that red by addjrg a little Viride A
ris, and 4 little more blue Bife than Piride /
ris, until it became of fuch a grey or pale white,

- as verged to no-one of the Colours more than

~ to anothet. ~ For thus it became of aColour e

* qual in whitenefs to that of Athes or of Wdod
newly cut, or of 4 Man’s Skin. The Orpiment
reflefted more Light than did any other of the
Powders, and therefore conduced more to the

whitenefs of the compoutil,zled Colour thdn they.
z 9.
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To aflign the Proportions accurately may be
difficult, by reafon of the different goodnefs of
Powders of the fame kind.- Accordingly as the
Colour of any Powder is more or lefs full and
luminous, -it ought to be ufed in a lefs or great-
er proportion. o o :
~ Now confidering that thefe grey and dun Co-
lours may be alfo produced by mixing whites
‘and blacks, and by confequence difter from
erfect whites not in fpecies of Colours but on-
ly in degree of Luminoufnefs, it is manifeft
that there is nothing more requifite to make
them perfectly white than to increafe their Light
fufficiently ; and, on the contrary, if by increa-
fing their Light they can be brought to perfet \
whitenefs, it will thence alfo follow, that the |
are of the fame fpecies of Colour with the be
whites, and differ from them only in the quan-.
tity of Light. And this Itried as follows. ITtook
the third of the abovemention’d grey Mixtures
(that which was compounded of Orpiment, Pur-
fle, Bife, and Viride Zris) and rubbed it thick-
y upon the Floor of my Chamber, where the
Sun thone upon it throigh the opened Cafe- |
ment; and by it, in the thadow, I laid a piece .
~of white Paper of the fame bignefs. Then going
from them to the diftance of 12 or 18 Feet, fo
that I could not difcern the uneavennefs of the
Surface of the Powder, nor the little Shadows.
let fall from the gritty Particles thereof; the
Powder appeared intenfely white, fo as to tran-
. {cend even the Paper it felf in whitenefs, efpe-
cially if the Paper were a little thaded from the
Light of the Clouds, and then the Paper com-
L ' o - pared

|
|
i
B
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pared with the Powder apgeared of fuch a grey
Colour as the Powder had done before. But
by laying the Paper where the Sun fhines thro’
~ the Glafs of the Window, or.by thutting the
Window that the Sun:might fhine through the .
Glafs upon the Powder, -and by fuch other fit
means of increafing or decreafing the Lights
‘wherewith the Powder and Paper were illumi?
nated, the Light wherewith the Powder is illu-
minated maz ‘be made ftronger in fuch a due
roportion than the Light wheréwith the Paper.
1s illuminated, that they. fhall both appear ex-
altly alike in whitenefs. - For when I was try-
ing this, a Friend coming to vifit me, I ftopp'd.
him at the Door, and before Itold him what
the Colours were, or what I was doing; I ask-
ed him, Which of the two Whites were the
‘beft, and wherein they differed? And after he
had at that diftance viewed them well, he an-
fwer'd, That they were both good Whites, and
that he could not fay which was beft, nor
wherein their Colours -differed. Now if you -
confider, -that this white of the Powder in the
_ Sun-fhine was  compounded of the Colours:
which the component ‘Powders (Orpiment,
Purple, Bife, and Viride &ris) have in the
fame Sun-fhine, you muft acknowledge by this
Fxperiment, as well as by the former, that per-'
feét whitenefs may be compounded of Colours. -
From what has been faid it is alfo evident,
that the whitenefs of the Sun’s Light is com-
pounded. of all the Colours wherewith the fe-
veral forts of Rays whereof that Light confifts,
when by theit {everal Refrangibilities they are
R . K 3 ’ fepa.
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feparated from one another, do tinge Paper or
. any other white Body whereon they fall. For
_thofe Colours by Prep. 2, are unchangeable,

and whenever all thofe Rays with thole their
Lolours are mix’d again, they reproduce the
‘fame white Light as before, R ,

‘

O A R R R o e ot ot

PROP. VL Pros I .

In a mixture of primary Colours, the :yuantizy
arnd quality of each being given, to know the
Colowr of the Compound, . . .. .

ITH the Center O [in Fig. 11.Jand Ra-

dius O D defcribe a Circle ADF, and
diftinguith its circumference into feven parts
DE, EF, FG, GA, AB, BC, CD, ;propor-
tional to the feven mufical T'ones or Intervals
of the eight Sounds, S04 Za, fa, fo4, la, m:, fa,
Sfoh contained in an eight, thatis, proportional
to the number 3, = % 3 *» 7» 3. Letthe
firlt part DE reprefent a red Colour, the fe~
cond EF orange, the third FG yellow, the.
fourth C A green, the fifth A B blue, thefixth
BC indigo, and the feventh C D violet. And
conceive that thefe are all the Colours of un-
compounded Light gradually pafling into one
another, asthey do when made by Prifms; the
circumference DEFG ABCD,  reprefenting
the whofe feries of Colours from one end of
theSun’s colour’d Image to the other, fo that
from D to E be all degrees of red, at E the.
mean Colour between red and orange, fmm%

. : - to
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to Fall degrees of orange, at F the mean bes
tween orange and yellow, from F to G all de-
grees of yellow, and foon. Let p be the cen-
ter of gravity of the Arch DE, and ¢ », 5, 2,
~ % x, the centets of gra'vig.of the Afches EF,
. ¥G, GA, AB, BC and CD refpeétively, and
_‘about thofe centers of grayity let Circles pro=
portional to the number of Rays of each Co-
rour in the given Mixture be de¥crib’d; that is,
the Cirde p lgropor-tional to the numbér of the
red-making Rays in the Mixture, the Circle g
zwpprtional to the number of the orange-ma-
king Rays in the Mixture, and fo of the reft.
Find the common center of gravity of all thofe
Circles p, 4, , 5 2, #, x. Lét that center be
£ ; and from the center of the ADF,
through Z to the circumférence, wiawing the
right Line ©'Y, the place of the PéintY in the
circumference fhall fhiéw the Colour arifing
from the compofition of all the Colours in the
given Mixture, and the Line OZ fHall be pro-
portional to the fulnefs or intenfenefs of the
iColour, thatis, to its diftance from whitenefs.
As if Y fall in the middle between F and G,
the compounded Colour fhall be the beft yel-
Yow; if Y verge from the middle towards F
or G, the compound Colour fhall accordingly
be a yellow, verging towards orange or green.
If Z fall upon the circumference the Colour
fhall be intenfe and florid in the higheft degree;
if it fall in the mid way between the circum-
ference and center, it fhall be but half fo
intenfe, that is, it fhall be fuch a Colour as
would be made by diluting the intenfeft yellow
: ’ - Kg with.
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with.an equal quantity -of whitenefsst and if it
Tall upon. the center O, the Colour fhall have
loft all its intenfenefs, and; become. a;white. - But
it is to be noted, That if the- point.Z fall in or
- ‘near the line OD, the main ingrédients being
the red and violet,, the. Colour .compounded
thall not be any of the. prifmatick Colours, but
a purple, inclining to red or violet, according-
ly as.the point Z lieth on the fide of  the line
DO towards E or towardsC, and in general
the compeunded violet isimore bright-and more -
fiery than the uncompounded. Alfo.if .only two
of the primary Colours which in the circle are
.oppofite; £o. one another. be mixed:,in an equal
, :p;o}gggipx;, the point.Z, fhall fallugop;the cen-
ter O, and:yet the Colour.componnded  of
‘thofe. two fhall not be perfectly white;, but fome
faint anopymous Colour, . For I(gonld - never
yet by mixing only two primary (iglours pro-
‘ducea perfet-white. . Whether i may be com-
-pounded; of a mixture of three taken’at equal
diftances in the circumference I.dg:not know,
‘but of four. or five I do not much.gueftion but
‘it 'may. '. But thefe are Curiofities of little or no
- moment to the underftanding the Phenomena
-of Nature. . For in all whites produced by Na-
ture, there ufes to be a rhixture of all {orts of
Rays, and by confequence a compofition of all
LColours, S .
~_To-give an inftance of this Rule ; fuppofe a |
‘Colour is: compounded of thefe homogeneal
Colours, of violet one part, of indigo one part,
.of blue two parts, of green three parts, of yel-
low five parts, of orange fix parts, and of red

ten

.
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ten parts. Proportional to thefe parts defcribe
. the Circles x, v, ¢, 7, g, p, refpettively, that
is, fo thatif the Circle x be one, the Circle v
may be ore, the Circle # two,the Circle s three,
and the Circles 7, ¢ and p, five, fix and ten.
Thein I find Z the common cénte: f gravity of
thefe Circles, and through Z drawing (helline
O, the Point. Y falls upon the circumference
between E and F, fome thing nearer to E'than
to-F, and thence I ¢onclude,. that: the' Cologf
compounded. of thefe Ingredients, will.be arf 0-
range, verging a-litele more-to red than tg yels
low.. ;Alfo I tind that O'Z.is a-lictle lefs -than
one half of O'Y.; and thence I conclude, that
this-orange hath a little lefs-than-half the" fiil
nefs or intenfenefs of an unepmpoundéd 0+
range; that is to fay, that it,isfach an orapge
as may be mude by mixing -an: homogeneal, 6k
range with a good white in the, proportion-of
the Line OZ to the Line 7, Y, this Proportion
being not of the ¢uantities of mixed orange and
white,-Pow ders; ..it.of the quantities of the
Lights reflecied fromthem. 5 - Lo
., his.Rule L conecive accurate enough for
practice, though not mathematically accurape; °
and the truth of it may be fufliciently proved-to
Senfe, by ftopping- any. of the Colours at:the
Lensin the tenth Experiment of this Book,: Fér
the reft of the Coleurs which are not {topp’ds
but pafs on to the-Focus of the Lenss will there
compound either accurately or,verynearlyduch
a Colour as by-this Rule ought te fefult from
gheir Mixture, . N 2

T
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PROP. VI. Taror. V.

I the Colours in theOniverfe which are made
" by Light, and depend not on the Power of I
- hagination, are either the Colours of homoge-
~ meal Lights, or compounded of thele, and that
* either accurately or very nearly, according to
the Rule of the foregoing Problem. o

Y OR it has been prove%(gn?mjz.l. Part.2.)
- that the changes.of Colours made by Re«

fraétions do not arife from any new Modificd+
tions of the Rays imprefs’d by thofe Refractions,
and by the various Terminations of Light ahd
Shadow, as has been the conftant and general
Opinion of Philofophers. It has alfo been pro-
ved that the feveral Colours of the homogenéeal
Rays do conftafitly-anfwer to their degrees of
Refrangibility, { Prop.1.”Part 1. and Prop. 2.
Parer.) and that their degrees of Refrangibis
lity cannot be changed by Refractions and Ree«
flexions, (Prop.2. Part. 1.) and by confequence
that thofe their Colours are likewife immutas
~ ble. It has alfo been proved dife&ly by refra-
¢ting and reflefting homogeneal«Leights apart,
that their Colours cannot be changed, (‘Prop.2,
@Part.2.) It has been proved alfo, that when
the feveral forts of Rays are mixed, and in crof~
fing pafs through the fame fpace, they do not
a& on one anot%er fo as to change each others
colorific qualities. (Exper. 10, Part.2.) but by
- mixing their A€tions in the Senforium beget a
Senfation differing from what either would de
apart, that is a Senfation of a mean Colour be-
- , tween

-

o
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tween their proper Colours; and particularly’
when by the concourfe and mixtures of all-
forts of Rays, a white Colour, is preduced, the:
white is 2 mixtuge of all the Colours which the -

Rays would have apart, (Prop. 5. Parre.).

The Rays in that mixture do not lofe of 'alter .
- their feveral colorific qualities,’ but by all chreir -
various kinds, of Adtions mix’d in the Sedfori~
um, beget 4 Senfatian of .a middling Colous :

- between all their Colours, which is whitenefs.: ,

For .whitenefs .is 4:mean. betweeh all Coloufs,
- having it {elf indifférently to them all, fo as with*
equal facility to be tinged with-any of chem.
A red Powder mixed with 2 little blue, ora.
blue with a little red, doth not prefently lofe
its Colour, but a white Powder mix’d with any:
Colour is prefently tinged with. that Colour,
and is equally capable of being tinged with any-
Colour whatever. It has been fhewed alfo,
that as the Sun’s Light is.-mix’'d of all forts’
of Rays, fo its whitenefs i 4 mixture of the .
Colours of all. forts of Rays3 thofe Rays having;
from the beginning their feveral colorific qua-

- lities as well as their feveral Refrangibilittes, -

and retaining them :Egetually unchanged not-
withitanding any Re£ ions or Reflexions they
may at any time fuffer, and that whenever any
fort of the Sun’s Rays is by any theans (s by.
Reflexion in Exper. 9 and 10. Part 1. or by
Refra&tion as happens in all Refraftions) fepa-
rated from the reft, they then manifeft their
proper Colours. 'Thefe things have been prov’d,
and the fum of all this amounts to the Propofi~
tion here 19.be proved, For if the Sun’s Light

. ' ‘ ’ ' 1s
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igtnixd of feveral {ortsof Rays, ejch of whick |
have:originally:their. feveral Refrangibilities gnd”
colorific Qualities, (and ‘notwithitanding their :
RefraBions and Reflexionst> and' their various’
Separations ordWiixtures, : keep thof their ori-1
ginal-Properties: pefpetually. the fame without'
alfieration ;. then all:the Colouys:in the World:+
mil:be fuch as conftantly ought to arife from?
thealriginal colorific qualities of the Rays where=1
ofthe:Lights :confitt -by whith' thofe Colours !
ardlfeén. And.therefore if the reafon of ‘anyi
Golour whatever berequired, we have nothing !
elfe;to do thanto confider how the Rays in the
Sun’s Light havée by Reflexions' or-Refraltions{"
aitather caufes:been parted from one anothery’
orimixed /togetheb; or otherwife: to find out:
whas forts of Rays are in the Light by which®
that Colour. is:mhade,.and in.what proportion
amd|then ‘byithe laft Problem to learn the €o-*
Iour which ought to arife by mixing thofeRays:
_(at their Golours? in that propottion. I fpeak:
%ﬂfﬁﬂf Colours {o far as they arife from Light.”

ar;théy appear fometimes by other Caufes, 4s:

~ When by the powér of Phantafy we fee Colouss!

ina;dream, oramad Man fees things before:
him 'wiich are ot there ; ‘or When ‘we fee Fire
- by itnking the Eye, brfee Colourslike the Eye

of iazPeacack’s Feather, by prefling our Eyes in.
either corner whillt.we look the other way.-
Where thefe and fuch like Caufes interpofe not,.
the Colour always.anfwers to the fort or forts

of theRays whereof. the Light confifts, as I’
have-conftantly found in whatever Pha@nomena-
of «Colomrs I 'have . hitherto-b¢en! able to exa-
o 4 : mine,
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mine. Ifhall in the following Propofitions give.
inftances of this in the Phenomena of chiefeft
S A A A S P PR B PR R R R,
. PROP.VIL Pros. L. ,
By the diftovered Properties of Light to -ex-

" plasn the Colours made by Prifins. > =
Y ET ABC [in Fig. 12.] reprefent a Prifm’
J .refraéting the Light of the Sun, which;

comes into a dark Chamber through a hole F@i

almoft- as broad as the Prifm, and let M N re-
refent a white Paper on which the refracted:
| ight is caft, and fuppofe the moft refrangible |
or deepeft violet-making Rays' fall upon the.
Space P, the leaft refrangible or deepeft red-
making Rays upon the Space T'7; the middle -
fgrt’ ‘between the indigo-making and blue-ma-
ing Rays upon the Sﬁaee Qx> the middle fort -
of the dgreen-making, ays upon the Space Rg,
the middle fort between the yellow-making and
orange-making Rays upon the Space S, and o0~

~ ther Intermediate forts upon intermediate Spa-,

ces. For fo the Spaces upon which the feveralk
forts ade uately fall will by reafon of the dif=.
ferent Refrangibility of thofe forts be one lower
than another.. Now if the Paper M N be: {os
near the Prifm that the Spaces P'T and #7 de; -
not interfere with one another, the diftance be-,
twéen them T 7 will be illurninated by all the;
forts of Rays in that proportion to one another.
which they have at their very firft coming ou;
: : o
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of the Prifin, and confequently be white. 'But
the Spaces P'T and »7 on either hand, will not
be illuminated by them all, and therefore wilk

ar coloured. And pa_rticularfly at P, where

outmoft violet-making Rays fall alone, the:

yur muit be the deepeft violet. AtQ where

violet'-makin% and indigo-making Rays. are

:d, it muft be a violet inclining much to

10. At R where the violet-making, indi-

naking,. blue-making, and one half of the
n-making Rays are mixed, their Colours -

i -(by the conftruétion of the fecond Pro-

1) compound a middle Colour between in~

» and’ blue. At S where all the Rays are

:d except the red-making and orange-ma«

» their Colours ought by the fame Rule to

pound a faint blue, verging more tq green

indigo. And in the progrefs from Sto'Ty

blue will grow more and more faint and

. & till at T, where all the Colours begin ta

ve mixed, it ends in whitenefs. ' '

. So again, on the other fide of the white at =,

‘where the leaft refrangible or utmoft red-ma-

king Rays ‘are alone, the Colour muft be the

deepeft red. At «# the mixture of red and o-

range will compound a red inclining to orange.

At » the mixture of red, orange, yellow, and

one half of the green muft compound a middle

Colour between orange and yellow. At x the

~ mixture of all Colours but violet and indigo wilf .

compound a faint yellow, verging more to green

than to orange. And this yellow will grow
more faint and dilute continually in its proirefs,
| ~  from

o [T U |
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from x to =, where by a mixture of all forts
of Rays it will become white.

Thefe Colours ought to appear were the Sun’s
Light perfeétly white: But becaufe it inclines
to yellow, the Excefs of the yellow-making
Rays whereby ’tis tinged with that Colour, be-
ing mixed with the faint blue between Sand T,

o "~ >afaint green. And fo the Co-

' from P to = ought to be violet,

very faint green, white, faint yel-

red. .Thus it is by the computa-~

2y that pleafe to view the Colours

(m will find it {o in Nature.

he Colours on both fides the white
when the Paper- is held between the Prifm, and:
the Point X where the Colaurs meet, and the
interjacent white vanithes. For if the Paper be
held fiill farther off from the Prifm, the moft.
refrangible and leaft refrangible Rays will be
wanting in the middle of the Light, and the
reft of the Rays which are found there, will b
‘mixture produce a fuller green than before. Al-
fo the yellow and blue will now become lefs
compounded, and by cenfequence more intenfe
than before. And this alfo agrees with expe~
rience. : . : :

And if one look through a Prifm upon &
white Objeét encompafled with blacknefs or
darknefs, the reafon of the Colours arifing on
~ the edges is much the fame, as will -appear to
one that fhall a little confider it.  If a black Ob
. je€t be encompafled with a2 white one, the Co-
lours which appear through the Prifm are to be
derived from the Light of the white one, fpread~

: - ing
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ing into the Regions of the black, and theres
" fore they appear in a contrary order to thaty
when a 'white Obje&t is furrounded with black.,
And the fame is to be underftood when an Ob~
ject is. viewed, whofe parts are fome of them
{9 luminous.than others. For in the borders
of the more and lefs luminous parts, Colours
ought always by the fame Principles to arife
from the Excefz of the Light of the more lu-~
minous, and to be of the fame kind as if the
darker parts were black, but yet to be more
famnt and dilute.” v o
What is faid of Colours made by Prifms may-
be.dafily applied. to.Colours made by the Glafles
of Telefcopes or Microfcopes, or by the Hu~
mours of the Eye. " For if the Objeét-glafs of
a Telefcope be' thicker on one fide than on the:
‘other, or,if one half of the Glafs, or one half
of the Pupil of the Eye be coverd with any
opake fubitance:. the &bje&-glafs, or that part:
of it or of the Eye which is not coverd, may-
" be confider’d as a Wedge with crooked Sides,
and every Wedge of (%lafs or other pellucid:
Subftance has the effe¢t of a Prifm in refrating-
the Light which pafles through it. h
How the Colours in the ninth and tenth Ex-’
periments of. the firft Pare arife. from the diffe-
rent Reﬂexibilir;;. of Light, is evident by what™
was there faid. But it is obfervable in the ninth
- Experiment, that whilft the Sun’s diret Light-
is yellow, the Excefs of the blue-making Rays-
in the reflected beam of Light MN, {fuffices
only to bring that yellow to a pale white incli-
_ning to blue, and not to tinge it With a mani-
oL C ‘ feftly

o
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= feftly blue Colour. To obtain therefore a bet-
ter blue, I ufed inftead of the yellow Light of
the Sun the white Light of the Clouds, by va+’
rying a little the Experiment, as follows.
Exper.16. Let HF G [in Fig. 13.] repre-
fent a Prifm in the open Air, and S the Eye of -
the Spectator, viewing the Clouds by their
Light coming into the Prifm at the plane fide
FIGK, and refleted in it by its bafe HEIG,
and thence going out through its plane fide
HEFK to the Eye. And when the Prifmand
Eye are conveniently placed,-fo that the Angles
of Incidence and Reflexioh at the Bafe may be -
about 40 Degrees, the Spectator will fee a Bow
‘M N of a blue Colour, running from one end of
the Bafe to the other, with the concave fide
towards him, and the part of the Bafe IMNG
beyond this Bow will be brighter than the other
art EMNH on the other fide of it. Thisblue Co-
our MN being made by nothing elfe than by re«
flexion of a {pecular Stiperficies, feems fo odd a
Phznomenon, and fo dithcult to be explain-
ed by the vulgar Hypothefis of Philofophers,
that I could not but think it deferved to be ta-
.ken notice of. Now for underftanding the rea-
fon of it, fuppofe the Plane ABC to cut the
Flane Sides and Bafe of the Prifm perpendicu-
arly. From the Eye to the Line BC, where-
in that Plane cuts the Bafe, draw the Lines Sp
and S¢, in the Angles Sp ¢ 50 degr. 3, and Sz ¢
49 degr. 2%, and the Point p will be the limit
beyond which none of the moft refrangible
Rays can pafs through the Bafe of the Prifm,
and be refraéted, whofe I-I'ncidence is fuch :ll];at :
‘ ey .
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they may be refle¢ted to the Eye; and the
Point # will be the like limit for the leaft rer
frangible Rays, that is, beyond which none of
them can pafs through the Bafe, whofe Inci<
dence is fuch that by Reflexion they may come
" to the Eye. And thePoint » taken in the mid-
dle way between p and #, will be the like limit
for the meanly refrangible Rays. And there-
fore all the leaft refrangible Rays which fall u
on the Bafe beyond #, thatis, between #and B,
and can come from thence to the Eye will be
refleéted thither: But on this fide #, that is,
between # and ¢, many of thefe Rays will be
tran{mitted through theBafe. And all the moft
_refrangible Rays which fall upon the Bafe be-
yond p, thatis, between p and B, and can by
reflexion come from thence to the Eye, will be
refleted thither, but every where between
-and ¢, many of thefe Rays will get through the
Bafe and be refraéted; and the fame isto be
underftood of the meanly refrangible Rays on
either fide of the Point ». Whence it follows,
that the Bafe of the Prifm muft every where
between # and B, by a total reflexion of all forts
of Rays to the Eye, look white and bright.
And every where between pand C, by reafon
of the tranfmiffion of many Rays of every fort,
look more pale, obfcure and dark. But at 7,
and in other places between p and z, where all
the more refrangible Rays are refleéted to the
'Eye, and many of the lefs refrangible are tranf-
mitted, the Excefs of the moft refrangible in
the reflected Light will tinge that Light with
- their Colour, which is violet and blue. Alr;g
. ' t
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this happens by taking the Line C pr ¢ B any-
where: between the ends of the Prifm HG
and E L. ,

Bt e
' PROP. IX. Pros. IV.

By the difcovered Properties of Light to éxplain
' the Colours of the Rain—iow‘

- HIS Bow never appears but where it
rains in the Sun-fhine, and may be made
-artificially by {pouting up Water which may
break aloft, and {catter into drops, and fall

down like Rain. For the Sun fhining upon thefe *

drops - certainly caufes the Bow to appear to a
Spectator {tanding in a due pofition to the Rain
and Sun. And hence it is now agreed upon,
that this Bow is made by refration of the Sun’s

Light in drops of falling Rain. This was un-

derftood by fome of the Ancients, and of late
more fully difcover’d and explain’d by the fa-
mous Antonius de Dominss Archbithop of Spa-
Zato, in his Book De Radiis Visds €8 Lucis, pub-
lithed by his Friend Bartolus at Venice, in the
Year 1611, and written above 20 Years before.
For he teaches there how the interior Bow ig
midde in round drops of Rain by two Refra-
&tions of the Sun’s Light, and one Reflexion
between them, -and the exterior by two Refra<
¢tions and two forts of Reflexions between
them in each drop of Water; and proves his

Explications by Experiments made with a Phial -

full of Water, and witli Globes of Glafs filled

L 2 ' with |, 7
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with Water, and placed in the Sun to make the
Colours of the two Bows appear in them: The
fame Explication Des-Cartes hath purfued in
his Meteors, and mended that of the exterior
Bow. ‘'But whilft they underftood not the true
origin of Colour’s, it’s neceflary to purfue it
here a little farther. For underftanding there-
fore how the Bow is made, let a drop of Rain
or any other {pherical tranfparent Body be repre-
fented by the Sphere BNF G, [in F7g.14.] de-
fcribed with the center C, and femi-diameter
CN. And let AN be-one of the Sun’s Rays
incident upon it at N, and thence refrated to
F, where let it either go out of the Sphere by
Refraétion towards V, or be refleéted to G;
and at G let it either go out by RefraétiontoR,
or be refle¢ted toH; and at H let it go out by
Refraction towards S, cutting the incident Ray
inY; produce AN and R G, till they meet in
X, and upon A X and NF let fall the perpen-
diculars CD and CE, and produce CD till it
~fall upon the circumference at L.. Parallel to
the incident Ray AN draw the diameter BQ,
and let the Sine.of Incidence out of Air into
Water be to the Sine of Refraction asT to R.
Now if you fuppofe the Point of Incidence N
.to move from the Point B, continually till it
come to L, the Arch QF will firft increafe and
then decreafe,’ and fo will the Angle AXR
which the Rays-AN and GR contain; and the
Arch QF and Angle AXR will be biggeft
- when ND is to CN as vII-RR to.v' 3 RR, in
which cafe NE willbe to ND as 2Rtol. Al-
fo the Angle AY S which the Rays AN and HS
‘ containe
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contain will firft decreafe, and then increafe
and grow leaft when ND is to CN as v/[[TRR
to v 8 RR, in which cafe NE will be to ND
as 3 Rtol. And fo the Angle which the next
emergent Ray (that is, the emergent Ray after
three Reflexions) contains with the incident
Ray AN will come to its limit when ND is to
CN as vil-RR to v 15§ RR, in which cafe NE
will be to ND as 4R tol. And the Angle which
the Ray next after that emergent, thatis; the
Ray emergent after four Reflexions, contains
with the incident will come to its limit, when
NDis to CN as viI-RrR to v 24 RR, in which
cafe NE will be to ND as s R to I; and foon
infinitely, the numbers 3, 8, 15, 24, &c. being
gather’g by continual addition of the terms of
the arithmetical Progreflion 3, 5, 7, 9, &¢c. The
truth of all this Mathematicians will eafily ex-
amine. - '

Now it is to be obferved, that as when the
Sug comes to his T'ropicks, Days increafe and
decreafe but a very little for a great while to-
gether ; fo when by increafing the diftance CD,
thefe Angles come to thcir limits, they vary
their quantity but very little for fome time to-
gether, and therefore a far greater number of
the Rays which fall upon all the Points N in the
Quadrant BL, fhall emerge in the limits of
thefe Angles, than in any other Inclinations.
And farther it is to be obferved, that-the Rays
which differ in Refrangibility will have difte-
rent limits of their Angles of Emergence, and
by confequence according to their different de-
grees oquefrangibility enﬁerge moft copioufly

3 in
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in different Angles, and being feparated from
one ‘another appear each in their proper Co-
lours. And what thofe Angles are may be ea- -
fily gather’d from the foregoing Theorem by
computation. '

For in the leaft refrangible Rays the Sines I
and R (as was found above) are 108 and 81,
and thence by computation the greateft Angle
A XR will be found 42 Degrees and 2 Minutes,
and the leaft Angle AYS, 5o Degrees and 57
Minutes. And in the moft refrangible Rays the
dines I and R are 109 and 81, and thence by
computation the greateft Angle A XR will be
found 40 Degrees and 17 Minutes, and the leaft
Angle AY S 54Degrecs and 7 Minutes.

Suppofe now that O [in Fzg.15.] is the Spe-
¢tator’s Eye, and OP a Line drawn parallel to
the Sun’s Rays, and let POE, POF, POG,
POH, be Angles of 40 Degr. 17 Min. 42 Degr.
-2 Min. 50 Degr. 57 Min. and 54 Degr. 7 Min,
refpetively, and thefe Angles turned aljout
their common Side O P, fhall with their other
Sides OF, OF ; OG, OH, defcribe the Verges
of two Rain-bows AFBE and CHDG. For
if E, F, G, H, be drops placed-any where in
the conical Superficies defcribed by OE, OF,
OG, OH, and be illuminated by the Sun’s Rays
SE, SF, SG, SH; the Angle SEO being e-
ﬂjual to the Angle POE or 40 Degr. 17 Min.

all be the greateft Angle in which the moft
refrangible Rays can after one Reflexion be re-
fraéted to the Eye, and therefore all the drops
in the Line OE fhall fend the motft refrangible
Rays moft copioufly to the Eye, and thc{etrrqu
- {trik@
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firike the Senfes with the deepeft violet Colour
in that Region. And in like manner the Angle
SF O being equal to the Angle POF, or 42
Degr. 2 Min. fhall be the greateft in which the
leaft refrangible Rays after one Reflexion can
emerge out of the drops, and therefore thofe
Rays fhall come moft copioufly to the Eye from
the dropsin the Line OF, and {trike the Senfes
~with the deepeft red Colour in that Region.

And by the fame Argument, the Rays which
have intermediate degrees of Refrangibility fhall
come moft copioufly from drops between E and
F, and ftrike the Senfes with the intermediate
Colours in the order which their degrees of
Refrangibility require, that is in the progrefs
from-E to F, or trom the infide of the Bow to
the outfide in this order, violet, indigo, blue,
green, yellow, orange, red. But the violet, by
the mixture of the white Light of the Clouds,
will appear faint and incline to purple, -

Again, the Angle SGO being cqual to the
Angle POG, or 50 Gr. 51 Min. {hall be the leaft
Angle in which the leaft refrangible Rays can
after two Reflexions emerge out of the drops,
and therefore the leait refrangible' Rays fhall
come moft copioufly to the Eyc from the drops
- in the Line OG, and ftrike the Senfe with the
deepeft red in that Region. And the Angle
SHO being equal to the Angle POH or 54Gr.
7 Min. fhall be the leaft Angle in which the moft
refrangible Rays after two Reflexions can e-
merge out of the drops, and therefore thofe
Rays fhall come moft copi'ouﬂg to the Eye from
the drops in the Line OH, and ftrike the Senfes

L 4 with
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with the deepeft violet in that Region, And

by the fame Ag(g}ument, the drops in the Re-

gions between G and H fhall firike the Senfe

with the intermediate Colours in the .order

which their degrees of Refrangibility require,

that is, in the progrefs from Gto H, or from

the infide of the Bow to the outfide in this or-

der, red, orange, yellow, green, blue, indigo,"
violet. And fince thefe four Lines OE, OF,
O G, OH, may be fituated any where in the

abovemention’d conical Superficies, what, is faid

of the Drops and Colours in thefe Lines is ta

be underftood of the Drops and Colours every

where in thofe Superficies. -

Thus fhall there be made two Bows of Co-
lours, an interiorand ftronger, by one Reflexion
in the drops, and an exterior and fainter by
~two; for the Light becomes fainter by every
Reflexion. And their Colours fhall lieina con-
trary order to one another, the red of both
Bows bordering upon the. Space GF which is
between the Bows, The breadth of the inte-
rior Bow EOF meafured crofs the Colours
dhall be 1 Degr. 4§ Min. and the breadth of the
exterior G O H fhall be 3 Degr. 1oMin. and the
diftance between them GOF fhall be 8 Gr. 15
Min. the greateft Semi-diameter of the inner-
moft, thatis, the Angle POF being 42 Gr. 2
Min. and the leaft Semi-diameter of the outer-
moft PO G, being 50 Gr. §7 Min, Thefe are
the Meafures of the Bows, as they would be
were the Sun but a point; for by the breadth
of his Body the breath of the Bows will be in-
creafed and their diffance decreafed by half a

S ICEICEey
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Degree, and f{o the breadth of the interior Iris -
will be 2 Degr. 15§ Min. that of the exterior 3 -
Degr. 40 Min. their diftance 8 Degr. 25 Min. -
the greateft Semi-diameter of the interior Bow*
42 Degr. 17Min. and the leaft of the exterior -
50 Degr. 42Min. And fuchare the Dimenfions -
of the Bows in the Heavens found to be very -

~nearly, when their Golours appear ftrong and"
perfe. For once, by fuch means as I then.

- had, I meafured the greateft Semi-diameter of"
the interior Iris about 42 Degreesgthe breadth.
of the red, yellow and green in that Iris 63 or
64 Minutes, befides the outmoft faint red ob-
{cured by the brightnefs of the Clouds, for
which we may allow 3 or 4 Minutes more. The
breadth of the blue was about 40 Minutes more
befides the violet, which was fo much obfcu-
red by the brightnefs of the Clouds, that I could
not meafure its breadth. But fuppofing the
breadth of the blue and violet together to equal .
that of the red, yellow and green together, the
‘whole breadth of this Iris will be about 2 De-
grees, as above. The leaft diftance between
this Iris and the exterior Iris was about 8 De-
grees and 30 Minutes. The exterior Iris was

_broader than the interior, but fe faint, efpeci-
ally on the blue fide, that I could not meafure
its breadth diftinctly. At another time when
both Bows appeared more diftinét, I meafured

. the breadth of the interior Iris 2 Gr. 10, and

the breadth of the red, yellow and .grecn in the

exterior Iris, was to the breadth of the fame

LColours in the jnterior as 3 to 2, -

This
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This Explication of the Rain-bow is yet far-
ther confirmed by the known Experiment (made
by Antonius de Domints and Des-Cartes ) of
hanging up any where in the Sun-fhine a Glafs
Globe filled with Water, and viewing it in fuch
a pofture that the Rays which come from the
Globe to the Eye may contain with the Sun’s
Rays an Angle of either 42 or goDegrees. For
if the Angle be about 42 or 43 Degrees, the
Speftator (fuppofe at O) fhall fee a full red

olour in that fide of the Globe oppofed to
the Sun as ’tis reprefented at F, and if that An~
gle become lefs (fuppofe by deprefling the Globe
to E) there will appear other Colours, yellow,
green and blue fucceffively in the fame fide of
the Globe. But if the Angle be made about
soDegrees (fuppofe by lifting up the Globe to
G) there will appear a red Colour in that fide
of the Globe towards the Sun, and if the An-
gle be made greater ({uppofe by lifting up the
Globe to H) the red will turn fucceflively to
the other Colours, yellow, green and blue,
The fame thing I have tried by letting a Globe
reft, and raifing or deprefling the Eye, or o-
therwife moving it to make the Angle of a juft
magnitude. - .

I have heard it reprefented, thatif the Light
of a Candle be refra¢ted by a Prifm to the Eye;
when the blue Colour falls upon the Eye the
Spectator fhall fee red in the Prifm, and when
the red falls upon the Eye he fhall fee blue;
and if this were certain, the Colours of the
Globe and Rain-bow ought to appear in acon-
trary order to what we find. But the Coloyrs

of
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of the Candle ‘being very faint, the miftake-
feems to arife from the difficulty of difcerning

‘what Colours fall on the Eye. For, on the con-
trary, I have fometimes had occafion to ob-

ferve in the Sun’s Light refrated by a Prifm,

that the Speétator always fees that Colour in the
Prifm which falls upon his Eye. And the fame
I have found true alfo in Candle-light. For
when the Prifm is moved flowly from the L.ine
which is drawn directly from the Candle to the
Eye, the red appears firft in the Prifm and then
the blue, and therefore each of them is feen
when it falls upon the Eye. - For the red paf-
fes over the Eye firft, and then the blue.

The Light which comes through drops of
Rain by two Refraétions without any Reflexion,

ought to appear ftrongeft at the diftance of a- -

bout 26 Degrees from the Sun, and to decay’
gradually both ways as: the diftance from him
increafes and decreafes. And the fame is to
be underftood of Light tranfmitted through
{pherical Hail-ftones. And if the Hail be a lit-
tle flatted, as it often is, the Light tranfmitted
may grow f{o. {trong at a little lefs diftance than
that of 26 Degrees, as to form a Halo about
the Sun ot Moon ; which Halo, as often as the
Hail-ftones are duly figured may be colour’d,
and then it mudt be red within by the leaft re-
frangible Rays, and blue without by the mott

refrangible ones, efpecially if the Hail-ftones .

have opake Globules of Snow in their center
to intercept the Light within the Halo (as Hz-
gensus has obferv’d) and make the infide there-
of more diftinétly defined than it would otheg{;-

wife

-
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. wife be. For fuch Hail-ftones, though {phe-
- rical, by terminating the Light by the Snow,

- may make a Halo red within and colourlefs

. without, and darker in the red than without,
.as Halos ufe to be. For of thofe Rays which
.pafs clofe by the Snow the Rubriform will be
.f?aﬂ: refrated, and fo come to the Eye in the
-direéteft Lines. : '

.~ ... The Light which gaﬁ'es through a drop of
-Rain after two Refraétions, and three or more
-Reflexions, is {carce {trong enough to caufe a
-{enfible Bow ; but in thofe Cylinders of Ice by
-which Hugenius explains the Parbelia, it may
-perhaps be fenfible.

B T By oy o e he 1 o T (e o 1 o o o3

PROP. X. PROB. V. -

By the diftovered Properties of Light to ex-
-plain the permanent Colours of Natural Bo-
dies.

T YHESE Colours arife from hence, that
.. ] - fome natural Bodies refleét fome forts of
‘Rays, others other forts more copioufly than
-the reft. Minium reflets the leaft refrangible

- . or red-making Rays moft copioufly, and thence

.appears red. Violets refle¢t the moft refrangi-
* ble, moft copioufly, and thence have their Co-
lour, and fo of other Bodies. Every Body re-
fleéts the Rays of its own Colour more copi-
oufly than the reft, and from their excefs and
predominance in the refletted Light has its
LColour, ‘ -

Exper,
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Exper.17. For if in the homogeneal Lights
obtained by the folution of the Problem pro-
pofed in the fourth Propofition of the firft Part
you place Bodies of feverat Colours, you will
find, as I have done, that every Body looks
moft fplendid and luminous in the Light of its
own Colour. Cinnaber in the homogeneal red
~ Light is moft refplendent, in the green Light
it 1s manifeftly le{s refplendent, and in the blue
Light ftill lefs. Indigo in the violet blue Light-
is moft refplendent, and its {plendor is gradu-
ally diminifh’d as it is removed thence by de-
grees through the green and yellow Light to
-the red. Bya Leek the green Light, and next
that the blue and yellow which compound green,
~are more {trongly refle¢ted than the other Co-
lours red and violet, and fo of the reft. But to
make thefe Experiments the more manifeft, fuch
Bodies ought to be chofen as have the fulleft and
moft vivid Colours, and two of thofe Bodies
are to be compared together. Thus, for.in-
ftance, if Cinnaber and #/fra-marine blue, or
fome other full blue be held together in the
homogeneal Light, they will both appear red,
but the Cinnaber will appear of a ftrongly lu-
minous and refplendent red, and the #/tre-ma-
rine blue of a faint obfcure and dark red; and *
if they be held together in the blue homogeneal
- Light they will both appear blue, but the #/¢ra-
marine will appear of a ftrongly luminous and
refplendent blue, and the Cinnaber -of a faint
and dark blue. 'Which puts it out of difpute,
that the Cinnaber refleéts the red Light much
‘more copiouily than the #/ra-marine doth, attlld

U : - the
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thé #/tra-marine refleéts the blue Light much
more _copioufly than the Cinnaber doth. The
fame Experiment may. be tried fuccefsfully with
red Lead and Indigo, or with any other two
- colour'd Bodies, if due allowance be made for
the different ftrength or weaknefs of their Co~
lour and Light. o
And as the reafon of the Colours of natural
Bodies is evident by thefe Experiments, fo it
-is farther confirmed and put pait difpute by the
two fir{t Experiments of the firft Part; where-
by ’twas proved in fuch Bodies that the refleét-
ed Lights which differ in Colours do differ alfo
in degrees of Refrangibility. For thence it’s
certain, that fome Bodies refle¢t the more re-
frangible, others the lefs refrangible Rays more
copioufly. ‘ _ .
And that this is not only a true reafon of
" thefe Colours, but even the only reafon may ap-
pear farther from this confideration, that the
Colour of homogeneal Light cannot be chan-
ged by the Reflexion of natural Bodies.
- Forif Bodies by Reflexion cannot in the leaft
- change the Colour of any onefort of Rays, they
- .cannot appear colour’d by any other means than
by refleéting thofe which either are of their
own Colour, or which by mixture muft pro-
duce it. ’
~ But in trying Experiments of this kind care
muft be had that the Light be fufficiently ho-~
-mogeneal. For if Bodies be illuminated by the
ordinary prifmatick Colours, they will appear
neither of their own Day-light Colours, nor of
the Colour of the Light caft on them, bli}_t of
. ome
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fome middle Colour between both, 4s I have
found by Experience. Thus red Lead (forin-
ftance) illuminated with the ordinary prifma-
tick green will not appear either red or green, .
but orange or yellow, or between yellow and.
green, accordingly as the green Light by which
’tis illuminated i more or lefs compounded.
For becaufe red Lead appears red when illu-
minated with white Light, wherein all forts of
Rays are equally mix’d, and in the green Light
all forts of Rays are not equally mix'd, the Ex-
cefs of the yellow-making, green-making and
blue-making Rays in the incident green Light,
will caufe thofe Rays to abound fo much in
the refleéted Light as to draw the Colour from
red towards their Colour. And becaufe the
red Lead refleéts the red-making Rays moft
copioufly in proportion to their number, and
next after them the orange-making and yellow-
making Rays; thefe Rays in the refleéted Light
- will be more in proportion to the Light than
they werein theincident green Light, and there-
-.by will draw the refle¢ted Light fromg green to-
wards their Colour. And therefore the red
Lead will appear netther red nor green, but of
a Colour between both. -
~ In tranfparently colour’d Liquors 7is-obfer-
vable, that their Colour ufes to vary with their
thicknefs. 'Thus, for inftance, a red Liquorin
a conical Glafs held between the Light and the
Eye, looks of a pale and dilute yellow at the
bottom where ’tis thin, and a little higher where.
’tis” thicker grows orange, and where ’tis {lill
thicker becomes red, and where ’tis thickc;l{z
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-the red is déepeft and darkeft. For it is to be
.conceiv’d that fuch a Liquor ftops the indigo-~
.making and violet-making Rays moft eafily, the

- .blue-making Rays more difficultly, the green-
.making Rays {till more difficultly, and the red-
-making moft diificultly: And thatif the thick- , |
-nefs of the Liquor be only fo' much as fuflices
-to ftop a. competent number of the violet-ma-
‘king and indigo-making Rays, without dimi-
-nithing much the number of the reft, the reft
-muft (by Prop.6. Part2.) compound a pale

- .yellow. But if the Liquor be fo much thicker
-as to ftop alfo a great number of the blue-ma-~
-king Rays, and {fome of the green-making, the
-reft muit compound an orange; and where it
-1s {o thick as to {top alfo a great number of the»

_ - green-making and a confiderable number of
-the yellow-making, the reft muit begin to com-"
-pound a red, and this red muft grow deeper
.and darker-as the yellow-making and orange-
-making Rays are more and more ftopp’d by in-
-creafing the thicknefs of the Liquor, fo that *
-few Rayg befides the red-making can get

through. o ‘
.- - Of thig kind is an Experiment lately related [
- to me by Mr. Halley, who, in diving deep into
- the Sea in a diving Veflel, found in a clear Sun-~
- thine Day, that when he was funk many Fathoms
-deep into the Water, the upper part of his Hand
-%r} which the 'Sun fhone lilr%} l}} t&ou h the
‘Water and throu all Glafs Window in
«the Veﬂ‘éf,’gf'ﬁe t‘ﬁgtg%%{%amask Rofe, and the
Water befow and the under part of his Hand

. .illuminated by Light refle¢ted from the \g/altter {

’ clow
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below look’d green: For thence it may be gas
ther'd, that the Sea Water reflets back the
violet and blue-making Rays mott eafily, and
lets the red-making Rays pafs moft freely and
copioufly to great-depths. For thereby the Sun’s
direé Light at all great depths, by reafon of
the predominating red-making Rays, muft ap- -
- pear red ; and the greater the depth is, the ful~ -
ler and intenfer muft that ted'be. And at fuch
depths as the violet-making Rays fcarce pene-
trate unto, the blue-making, green-making and
yellow-making Rays being refleéted from be<«
low more gopioufly than the red-making ones,
muft compound a green. * . : ,
Now if there be two Liquors of fullColours,
fuppofe a red and,a blue, and both of them fo
.thick as fuffices to make their Colours fufhici«
ently full; though either Liquor be fuflicient«
ly tranfparent apart, yet will you not be able
to fee through both together. ~For if only the
red-making Rays pafs through onhe Liquor, and
only the blue-making through the other, noRays
can pafs through both. ‘This Mr. Hook tried
cafually with Glafs Wedges filled with red and
blue Liquors, ‘and was furprized at the unex-
pected event, the reafon of it beirg then un-
. known; which makes me truft the more to his
Experiment, though I have not tried it my felf.
But he that would repeat it, muft take care the
Liﬂuors be of very good and full Colours. -
ow whilft Bodies become goloused by reflect
ing or tranfmitting this or that fort of Raysimore °
. copioufly_than the reft, it is to be coriceived
that they ftop and flifle in themfelves the Rays .
. M | which



o 162 |
which they .do not refle or tranfmit. - For if
" Gold be foliated and held between your Eye and
the Light, the Li.%vht looks of a greenith blue,
- and therefore mafly Gold lets into its Body the
blue-making Rays to be refleéted to and fro
within‘it till they be ftopp’d and ftifled, whilft.
it refle@ts the yellow-making outwards, and
- thereby looks yellow. And much after the
fame manner that Leaf Gold is yellow by re-
fletted, and blue by tranfmitted Light, and maf-
1371 Gold is yellow in all Pofitions of the Eye;
ere are fome Liquors, as the Tincture of
Lignum Nephriticum, and fome forts of Glafs
which tranfmit one fort of Light moft copiouf-
ly, and refle® another fort, and thereby look
of feveral Colours, according to the pofition
of the Eye to the Light. But if thefe Liquors
or Glafles were {o thick and mafly that no Light
could get through them, I queftion not but
they would like all other opake Bodies appear
of one and the fame Colour in all Pofitions of
the Eye, though this I cannot yet affirm by ex~
‘perience.. For all colour’d Bodies, fo far asm
Obfervation reaches, may be fcen through if
made fufficiently thin, and therefore are in fome
meafure tranfparent, and difler only in degrees
of Tranfparency from tinged tranfparent Li-
quars; thefe Liquors, as well as thofe Bodies,
by a fufficient thicknefs becoming opake. A
tranfparent Body which looks of any Colour by
tranfmitted Light, may alfo look of the fame
Colour by reflefted Light, the Light of that
Colour being refle@ed by the farther Surface
~of the Bady,. or by the Air beyond it. f}lnd
. L then
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then the refleed Colour will be diminithed,
and perhaps ceafe, by making the Body very
thick, and pitching it on the backfide to dimi=.
nith the Reflexion of its farther Surface; fo that
- the Light refle@ted from the tinging Particles
may predomindte. In fuch cafes, the Colour
of the reflected Light will be apt to vary from
that of the Light tranfmitted. But whence it
is that tinged Bodies and Liquors refle& fome
{ort of Rays, and intromit or tran{mit other
forts, ihal?’be faid in the next Book. In this
Propofition I content my felf to have put it paft
difpute, that Bodies have fuch Properties, and
thence appear colour'd. - -

. g L /Y
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PROP.XI. Pros. VL -

By mixing colour’d Lights ts compound a beam
of Light of the fame Colony and Nature with
"~ a beam of the Sun’s djrett Light, and therein
" to experience the Truth of the foregoing Pro-
pofitzons. - ' R .

ET ABCabc [inFig.16.] reprefent a

-4 Prifm by which the Sun’s Light let into

a dark Chamber through the Hole F, may be
refraéted towards the Lens MN, and paint up-
on it at p, 4, #, s and ¢, the ufual Colours vios
let, blue, green, yellow and red, and'let the
diverging Rays by the Refraction of this Lens
converge again towards X , and there, by the
mixture of all thofe their Colours, compound a-
white according to what was fhewn . above.
, M a Thent
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‘Then let another Prifm DEG 4eg, parallel to
the former, be placed -at X, to refraét that
white Light upwards towardsY. ' Let the re-
fraéting Angles of the Prifms, and their diftances
from the Lens be equal, fo that the Rays which
-converged from the Lens towards X, and with-
out Refraction, would there have croffed and .
diverged again, mhay by the Refraction of the
fecond Priim be reduced into Parallelifm and
diverge no more. For then thofe Rays will re-
compofe a beam of white Light XY. If the
refradting Angle of either Prifm be the bigger,
that Prifm muft be fo. much the nearer to the
Lens. You will know when the Prifms and the:
Lens are well fet together, by obferving if the
beam of Light XY which comes out of the fe-
cond Prifm be perfeétly white to the very edges
of the Light, and at all diftances from the Prifm
continue perfetly and totally white like a beam
of the Sun’s Light. For till this happens, the
+ pofition of the Prifms and Lens to one another
muft be correted, and then if by the help of a
Iong beam of Wood, as is reprefented in the
Figure, or by aTube, or fome other fuch.In-
~ ftrument made for that purpofe, they be made
faft in that fituation, you may try all the fame
E?eriments in this compounded beam of Light
- XY, which have been made in the Sun’s diret
Light. For this compounded beam of Light
has the fame appearance, and/is endow’d with
“all the fame Properties with a-dire¢t beam of
‘the Sun’s Light, fo far as my Obfervation reaches.
And in trying Experiments in this beam you
may by ftopping any of the Colours p, ¢, 7, é-
: | an
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and ¢, at the Lens, fee how the Colours pro-
duced in the- Experiments are no other than
thofe which the Rays had at the Lens before
they entedthe compofition of this Beam: And
- by confequence that they arife not from any new
"~ modifications of the Light by Refraétions and
Reflexions, but from the various Separations
and Mixtures of the Rays originally endow’d
with their colour-making qualities. L
~ So, for inftance, having with a Lens 4% Inches
broad, and two Prifms on either hand 6; Feet
diftant from the Lens, made fuch a beam of
compounded Light: to examin the reafon of
the Colours made by Prifms, I refrafted this
compounded beam of Light X'Y with another
Prifm HIK £4; and therebycaft the ufual prif-
matick Colours PQR ST upon the Paper LV
placed behind. And then by ftopping any of
the Colours p, ¢, 7, 5, #, at the Lens, I found
that the fame Colour would vanith at the Pa-
Eer. So if the purple p was ftopp’d at the
ens, the purple P upon the Paper would va-
nith, and the reft of the Colours would remain
unalter’d, unlefs perhaps the blue, fo far as
{ome purple latent in it-at the Lens might be
feparated from it by the following Refratjons. -
‘And fo by intercepting the green upon the Lens,
the green R upon the Paper would vanith, and
fo of the reft; which g(lainly fhews, that as the
~white beam of Light XY was compounded of
feveral Lights varioufly colour’d at the Lens,
fo the Colours which afterwards emerge out of
it by new Refradtions are no other than thofe
of which its whitene{s was compounded. The

’ . M 3 - Refr a= :
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Refraction of the Prifm HIK £5 generates the
Colours PQRST upon the Paper, not by
changing the colorific qualities of the Rays, but
by feparating the Rays which had thetvery fame
colorific qualities before they enter’d the Com-
pofition of the refraéted beam of white Light

Y. For otherwife the Rays which were of
one Colour at the Lens might be of another
upon the Paper, contrary to what we:find.

So again, to examin the.reafon of the Co-

lours of natural Bodies, I placed fuch Bodies
" in the Beam of Light XY, and found that they
all appeared there of thofe their own Colours
which they have in Day-light, and thar thofe
Colours depend upon the Rays which had the
fame Colours at the Lens before they enter’d
the Compofition of that beam. Thus, for in-
- ftance, Cinnaber illuminated, by this beam ap-
pears of the fame red Colour as in Day-light ;
and if at the Lens you intercept the green-ma-
king and blue-making Rays, its rednefs will be-
comé more full and lively: But if you there in-
tercept the red-making Rays, it will not any
longer appear red, but become yellow or green,
- or of fome other Colour, according to the forts
of Rays which you'do not intercept. ~Sa Gold
An this Light XY appears of the fame yellow
Colour as in Day-light, but by intercepting at
the Lens a due quantity of the yellow-making
Raysit will appear white like Silver (as I have
tried ). which thews that its yellownefs arifes
from the Excefs of the intercepted Rays tinging
that whitenefs with theiz Colour when they are
let pafs. ..So the infufion of Ligaum Nepbrits-
L L cum
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cum (as | have alfo tried) when held in this
beam of Light XY, looks blue by the refleét-
f'mm-him;'m<WWMfMt-

d part of it, as when “tis view’d in Day-light,
But if you intercept the blue at the Lens the
infufion will lofe its reflefted blue Colour, whilft
its tranfmitted red remains perfe& and by she
lofs of fome blue-making Rays wherewith it was
allay’d becomes more intenfe and full. And,
on the contrary, if the red and orange-making
Raysbeintercepted at the Lens, the Infufion will
lofe its tran{mitted red, whilit its blue will re-
main and become more full and perfeét. Which
- thews, that the Infufion does not tinge the Rays"

with blue and red, but only tranfmit thofe
moft copioufly which were red-making before,
and refle@s thofe moft copioufly which were
blue-making before. And after the fame man-
ner may the Reafons of other Phenomena be
examined, by trying them in this artificial beam
of Light X'Y.

M4  THE
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THE

SECOND BOOK

OPTICKS

Wmmmmamwmm

PART L -

Obfervations concerning the Reflexions, Reﬁa-
ctions, 4714 C'olour.r of thir tramfparent Bo-
dze_,r.

{?.z,“,a " has been obferved-by others, that -

0N PJ tranfparent Subftances, as Glafs, Wa-

R ter Air, c. when made very thin by

E=¥ being blown into Bubbles, or otherwife
formed: into Plates, do exhibit various Colours

according to their various thinnefs, although at
: a‘greater
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a ‘greater thicknefs they ap%ear véry clear and
~ colourlefs. In the former Book 1 forbore to:
treat of thefe Colours, becaufe they feemed of .
a more difficult Confideration, and were not-
neceffary for eftablithing the Properties of Light -
there difcourfed of. But becaufe they may con-
duce to farther Difcoveries for completing the’
Theory of Light, efpecially as to the conititu-:
tion of the parts of natural Bodies, on which
their Colours or Traniparency depend; I havér
here fet down an-account of them.. : T'o render-
this Difcourfe thort and diftinét, : I have firft de-
{cribed the principal of my Obférvations, : and:
then confider’d and made ufe of them. The'
Obfervations are thefe. -~ - ...~ Lt
04/. 1. Comprefling two Prifms hard toge
ther that their fides (which by chance were a
very little convex) might fomewhere touch one
another: I found the place in which they touch-
ed to become abfolutely tranfparent, as if they -
- had there been one continued piece of Glafs.
For. when the Light fell fo:obliquely on ‘the
Air, which in other places was Hetween. them
as to be all refleCted ; it feemed in that place of
contact to be wholly tranfmitted, infomuch that
when look’d upon, it appeared like a black or
dark fpot, by reafon that little or no fenfible
Light was reflefted from thence; asfromothef
laces; and when looked through it feemed (as
1t were) a hole in that Air which was formed
into a thin Plate, by being comprefs’d between-
the Glaffes. And through this hole Objects that
were beyond might be feen diftinétly, which
could not at all be feen through other parts l('l)f
the
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the:Glaffes where the Air was interjacent.. Al--

though the Glaffes were a little convex, yet this
ttanfparent fpot was of a confiderable breadth,
which breadth feemed principally to proceed
from the yielding inwards .of the parts of the
Glafles, by reafon of their mutual preffure. For
by prefling them very hard together it would
become much broader than otherwife.

. 0bf. 2. When the Plate of Air, by turning
. the Prifms about their common Axis, became
fo little inclined to the incident Rays, that fome

of them began.to be tranfmitted, there arofe-

in it many {lender Arcs of Colours which at firft
were fhaped almoft like the Conchoid, as you

fee them delineated in the firft Figure. .And

by continuing the Motion of the Prifms, thefe
Arcs increafed and bended more. and more a-
bout the faid tranfparent {pot, till they were
completed into.Circles or Rings incompafling
- it, and afterwards continually grew more and
more contratted. -

‘Thefe Arcs at their firft appeamnée were of

a violet and blue Colour, agd between them
were white Arcs of Circlés, which prefently
by.continuing thie Motion of the Prifms became
~ a little tinged in their inward Limbs with red
and yellow, and to their outward Limbs the;
blue was adjacent. So that the order of thefe
Colours from the central dark {pot, wasat that
time white, blue, violet; black, red, orange,
" yellow, white, blue, violet, &s... But the yel-

Fow and red were much fainter than the blue
and violet. = I '

2 The.
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. The Motion of the Prifms about their Axis
being continued, thefe Colours contraéted more
and more, fhrinking towards the whitenefs on
either fide of it, until they totally vanithed in-
to'it. And then the Circles in thofe parts ap-

. pear’d black and white, without any ether Co-
lours intermix’d. But by farther moving the
Prifms about, - the Colours again emerged out of
theé whitenefs;. the violet and blue at its inward
Limb, and at.its outward Limb the red and
yellow. So that now their order from the cen-
tral Spot was white, yellow, red ;. black ; vios
let, blue, white, yellow, red, &c. contrary to
what it was before, .~ .. . . .. Py

O4f. 3. When the Rings or fome parts of
them af;gea’ired only black dnd white, they were
very diftinct and well defined, and the back-
nefs feemed as intenfe as that of the central
Spot. Alfo inthe Borders of the Rings, where
the Colours began to emerge out of the white:
nefs, they were pretty dittinét, ~which made
them vifible.to a very great multitude. T have

- fometimes number’d: above thirty Sueceflions

(reckoning evéry black and white Ring for one

Succeflion) and feen more of: them, which by

reafon of their {fmalnefs 1 could not number, .

But in other Pofitions of the Prifms, at which

the Rings appeared of many Colours, I could
not diftinguith above eight or nine of themj

- and the Exterior of thofe were very confufed
~ and dilute. o ’

In thefe two Obfervations to fee the Ringy di-

{tin&, and without any other Colour than black

- ~and white, Ifound it neceflary to hold my Eye

S | at
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at a good diftance from them. .For by ap-
proaching nearer, although in the fame inclina-
tion of my Eye to the Plane of the Rings, there
emerged a blueith. Colour out of the white,
which by dilating it felf more and more into
the black, render’d. the Circles lefs diftin&, and
left the white a little tinged with red and yel-
low. 1 found alfo by looking through a {lit or

ohlong-hole, which was narrower than the Pu- .

pil of my Eye, and held clofe to it parallel to
the Prifms, I could fee the Circles much di-
ftinéter and vifible to a far greater number than
otherwife. - .. . o

_04f. 4. 'To obferve more nicely the order
of the Colours- which arofe out of the white
Circles as the Rays became lefs and lefs incli~
ned to the Plate of Air; I took. two Objeét-

lafles, -the one a Plano-convex for a fourteen
Foot Telefcope, and the othér a large double
Convex for.one of about fifty Foot; and.upon
this, laying the other with its plane fide down~
wards, Lprefled them flowly together, to make
the Colours fucceflively emerge in the middle
of theCircles, and then {lowly lifted the I}Fper
Glafs from the lower to make them fucceflive-
ly vanifh again in the fame place.. The Colour,
- which by prefling the Glafles together emerged
{aft in the middle of the.other Colours, would

&on its firft appearance look like a Circle of a.

Colour almoft uniform from the circumferénce
to the center, and by comprefling the Glaffes {till

more, grow continually broader until a new Co-
lour emerged in its center, and thereby it became

-aRing encompafling that new Colour. And hy
, com-

e
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- conipreffing the Glaffes {till more, the diameter
of this Ring would increafe, and the breadth
of its Orbit or Perimeter decreafe until another
new Colour emerged in the center of the laft:

“And fo on until a third, a fourth, a fifth, and
other following new Colours fucceflively emer-
ged there, and became Rings encompafling the
innermoft Colour, the laft of which was the
.black Spot. And, on the contrary, by lifting
up the upper Glafs from the lower, the diame-
ter of the Rings would decreafe,and thebreadth
of their Orbit increafe, until their Colours reach-
ed fucceflively to the center; and then they

- being of .a confiderable breadth, I could more
~ eafily difcern and diftinguifh their Species than
before. And by this means I obferv’d their Suc-

‘ceflion and Quantity to be as followeth.

Next to the pelchid central Spot made by
the conta& of the Glafles fucceeded blue, white,
yellow, and red. Theblue was fo little in quan-
tity that I could not difcern it in the Circles
made by the Prifms, nor could I well diftinguith
any violet in it, but the yellow and red were
pretty copious, and feemed about as much in
extent as the white, and four or five times more
than the blue.. The next Circuit in order of
Colours immediately encompafling thefe were
violet, blue, green, yellow, and red : and thefe
were all of them copious and vivid, excepting
the green, which was very little in quantity,
. and feemed much more faint and dilute than
the other Colours. Of the other four, the vio-
let was the leaft in extent, and the blue lefs
than the yellow or red. The third Circgitdor

) rdes
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Order waspurple, blue, green, yellow, and
red; in which the purple feemed more reddith
than the violet in the former Circuif, and the
- green was much more confpicuous, being ag
brisk and copious as any of the other Colours,
except the yellow ; .but the red began to be a’
little faded, inclining very much to purple. Af-
ser this fucceeded the fourth Circuit of green
and red. The green was very copious and live-
ly, inclining on the one fide to blue, and on
the other fide to yellow. But in this fourth
Circuit there was neither violet, blue, nor yel-
low, and the red was very imperfect and dir-
ty. Alo the fucceeding Colours became more
and more imperfeét and dilute, till after three
or four -revolutions they ended in perfect
whitenefs. Their form, when the Glafles were
moft comprefs’d fo as to make the black Spot
appear in the center, is delineated in the fe-
cond Figure; where 4, 6, ¢, dy ¢: f, g b, 4
ki bLymmn,op: qgyr: 5 ¢ v, X2y zde-
note the Colours reckon’d in order from the
center, black, blue, white, yellow, red: vio-
I¢t, blue, green, yellow, red: purple, blue,
green, yellow, red: green, red: greenifth blue,
red: greenith blue, pale red: greenith blue,
. reddifh white. ' :

04/. 5. -'To determine the interval of the
Glafles, or thicknefs of the interjacent Air, by
- which each Colour was produced, I meafured

~ the Diameters of the firft {ix Rings at the moft
lucid part of their Orbits, and {quaring them, I
found their Squares to be in the arithmetical
Progreflion of the odd Numbers, 1, 3, 5,7, 9A1ur‘i

. . . : n
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And fince one of thefe Glaflfes was plane, and
the other fpherical, their Intervals at thofe Rings
mufl be in the fame Progreflion. I meafured
alfo the Diameters of the dark or faint Rings
. between the more lucid Colours, and found
‘their gfquares to be in the arithmetical Progref>
fion the even Numbers, 2, 4, 6, 8, 10, 12.
And it being very nice and dithetlt to take
thefe meafures exa@lly; I repeated them divers
. times at divers parts of the Glaffes, . that by their
Agreement I might be confirmed in them. And,
the fame method I ufed in determining fome
others of the following Obfervations. :
04/: 6. 'The Diameter of the fixth Ring at

. . . 58
the moft lucid part of its Orbit was 7~ parts of

an Inch, and the Diameter of the Sphere on
which the double convex Objeét-glafs was -
ground was about 102 Feet, and hence I ga-
thered the thicknefs of the Air or Aereal Inter-
val of the Glafles at that Ring. But fome time
after, {ufpeéting that in making this Obfervation
I had not determined the Diameter of the
Sphere with fufficient accuratenefs, and being
uncertain whether the Plano-convex Glafs was
truly plane, and not fomething concave or con-
vex on that {ide which I accounted plane; and
whether I had not prefled the Glailes together,
as | often did, to make them touch; (For by
prefling fuch Glaffes together their parts eafily
yield inwards, and the Rings thereby become
{enfibly broader than they would be, did the
- Glaffes keep. their Figures.) I repeated the
Experiment, and found the Diameter offthg
-, . . ixt
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fixth lucid Ring about I’;—Z parts of an Inch. 1
repeated the Experiment alfo with fuch an Ob-
ject-glafs of another Telefcope as I had at hand.
This was a double Convex ground on both
fides to one and the fame Sphere, and its Fo-
cus was diftant from it 837 Inches. And thence,
if the Sinestof Incidence and Refraétion of the
bright ‘yellow Light be affumed in proportien
as 11 to 17, the Diameter of the Sphere to
which the Glafs was figured will by computa-
tion be found 182 Inches. This Glafs I laid
upon a flat one, fo that the black Spot appear-
ed in the middleof the Rings of Colours with-
out any other Preflure than that of the weight
of the Glafs. And now meafuring the Diame-

- ter of the fifth dark Circle as accurately as 1

could, I found it the fifth part of an Inch pre-
cifely. This Meafure was taken with the points
of a gair of Compafles on the upper Surface
on the upper Glafs, and my Eye was about
eight or nine Inches diftance from the Glafs,
almoft perpendicularly over it, and the Glafs

. was + of an Inch thick, and thence it is eafy to

colle& that the true Diameter of the Ring be-
tween the Glaffes was greater than its meafur'd

. Diameter above the Glaffes in the Proportiont -

of 8oto 79, or thereabouts, and by confequence
equal to ¢ part of an Inch, and its true Semi-
diameter equal to % parts. Now as the Dia-
meter of the Sphere (182 Inches) is to the Se-
. mi-diameter of this fifth dark Ring (-5 parts of
an Inch) fo is this Semi-diameter to the thick-
nefs of the Air at this fifth dark Ring; which is

, S there-
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thetefore 563;31 or 17;:;4' parts of an Inich ; and

the fifth part thereof, viz. the G555 partof adl

Inch; is .the thicknefs of the Air gt the firft
of thefe dark Rings. . , _
The fame Experiment I repeated with ano-
ther double convex Object-glafs ground on both
fides to one and the fame Sphere, = Its Focus
‘was diftant from it 168+ Inches, and therefore
the Diameter of that Sphere was 184 Inches:
This Glafs being laid u'é)on the famie plain Glafs;
the Diameter of the filth of the dark Ringsy .
when the black Spot in their center ap arJ
plainly without prefling the Glafles, was Z;thc
meafure of the Compatles upon the upper Glafs

: % parts of an Inch; and by confequerice be-

tween the Glaffes it was 2:—;-; For the upper
Glafs was + of an Inch thick; ind my Eye was
diftant from it 8 Inches. And a third propor-
tional to half this from the Diameter of the
Sphere is 852—5-3 parts of an Inch.- Thls is theres
fore the thicknefs of the Air at thisRing; and ¢
fifth part thereof; ‘wiz. the S’-gg%th part of an
Inich is the thicknefs thereof at the firft of the
Rings, as above. , ,
. Itried the famé thing by laying thefe Ob-
jeét-gliffes ypon flat pieces of a broken Look-
ing-glafs; and found the fame Meafures of the
Rings: Which makes e rely upon them ftill
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they can be determin’d more accurately by
Glaffes ground to larger Spheres, . though in
il’l)lchGl_aiTes greater care muit be taken of a true’
lane. ' o
Thefe Dimenfions were taken when my Eye
was placed almoft perpendicularly over the
Glafles, being about an Inch, or an Inch and a
quarter, diftant from the incident Rays, and
eight-Inches diftant from the Glafs; fo that the
Rays were inclined to the Glafs in an Angle of
about four Degrees. Whence by the following
Obfervation you will underftand, that had the
- Rays been perpendicular to the Glafles, the
thicknefs of the Air at thefe Rings would have
been lefs in the proportion of the Radius to the
Secant of four Degrees, that is of 10000 to
10024. L.et the thicknefles found be therefore
diminifh’d in this Proportion, and they will be-
come 88;;2 and 89;63, or (to ufe the neareft
‘round mumbei ) the 89_:;.?0':11 part of an Inch.

This- is the-thicknefs of the Air at the darkeft
part of the firft dark Ring made by perpendi-
cular Rays, and half this thicknefs- multiplied
by the Progreflion, 1, 3, 5, 7, 9, 11, &¢c. gives
the thicknefles of the Air at the moft luminous

parts of all the brighteft Rings, viz. ;7—81—«;0:

R’ TR s ¢ their arithmetical

Means 178:00', 17_8:00, ,178200 , e 'being its
thicknefles at the darkeft parts of all the dark
_ones. ol ' ‘ |
: 5 o 04/
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D4/ 7. The Rings were leaft when mX.Eye'
was placed perpendicularly over the Glafles in
the Axis of the Rings: And-when I view’d
them obliquely they became bigger, continual-
ly fwelling as I removed my Eye firther from
the Axis. And partly by meafuring the Diame-«
ter of the fame Circle at feveral Obliquities of
my Eye, partly by other means, as alfo by ma-
king ufe of the two Prifms for vety great Obli-
quities, I found its Diameter; and confequent-
ly the thicknefs of the Air at its Perimeter in
all thofe Obliquities to be very mearly- in the'
Proportions exprefs’d in thisTable. - -

Angle of In-| Angle of Re- Diameter Thicknef
“cidence on| fractiwomin-| of the | of the
the dir. | tothe dir.| Ring.. | Air.
Deg. Min.. | . - . |- . i
o0 ob o6 o0 |, 10 | 10 .
o6 26 | 10 00 | 107y | 1O
12 45 | 20 ©0Q.. | IOy IO}
18 49 | 30 ‘o0 10d | IIg
24 30 | 40 00O e | t3
29 37 | 50 oo | ¥2§ | E¥ . ]
33 458 66 oo 14 | 20
35 47 | 65 oo | 15} 23%
37 19~ | 70 oo | -16% | 28
38 33 75 00 | 191 -} 37 .
39 27 | 80 co- | 228 .} 2%
40 oo | 8 oo |, 29 847+
40 IX | 9G 0O .} 3§ 1223

. Na . In



In the two fitft Columns are .exprefsd the
Obliquities of the incident and emergent Rays
to the Plate of the Air, that is, their Angles of
Incidence and Refraéton. In the third Column
the Diameter of any colour’d Ririg at thofe Ob-
liquities is exprefled in parts, of which ten con~
ftitute that Diameter when the Rays are per-
pendicular: - And in the fourth Column the
“thicknefs of the Air, at. the circumference of
that Ring is exprefled in parts of which allo
ten conftitute its thicknefs when the Rays are
perpendicular.

And from thefe Meafutes I feem. to gather
this Rule: That the thicknefs of the Air is
portionat to the fecant of anArigle, whofe
ine is a certain mean Proportional between
the Sines of Incidence and Refra&ion. And that
mean Proportional, {o far as by. thefe Meafures
Iican determnine it, -is the firff of an hundred
and fix farithmeti¢al ‘mean Proportienals be-
tween thofe Sines counted from the bigger Sine,
that is; from the Sine of Refradtion when the
Refraétion is made out -of the Glafs into the
Plate of Air, or from theSine of Incidencewhen
the Refraction is inade éut of the Plate of Air
into the Glafs. - - “ ol
- 04f-8, The dark Spet in the middle of the
Rings-increafed-alfo by the Obliquation of  the
e, although almoft infenfibly. But if inflead
the ‘Objeft-glaflés the Prifms were made ufe
of, its Increafe was more manifeft when view-
efl fo obliquely that no Celours appear’d about
it.” It was lealt when the Rays were incident
mpit obliquely on £l interjacent Air, and ﬁs
1 the
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the obliquity decreafed it increafed more and
more until the colour'd Rings appear’d, and
then decreafed again, but not fo much as it in-
.creafed before. And hence it is evident, that
the Tranfparency was not only at the abfolute
Contad& of the Glafles, but alfo where they had
fome little Initerval. 1have fometimesobferved
the Diameter of that Spot to be between half
and two fifth parts of the Diameter of the ex-
terior Circumference of the red in the firft Cir-
cuit or Revolution of Colours when view’d al-
moft perpendicularly; whereas when view’d
obliquely it hath ‘'wholly vanifh'd and -become
%Pake and white like the other parts of the -
lafs; whence'it may be colle¢ted that the
Glafles did then fcarcely, or not atall, touch
one another, and that their Interval at the pe-
rimeter of that Spot when view’d perpendicu-
larly was about a fifth or {ixth part ‘of their In-
terval at the circumference of the faid red.

04 9. By ’lookjn% through the two conti-
guous Objeét-glaffes, I found that the interja-
cent Air exhibited Rings of Colours, as well
by tranfmitting Light as-by refle®ing it.. The
central-Spot was now white, and from it the
order of the Colours were yellowith red ; black,
violet, blue, white, yéllow, red; violet, blue,
green, yellow, red, &c. But thefe Colours
were very faint and dilute, unlefs when the
Light was trajeéted very obliquely through the
Glafles:. For by that means they became pretty
vivid. - Onl t?;e firft yellowifh red, like the
blue in the fourth Obfervation, was fo little and
faint as fcarcely to be ﬁfcern’d. -Co'mparhﬁg

3 ) the.
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the colour'd Rings made by Reflexion, with

thefe made by tranfmiffion of the Light; I

found that white was oppofite ta black, red to
blue, yellow to violet, and green to a Compound
of red and violet. That 15, thofe parts of the
- Glafs were black when looked through, which
when looked upon appear’d white, and on the
contrary. Anc{) {6 thofe which in one cafe ex-
hibited blue, did in the ather cafe exhibit red.
And the like of the other Colours. The man-
ner you have reprefented in the third Figure,
where AB, CD, are. the Surfaces of the Glaf-
{es contigupus at E, and the black Lines be-
- tween them are their Diftances in arithmetical
Progreflion, and the Colours written above are
feen by refletted Light, and thofe below by
Light tranfmitted. L ;

04f. 10. Wetting the Objeét-glafles a little
at their edges, the Water crept in flowly be-
tween them, and the Circles thereby became
lefs and the Colours merc faint : Infomuch that

as the Water crept along one half of them at

which it firft arrived would appear broken off
from the other half, and contraéted into a lefs
Room. ny meafuring them I found the Pro-
_portions of their Diameters to the Diameters of
the like Circles made by Ajr to be about feven
to eight, .and confequently the Intervals of the
Glafles 3t like Circles, caufed by thofe two Me-
diums Water and Air, areasabout shree to four.

- Perhaps it may be a general Rulc, ‘That if any
other Mediym more or lefs denfe than Water
be comprefs'd between the Glaffes, their Inter-
vals at the Rings caufed thereby will be to thejr’
‘ ntervals

\

o L e
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Intervals caufed by interjacent Air, ‘as the Sines-
are which meafure the Refraftion made out of -
“that Medium into Air. ‘ ' :
04f. 11. When the Water was between the
Glafles, if I prefled the upper Glafsvariouflyat
its edges to make the Rings move nimbly from
one place to another, a little white Spot would
. immedjately follow; the center of them, -which
upon creeping in of the ambient Water-into that
place would prefently vanith. Its appearance
was f{uch as interjacent Air would have caufed,
and it exhibited the fame Colours. But it was.
not Air, for where any Bubbles of Air were in-
the Water they would not vanith. ‘The Refle-.
xion muft have rather been caufed by a fubtiler.
-Medium, which could recede through the
‘Glaffes at the creeping in of the Water. ,
04/ 12. 'Thefe Obfervations were made in
- the open Air. But farther to examine the Ef-
fects of colourd Light falling on the Glafles, 1
darken’'d the Room, and view'd them by Re-
flexion of the Colours of a PriYm caft on a Sheet
of white Paper, my Eye being fo Hlaced that I .
could fee the coloui’d Paper by Reflexion inthe,
Glafles, as in a Looking-glafs. And by this
means the Rings became diftinéter and vifible
to a far greater number than in the open Air.
I have fometimes feen more than twenty of
them, whereas in the open Air I could not dif~
cern above eight or nine. o
04/ 13. Appointing an Afliftant to move the
Prifm to and fro about its Axis, ‘that all the-
Colours might fucceflively fall on that part of
the Paper which I faw by Reflexion from that
e { { . " part
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_ Part of the Glalles, where the Circles -appeard,
{o that all the Colours might be fueceflively re—-
* fle€ted from the Circles to my Eye whilit I held-
it immovable, I found - the Circles which the
red Light made to bé anifeftly bigger than
thofe which were made by the blue and violet.
And it was Veg' pleafant to fee them gradually
{fwell or contract accordingly as the Colour of the -
Light was changed.: The Interval of the Glal-
fes at any of the Rings when they were made
by thé utmoft red Light, was to their Interval
at the fahe Ring when made by the utmoft
violet, greater than as 3 to 25 and' lefs than as
13to8. By the moft of my Obferyations it was
as 14 to 9. And this Proportion feem’d very
. nearly the fame in all Obliquities of my Eye s
- unlefs when two Prifmhs were made ufe of in«
- {ftéad of the Obje&t-glafles. For then at a cer-
tain great obliquity of my Eye, the Rings'thade
By the feveral Colours feem'd equal, and at &
%reat'_er obliquity thofe made by the violet would
be greater than the fame Rings,made by the
red ; the Refra@ion of the Prifm in- this cafe
caufing the moft refrangible Rays to fall more
obliquély on that plate of the Air than the leaft
tefrangible ones. Thus the Experiment fuc-
ceeded in the colour’d Light, which was fuf-
_ ficiently ftrong and ¢opious to make the Rings
fenfible. And thence it may be gather’d, that
if the moft refrangible and leaft rcg“angible Rays
had been copious énough to make the Rings
fenfible witheut the mixture of other Rays, the
Proportion which hete was 14 to 9 would have
been a lctle greater; fuppofe 143 0r x4ito 9. ’
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- Obf 14. Whilft the Prifm was turn’d about
its Axis with an uniform Motion, to make all
the feveral Colours fall fucceffively upon the
Object-glafles, and thereby to make the Rings
contra¢t and dilate: The Contra&tion or Dila-
tation of each Ring thus made by the variation
of its Colour was {wifteft in the red, and flow-
eft in the violet, and in the intermediate Colours
it had intermediate degrees of Celerity.--Com-
paring the quantity of Contraction and Dilata-
tion made by all the degrees of each Colour, I
found that it was greateft in the red ; lefs in

- the yellow, ftill lefs in the blue, and leaft in'the

violet. And to make as jult an Eftimation as I
could of the Proportions of their Contractions
or Dilatationts, I obferv’d that the whole Con-"
traction or Dilatation of the Diameter of any
Ring made by all the degrees of red, was to
that of the Diameter of the fame Ring made by
~ all the degrees of violet, as about four to three,
or five to four, and that when the Light was

of the middle Colour between yellow and green, - '

‘the Diameter of the Ring was very nearly an
arithmetical Mean between the greateft Diame-
ter of the fame Ring made by the outmott red,
and the leaft Diameter thereof made by the
outmoft violet: Ceontrary to what happens in
the Colours of the oblong Spetrum made by
the Refraftion of a Prifm, where the red is
moft contrafted, the violet moit expanded,
and in the midft of all the Colours is the Con-
fine of green and blue. And hence I feem to -
colleét that the thicknefles of the Air between
the Glafles there, where the Ring is .fuccefﬁwle-
i . . ’ : y
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1y made by the limits of the five principal Co-
lours (red, yellow, green, blue, violet) in or-
~ der (that is, by the extreme red, by the limit
of red and yellow in the middle of the orange,
by the limit of yellow and green, by the limit
of green and blue, by the limit of blue and -
violet in the middle of the indigo, and by the
extreme violet) are to one another very nearly
as the {ix lengths of a Chord which found the
Notes in a fixth Major, /o4, /Ja, m:, fa, fol, /a.
But it agrees fomething better with the Obfer-
vation to fay, that the thicknefles of the Air
between the Glaffes there, where the Rings are
{ucceflively made by the limits of the feven Co-~
lours,, red, orange, yellow, green, blue, indi-
go, violet in order, are to one another as the.
Cube Roots of the Squares of the eight lengths
of aChord, which found the Notes inan eighth,
fody la, fa, fol, la, mi, fa, fo!; that is, as the
Cube Roots of the, Squares of the Numbers, 1,
2] 1"’”:“9 '%a 1"’ ) 2 : ’ V
0¢f. 15. Thefe Rings were not of various
Colours like thofe made in the open Air, but
appeared all over of that prifmatick Colour on-
ly with which the‘y were illuminated. And by
- projeéting the prifmatick Colours immediatel
upon the Glafes, I found that the Light whic
- fell on the dark Spaces which were between
the colour’d Rings, was tranfmitted through the
Glafles without any variation of Colour. For
on a white Paper placed behind, it would paing
Rings of the fame Colour with thofe which
were reflefted, and of the bignefs of.their im-~
medjate Spaces. And from thence the origix;_
o
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of thefe Rings i§ manifeft; namély, that the
Air between the Glafles, according to its vari-
ous thicknefs, is difpofed in fome places to re-
fle&, and in others to tranfmit the Light of a-
-ny one Colour (asyou may fee reprefented in
the fourth Figure) and in the fame place to re-
fle¢t that of one Colour where it tranfmits that
of another. B ‘ : .
04/ 16, 'The Squares of the Diameters of
thefe Rings made by any prifmatick Colour were
in arithmetical Progreflion, as in the fifth Qb-
fervation. And the Diameter of the fixth Cir-
cle, when made by the citrine yellow, and

‘viewed almoft perpendicularly, was ‘aboutf«j;

parts of an Inch, or a little lefs, agrecable to
the {ixth Obfervation. .
The precedent Obfervations were made with
a rarer thin Medium, terminated by a denfer,
fuch as was Air .or Water comprefs’d between
two Glafles. In thofe that follow are fet down
the Appearances of a denfer Medium thin’d
within a rarer, fuch as arePlates of Mufcovy
Glafs, Bubbles of Water, and fome other thin
Subftances terminated. on all fides with Air.
04/ 17. If a Buybble be blown with Water .
firft made tenacious by diffolving a little Soap -
in it, .’tis a2 common Obfervation, that after a
while it will appear tinged with a great variety
of Colours. To defend thefe Bubbles from be-
ing agitated by the external Air (whereby their
Colours are irregularly moved one among ano-
ther, fo that no accurate Obfervation can be
‘made of them,) as foon as I had blown any of
\ them
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them T cover’d it with a clear Glafs, and by that
means its Colours emerged in a very regular
order, like fo many concentrick Rings encom-
. pafling the top of the Bubble. And asthe Bub-
g;e ew thinner by the continual fubfiding of
‘the Witer, thefe Rings dilated flowly and over-
{pread the whole Bubble, defcending in- order"
to the bottom of it, where they vanifh’d fuc-.
ceflively. In the mean while, after all the Co-
lours were emerged at the top, there grew in
the center of the Rings a {mall reund black
Spot, like that in the firftObfervation, which
continually dilated it felf till it became {ome-
times more than-; or 4 of an Inch in breadth
before the Bubble broke. At firft I thought
there had been no Light refleéted from the Wa-
ter in that placé, but obferving it more curi-
oufly, I faw within it feveral fmaller round
Spots, which appeared much blacker and dark-
er than the reft, whereby I knew that there
was {fome Reflexion at the other places which
were not fo dark as thofe Spots. And by far-
ther-Tryal I found that 1 could fee the Images
of fome thin%s (asof a Candle or theSun) ve-
ry faintly refle¢ted, not only from the great
black Spot, but alfo from the little darker Spots
: which were withinit. - -
~ Befides the aforefaid -celour’d Rings- there
would often ?pear {fmall Spots of Colours, af-
cending and defcending up and down the fides
of the Bubble, by reafon of fome Inequalities
in the fubfiding of the Water. And fometime$
fmall black Spots generated at the fides \?oxgg
o . . . a CC
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afcend. up to the larger black Spot at.the top
of the Bubbley and unite with it. , P
06/ 18. Becaufe the Colours ‘of thefe Bub-
bles were more extended and lively than thofe
of the Air thinn'd betweentwa Glafles, and fo
more eafy to be diftinguifh’'d, 1 fhall here give
you a farther-dekription: of their order, asthey
“were- obferv’d in viewing them by Reflexion
of -the . Skies when of a white Golour, whilft a
black fubftance. was: placed behind the Bubble.
And they were. thefe, red, blue; red, blue;
red, blue; red, green; red, yellow, green,
blue, ‘purple ;' red; yellow, green; blue, violet.;

red,  yellow, white, blue, black. .

.- 'The three firft Succeflions ‘of red and biue

were very dilute and dirty, efpecially the firfl,
‘Where the red feem’d in a manner to be white.

Among thefe there was fcarce any other Colour -

fenfible befides red and blue, .only the blues
¢and principally the fecond blue) inclined a'lit-
tle to green. . e o :

The fourth red was alfo dilute and dirty, but
mot {o much as the former three; after.that
fucceeded little or no yellow, but a copious
green, which at firft inclined a little to yellow,
and then became a pretty brisk and good wil-
low green, and afterwards changed to a bluifh
Coalour; but there. fucceeded neither blue nor

\

violet. . . -

" The fifth red at fitlt inclined ‘very much to

purple, and afterwards became more bright
and- brisk, but 'yet not very pure. This was
fucgeeded with a very bright and intenfe yel-
low, which was but.little inquantity, and foon
e , chang’d

-
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ching’d to green: But that green was édpious
and {omething. more pure, deepand lively, thar
‘the former green.. After that follow’d an.ex-
cellent blue of ‘a bright Sky-colour, and then z
purple, which waslefs in quantity than the bluey
- and much inclined tored. -

. -The fixth red was at firft of a very fair and
- lively Scarlet, and foon after of abrighter Co-
lour, being very pure and brisk, and the beft
of all the reds. . ‘Then after.a lively orange fol-
low’d an intenfe bright and cepious yellow,
which was alfo the beft of all the yellows, and
this changed firft to a greenifh yellow, and then
to a greenith blue; but the green between the
yellow and the blue; was very little and dilute,
{feeming rather a greenifh 'white. than a green.
The blue which fucceeded became very good,
and of a very fair bright Sky-colour, but yet
fomething inferior to the former blue; aud the
violet was intenfe and deep with little of no
;ednefs in it. And lefs in quantity than the
lue. o .

In the laft red appeared a tinGture of fcarlet
next to violet; which foon changed to a bright-
erColour, inclining to an orange; and the yel-
low which follow’d was at firft pretty geod
and lively, but afterwards it grew more dilute,
-until by degrees it ended in perfe& whitenefs.
~ And this whitenefs, if the Water was very tes
nacious and wéll témper’d, weuld {lowly {pread
and dilate it felf over the greater part of the
Bubble; continually growing paler at the top,
~where at length it would crack in many places;
and thofe cracks, as they dilated, woul a'ppeal;

- . . ls)

\
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of a pretty good, buf yet obfcure and dark
Sky-colour; the white between the blue Spots
diminithing, until it refembled the Threds of
an irregular Net-work, and foon after vanifhi’'d
and left all the upper part of the Bubble of the
faid dark blue Colpur. And this Colour, after
the aforefaid manners dilated it felf downwards,
until fometimes it hath overfpread the whole
Bubble. In the mean while at the top, which
was of a darker blue than the bottom, and ap- .
pear’d alfo full of many round blue Spots, fome-
thing darker than the reft, there would emerge
one or more very black Spots, and within thofe;
other Spots- of an intenfer blacknefs, which I
mention’d in the former Obfervation ; and thefe
continually dilated themfelves until the Bubble
broke. ' B
If the Water was not very tenacious the black
Spots Would break forth in the white, without
any fenfible intervention of the blue. And
fometimes they would break forth within the
precedent yellow, or red, or perhaps within
the blue of the fecond order, before the inter-
mediate Colours had time to difplay themfelves.
By this defcription you may perceive how -
great an affinity thefe Colours have with thofe
‘of Air defcribed in the fourth Obfervation, al-
though fet down in a contrary order, by reafon
that they begin to appear when the Bubble is
thickeft, and are moft conveniently reckon’d
from the loweft and thickeft part of the Bub-
ble upwards. ] o o
04/f. 19. - Viewing in feveral oblique Pofitions -
of my Eye the Rings of Colours emerging <})in
. the

o
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- the top of the Bubble, I found that they were
fenfibly dilated by increafing the obliquity, but
yet not fo much by far as thofe made by thinn’d
Air in the feventh Obfervation. For there they
were dilated fo much as; when view’d motft ob-
liquely, to arrive at a part of the Plate more
than twelve times thickerthan. that where they
appear’d when viewed perpendicularly ; where-
as in this cafe the thicknefs of the Water, at
which they arrived when viewed moft oblique-
ly, was to that thicknefs which exhibited them
by perpendicular Rays, fomething lefs thin as
8'to 5. By the beft of my Obfervations it was
between 15 and 15+ to 10; an increafe about
24 times lefs than in the other cafe.
Sometimes the Bubble would become of an_
uniform thicknefs all over, except at the top of
it near the black Spot, as I knew, becaufe it
would exhibit the fame appearasice of Colours .
in all Pofitions of the Eye. And then the Co-
“lours which were feen at its dpparent circumfe-
rence by the ebliqueft Rays, would be different
from thofe that were feen in other places; by
Rays lefs oblique to it. And divers Spe&tators
might fee the fame part of it of differing Co-
lours, by viewing it at very differing Obliqui-
ties. Now obferving how much the Colours at
the fame places of the Bubble; or at divers pla-
ces of equal _thiclin.fgfs, were varied by the fe-
veral Obliquities of the Rays; by the affiftance
of the 4th, 14th, 16th and 18th Obfervations,
as they are hereafter explain'd, I colle&t the
thicknefs of the Water requifite to exhibit any
one and the fame Coloury af feveral Obliquities,
_— to
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to be very nearly in the Proportion exprefled
in this Table.

| Incidence on|Refraction in{Thicknefs of] .
the Water. | to the Water.| the Water,

 Deg. Min. Deg. Min.

o0 oo | o0 o0 10 .

1§ 00 II 1I - 103

30 00 22 . I 104

45 00 32 2 R ¢ £

60 oo 40 30 I3

75 00 46 25 14+ e
90 oo 48 35 157 d

In the two firft Columns are exprefs'd the
Obliquities of the Rays to the Superficies of the
Water, that is, their Angles of Incidence and
Refraction. Where I fuppofe that the Sines
which meafure them are in round Numbers, as -
3 to 4, though probably the diffolution of Soap
in the Water, may a little alter its refractive
Virtue. In the third Column the thicknefs of
the Bubble, at which any one Colour is exhibit-
ed in thofe feveral Obliquities, is exprefs’'d in
parts, of which ten contftitute its thicknefs when ~
the Rays are perpendicular. And the Rule
found by the feventh Obfervation agrees well
with thefe Meafures, if duly afp&l;"d ; namely,
that the thicknefs of a Plate of Water requifite
- to exhibit one and the fame Colour at {everal
Obliquities of the Eye, is proportional to the
fecant of an Angle whofe Sine 1s the firft of an

- bundred and fix arithmetical mean Proportiol-
o - . nals
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nals between the Sines of Incidence and Refra«
¢tion counted from. the lefler Sine, thatis, from
the Sine of Refraétion when the Refrattion is
made out of Air into Water, otherwife from
the Sine of Incidence, ‘

I hdve fometimes obferv’d, that the Colours
which arife on polifh’d Steel by heating it, or
on Bell-metal, and fome other metalline Sub-
ftances, when melted and pour’d on the ground,
where they may cool in the open Air, have, like
the Colours of Water-bubbles, been a little
changed by viewing them at divers Obliquities,
and particularly that a deep blue, or violet,
when view’d very obchLuel , hath been changed
to a deep red. Bur the éhanges of thefe Co-
lours are not fo great and, fgnfible as of thofe
made by Warer. For the Sc#a or vitrified part
of the Metal, which moftdletals when heatéd or
melted do continually protrude, and iend out
to their Surface, and which by covering the
Metals in form of a thin glafly Skin, caufes
thefe Colours, is much denfer than Water ; and
I'find that the Change made by the QObliquation
of the Eye is leaft in Colours of the denfeft thin
Subftances. - T
" O4f 20. Asin the ninth Obfervation, fo here,
the Bubble, by tranfmitted Light, appear’d of
a contrary Calour to that which it exhibited by
Reflexion. Thus when the Bubble being look’d
on by the Light of the Clouds refleted from
it, feemed red at its apparent circumference,
if the Clouds at the fame time, or immediately
~after, were view’d through it, the Colour at its
circumference would be blue. And, on the_

. contrary,
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contrary, when by refle@ted Light it appeared
blue, it would appeéar red by tranimitted Light.

O¥/.21. By wetting very thin Plates of Muf-
covy Glafs, whofe thinnefs made the like Co-
lours appear, the Colours became more faint'
and languid, efpecially by wetting the Plates on
that fide oppofite to thCE e: But I could not
perceive any variation of their Species. So then
the thicknefs of a Plate requifite to produce
any Colour, depends only on the denfity of the

Plate, and not on that of the ambient Médium.

And hence, by the roth and réth Obfervations,
may be known the thicknefs which Bubbles of
Water, or Plates of Mufcovy Glafs, or other
Shué)ﬁances,- have at any Colour produced by
them. ’
0422, A thin traan/alrent Body, which is
denfer than its ambient Medium, exhibits more
brisk and vivid Colours than that which'is fo
much raret; as [ have particularly obferved in
the Air and Glafs. For blowing Glafs very thin
at a Lamp Furnace, thofe Plates encompafled:
with Air did exhibit Colours much more vivid-
}han thofe of Air made thin between two Glaf-
es. .
0%/ 23. Comparing the quantity of Light
reflected from th‘g fevgral Ri?ags, I%‘ound that
it was moft copious from the firft or inmoft,
and in the exterior Rings became graduall lefs
and lefs. Alfo the whitenefs of the firft Ring
was {tronger than that refle®ed from thofe
parts of the thin Medium or Plate which were
without the Rings; as I could manifeitly per-
ceive by viewing at a diﬁanée- the Rings mage
. 2, y -
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by the two Objeé-glaffes; or by comparing two.
Bubbles of Water blown at diftant times, in
the firft of which the whitenefs appear’d, which
fucceeded all the*Colours, and in the other,.
the whitenefs which preceded them all.. '

Obf.24. When the two Obje(t-glafles were -
lagffd upon one another, {o as to make the Rings.
of the Colours appear, though-with my naked
Eye I could not difcern above eight or nine of "
thofe Rings, yet by viewing them through a
Prifm I have feen a far greater multitude, info-
much that I could number more than forty, be-
fides many others, that were fo very {mall and
clofe together, that I could not keep my Eye
fteady on them feverally fo as to number them,,
" but by their Extent I have fometimes eftimated ;
them to be more than an hundred. And]I be-
~ lieve the Experiment may be improved to the.
difcovery of far greater Numbers. For they
feem to be really unlimited, though vifible on-

ly {g far.as they can be feparated by the Refra--
gis?{:%ﬁ‘m%ﬁy hereafter  eplain. yg N
_ But it was but one fide of thefe Rings, name-
ly, that towards which the Refraction was made,
which by that Refraétion was render’d diftinét,
and the other fide became more confufed than
- when view’d by the naked Eye, ipfomuch that
there I could not difcern above one or two,
and fometimes none of thofe Rings, of which
I could difcern eight or nine with my naked
Eye. And their Segments or Arcs, which on-
the other fide appear’d fo numerous, for the
moft part exceeded not the third part of a Cir-
cle. If the Refration was very great, ci; itfhe .
: rifm
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Prifm very diftant from the Obje&-glaffes, the
middle part of thofe Arcs became alfo confu-
fed, fo as to difappear and conflitute an even
whitenefs, whilft on either fide their ends, as
alfo the whole Arcs fartheft from the center,
“became diftinéter than before, appearing in the
-form as you fee them defign’d in the fifth Fi-

re. :
The Arcs, where they feem’d difin&eft, were
only white and black fucceflively, without any
other Colours intermix’d. But in other places
there appeared Colours, whofe order was in-
verted lz)y the Refraltion in fuch manner, that
if I firft held the Prifm very near the Obje&-
glafles, and then gradually removed it farther
off towards my Eye, the Colours of the 2d, 3d,
4th, and following Rings fhrunk towards the .
white that emerged between them, until they,
wholly vanifh’d into it at the middle of the
Arcs, and afterwards emerged again in a con-
trary order. But at the ends of the Arcs they
“retain’d their order unchanged. .
I have fometimes fo lay’d one Obie&.glafs
upon the other, that to the naked Eye they
have all over feem’d uniformly white, without
the leaft appearance of any of the colour’d
Rings; and yet by viewing them through a
Prifm, great mulutudes of thofe Rings have
difcover’d themfelves.* And in like manner
Plates of Mufcovy Glafs, and Bubbles of Glafs
blown at a Lamp Furnace, which were not {o
thin as to exhibyt any Colours to the naked Eye,
‘have through the Prifm exhibited a great varie-
'ty of them ranged irregulagy up and down li}n
03 . the

Tk
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the form of Waves. And fo Bubbles of Wa-
ter, before they began to exhibit their Colaurs
to the naked Eye of a By-ftander, have appear-
ed through a Prifm, girded about with man
arallel and horizontal Rings ; taproduce which

Effect, it was neceffary to hold the Prifm pa-
rallel, or very nearly parallel to the Horizon,
and to difpofe it fo that the Rays might be re-
fratted upwards. o |

THE
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Remarks upon the ﬁregoz’ug'Ob_/érbatiom.

VING given my Obfervations of thefe

olours, before I make ufe of them to

infold the Caufes of the Colours of na-

| «ural Bodies, it is convenient that by
the fimpleft of them, fuch as are the 2d, 3d,
4th, oth, 1ath, 18th, 20th, and 24th, Ifirftex-
S O 4 - plain
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" plain the more compounded. And firft to fhew
ow the Cblours in the fourth and eighteenth
Obfervations are produced, let there be taken
in any right Line from the Point Y, [in Fig. 6.]
the lengths YA, YB, YC, YD, YE, YF, YG,
YH, in proportion to one another, as th& Cube
Roots ofp the Squares of the Numbers, <, <%, +»
3,3 4, 4, 1, whereby the lengths of a mufical
Chord to found all the Notes in an eighth ate
reprefented ; that is, in the proportion of the
Numbers 6300, 6814, 7114, 7631, 8255, 8855,
243, 10000. And at the Points A, B, C, D,
%, F, G, H, let perpendiculars A «,-Bg, (dc. be
erefted, by whofe Intervals the Extent of the
feveral Colours fet underneath againft them, is
to be reprefented. Then /divide the Line A
in fuch proportion as the Numbers 1, 2, 3, 5,
65 7, 9, 10, 11, ¢. fet at the Points of Divifion
denote. And through thofe Divifions from Y
draw Lines 11, 2K, 3L, §M, 6N, 70, &¢.
- Now if A 2 be fuppofed to reprefent the
thicknefs of any thin tranfparent Body, at which
the outmoft violet is moit copioufly reflected
in the firft Ring, or Series of Colours, then by
the 13th Obfervation, HK will reprefent its
thicknefs, at which the utmoft red is moft co-
pioufly refleéted in the fame Series. Allo by
the sth and 16th Obfervations, A6 and HN
will denote the thicknefles at which thofe ex-
-treme Colours are moft copioufly reflected in
the fecond Series, and A 1oand HQ the thick-
" nefles, at which they are moft copioufly reflect-
.ed .in the third Series, and fo on. And the
thicknefs at which any of the intermediagel Co-
. : - lours
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lours are reflected moft copioufly, will, accor-
ding to the 14th Obfervation, be defined by the
diftance of the Line AH from the intermediate
~parts of the Lines 2K, 6N, 10Q, &e¢. againft
which the Names of thofe Colours are written -
below.

-But farther, to define the Latitude of thefe
Calours in each Ring or Series, let A 1 defign
the leaft thicknefs, and A 3 the greateft thick-
nefs, at which the extreme violet in the firft
Series  is refleéted, and let HI, and HL, de-
fign the like limits for the extreme red, and let
the intermediate Colours be limited by the in-
termediate parts of the Lines 11, and 3L, a-
‘gainft which the Names of thofe Colours are
written, and o on: But yet with this caution,
that the Reflexions be fuppofed ftrongeft at the
intermediate Spaces, 2K, 6 N, 10Q, &¢. and
from thence to decreafe gradually towards thefe
limits, 11, 3L, §M, 755 c. on cither fides
‘where you muit not conceive them to be pre=
<cifely limited, but to decay indefinitely. And
‘whereas I have aflign’d the fame Latitude to e-
very Series, I did it, becaufe although the Co-
lours in the firft Series feem to be a little broad-
er than the reft, by reafon of a fironger Re-
flexion there, yet that inequaligy is {o infenfi-
ble as fcarcely to be determin’d by Obferva-
tion. : -

* Now according to this Defcription, concei-

.ving that the Rays originally of {everal Colours
are by turns retleéted at the Spaces 11 L 3, sM

07, 9P R11,8¢. and tranfmitted at the Spaces

"AHI1, 3L M5, 70P9, . itis eafyto km})lw
what

]
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what Colqur muft in the open Air be exhi-
bited at any thicknefs of a tranfparent thin Bo-
dy. For if aRuler be applied parallel to AH,
at that diftance from it by which the thicknefs
of theBody is reprefented the alternate Spaces
11 L3, §M O, . whichit croffeth will de-
note the refleéted original Colours, . of which
the Colour exhibited in the open Air is com~
ounded. Thus if the contlitution of the green
in the third Series of Colours be defired, apply
the Ruler as you fee at 7oc®, and by its paf-
fing through fome of the blue at = and yellow
at o, as well as through the green at ¢, you may
conclude that the green exhibited at that thick-
" nefs of the Bodg is principally conftituted of
" eriginal green, but not without 2 mixture of
fome blue and yellow. '
By this means you may know how the Co-
lours from the center ¢f the Rings outward
ought to fucceed in order as they were defcri-
be§ in the 4th and 18th Qbfervations. For if
you move the Ruler gradually from AH through
all diftances, baving pafs’d over the firft Space
-which denotes little or no Reflexion to be made
by thinneft Subftances, it will firft arrive at x the
violet, and then very quickly at the blue and
green, which together with that violet com-
-pound blue, and then at the yellow and red, b
whofe farther addition that blue is converteg
. into whitenefs, which whitenefs continues du-
ring the tranfit of the edge of the Ruler from
- I'to 3, and after that by the fucceflive defici-
ence of its component Colours, turns firft to
compound yellow, and then to red, and laft 05
| a
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all the réd ceafeth at L. ‘Then begin the Co-
lours of the fecond Series, which fuecceed in
order during the tranfit of the edge of the
Ruler from 5 to Q, and are more lively than
before, becaufe more expanded and fevered.
And for the fame yeafon, nftead of the formex
white there intercedes between the blue and
yellow a mixture of orange, yellow, green,
ue and indige, all which together ought to
exhibit a dilyte and imperfeét green. Se the
€olours of the third Series all fucceed in of-
der; firft, the violet, which a little interferes
with the red of the fecond order, and is there-
by inclined to a reddifh purple; then the blue
and green, which are lefs mix’d with other
Calours, and confequently more lively than be-
fore, efpecially the green: Then follows the
yellow, fome of which towards the green is di-
{lin&t and good, but that part of it towards the
fucceeding red, as alfo that red is mix'd with
the violet and blue of the fourth Series, where-
by various degrees of red very much inclinin
to parple are compounded.  ‘This violet an
blue, which fhould fucceed this red, being mix-
ed with, and hidden in it, thére fucceeds a
green. And this at firft is much inclined to
blue, but foon becomes a good green, the on-
ly unmix’d and lively Colour in this fourth Se-
ries. For as it verges towards the yellow, it
begins to interfere with the Colours of the fifth
Series, by whofe mixture the fucceeding yel-
low and red are very much diluted and made
dirty, efpecially the yellow, which being the
‘weaker Celour is fcarce able to thew ixf?lf.
: ‘ ter
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- After this the feveral Series interfere more and
morec, and their Colours become more and more
- intermix’d, till after three or four more revo-
‘lutions (in which the red and blue predominate
by turns) all forts of Colours are in all places
‘pretty equally blended, and compound an even
- whitenels. i
-+ And fince by the 15th Obfervation the Rays
, endued with one Colour are tranfmitted, where
- thofe ‘of another Colour are refle&ed, the rea-
+fon of the Colours made by the tranfmitted
‘Light in the gth and 20th Obfervations is from
+ hence evident. o
'If not only the Order and Species-of thefe
'Colours, but alfo the precife thicknefs of the
'Plate, or thin Body at which they are exhibited,
'be defired in parts of an Inch, that may be alfo
robtained by affiftance of the 6th or 16th Obfer-
/vations. For according to thofe Obfervations
sthe thicknefs of the thinned Air, which be-
rtween two Glafles exhibited the moft luminous
' parts of the firft fix Rings were ?78'10'0'0’ ;—773;00 >
5y 7 9 1
| T8eso® T7R0m? 13800, i78os PAITS of an Inch.
+ Suppofe the Light refleéted moft copioufly at .
 thefe thicknefles be the bright citrine yellow,
v or confine of y&ow and orange, and thefe
thicknefles will b€ Fu, Fv, F£,Fo, F7. And
this being known, it is eafy to determine what
thicknefs of Air is reprefented by G, or by
an£ other diftance of the Ruler from AH. '
‘But farther, fince by the 1oth Obfervation the
thicknefs of Air was to the thicknefs of ,Wateti;
: whic

/
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which between the fame Glafles exhibited the
fame Colour, as 4 to 3, and by .the 21it Obfer-
~ vation the Colours of thin Bodies are not varied
by va inﬁ, the ambient Medium; the thick-
hefs ol;ya ubble of Water, exhibiting any Co-
lour, will be %'oﬁ the thicknefs of Air produ-
¢ing the fame Colour. - And fo according tor
the fame roth and 21t Obfervations the thick-
nefs of a Plate-of Glafs, whofé Refraction of
the mean refrangible Ray, is meafured by the
~proportion of the Sines 31 to 20, may be +2 of
" the thicknefs of Air Producing the fame Co-
lpurs; and the like of other Mediums. I do
not affirm, . that this prc}portion of 20 to 31,
bolds in all:the Rays; for the Sines .of other
forts of Rays have other Proportions. But the
differences of thofe Proportions are fo little
that I do not here confider them. On thefe
Grounds I hdave compofed the following Ta-
ble, wherein the thicknefs of Air, Water, and
Glafs, at which each Colour is moft intenfe
and fpecifick, is exprefled in parts of an Inch
divided into ten hundred thoufand equal parts.

X The
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‘Tba thicknefs of colour'd Plates aml Particles af

- . cobramimiois \L’
) ‘ .An'  Water. Glaf:
- (Very.black - -+ 3 ,%%
“{Blak 1t 3
Beginning of e e 12
Thelr Colwrs of the. 2 BIUBCIQCk E 7-3" : "‘g i";—"
6ol Ocder, -} WWhite BREIAERE S
veow b3 f st |k
Qrange .8 .} 6 S 4
, (Red ) 631 s |
‘ Violet: |11z | 8% | 7+
) Indigo Ty | of | &5}
' Blue 14 10k | 9
’ IS 5 4
Of the fetond Ordc'r, gg]fj:v :g . : :_ _i_ : l,&’;’
: Orange 113 13 P
' Bright rad 8+ [r3d g ¥
Scazlet o f g f g g
Plll’plt. 21 - ]5% 1352 ¢
Indige {22et | 063 }orgg
v . )Blue 238 JIisv | Isgs
Of the third Order, Gréen ¥ii T 18 | 164
: Yeilow ark k[ }
Red 29 i | 18%
B’lulﬂu red 32 34 2c}
Blulﬂ: green 3:; ‘ z;; b z:“ ’
v Green L a6y | 222
Of the fourth Order, <y 004 green g g e 2;3
Red | C|act I30% 126
Of the fifth Order, 3 Grecnifh blue 8|3 |
Greenifh blue 48}. 8
5 44 |3
0f't§c fixth Order, SRed A e I 5
Of the feventh Or- §Greenithblue | 71 | 533 | 43
der, Ruddy white 77 "57.§. I 40-—%-
Now

- 4
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Now if this Table be compared with the 6th -
Scheme, you will there fee the conftitution of
each Colour, as to its Ingredients, or the ori-
ginal Colours of which it is compounded , and
thence be enabled to judge of its Intenfenefs or
Imperfeétion; which may fuffice in explication
of the 4th and 18th Obfervations, unlefs it be ;
farther ‘defired to delineate the manner how
the Colours appear, when the two Obje&-glaf-
{es are laid upon one another. To do which,
let there be deferibed a large Arc of a Circle,
and a ftreight Line which may touch that Arc,
and parallel to that Tangent feveral occult
Lines, at fuch diftances from it, as the Num- -
begs-fet againit the feveral Colours in the Ta-:
ble denote. For the Arc, and its Tangent, will -
reprefent the Superficies of the Glafles termi--
nating the interjacent Air; and the places where .
the occult Lines cut the Arc will fhow at what
diftances.from the-center, or Point of conta&,:
each Colour is refle@ted. : :

. There are alfo other Ufes of this Table: For-
by its affiftance the thicknefs of the Bubble in
the 19th Obfervation was determin’d by the Co-
Jours which it exhibited. And fo the bignefs

v of the parts of natural Bodies may be conje- -
&tured by their Colours, as fhall be hereafter
fhewn. Alfo, if two or more very thin Plakes -
be laid one upon another, {o as to compofe one
Plate equalling them all in thicknefs, the refult-
ing Colour may be hereby determin’d. Forin-
ftance, Mr. Hook obferved, as is mentioned in
his Micrographia, that a faint yellow Plate of
Mufcovy Glafs laid upon a blue one, conftituted

S a very
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a.very deep purple. The yellow of the firft

Order is a faint one, and the thicknefs of the '

Plate exhibiting it, according to the Table is
4%, to which add 9, the thicknefs exhibiting

blue of the fecond Order, and the Sum will be -

133, which is the thicknefs exhibiting the pur-
ple of the third Order. S

To explain, in the next place, the circum-
ftances. of the 2d and 3d Obiervations; that is,

how the Rings of the Colours may (by turning .

the Prifms about their common Axis the con-
trary way to that exprefled in thofe Obferva-
tions) be converted into white and black Rin

~ and afterwards into Rings of Colours again, the
Colours of each Ring lying now in an inverted
order; it muft be remember’d, that thofe Rings
. of Colours are dilated by the obliquation of the
Rays. to the Air which intercedes the Glafles,
anc{ that according to the Table in the 7th Ob-
{ervation, their Dilatation or Increafe of their
Diameter is moft manifeft and fpeedy when
- they are obliqueft. Now the Rays of yellow

being more refraéted by the firft Superficies of -

the faid Air than thofe of red, are thereby
- made more oblique to the fecond Superficies,

at which they are refleted to producé the co- -

lour’d Rings, and confequently the yellow Cir-
clean each Ring will be more dilated than the
red ; and the Excefs of its Dilatation will be fo
much the greater, by how much the greater is
the obliquity of the Rays, until at laft it be-
come of cqual extent with the red of the fame
Ring. And for the fame reafon the green, blue
and violet, will be alfo fo much dilated. by ttl:ﬁ
- A i M
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~ ftill greater obliquity of their Rays, as to bes

come all very nearly of equal extent with the

~ fed, that is, equally diftant from the center of

the Rings., And then all the Colours. of the
fame Ring muit be coincident, and by their
mixture.exhibit a white Ring. And thefe white

- Rings muft have black and dark Rings between
- them, becaufe they do not {pread and interfere

with one another as before: And for that rea-
fon alfo they muft become diftin¢ter and vifible
to far greater numbers. But yet the violet be-

- ing obliqueft” will be fomething more dilated

in proportion to its extent than the .other Co-
lours, and fo very apt to appear at the exterior
Verges of the white. .
Afterwards, by a greater obliquity of the
Rays, the violet and blue become more fenfibly
dilated than the red and yellow, and fo being
farther removed from the center of the Rings,
the Colours muft emerge out of_the white in an
order contrary to that which they had before,
the violet and blue at the exterior Limbs of'

- each Ring, and the red and yellow at the in-

terior. And the violet, by reafon of the great-
eft obliquity of its Rays, being in proportion
moft of all expanded, will fooneft appear at
the exterior Limb of each white Ring, and be-

“come more confpicuous than the reft. And the

feveral Series of Colours belonging to the feve-
ral Rings, will by their unfolding and fpread-
ing, begin again to interfere, and thereby ren-
der the Rings lefs diftiné, and not vifible to fo

great numbers.. '

P I ]
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If inftead of the Prifms the Obje-glafles be
made ufe of, the Rings which they exhibit be-
_come not white and diftinét by the obliquity of
the Eye, by reafon that the Rays in their paflage
through that Air which intercedes the Glafles
are very nearly parallel to thofe Lines in which
they were firft incident on the Glafles, and con~
fequently the Rays endued with feveral Colours
*are not inclined one more than another to that
Air, as it happens in the Prifms. : '
_ There- is yet another circumftance of thefe
Experiments to be confider’d, and that is why
the black and white Rings which when view’d
at a diftance appear diftinét, fhould not only be-
come confufed by viewing them near at hand,
but alfo yield a violet Colour at both the edges
of every white Ring. And the reafon is, that
the Rays which enter the Eye at feveral parts
of the ‘{l il, have feveral Obliquities to the,& -
fes, and thofe which are moft oblique, if confi-
der’d apart, would reprefent the Rings bigger
than thofe which are the leaft oblique. Whence
‘the breadth of the Perimeter of every white
Ring is expanded outwards by the obliqueft
Rays, and inwards by the leaft oblique. And
this, Expanfion is fo much the greater by how
~ much the greater is the difference of the Obli-
quity; that is, by how much the Pupil is wider,
or the Eye nearer to the Glaffes. And the
breadth of the violet muft be moft expanded,
becaufe the Rays apt to excite a Senfation of
that Colour are moft oblique to a fecond, or
farther Superficies of the thinn’d Air at which
they are refletted, and have alfo the greateft
| + varia-
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Variation of Obliquity, which makes that Co-
our fooneft emerge out of the edges of the
white. * And s the breadth of every Ring i$
thus augmented, the dark Intervals muft be di»
minifh’d, until the neighbouring Rings become
continuous, snd are blended, the exterior firft,
and then thofe nearer the center, fo that they
~ can no longer be diftinguifh’d apart, but feem
to conftitute an even and uniform whitenefs.

Among all the Obfervations thete is none acs
companied with fo odd circumftances as the
twenty fourth. Of thofe the principal are, that
in thin Plates, which to the naked Eye feem of
an even and uniform tranfparent whitenefs,
without dany terminations of fél:tadciws, the Re=
fraction of a Prifm fhould make Rings of Co-
lours appear; whereas it ufually makes Objects
appear colour’d only there where they are tefs
‘minated with Shadows, or have parts unequals
%{llumino‘us; and that it fhould make thofe
Rings exceedingly diftin¢t and white, although
1t ufually renders Objecs confufed and colour=
ed. The Caufe of thefe things you will undet-
ftand by confidering, that all the Rings of Co-
lours are really in the Plate; when view’d with
the naked Eye, although by reafon of the great
breadth of their Circumferences they fo much
mterfere and are blended together, that they
- feem to conftitute an uniform whitenefs. But
when the Rays pafs through the Prifm to the
Eyé, the Orbits of the feveral Colours in every
Ring are refrated, fome more than others, ac-
cording to their degrees of Refrangibility: By
which means the Colours on one fide of the
Pa Ring



- 21 Q?J X
inihe B £ '
Ring (that is;'élﬁ“onefﬁﬁ'ég its center) become
more unfolded and dilated, and thefe on the
other fide more complicated and contracted.
And where by a due Refraction they are {o .
much contraéted, that the feveral Rings be-
* come narrower than to interfere with one ano-
ther, they muft appear diftin&, and alfo white,
if the conftituent golours be fo much contraét-
ed as to be wholly coincident. But, on the
other fide, where the Orbit of every Ring is
made broader by the farther unfolding of its
Colours, it muft interfere more with other Rings
. than before, and fo become lefs diftinét.
- To explain this a little farther, fuppofe the
concentrick Circles AV, and BX, [in Fig. 7.]
reprefent the red and violet of any Order,
which, together with the intermediate Colours,
conftitute any one of thefe Rings. Now thefe
being view’d through a Prif{m, the violet Circle
B X, will by-a greater Refra¢tion be farther
‘tranflated from its place than the red AV, and
fo approach nearer to it on that fide of theCir-

« cles, towards which the- Refraétions are made.

For inftance, if the red be tranflated to 2w,
the violet may be tranflated to 4x, fo as to ap-
- proach nearer to it at x than before, and if the
red be farther tranflated to a v, the violet may
be fo much farthet tranflated to bx as to con-
vene with it at x, and if the red be yet farther
tranflated to « Y, the violet may be ftill fo much
farther tranflated to @£ as to pafs beyond it at
£, and convene with it at eand £. And this
. being underftood not only of the red and vio-
let, .but of all the other intermediate Colour;sl, .
: ) an
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and alfo of every revolution of thofe Colours,
" you will eafily perceive how thofe of the fame
revolution or order, by their nearnefs at x v
and TZ, and their coincidence at xv, ¢ and £
ought to conftitute pretty. diftinét Arcs of Cir-
cles, efpecially at xv, orat e and £, and that .
they will appear feverally at ¥ v, and at xv ex- -
hibit whitenefs by their coincidence, and again
appear feveral at TZ, but yet in a contrary or-
der to that which they had before, and flill re-
tain beyond ¢ and i But, on thé other fide,
at a4, ab, or a8, thefe Colours muft become
much more confufed by being dilated and fpread
fo, as to interfere with thofe of other Orders.
And the fame confufion will happen at T £ be-
tween e and f; if the Refradtion be very great,
or the Prifm very diftant from the Objeét-glaf-
fes: In which cafe no parts of the Rings will
be feen, fave only two little Arcs at e and f;
whofe diftance from one another, will be aug-
mented by removing the Prifm {till farther from
the Objett-glafles: And thefe little Arcs muft
be diftinéteit and whiteft: at their middle, and
at their ends,” where they begin to grow con-
fufed they muft be colour’d. - And the Colours -
at one end of every Arc muit be in a contrary
order to thofe at the other end, by reafon that
they crofs in the intermediate white; namely,
- their ends, which verge .towards T£, will be
red and yellow on that fide next the center,
and blue and violet on the other fide. But
their other ends which verge from T £ will on
the contrary be blue and violet on that fide to-
; P . wards
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wards the center, and on the other fide red

and yellow. , \
Now as all thefe things follow from the pro-
Fgrties of Light by a mathematical way of rea-
oning, fo the truth of them may be manifefted
by Experiments. For ina dark Room, by view-
i:‘g thefe Rings through a Prifm, by reflexion
the feveral prifmatick Colours, which an
affiftant caufes to move to and fro upon a Wall
or Paper from whence they are refle¢ted, whilft
the Spe@ator’s Eye, the Prifm and the Objeét-
glaflfes (as in the 13th Obfervation) are placed
eady: the Pofition of the Circles made fuc-
ceflively by the feveral Colours, will be found
fuch, in refpe@ of one another, as I have de-
fcribed in the Figures ¢bxv, or abxv, or
aB(Y, Ard by the fame method the truth of
‘the Explications of other Obfervations may be

examined. : o

By what hath been faid, the like Phenomena
‘'of Water, and thin Plates of Glafs may be un-
derftood. But in{mall fragments of thofe Plates,
there is this farther obfervable, that where they
lye flat upon a Table and are turned about their
~ centers whilft they are viewed through a Prifm,
they will in fome poftures exhibit Waves of va-
rious Colours, and fome of them exhibit thefe
Waves in one or- two Pofitions only, but the
moft of them do in all Pofitions exhibit them,
and ‘make them for the moft part appear al-
‘moft all over the Plates, The reafon is, that
the Superficies of fuch Plates are not even, but
have many Cavities and Swellings, which how
fhallow foever do 2 little vary the thicknefs lc;f
' the
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the Plate. For at the f8veral fides of thofe Ca-
vities, for the Reafons newly defcribed, there
ought to be produced Waves in feveral po-
ftures of the Prifm. Now though it be but
fome very {mall, and narrower parts of the Glafs,
by which thefe Waves for the moft part are cau-
fed, yet they may feem to extend themfelves
over the whole Glafs, becaufe from the narrow-
eft of thofe parts there are Colours of feveral
Orders, that 1s of feveral Rings, confufedly re-
fleted, which by Refraltion of the Prifm are
unfolded, ‘feparated, and according to their
degrees of Refraétion, difperfed to feveral pla-
ces, fo as to conftitute fo many feveral Waves,
as there were divers orders of Colours promif-
cuoufly refleéted from that IE:art of the Glafs.

Thefeeare the principal Ph&nomena of thin
Plates or Bubbles, whofe Explications depend
on the properties of Light, which I have here-
tofore deliver’'d. And thefe you fee do necef-
farily follow from them, and agree with them,
even to their, very leaft circumitances; and not
only fo, but do very much tend to their proof.
‘Thus, by the 24th Obfervation, it appears, that'
the Rays of feveral Colours made as well by thin
Plates or Bubbles, as by Refraétions of a Prifm,
‘have feveral degrees of Refrangibility, where-
by thofe of each order, which at the reflexion
from the Plate or Bubble are intermix’d with
thofe of other Orders, are feparated from them
by Refra@tion, and aflociated together {oas to
become vifible by themfelves like Arcs of Cir-
cles. For if the Rays were all alike refrangi-
ble, ’tis impoffible that tllge whitenefs, which

4 . to
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.to the naked Senfe app®rs uniform, fhould by
. Refra@ion have its parts tranfpofed and ranged
into thofe black and white Arcs,

It appears alfo that the unequal Refraétions
of difform Rays procecd not from any contin-
ﬁent irregularities ; {uch as are Veins, an uneven

olith, or fortuitous Pofition of the Pores of
Glafs; unequal and cafual Motions in the Air
or Ather, the fpreading, breaking, ordividing:
the fame Ray into many diverging parts, or the
like. For, admitting any fuch irregularities,
it would be impoflible for-ﬁefra&ions to render
thofe Rings fo very diftinét, and well defined,
as they do in the 24th Obfervation. It is ne-
ceflary therefore that every Ray have its proper. -
and conftarit degree of Refrangibility connate
" with it, according to which its refracdion is e-
ver juftly and regularly perform’d,. and that fe=
veral Rays have feveral of thofe degrees. .

And what is faid of their Refrangibility may
be alfo underftood of their Reflexibility, thatis
of their Difpofitions to be refleéted fome at 3

eater, and others at a lefs thicknefs, of thin

lates or Bubbles, namely, that-thofe Difpofi-
tions are alfo connate with the Rays, and im-
mutable ; as may appear by the 13th, 14th, and
1sth Obfervations compared with the fourth
and eighteenth. , , ,

By the irecedent Obfervations it appears al-
{o, that whitenefs is a difflimilar. mixture of all
Colours, and that Light is a mixture of Rays
endued with all thofe Colours, - For confider-
ing the multitude of the Rings of Colours, in
the 3d, rath apd 24th Obfervations, it is‘m;nfig

. . eft

e o ———
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feft, that although in the 4th and 18th Obfer- . -

* vations there appear no more than eight or.
nine of thofe Rings, yet there are really a far

greater number, which fo much interfere and =

mingle with one another, as after thofe eight-
or nine revolutions to dilute one another whol-.
ly, and conftitute an even and fenfibly uniform
whitenefs. And confequently that whitenefs
muft be allow’d a mixture of all Colours, and
the Light which conveys it to the Eye muft
be a mixture of Rays endued with all thofe Co-
lours. ,

But farther, by the 24th Obfervation, it ap-
pears, that there is a conftant relation between
Colours and Refrangibility, the moft refrangi-
ble Rays being violet, the leaft refrangible red,
and thofe of intermediate Colonrs having pro-
fortionably intermediate degrees of Refrangibi-
lity. And by the 13th, 14th and 15th Obfer-
vations, compared with the 4th or 18th, there
appears to be the fame conftant relation be-
tween Colour and Reflexibility,. the violet be-
ing inlike circumftances reflefted at leat thick-
nefles of any thin Plate or Bubble, the red at
greateft thicknefles, and the intermediate Co-
lours. at intermediate thicknefles. Whence it
follows, that the colorifick Difpofitions of Rays
are alfo connate with them and immutable, and
by confequence that all the Productions and
Appearances of Colours in. the World are de-
rived not from any phyfical Change caufed in
Light by Refraétion or Reflexion, but only
from the various Mixtures or Separations of
Rays, by virtue of their different Refrangibility

or
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or Reflexibility. And in this refpe& the Science
of Colours becomes a Speculation as truly ma-
thematical as any other part of Opticks. I mean
fo far as they depend on the Nature of Light,
and are not produced or alter’d by the Power
%f Imagination, or by ftriking or prefling the

ye. ,. :

THE
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 Ofthe pema#?nt Colours of natural Bodies, and
the Analogy between them and the Colours of
thin tran@argnt Plates. '

% 1@ this Defign, which is to confider how
Obei® the Phenomena of thin tranfparent
S2Ses Plates ftand related to thofe of all o-
“ther natural Bodies. Of thefe Bodies I have al-
ready told you that they appear of diver‘si Co-
: ' ours, -

B ﬁm; AM now come to another part of

e
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lours, accordingly as they are difpofed to refle®
moft copioufly the Rays originally endued with
thofe Colours. But their Conftitutions, where-
by they refleft fome Rays more copioufly than
others, remain to be difcover’d, and thefe I
fhall endeavour to manifeft in the following
Propofitions. . ¥

“Propr L

Thofe Superficies of tran(parent Bodies reflect
the greateft quantity of Light, which have
the greatefl refratting Power ; that is, which
intercede Mediums that differ moft in their
refraftive Denfities. .And in the Confines of

' ;;m{l{y refratting Mediums there is no Re-
exion. *

v HE Analogy between Refleéxion and Re-

" fraltion will appear by confidering, that

when Light paflfeth obliquely out of one Medi-

um into another which refrats from the per-

pendicular, the greater is the difference of their
" refraltive Denfity, the lefs Obliquity of Inci- .
dence is requifite to caufe a total Reflexion.
For as the Sines are which meafure the Refra-
¢tion, fo is the Sine of Incidence at which the
total Reflexion begins, to the Radius of the
Circle, and confequently that Angle of Inci- -
dence is leaft where there is the greateft diffe- .
rence of the Sines. Thus in the pafling of
Light out of Water into Air, where the Refra-
¢tion is meafured by the Ratio of the Sines 3 to
4, the total Reflexion begins when the Angle
of Incidence is about 48 %egrees 35 Mi'nut?fi

\
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. In paffing out of Glafs into Air, where the Re-
fraftion 1s meafured by the Ratio of the Sines
20 to 31, the total Reflexion begins when the
Angle of Incidence is 40 Degrees 1o Minutes ;
and fo in paffing out of Cryftal, or more ftrong-
ly refracting Mediums into Air, thereis{till a lefs
(gbliquity requifite to caufe a total Reflexion.
Superficies therefore which refraét moft do

“fooneft refleét all the Light which is incident
on them; and fo muft be allowed mott {trongly
reflexive. - , . o

But the truth of this Propofition will farther
appear by obferving, that in the Superficies in-
terceding two tranfparent Mediums, (fuchas are
Air, Water, Oil, common Glafs, Cryftal, me-
talline Glaffes, Ifland Glafles, white tranfparent
Arfenick, Diamonds, €§c.) the Reflexion is
ftronger or weaker accordingly, as the Super-
ficies hath a greater or lefs refracting Power.
For in the Confine of Air and Sal-gem’ ’tis

~{tronger than in the Confine of Air and Water,
and {till ftronger in the Confine of Air and com-

. mon Glafs or Cryftal, and ftronger in the Con-
fine of Air and a Diamond. If any of thefe,
and fuch like tranfparent Solids, be immerged
in Water, its Reflexion becomes much wgak-

eer than before, and flill weaker if they be im-

" merged in the more ftrongly refracting Liquors

.of well retitied Oil of Vitriol or Spirit of Tur-
pentine. If Water be diftinguith’d into two

arts, by any imaginary Surface, the Reflexion
in the Confine of thofe two parts is none at all.
In the Confine of Water and Ice ’tis very little,
in that of Water and Qil 'tis fomething greater,
. in
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in that of Water-and Sal-gem flill greater, and
in that of Water and Glafs, or Cryftal, or other
denfer Subftances {till greater, accordingly as
thofe Mediums differ more or lefs in their re-
fra&ing Powers. Hence in the Confine of com-
mon Glafs and Cryftal, there ought to be a
weak Reflexion, and a ftronger Reflexion in
the Confine of common and metalline Glafs,
though I have not yet tried this. 'But, in the
Contine of two Glafles of equal denfity; there
is not any fenfible Reflexion, as was fhewn in
the firlt Obfervation. And the fame may be
underftood of the Superficies interceding two
Cryftals, or two Liquors, or any other Sub-
ftances in which no Refra&ion is caufed. So
then the reafon why uniform pellucid Mediumsy

guch as Water, Glafs, orCryftal) have no fen-
~ fible Reflexion but in their external Superficies,
where they are adjacent to other Mediums of
a different denfity, is becaufe all their conti-

ous parts have one and the fame degree of
enfity. :
I Pror IL

- The leaft parts of almoft all natural Bodies are
in fome meafure tranfParent: And the Opa«
city of thofe Bodies arifeth from the mwits

’t?gzde ‘of Reflexions caufed in their internal

' arts. ' ‘

HAT this is fo has been obferved by o-
thers, and will eafily be granted by them

that have been converfant with Microfcopes.
And it may be alfo tried by applying any{rliub-
nce

s
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ftance to a hole through which fome Light is
immitted into a dark Room. For how opake
foever that Subftance may feem in the o
Air, it will by that means appear very manifeft-
ly tranfparent, if it be of a fufficient thinnefs. .
gnly white metalline Bodies muft be excepted,
which by reafon of their exceflive denfity feem
ta reflett almoft all the Light incident on their
firft Superficies, unlefs by folution in Menftru-
ums they be reduced into very fmall Particles,
and then they become tranfparent.

Propr II .

Between the parts of opake and colowr’d Bodses
. are many Spaces, either empty or repleni/b’dy
with Mediums of other Denfities; as Water
between the tinging Cor])}/i'le.r wherewsth a<
ny Liquor ts impregnated, Air between the
aqueous Globules that conflitute Clonds oy
ifts s and for the moff part Spaces void of
both Air and Water, but yet perbaps: not
wholly void of all Subflance, between the
parts of bard Bodses. :

HE truth of this is evinced by the two

1g)‘tjec'edent Propofitions: For by the fe-
cond Propofition there are many Reflexions
made by the internal parts of Bodies, which,
by the firft Propofition, would not happen if
the parts of thofe Bodies were continued with-
out any fuch Interftices between them, becaufe
Reflexions are caufed only in Superficies, which
intercede Mediums of a differing denfity by

Prop. 1.
? . But
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‘But farther, that this difcontinuity of patts
is the principal Caufe of the opacity of Bodies,
will appear by confidering, that opake Subftan«
ces become tranfparent by filling their Pores
with any Subftance of equal or almoft equal den-
fity with their parts. ‘Thus Paper dipped in
ater or Oil, the Oculus Mund: Stone fteep’d
in Water, Linen Cloth oiled or varnith’d, and
and many other Subftances foaked in fuch Li-
%uors as will intimately pervade their little
ores, become by that means more tranfparent
than otherwife; f{o, on the contrary, the moft
tranfparent Subftances may by evacuating their
Pores, or feparating their parts, be render’d
fufficiently opake, as Salts or wet Paper, or the
Oculus Mundi Stone by being dried, Horn by
being {craped, Glafs by bei%g reduced to Pow-
. der, or otherwife flawed, T'urpentine by being
“ftirred about with Water till they mix imper-
feétly, and Water by being form'd into many
fmaIYBubbles, cither alone in the form of Froth,
or by fhaking it together with Oil of Turpen-
tine, or Oil Olive, or with fome other conve-
nient Liquor, with which it will not perfeétly
incorporate. And to the increafe of the opa-
city of thefe Bodies it conduces fomething, that
~ by the 23d Obfervation the Reflexions of very
+ thin tranfparent Subftances are confiderably
ftronger than thofe made by the fame Subftan-
ces of a greater thicknefs. ‘

\

PRr or.
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Proe IV.

The parts of Bodies and their Interflices muft
- mot be lefs than of fime definite bignefs, to
render them opake and colour'd.

Y, OR the opakeft Bodies, if their parts be
fubtily divided, (asMetals bybeing diffol-
ved in acid Menftruums, ¢.) become perfeét-
ly tranfparent. And gou may alfo remember,
t%at in the eighth Obfervation thére was no
fenfible reflexion at the Superficies of the Ob-
je&t-glafles where they were very neat one an-
~ other, though they did not abfolutely touch.
And in the 17th O&fervation the Reflexion of
the Water-bubble where it became thinneft was
almoft infenfible, fo as to caufe very black Spots
to appear on the top of the Bubble by the want
of refleéted Light. :
~ On thefe grounds I perceive it is that Water,
Salt, Glafs, Stones, and fuch like Subftances,
are tranfparent. For, upon divers Confidera-
tions, they feem to be as full of Pores or Inter-
ftices between their parts as other Bodies are,
but yet their Parts-and Interflices to be too
fmall to caufe Reflexions in their common Sur-
faces. ‘

Q Proer.
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Pror V.

The tranfparent parts of Bodies according tg
their /gieml Jfezes reflect Rays of one Colour,
and tranfmit thofe of another, on the fame
grounds that thinPlates or Bubbles do reflect
or tranfinit thofé Rays. And-thss I take #o
be the ground of all their Colours. |

OR if a thinn’d or plated Body, which
' being of an even thicknefs, appears all o-
wver of one uniform Colour, fhould be {lit intor

'T'hreds, or broken into Fragments, of the fame

thicknefs with the Plate; I fee no reafon why

every Thred or Fragment fhould not keep its

Colour, and by confequence why a heap of

thofe Threds or Fragments thould not confti-

tute 2 Mafs or Powder of the fame Colour,
which the Plate exhibited before it was broken.

And the parts of all natural Bodies being like

~ {o many Fragments of a Plate, muft on the fame

grounds exhibit the fame Colours. |
Now that they do fo, will appear by the afhi-

‘nity of their Properties. 'The finely colour’d

" Feathers of fome Birds, and particularly thofe

of Peacocks Tails, do in the very fame part o

the Feather agpeai' of feveral Colours in feveral

- Pofitions of the Eye, after the very fame man-

ner that thin Plates were found to do in the’

#th and 19th Obfervatiorss, and therefore their

“Colours arife from the thinnefs of the tranfpa-~

rent parts of the Feathers; that is,” from the

{lendernefs of the very fine Hairs, or Capilla-

menta, which grow out of the fides of the

1 ~grofler
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groffer lateral Branches or Fibres of thofe Fea:
thers. And to the famge purpofe it is, that the
‘Waebs of fome Spiders by being {pun very finé
Have appeared colour’d, as fome have obferv'd,
and that the colour’d Fibres of fome Silks b

varying the Pofition of the Eye do vary their
Colour. Alfo the Colours of Silks, Cloths
and other Subftances; which Water or Oil can
intimately penetrate, become more faint and
obfcure by being immerged in thofe Liquors
and recover their Vigour agsin by being dried;
much after the manner declared of thin Bodies

in the 1oth and 21ft Obfervations. Leaf Gold;

fomé forts of pdinted Glafs, the Infufion of
Lignum Nephriticum, and fome other Subftan-
ces refle&t one Colour, and tranfmit #ndther;

like thin Bodies in the gth d4nd 20th Obferva-

tions. And fome of thofe eolour’d Powders
which Painters ufe; may have their Colours
little changed; by being very elaborately and

finely ground. Where 1 fee not what can be

juftly pretended for thofe changes, befides the
breaking of their parts into lefs parts by that

contrition after the fame manner that the Co-<

lour of a thin Plate is changed by varying its
thicknefs: Fot which reafon alfo it is that the
colour’d Flowers of Plants and Vegetables by
. being bruifed ufually become morée tranfparent

than before, or at leaft in fome degree or. o-=
ther change their Colours. Nor is it much lefs
to my purpofe; that by mixing divers Liquors

- very odd and remarkable Produétions and.
Changes of Colours may be effected; of which
zvious and rational than -
Q 2 . that

no caufe can be more o

[ SR S e



[ 228 ]

the faline Cotpufcles of one Liquor do vari-
oufly at upon or unite with- the. tinging Cor-
‘pufcles of another, fo as to make them fwell,
~ or fhrink (whereby not only their bulk but their
denfity alfo may be changed) or to divide them
into fmaller Corpufcles, (whereby a colour’d
Liquor may become tranfparent) or to make
many of them affociate into one clufter, where-
by two tranfparent Liquors may compofe a co-
- lour’d one. For we {ee how apt thofe faline
 Menftruums are to penetrate and diffolve Sub-
ftances to which they are applied, and fome of
them to precipitate what others diffolve. In
like manner, if we confider the various Pha-
“pomena of the Atmofphere, we may obferve,
that when Vapours are firft raifed, they hinder
not the tranfparency of the Air, being divided
into parts too fmall to caufe any Reflexion in
their Superficies. But when in order to com-
pofe Drops of Rain they begin to coalefce and
conftitute Globules of all intermediate fizes,
thofe Globules when they become of a conve-
nient {ize to refleét fome Colours and tranfmit
others, may conftitute Clouds of various Co-
lours according to their fizes. And I fee not
what can be rationally conceived in fo, tranfpa- -
rent a Subftance as Water for the produétion
of thefe Colours, befides the various fizes of its
fluid and globular Parcels. >
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Provr. 4VI.

The parts of-Bodies on which their Colours de-
pend, are denfer than the Medium, which per-
- wades their Interflices, o

HIS will appear by confidering, that the
~ Colour of a Body depends not only on
the Rays which are incident perpendicularly
on its parts, but on thofe alfo which are inci-
dent at all other Angles. And that according
to the 7th Obfervation, a very little variation
of obliquity will change the refleGted Colour
where the thin Body or {mall Particle is rarer
" than the ambient Medium, infomuch that fuck

a {mall Particle will at diverfly oblique Inci-
" dences refle&t all forts of Colours, in {o great a
variety that the Colour refulting from them all,
~ confuledly refleéted from a heap of fuch Parti-
‘cles, muft rather be a white or grey than any
other Colour, or at beft it muft be but a very

imperfet and dirty Colour. Whereas if the

thin Body of {fmall Particle be much denfer than

the ambient Medium, the Colours according to

the 1gth Obfervation are fo little changed by

the variation of obliquity, that the Rays which

are refleéted leaft obliquely may predominaté
over the reft fo muchas to caufe a heap of fuch

Particles to appear very intenfly of their Co-

lour. :

It conduces alfo fomething to the corfirma-
tion of this Propofition, that, according to the
22d Obfervation, the Colours exhibited by the
denfer thin Body within the rarer, are more.

Q3 brisk
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brisk than thofe exhibited by the rarer within

Prop VI

The bz'gneﬁ( of 2bé'wmpment parts of natural
Bodies may be conjectured by their Colours.

Y YOR fince the parts of thefe Bodies by
- Prop. 5. do moft probably exhibit the
fame Colours with a Plate of equal thicknefs,
provided they have the fame refractive denfity ;
and fince their parts feem for the moft part ta
have much the fame denfity with Water or
- Glafs, as by many circumftances is obvious ta
colle¢t; to determine the fizes of thofe parts
yr9u need only have recourfe to the precedent
I'ables, in which the thicknefs of Water or
] Qlafs exhibiting any Colour is exprefled. Thus
1f it be defired to know the diameter of a Cor=
puicle, which bein%of' equal denfity with Glafs
fhall reflect green of the third Order; the Num-
ber 165 fhews it to be I;—g—;o parts of an Inch.
The greateft difficulty is here ta know of:
what order the Colour of any Body is. And
for this end we muft have recourfe to the 4th
and '18th Obfervations, from whence may be,
colle¢ted thefe particulars.
~ Scqriets, and other reds, oranges and yel-
lows, if they be pure and intenfe are moft.pro-
bably of the {fecond order.. Thofe of the firft
and third order alfo may be pretty good, only
the yellow of the firft order js faint, and the
] ' orange

LA
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orange and red of the third order have a great
mixture of violet and blue. ]

. There may be good greens of the fourth or-
der, but the pureft are of the third. And of
this order the green of all Vegetables feem to
be, partly by reafon of the intenfenefs of their

Colours, and partly becaufe when they wither -

fome of them turn to a greenith yellow, and
others to a more perfect yellow or orange, or
perhaps to red, paffing firft through all the a-
forefaid intermediate Colours. Which Changes
feem to be effected by the exhaling of the moi-
fture which may leave the tinging Corpufcles
more denfe, and fomething augmented by the
_accretion of the oily and earthy part of that
moifture. -Now the green without doubt is of
the fame order with thofe Colours into which
it changeth, becaufe the Changes are gradual,
and thofe Colours, though ufually not very full,
yet are often too full and lively to be of-the
fourth order, o |

Blues and purples may be either of the fe-

cond or third erder, but the beft are of the -

third. - Thus the Colour of violets feems to be
of that order, becaufe their Syrup by acid Li-
quors turns red, and by urinous and alcalizate
turns green. For fince it is of the nature of
Acids to diffolve or attenuate, and of Alcalies
to precipitate or incraflate, if the purple Co-
lour of the Syrup was of the fecond order, san
acid Liquor "by attenuating its tinging Cor-
pufcles would change it to a red of the firft or-

der, and an Alcali by incraffating them would-

change it to a green of the fecond order;
" Q4 °© which
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which red and green, efpecially the green,
feem too imperfect to be the Colours produ-
ced by thefe Changes. But if the faid purple
be fuppofed. of the third order, its Change to
red of the fecond, and green of the third, may
without any inconvenience be allow’d.

. If there be found any Body of a deeper and
lefs reddifh purple than that of the violets,. its
Colour moft probably is of the fecond order.
~ But yet there being no Body commonly known

whofe Colour is conftantly more ‘deep than

theirs, I have made ufe of their name to de-
note the deepeft and leaft reddifh purples, fuch
as manifeftly tranfcend their Colour in purity.

The'blue of the firft order, though very faint
and little, may poflibly be the Colour of fome
Subftances; and particularly the azure Colour
of the Skies feems to be of this order. For all
Vapours when they begin to condenfe and co-
alefce into fmall parcels, become firft of that
bignefs whereby fuch an Azure muft be reflect-
ed: beforc they can conftitute Clouds of other
Colours. “ And fo this being the firft Colour
which Vapours begin to refle&, it.eught to be
the Colour of the fineft and mof}, granfparent
Skies in which Vapours are not ‘arrived to that
groflnels requifite to refleét other Colours, as
we find it is by experience. .

Whitenefs, if moft intenfe and luminous, is
thgt of the firft order, if lefs flrong and lumi-
nous a mixture of the Colours of f{everal or-
ders. Of "this laft kind is the whitenefs of
Froth, P&per, Linen, and moft white Sub-
ftances ; of the former I reckon that ofl\\;fhitle
< ’ etals
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Metals to be. For whilft the denfeft of Me-
tals, Gold, if foliated, is tranfparent, and all Me-
tals become tranfparent if diffolved in Men-
ftruums or vitrified, the opacity of white Me-
tals arifeth not from their denfity alone. They
being lefs denfe than Gold would be more tranz-
parent than it, did not fome other Caufe con-
cur with their denfity to make them opake.
And this caufe I take to be fuch a bignefs of
their Particles as fits them to refleét the white
of the firft order. Forif they be of other thick-
pefles they may refleét other Colours, as is ma-
nifeft. by the Colours which appear upon hot
Steel in tempering it, and fometimes upon the
Surface of melted Metals in the Skin or Sceria
which arifes upon them in their cooling. And
as the white of the firft order is the ftrongeft
which can be made by Plates of tranfparent
Subftances, fo it ought to be ftronger in the
denfer Subftances of Metals than in the rarer
of Air, Water and Glafs. Nor do I fee but
that metallic Subftances of fuch a thicknefs as
may fit them to refleét the white of the firft or-
der, may, by reafon of their great denfity (ac-
cording to the tenour of the firft of thefe Pro+
pofitions) refleét all the Light incident upon
them, and fo be as opake and fplendent as it’s
poflible for any Body to be. “ Gold, or Copper
mix’d with lefs than half their weight of Silver,
orTin, or Regulus of Antimony, 1in fufion, or
amalgamed with a very little Mercury, become
white; which thews both that the Particles of
white Metals have much more Superficies, and
fo are fmaller, than thofe of Gold and Coppelc'i,

o an
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and alfo that they are fo opake as net to fuffer
the Particlesof Gold or Copper to fhine through
them. Now it is fcarce to be doubted, but
that the Colours of Gold and Copper are of
the fecond or third order, and therefore the
Particles of white Metals cannot be much big-
ger than is requifite to make them refleét the
white of the firft order. The volatility of Mer=
~cury argues that they are not much bigger,
nor may they be much lefs, left they lofe their
opacity, and become either tranfparent as they
do when attenuated by vitrification, or by So-
lution in Menftruums, or black as they dohen -
round {maller, by rubbing Silver, or T, or
Eead, upon other Subftances to draw black
Lines. The firft and only Colour which white
Metals take by grinding their Particles-{maller,
is black, and therefore their white ought to be

* that which borders upon the black Spot in the
center of the Rings of Colours, that is, the
white of the frft order. But if you weuld
hence gather: the bignefs of metallic Particles,
Kfl)u muft allow for their denfity. For were
ercury tranfparent, its denfity is fuch that
the Sine of Incidence upon it ( gy my compu-
tation) would be to the Sine or its Refration,
as 71 to 20, or 7 to 2. And therefore the
thicknefs of its Particles, that they may exhibit
the fame Colours with thofe of Bubbles of Wa-
ter, ought to be lefs than the thicknefs of the
Skin of thofe Bubbles in the proportion of 2

to 7. Whence it’s poffible that the Particles .

of Mercury may be as little as the Particles of
A fome

e
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fome tranfparent and volatile Fluids, and yet
refle& the white of the firft order. ‘
 Laftly, for the produttion of élack, the Cor-

ufcles muit be lefs than any of thofe which ex-
ﬁibit Colours. For at all greater fizes there is-
too much Light reflected to contftitute this Co-
lour.. Butif they be fuppofed a little lefs than
is requifite to refle¢t the white and very faint -
blue of the firft order, they will, according to
the 4th, 8th, 17th and 18th Obfervations, refleét
“{o very little Light as to apﬁear intenfly black,

and yet may perhaps variouily refract it to and-
fro within themfelves fo long, until it happen
to be ftifled and loft, by which means they will
appear black in all pofitions of the Eye without
- any tran{parency. And from hence may be under~
{tood whyFire, and the more fubtile diffolver Pu-
- trefadtion, by dividing the Particles of Subftan-
ces, turn them to black, why {mall quantities-
of black Subftances impart their Colour very
freely and intenfly to other Subftances to whic
they are applied ; the minute Particles of thefe,
by reafon of their very great number, eafily o-:
ver{preading the grofs Particles of others; why
Glafs ground very elaborately with Sand on a
Copger Platey ’till it be well polifh’d, makes
the Sand, together with what is worn off. from
the Glafs and.Copper, become “very black:
why blaek Subftances do fooneft of all others
become hot in the Sun’s Light and burn, (which
Effe¢t may proceed partly from the multitude
of Refraétions in a little room, and partly from
the ‘eafy Commotion of fo very fmall Cor-
pufcles;) and why blacks are ufually a littllc_z in(-1
C cline
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clined to a bluithColour. For that they are fo
may be feen l:iy illuminating white Paper by
Light refleted from black Subftances. For
the Paper will ufually appear of a bluifh white;
and the reafon is, that black Borders on the ob-
fcure blue of the firft order defcribed in the
18th Obfervation, and therefore reflects more
Rays of that Colour than of any other.
n thefe Defcriptions I have been the more
rticular, becaufe it is not impoflible but that
Kjl.icrofcopes may at length be improved to the
difcovery of the Particles of Bodies on which
their Colours depend, if they are not already in
fome meafure arrived to that degree of per-
fection.. For if thofe Inftruments are or can be
fo far improved as with fufficient diftinétnefs
to reprefent Objects five or {ix hundred times
bigger than at.a Foot diftance they appear ta
our naked Eyes, I fhould hope that we might
be able to difcover fome of the greateft of thofe

Corpufcles. And by one that would magnify -

three or four thoufand times perhaps they might
all be difcover’d, but thofe which produce
blacknefs. In the mean while I fee nothing ma-
terial in this Difcourfe that may rationally be
doubted of, excepting this Pofition. That tranf-
parent Corpufcles of the fame thicknefs and
- denfity with a Plate, do exhibit the fame Co-
lour. And this T would have underftood not
without fome Latitude, as well becaufe thofe
- Corpufcles may be. of irregular Figures, and
many Rays muit be obliquely incident on them,
and fo have a fhorter way through them than
' the length of their Diameters, as becaufe the

- ' ftraitnefs

— o - e e A
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ftraitpefs of the Medium pent in on all fides
within fuch Corpufcles maya little alter, its Mo-
tions or other qualities on which the Reflexion
depends. But yet I cannot much fufpeét the
lait, becaufe I have obferved of fome fmall
Plates of Mufcovy Glafs which were of an even
thicknefs, that through a Microfcope they have
appeared of the fame Colour at their edges and
corners where the included Medium was ter-

- minated, which they appeared of in other pla-

ces. - However it will add much to our Satif-
fa&tion, if thofe Corpufcles can be difcover’d
with Microfcopes; which if we fhall at length
attain to, I fear it will be the utmoft improve-
ment of this Senfe. For it feems impoflible
to fee the more fecret and noble Works of Na-
ture within the Corpufcles by reafon of their -
tranfparency. : '

Pror VI

The Caufe of‘ Reflexion is not the impinging of
Light on the folid or impervious parts of Bo-
 dies, as 15 commonly believed.

7Y YHIS will appear bXFthe following Confi-
‘ derations. Firft,

Light out of Glafsinto Air there is a Reflexion
as ftrong as in its paflage out of Air into Glafs, |

- or rather a little ftronger, and by many degrees

flronger than in its paflage out of Glafs into
Water. And it_feems not probable that Air
fthould have more, rédeéting parts than Water
or Glafs. But if that fhould poflibly be fuppo-
fed, yet it will avail nothing; for the Reflexion

, : : is

hat in the paflage of .
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is as ,-i}rong.-gr' {Cf;ronger Whex} the {l’iir i %@wﬁ
away from the Gla in the Air-Pam
i%’\‘;gr’xé@‘ﬁ%l T. 1&03'7%] ag when it is adjacenf:
to it. Secondly, If Light in its paflage out of
Glafs into Air be incident more obliquely thar
at an Angle of 40 or 41 Degrees it is wholly
reflected, if lefs obliquely it is in great mea=
{fure tranfmitted. Now it’is not to be imagined
that Light at one degree of obliquity fhould
meet with Pores enough in the Air to tran{mit
the greater part of it, and at another degree of
obliquity thould meet with nothing but parts
to reflect it wholly, efpecially confidering that
in its paflage out of Air into Glafs, how ob-
lique foever be its Incidence; it finds Pores e-=
nough in the Glafs to tran{mit a great part of
it. If any Man fuppofe that it is not refle¢ted .
by the Air, but by the outmoft fuperficial parts
of the Glafs, there is flill the fame difficulty :
Befides, that fuch a Suppofition is unintelligi-
ble, and will alfo appear to be falfé by applying
Water behind fome patt of the Gldfs inftead of
Air.” For fo ina convenient obliquity of the
Rays, fuppofe of 45 or 46 Degrees, 4t which’
they are all refleéted where the Air is adjacent
to the Glafs, they fhall be in great meafure tranf-
mitted where the Water is adjacent toit ; which
argues, that their Reflexion or Tranfmiflion

* depends on the conftitution of the Air and Wa-

ter behind the Glafs, and not on the ftriking of
the Rays upon the parts of the Glafs. Third-
ly, If the Colours made by a Prifm placed at
the entrance of a Beam of Light into a darken’d
Room be fucceflively caft on a fecond Prifm
placed
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placed at a greater diftance from the former,
in fuch manner that they are all alike incident
upon it, the fecond Prifin may be fo inclined to
~ the incident Rays, that thofe which are of a
blue Colour fhall be all refletted by it, and yet -
~ thofe of a'red Colour pretty copioufly tran{mit-
ted. Now if the Reflexion be cauied by the
parts of Air or Glafs, I would ask, why at the
fame Obliquity of Incidence the blue fhould
wholly impinge on thofe parts fo as-to be all
j'eﬂeéz’ed, and yet the red find Pores enough
to be in a great meafure tranfmitted. Fourth-
-1y, Where two Glaffes touch one another, there
is no fenfible Reflexion as was declared in the
firft Obfervation; and yet I fee no reafon why
the Rays fhould not 'impinge on the parts of
Glafs as much when contiguous to other Glafs
is when contiguous to Air. Fifthly, When -
the top of a Water-Bubble (in the 17th Obfer-
vation) by the continual fubfiding and exha-
ling of the Water grew very thin, there was
{uch a little and almoft infenfible quantity of
Light reflefted from it, that it appeared in+
tenfly black ; whereas round about that black

~ Spot, where the Water was thicker, the Refle-

- xion was {o {lrong as to make the Water feem
very white. Nor is it only at the leaft thick-

nefs of thin Plates or Bubbles, that there is no

manifeft Reflexion, but at many other thick-

nefles continually greater and greater. For in

the 15th Obfervation the Rays of the fame Co-
Tour were by turns tranfmitted at one thicknefs,
and refleéted at another thicknefs, foran in-
determinate number of Succeffions. And yet
- in -
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in the Superficies of the thinned Body, where
it is of any one thicknefs, there are as many
arts for the Rays to impinge on, as where it
1s of any other thicknefs. Sixthly, If Reflexion
were caufed by the parts of reflecting Bodies,
it would be im ofﬁb?e for thin Plates or Bub-
bles at one and the fame place to refleét the
Rays of one Colour and tranfmit thofe of ano-
ther, as they do according to the 13th and 15th
Obfervations. ‘For it is not to be imagined
that at one place the Rays which for inftance
exhibit a blue Colour, fhould have the fortune
to dafh upon the parts, and thofe which exhi-
bit a red to hit upon the Pores of the Body ;
and then at another place, where the Body-is
_ either a little thicker, or a little thinner, .that
on the contrary the blue fhould hit upon its
_ pores, and the red upon its parts. Laftly, were
the Rays of Light refleted by impinging on
the folid parts of Bodies, their Reflexions from
polifh’d Bodies could not be fo regular as they
are. Forin poliﬂxing Glafs with Sand, Putty or
Tripoly, it 1s not to be imagined that thofe
Subftances can by grating and fretting the Glafs
bring all its leaft Particles to an accurate Polith ;
fo that all their Surfaces fhall be truly plain or
truly fpherical, and look all the {fame way, fo
as together to compofe one even Surface. The
{maller the Particles of thofe Subftances are,
the fmaller will be the Scratches by which the
continually fret and wear away the Glafs until
it be polifh’d, but be they never fo fmall they
can wear away the Glafs no otherwife than by
grating and {cratching it, and bre’akilla)g the
rotu-

e M
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Protuberances, ‘and therefore polith it o o=
therwife than by bringing its roughnefs to a ve-
ry fine Grain, fo that the Scratchés and Fret-
tings of the Surfate become too {mall to be
vifible. And thercfore if Light were reflefted
by impinging upon the folid parts of the Glafs,
it would be fcatter’d as much by the moft po-
lith’d Glafs as by the rougheft. So then it re-
mains a Problem, how Glafs polifh’d by frétting
Subftances can reflect Light fo regularly as it
does: And this Problem 1s fcarce otherwife to.
be folved than by faying, that the Reflexion of
aRay is effected, not by a fingle point of the
refleting Body, but by fome power of the Bo-
&y which is evenly diftufed all over its Surface,
and by which it af¥s upon the Ray without im-
mediate Contaé. For that the parts of Bodies
do'act upon Light at a diftance fhall be thewn
hereafter. -~ ¢
. Now if Light be refleted not by impinging -
on the folid parts of Bodies; but by fome other .
principle 5 it’s probable that as many of its Rays
as impinge on the folid parts of Bodies are not
refle ‘edg but ftifled and loft in the Bodies: For
otherwife we muft allow two forts of, Refle-
xions. , Should all the Rays be refleted which
impinge on the internal parts of clear Water or
Cryltal; thofe Subftances wonld rather have a
cloudy Colour than 4 clear Tranfparency. To
r_n’akc%ddies look black; it’s neceffary that ma-
ny Rays be ftopp’d, retained and loft in' them,
and it feems not probable that any Rays can be
ftopp’d and ftiffed in them which do  not im-

pinge on their parts. .
And
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And hence we may underftand that Bodies
are much more rare and porous than is com-
monly believed. Water is nineteen times light=
er, and by confequence nineteen times rarer
than Gold, and Gold is fo rare as very readily
and without the leaft oppofition to tranfmit the
magnetick Effluvia, and eafily to admit Quick-
ilver into its Pores, and to let Water pafs
through it. For a concave Sphere of Gold fil-
-ed with Water, and foder’d up, has qu"n pref-
-{ing the Sphere with great force; let the Water
fqueeze through it, and ftand all over its out-
fide in multitudes of {fmall Dreps,. like Dew,
without burfting or cracking the BodEy of the
-Gold as I have been inform’d by an Eye w*
-nefs. From all which we may conclude, tha
- Gold has more Pores than folid parts, and by
* - confequence that Water has above forty times
« more Pores thapParts. And he that fhall find
out an Hypothefis, by which Water may be {o

‘fare, and yet not be capable of comﬁe ion b
force, may doubtlefs by the fame Hypothefis
make Golad and Water, and all other Bodies as
?much rarer as he pleafes, fo that Light may
'find a ready paflage through tranfparent Sub-

ftances. ) .

The Magnet aéts upon Iron through all denfe
Bodies not magnetick nor red het, without a-
ny diminution of its virtue; as for inftance,
through Gold, Silver, Lead, Glafs, Water.
The gravitating Power of the Sun is tran{mit-
ted through the vaft Bodies of the Planets with-
out any diminution, fo as to at upon all their
parts to their very centers with the fame FOrcg

, , an



and according to the fame Laws as if the part
upon which it ats were not furrounded with
the Body of the Planet: The Rays of Light.
whether, they be very {mall Bodies projeéted;
or only Motion or Force propagated; are mo-,
ved in right Lines; and whenever a Ray of
Light is by any Obftacle turned out of its re&ti-
linear way, it will never return into the fame
rectilinear way; unlefs perhaps by very great ac=
* cident, And yet Light is tranimitted through
pellucid folid Bodies in right Lines to very great
diftances. How Bodies can have a fufhcient
'quantitéiof Potes for producing thefe Effeéts is
very difficult to conceive, but perhaps not al-
togethier impoffible., For the Colours of Bodies
arife from the Magnitudes of the Particles which.
refleét them, as was explained above: Now if
we conceive thefe Particles of Bodies to be {o
difpofed amongft themfelves, that the Intervals
or empty, Spaces between them may be equal in.
~magnitude 6 them.all; and that thefe Pagti-
cles may be compofed of other Particles much
{maller, which have as much empty Space be-,
tween them as equals all the Nfagnitudcg"of
thefe {maller Particles: And that in like man-
ner thefe {maller Particles are again compofed -
of others much fmaller, all which together are.
equal to all the Pores or.empty Spaces between
them; and fo on perpetually till you come to
{olid Particles, fuch as have no Pores or empty
Spaces, within them: And if in any grofs Body:
there be, for inftance, three fuch degrees of
Particles, the leaft of which are folid ; this Bo-
dy will have feven times more Pores than folid

o Rz ' arts:
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Parts. But if there be four fuch degrees of
Particles, the leaft of which are folid, the Bo- -
dy will have fifteen times more Pores than fo-
lid Parts. If there be five degrees, the Body
will have one and thirty times more Pores than
folid Parts. If fix degrees, the Body will have
fixty and three times more Pores than folid
- Parts. And {o on perpetually. And there are
other ways of conceiving how Bodies may be
exceeding porous. But what is really their in=
ward Frame is not yet known to us. :

Pror IX.

Bodies reflet and refrait Light by ome and the
Same power varioufly exercifed in varions Cir<
cumflances. ' :

HIS apgea‘rs by feveral Confiderations.
: Firft, Becaufe when Light goes out of -

afs into Air, as obliquely as it can poflibly
. dog If its Incidence be made ftill more oblique,
it becomes totally refleted. For the power of
the Glafs after it has refracted the Light as ob-
liquely as is poffible if the Incidence be ftill
made more oblique, becomes too ftrong to let
any of its Rays go through, and by confequepce
caufes total Reflexions. Secondly, Becaufe
Lifht is alternately refleCted and and tranfmit-
ted by thin Plates of Glafs for many Succeflions
accordingly as the thicknefs of th-e%’late increa-
fes in an arithmetical Progreffion. For here -
the thicknefs of the Glafs determines whether
that Power by which Glafs ats upon Light .
fhall caufe it to be refleéted, or fuffer it toa&e
' tra




| [ 245 ] |
“tranfmitted. And, Thirdly, becaufe thofe Sur-
faces of tranfparent Bodies which have the great-
- eft refracting Power, refle¢t the greateft quan-
tity of Light, ab was fhew’d in the firft Propo-
fition. , |
- ~ Pror X
If Light be fwifter in Bodies than in Vacuo in
the proportion of the Sines which meafure the
- Refraétion of the Bodses, the Forces of the
Bodies to reflect and refraét Light, are very
- mearly proportional to the denfitses of the
- fame Bodies, excepring that unttuons and ful-
phureous Bodies refralt more tham others of
this fame denfity. A

ET AB reprefent the refra&ing plane Sur-
face of any Body, and IC a Ray incident
very obliquely upon the Body in C, {q that the

Angle A CI may be infinitely little, and let CR
be the refratted Ray. From a given Point B
- perpendicular to the refracting Surface-eret BR
meeting with the refralted Ray CR in R, and
if CR reprefent the Motion of the refracted
Ray, and this Motion be diftinguifh’d into two
Motions CB and BR, \iv{here'of CB is par:lzli

| 3 e
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lel to the refrafting Plane, and BR perpendis
cular' to it: CB fhall reprefent the Motion of
the incident Ray, and BR the Motion genera-
ted by the Refration, as Opticians have of late
explain’d. -
~ Now if any Body or thing, in moving through

any Space of a given breadth terminatcd on
“both fides by two parallel Planes, be urged forz
" ward in all parts of that Space by Forces tend-
ing directly forwards towards the laft Plane, and
before its Incidence on the firft Plane, had no
Motion towards it, ar but an infinitely little
one; and if the Forces in all parts of that Space,
- between the Planes be at equal diftances from
the Planes equal to one another, but at feveral
diftances be bigger or lefs in any given Propor-
tion, the Motion gencrated by the Forces in
the whole paflage of the Body or thing through
that Space fhall be in a fubduplicate Proportion
of the Forces, as Mathematicians will eafily
underftand. And therefore if the Space of ach-
vity of the refracting Superficies of the Body
be confider’d as fuch a Space, the Motion of
the Ray generated by the refrating Force of
the Body, duringits paffage through that Space,
that is the Motion B R, mutft be in a fubdupli-
cate Proportion of that refradting Farce. I fay
therefore that the Square of the Ling BR, and
by confequence the refraéting Force of the Bo-
dy is very nearly as the denfity of the fame Bo-
- dy. For this will appear by the following Ta-

b?;, wherein the Proportion of the Sines which
meafure the Refractionis of feveral Bodies, the
Square of BR fuppofing CB an unite, the ]r)en-
R I P A ©os . 1ties
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fities of the Bodies cflimated by their fpecifick
gravities, and their refractive Power in refpeét
of their denfities are fet down in feveral Co-
lumns. '

The Refra&ion of the Air in this Table is de-
termin’d by that of the Atmofphere obferved

R 4 by
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by Aftronomers. For if Light pafs through
many refralting Subftances or Mediums gradu-
ally denfer ‘'and denfer, and terminated with
parallel Surfaces, the fum of all the Refraétions
will be equal to the fingle Refraction which it
would have fuffer’d in pafling immediately out
of the firft Medium into the laft. And this holds
true, though the number of the refrafting Sub-
ftances be increafed to infinity, and the diftan-
ces from one another 3s much decreafed, fo
- that the Light may be refraéted in every point
of its Paflage, and by continual Rafractions bent
into a curve Line. And therefore the whole
~ Refraétion of Light in pafling through the At-

mo?h,el:e from the higheft and rareft part there-

of down to the loweft and denfeft part, muft
- be equal to'the Refra¢tion which it would fuf-
fer in pafling at like obliquity out of a Vacuum
immediately into Air of equal denfity with that
in the loweit part of the Atmofphere.

Now, although a Pfeudo-Topaz, a Selenitis,
Rock Cryftal, Hland Cryftal, Vulgar Glafs
(that is, Sand melted together) and Glafs of
Antimony, which are terreftrial ftony alcalizate
Concretes; and Air which probably arifes from
fuch Subftances by Fermentation, be Subftan-
ces very differing from one another in depfity,
};et by this Table, they have their refrative

owers almoft in the fame proportion to one
another as their denfities are, excepting that
the Refraction of that ftrange Subftarice Ifland
Cryftal is a little bigger than the reft. And
particulatly Air, which is 3500 times rarer than

the Pleudo-Topaz, and 4400 times rarer (t;l]lafn
- ‘ - Glafs



| [ 249 ]

Glafs of Antimony, and 2000 times rarer than
the Selenitis, Glafs vulgar, or Cryftal of the
Rock, has notwithftanding its rarity-the fame
refraétive Power in refpect of its denfity which
thofe very denfe Suftances have in refpeét of
theirs, excepting fo far as thofe differ from one
another. : . " '

Again, the Refra&tion of Camphire, Oil Olive,
Lin{eed Oil, Spirit of Turpentine and Ambar,
which are fat fulphureous unétuous Bodies, and
a Diamond, which probably is an unétuous Sub-
ftance coagulated, have their refra&tive Powers
in proportion to one another as their denfities
without any confiderable variation. But the
refraltive Powers of thefe unétuous Subftances
are two or three times greater inrefpect of their
denfities than the refractive Powers of the for-
mer Subftances in refpeét of theirs. :

Water has a refractive Power in a middle dg-
gree between thofe two forts of Subitances,
and probably is of a middle nature. For out
of it grow all vegetable and animal Subftances,
which confift as well of fulphureous fat and in-
flamable parts, as of earthy lean and alcalizate
ones. , ,

- Salts and Vitriols have refractive Powers in a
middle degree between thofe of earthy Sub-
ftances and Water, and accordingly are com-

ofed of thofe two forts of Subftances. For
Ey diftillation and reétification of their Spiritsa
great part of them goesinto Water, and a great

art remains behind in the form of a dry fix'd
%,a,rth capable of vitrification. '

Spirjt



[ 250 ]

Spirit of Wine has a refraftive Power in a
middle degrec beiween thole of Water and
oily Subftances, and accordingly feems to be
compofcd of both, united by Fermentation ;
the Water, by means of fome faline Spirits with
which ’tis impregnated, diflolving: the Oil, and
volatizing it by the action.  For Spirit of Wine
is inflamable by means of its oily parts, and be-
ing diftilled often from Salt of Tartar, grows
by every diftillation more and imnore aqueous
“and phlegmatick. And Chymifts obferve, that
Vegetables (as Lavender, Rue, Marjoram, &¢.)
dittilled per /2, before fermentation yield Oils
without any burning Spirits, but after fermen-
tation yield ardent Spirits without Oils: Which
fhews, that their Oil is by fermentation con-
verted into Spirit. They find alfo, that if Oils
" be poured in {mall quantity upon fermentating
\jegetables, they diitil over after fermentation
in the form of Spirits.
So then, by the foregoing Table, all Bodies
feem to have their refrative Powers propor-
tional to their denfities, (or very nearly;) ex-
cepting fo far as'they partake more or lefs of
fulphureous oily Particles, and thereby have their
refraétive Power made greater or lefs. Whence
it feems rationa! to attribute the refraétive Pow-
er of all Bodies chiefly, if not wholly, to the
fulphureous parts with which they abound. For
it’s probable that all Bodies abound more or lefs
with Sulphurs. And as Light congregated by
a Burhing-glafs acts moft upon fulphureous Bo-
dies, to turn them into Fire and Flame; fo,
'fince all action is mutual, Sulphurs ought to aé{
C mof
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moft upon Light. For that the ation between
. Light and Bodies is mutual, may appear from
this Confideration; That the denfeft Bodies
which refra¢t and refle¢t Light motit ftrongly
grow hotteft in the Summer Sun, by the aétion
of the refradted or refleéted Light.

. I have hitherto explain’d the Power of Bo-
dies to refle¢t and refraét, and thew’d, that thin
tranfparent Plates, Fibres and Particles do, ac-

~ cording to their feveral thicknefles and denfi-

ties, refleét feveral forts of Rays, and thereby
appear of feveral Colours, and by confequence
that nothing more is requifite for producing all
the Colours of natural Bodies than the feveral
Aizesand denfities of their tranfparent Particles.
But whence it is that thefe Plates, Fibres and
Particles do, according to their feveral thick-
nefles and denfities, retlect feveral forts of Rays,
T have not yet explain’d. . To give fome infight
into this matter, and make way for underftand-
ing the next part of this Book, I fhall conclude
this Part with a few more Propofitions. Thofe
which preceded refpcét the nature of Bodies,
thefe the nature of Light: . For both muit be
underftaod before the reafon of their actions
upon one another can be known. And becaufe
the laft Propofition depended upon the velocity
of Ic_l,ight, I will begin with a Propofition of thag
kind, - | B

Proop.
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Prop XL

Light ts propagated from luminows Bodies i

" time, and [pends about f[évem or eight Mi-
nutes of an Hour in paffing from the Sun to
the Earth. '

~ [ YHIS was obferved firft by Roemer, and
, and then by others, by means of the E~
chipfes of the Satellites of Fupizer. For thefe
Eclipfes, when the Earth 1s between the Sun
and Fupiter, happen about {even or eight Mi-
putes {ooner than they ought to do by the Ta-
bles, and when the Farth is beyond the Sun
they happen about feven or eight Minutes later
than they ought to do ; the reafon being, that
the Light of the Satellites has farther to go in
the latter cafe than in the former by the Dia-
meter of the Earth’s Orbit. Some inequalities
of time may arife from the Excentricities of the
. Orbs of the Satellites; but thofe cannot anfwer
in all the Satellites, and at all times to the
fition and diftance of the Earth, from the Sun.
'The mean motions of Fupiter’s Satellites is alfa
fwifter in his defcent from his Aphelium to his
Perihelium, than in his afcent in the other half
of his Orb :, But this inequality has no refpett
to the pofition of the Farth, and in the three
- interior Satellites is infenfible, asI find by com-
putation from the Theory of their gravity.

°

Proepr
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~ Prope XIL ‘ |
Every Riy of Light in its paflage through any
refratling Surfa:e i put into a cerigin tran,
Sfeent Conflitution or State, which in the pro--
grefS of the Ray returns at equal Intervals,
and dipofes the Ray at every return to be
eafily tranfmitted through the next refraitin

Surface; and bevween the returus to be eafily
reflected by it.

’ HIS is manifeft by the sth, 9th, 12th,
and xs5th Obfervations. For by thofe Ob-
fervations it appears, that one and the fame
fort of Rays at equal Angles of Incidence on a-
ny thin tranfparent Plate, ' is alternately refle&-
ed and tranfmitted for many Succeflions accor-
dingly as the thicknefs of the Plate increafes
in arithmetical Progreffion of the Numbers, o,
1,2, 3, 4, 55 6, 7, 8, @&c. fo that if the firft Re-
flexion (that which makes the firft or inner-
moft of the Rings of Colours there defcribedy
be made at the thicknefs 1, the Rays fhall be
tranfmitted at the thicknefles o, 2, 4; 6, 8, 10y
12, ¢, and thereb% make the central Spot and
Rings of Light, which appear by tranfmiffion;
and be reflected at the thicknefs 1, 3, 5, 7, 95
11, &¢. and thereby make the Rings which
appear by Reflexion. And this alternate Re-
flexion and Tranfmiffion, asI gather bythe 24th -
Obfervation; continues for above an hundred
viciflitudes, and by the Obfervations in the next
part of this Book, for many thoufands, being:
propagated from one Surface of a Glafs Plate ﬁo- |
‘ | the
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the other, though the thicknefs of the Plate be
a quarter of an Inch or above: So that this al-
ternation feems to be propagated from every
refracting Surface to all diftances withéut end
or limitation.

This alternate Reflexion and Refraétion de-
gends on both the Surfaces of every thin Platey

ecaufe it depends on their diftance. By the
21t Obfervation, if either Surface of a thin
Plate of Mufcovy Glafs be wetted, the Colours
caufed by the alternate Reflexion and Refta-
¢tion grow faint, and therefore it depends on
them both. ’ N .

It is therefore perform’d at the fecond Sur<
face; for if it were perform’d at the firft, be-
fore the Rays arrive at the fecond, it would
not depend on the fecond. S e

It is alfo influenced by fome ation or difpo=
fition, propagated from the firft to the fecondy
becaufe otherwife at the fecond it would not
depend on the firlt. And this aétion or difpo-
fition, in its propagation, intermitsand returns
" by equal Intervals, becaufe in all its progrefs it
inclines the Ray at one diftance from the firft
Surface to be refleted by the fecond, at ano<
" ther to be tranfmitted by it, and that by equal
Intervals for inmimerable viciflitudes. And be-
caufe the Ray s difpofed to Reflexion at the
diftances 1, 3, 5, 7, 9, &¢. and to Tran{miflion
. at the diftances o, 2, 4, 6, 8, 1o, @¢. (for its
tranfmiflion through the firft Surface, is at the
diftance o, and it is tranfmitted through both"
together, if their diftance be infinitely little or
much lefs than 1) thé difpofition to be tgan{;

mikte
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mitted-at the diftances 2, 4, 6, 8, 10, &¢. is ta
be accounted a return of the fame diipofition
which the Ray firft had at the diftance o, that is
at its tranfmiflion through the firft refracting
Surfice. All which is the thing I would prove.
What kind of action or ditpofition this is;
Whether it confifts in a circulating or a vibra-
ting motion of the Ray, or of the Mcdium, or .
fomething elfe, I do not here enquire. Thofe
that dre averfe from aflenting to any rew Dif-
coveries, but fuch as they can explin by an
Hypothefis, may for the prefent fuppofe, that
as Stones by falling upon Water put the Water
into an undulating Motion; and all Bodies by
EercuﬂiOn excite vibrations in the Air; fo the
ays of Light, by impinging on any refraéting
or refleéting Surface, excite vibrations in the
refralting or refleting Medium or Subftance,
-and by exciting them agitate the folid parts of
‘the refracting or reflecting Body, and by agita-
. ting them caufe the Body to grow warm or
thot; that the vibrations thus excited are pro-
pagated in the refracting or refle¢ting Medium
or Subftance, much after the manner that vibra-
tions are gropagated in the Air for caufing
Sournd, and move fafter than the Rays fo as to
overtake them; and that when any Ray is in
that part of the vibration which confpites with
~ its Motion, it eafily breaks through a refraéting
Surface, but when it is in the contrary part of
the vibration which impedes its Motion, it is
€afily refleted ; and, ‘by confequence, that e-
very Ray is fucceflively difpofed to be ¢afily re-
fle¢ted, or cafily tranfmitted, by every vibra-
‘ ' - ~ - tion
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tion which overtakes it. But whether this Hy-
fotheﬁs be true or falfe I do not here confider.

content my felf with the bare Difcovery; that
the Rays of Light dre by fome caufe or othef
alternately difpofed to be refleéted or tefra-

ed for many viciffitudes.
DEFINITION:

The vetursis of the difpofition of -any Ray te
be refleited I will c{fl/ its Fits of Jc;afy {le,v
flexion, and thofe of its difpofition to be
tranfmitted its Fits of ealy Tran{mifliony
and the [pace it paffes between every re-
turn and the next retvrn; the Interval of
its Fits.

_ Pror XII

The reafon why the Surfaces of all thick tranf-

 parent Bodies reflect part of the Light inci-

dent on them; and refract the refl, s, that .

Jome Rays at their Incidence are im Fits of

eafy Reflexion, and others in Fits of ealy

Tranfmsffion. v

HIS may be gather’d from the 24th Ob-
___fervation, where the Light refleted by,
thin Plates of Air and Glafs, which to the naked
Eye appear’d evenly white all over the Platey
did through a Prifm appear waved with ma;aly
Succeflions of Light and Darknefs made by al-
ternate Fits of eafy Reflexion and eafy Tranf-
miffion, the Prifm fevering and diftinguithing:
the Waves of which the white reflected Light
was compofedy as was explain’d above. e
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And hence Light is in Fits of eafy Reflexion
and ealy Tranfmiflion, before its Incidence on
tranfparent Bodies. - And probably it is pat in-
to fuch Fits at its firft emiflion from luminous-
Bodies, and continues in them during all its
progrefs. For thefe Fits are of a lafting nature,

- as will appear by the next part of this Book.

In this Propofition I fuppofe the tranfparent
Bodies to be thick, becauie if the thicknefs of
the Body be much lefs than the Interval of the
Fits of eafy Reflexion and Tranfmiflion of the
Rays, the Body lofeth its refle¢ting power. For
if the Rays, which at their entering into the
~ Body are put into Fits of eafy Tranfmiflion, ar-

rive at the fartheft Surface of the Body hefore .
they be out of thofe Fits they muft be tranfmit- .
ted. And this is the reafon why Bubbles of
Water lofe their refle¢ting power when they
grow very thin, and why all opake Bodies when
reduced into very fmall parts become tranfpa-
rent. , ’

Pror XIV.

Thofe Surfaces of tranfparent Bodies, which if
the Ray be in a Fit of Refraltion do refralt
it moft ftromgly, if the Ray be in a Fit of Re-.
Slexion do reflect it moft eafily. :

OR we thewed above in Prop. 8. that the
caufe of Reflexion is not the impin_ ing of
Light on the folid impervious parts of Bodies,
but fome other Power by which thofe {folid
parts act on Light at'a diftance. We thewed.
alfo in Prop. 9. that Bodies reflect and refract
: - T Ligng
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Light by one and the. fame Power varioufly ex- .
ercifed in various circumftances, and in Trg.x.
that the moft ftrongly refra&ting Surfaces reflect
the moft Light: All which compared together"
evince and ratify both' this and the laft Propo-
fition. , |

Pror XV. o
In any one and the fame firt of Rays emerging
in any Angle out of any refraiting Surface in-
zo one anj the fame Medium, the Interval of
the following Fits of eafy Reflexion andTran/
 miffion are either accurately or very mearly,
as the Rectangle of the Secant of the Angle of
Refraction, and of the Secant of another An-
gle, whofe Sine is the firft of 106 arithmetical
mean Proportionals, between the Sines of In-

cidence and Refraition counted from the Sine
of Refraction.

SVHIS is manifeft by the 7th and 19th Ob-
., fervations. )

Pror.
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Pror. XVL '
In feveral forts of Rays emerging in equal An-
gles out of any refraiting Surface into the
Same Medium, the Intervals of the following
Fits of eafy Reflexion and eafy Tranfniffion
are either accurately, or very nearly, as the
Cube-Roots of the Square.rléf the lengths of @
Chord, which found the Notes in an Eight,
fol, la, fa, fol, la, mi, fa, fol, with all tieir
intermediate degrees anfwering to the Colours
of thofé Rays, according to the Analogy de-
feribed in the feventh xl'periment of the fe-

cond Part of the firft Book. -

HIS is manifeft by the r3thand 14th Ob-
fervations,

Propr. XVIL v

" If Rays of any firt pafs perpendicularly into
Several Mediums , the Intervals of the Fits
" of eafy Reflexion and Tranfmiffion in any one
Medium, are to thofe Intervals in any otber
as the Sine of Incidence to the Sine of Refra-
ction, when the Rays pafs out of the firft of
thofe two Mediums into the fecond. '

)

This is manifeft by the 1oth Obfervation,

S Paop,’



T

[ 260 ]

Pror XVII -

. Ifthe Rays which paint the Colour in the Con-
fine of yellow and orange pafs perpendicularly
aut of any Medium into Air, the Interyals of

their Fits of eafy Reflexion are the §-—’-—tb

part of an Inch. _And of the fame length are
the Intervals of their Fits of eafy Tranfmif-
. ﬁo”-' - ) '

! HIS is manifeft by the,6th Obfervation.

From thefe Propofitions it is eafy to col-
le¢t the Intervals of the Fits of eafy Reflexion
and eafy Tranfmiflion of any fort of Rays re-
frafted in apy Angle into any Medium, and
thence to know, whether the s thall be re-
fleéted or tranfmitted at their fuzfequentllnci-
dence uponany other pellucid Medium. Which
thing being uleful for underftanding, the next -
part of this Book was here to be fet down. And
for the fame reafon I add the two following
Propofitions. -

Provr
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" Propr XIX.

If any fort of Rays falling on the polite Surface
faf };’71;5 pellucid Mediamg be rqﬂeged bacé,f;be
Fits of eafy Reflexzon which they have at the
point of Reflexion, fball [lill continue to re-
turn, and the returns fball be at diffances
Jrom the point of Reflexion in the arithmeti-
cal progreffion of the Numbers 2, 4, 6, 8, 10,
12, &C. and between thefé Fits the Rays fhall

" be in Fits of eafy Tranfmiffion. ‘

OR fince the Fits of eafy Reflexion ard
I eafy Tranfmiflion are of a returning na-
ture, there is no reafon why thefe Fits, which
continued till the Ray arrived at the refletting
‘Medium, and there inclined the Ray to Refle-
xion, fhould there ceafe. And if the Ray at
the point of Reflexion was 1n a Fit of eafy Re-
flexion, the progreflion of the diftancesof thefe
Fits from that point muft begin from o, and fo
be of the Numbers o, 2, 4, 6, 8, @c. And’
~ therefore the progreflion 'of the diftances of the
intermediate Fits of eafy Tran{miffion reckon’d
from the fame point, muft be in the progreflion
of the odd Numbers 1, 3, 5, 7, 9, {8¢. contra-
-ty to what happens when the fits are propaga-
ted from points of Refraétion. .

S3 Pror
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Pror XX.

The Intervals of the Fits of eafy Reflexion and
eafy Tranfimiffion, propagated from points of
Reflexion into any Medium, are equal to the
Intervals of the like Fits which the fame
Rays would bave, if refraited into the fame
Medium in Angles of Refraction equal to their
Angles of Reﬂ}gxion. ' ,

OR when Light is reflefted by the fecond
Surface of thin Plates, it goes out after-
wards freely at the firft Surface to make the
Rings of Colours which appear by Reflexion,
and by the freedom of its egrefs, makes the
Colours of thefe Rings more vivid and ftrong
than thofe which appear on the other fide of
the Plates by the tran{mitted Light. The re-
fle@ed Rays are therefore in Fits of eafy Tranf-
miflion at their egrefs; which would not always
happen, if the Intervals of the Fits within the
Plate after Reflexion were not equal both in
length and number to their Intervals before it.
And this confirms alfo the Proportions fet down
in the former Propofition. For if the Rays
both in going in and out at the firft Surface be
in Fits of ealy Tran{miflion, and the Intervals
and Numbers of thofe Fits between the firft
and fecond Surface, before and after Reflexion,
be cqual ; the diftances of the Fits of eafy
T'ranimiflion from,either Surface, muit be in
the fame progreflion after Reflexion as before ;
. that is, from the firft Surface which tranfmit-
ted them, in the progreflion of the even Ngm—
: ers

/o
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~ bers 0, 2, 4, 6, 8 ¢. and from the fecond

which reﬂe&ed- them, in that of the odd Num-
" bers 1, 3, 5, 7, ®c. But thefe two Propo-
fitions will become much more evident by the
Obfervations in - the following part of this

S'4 ~ THE
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THE

SECOND ‘BOOK

OPTICK*S.

P A R T IV
mmmo@mmwc@mrwwm@ccxmocm

Obfervations concerning the Reflexions mzd Co-
lours of thick tmmj}é’armt polif’d Plates.

ERE is-no Glafs or Speculum how

cll foeygr polifh'd, but, befides the

Adght which it refraéts or refleéts re-

_ularly, fcatters cvery way irregu'arly
a faint Light, by means of which the polith'd -

Surface, whcn illuminated in a dark rooin hy a
. L\Jm
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beam of the Sun’s Light, ma’% be eafily feen in
all pofitions of the Eye. There are certain
Phzenomena of this {catter’d Light, which when
I firft obfervéd them, feem’d very ftrange and
{Urpfiﬁng to me. My Obfervations were as fol-
OWS.

04/ 1. The Sun fhining” into my darken’d
- Chamber through a hole one third of an Inch
wide, I let the intromitted beam of Light fall
perpendicularly upon a Glafs Speculum ground
" concave on ore fide and convex on the other,
to a Sphere of five Feet and eleven Inches Ra-
dius, and Quick-filver'd over on the convex
fide. And holding a white opake Chart, or a
Quire of Paper at the center of the Spheres to
which the Speculum was ground, thatis, atthe
diftance of about five Feet and eleven Inches
from-the Speculum, in fuch manner, that the
beam of Light might pafs through a little hole
made in thé middle ofP the Chart to the Specu-

lum, and thence be refleted back to the fame

hole: I obferved upon the Chart four or five
concentric rifes or Rings of Colours, like Rain-
bows, encompafling the hole much after the
- manner that thofe, whichin the fourth and fol-

lowing Obfervations of the firft part of this third

Book appear’d between the Objet-glafles, en-

compailed the bIackTSEot‘, but yet larger and

fainter than thofe, v
" larger and larger became diluter and fainter, {fo
‘that the fifth was {carce vifible. Yet fome-
times, when the Sun fhone very clear, there
appear’d faint Lineaments of a fixth and fe-
venth. If the diftance of the Chart from the

" Specu-

efe Rings as they grew
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Speculum was much greater or much lefs than
that of fix Feet, the Rings became dilute and
vanifi’d. And if the diftance of the Speculum
from the Window was much greater than that
of fix Feet, the refleted beam of Light would
be fo broad at the diftance of f{ix Feet from the
. Speculum where the Rings appear’d, as to ob-
{cure one or two of the innermoft Rings. And
therefore I ufually placed the Speculum at a-
bout fix Feet from the Window; fo that its
Focus might there fall in with the center of its
concavity at the Rings upon the Chart. And
this Pofture is always to be underftood in the
foH?\xéing Obfervations where no other is ex-
refs'd. o '
l.) 054f. 2. The Colours of thefe Rain-bows
fucceeded one another from the center out-
wards, in the fame form and order with thofe
which were made in the ninth Obfervation of
the firft Part of this Book by Light not refle&-
ed, but tranfmitted through the two Objeft-
glafles. For, firft, there was in their common.
center a white round Spot of faint Light, fome-
thing broader than the refle¢ted beam of Light,
which beam fometimes fell upon the middle of
the Spot, and fometimes by a little inclination
of the Speculum receded from the middle, and
left the Spot white to the center. |
This white Spot was immediately encompaf~
fed witha dark grey or ruflet,and that dark grey
with the Colours ef the firftIris; which Colourg’
on the infide next the dark grey were a little
violct and indigo, and next to that a blue, which
on the outfide grew pale, and then fucceedledla
‘ ’ . ittle

“
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little greenith yellow, and after that a brighter
}zellow, and then on the outward edge of the -
ris a red which on the outfide inclined to pur-
le. ]

P This Iris was immediately encompaffed with
a fecond, whofe Colours were in order from
the infide outwards, purple, blue, green, yel-
. low, light red, a red mix’d with purple.

. 'Then immediately faollow’d the Colours of
the third Iris, which were in order outwards a
green inclining to purple, a good green, and
a red more bright than that of the former Iris.

“The fourth and fifth Iris feem’d of a bluith -
green within, and red without, but fo faintly
that it was difficult to difcern the Colours.

04f. 3. Meafuring the Diameters of thefe
‘Rings upon the Chart as accurately as I could,
I found them .alfo in the fame proportion to
one another with the Rings made by Light
tranfmitted through the two Obje&-glafles. For
the Diameters of the four firlt of the bright
Rings meafured between the brighteft parts of

their Orbits, at the diftance of {ix Feet from the
Speculum were 13 23, 2+1, 3+ Inches, whofe
Squares are in arithmetical progreflion of the
numbers 1, 2, 3, 4. If the white circular Spot
in the middle be reckon’d amongft the Rings,
and its central Light, where it feems to be moft
luminous, be put equipollent to an infinitely
- little Ring; the Squares of the Diameters of the
Rings will be in the progreflion o, 1, 25 3, 4, -
€3c. 1 meafured alfo the Diameters of the dark
Circles between thefe luminous ones, and found
their Squares in the progreflion of the ngm—
: ers
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Bers =, 15, 1%, 34, &c. the Diameters of the
firft four at the diftance of {ix Feet from the
Speculum, being 1%, 2%, 23, 3+ Inches. If
the diftance*of the Chart from the Speculum
was increafed or diminifthed, thé Diameters of
the Circles were increafed or diminithed pro-
pottionally. - :
 O4f. 4. By the analogy between thefe Rings
and thofe defcribed in the Obfervations of the
firft Part of this Book, I fufpeéted that there
‘were many more of them which fpread into
one another, and by interfering mix’d their Co-
lours, and diluted one another {o that they
could not be feen apart. I viewed them there-
fore through a Prifm, as I did thofe in the 24th
Obfervation of the firft Part of thisBook. And
“ when the Prifm was fo placed as by refrating
the Light of their mix’d Colours to {eparate
them, and diftinguith the Rings from one ano-
ther, as it did thofe in that Obfervation, I could
then fee them diftinéter than before, and eafily
number eight or nine of them, and fometimes
twelve or thirteen. And had not their Light
been fo very faint, I queftion not but that I
might have feen many more. -~ |
0O4f.s. Placing a Prifm at the Window to
refract the intromitted beam of Light, and caft
the oblong Speétrum of Colours on the Specu=
lum: I covered the Speculum with a blick Pa-
per which had in the middle of it a hole to let
any one of the Colours pafs through to the
Speculum, whilit the reft were intercepted by
the Paper. And now I found Rings of that Co-
lour only which fell upon the Speculum. hIf
. the
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the Speculum was’illuminated with red, th®
Rings were totally red with dark Intervals, if
with blue they were totally blue, and fo of the
~other Colours. And when they were illumi-
nated with any one Colour, the Squares of their
Diameters meafured between their moit lumi-
Jous parts, were in the arithmetical progreilion
of the numbers o, 1, 2, 3, 4, and the Squares
of the Diameters of their dark Intervals in the
progreffion of t!e intermediate numbers 4, 14,
24, 3+, But if the Colour was varicd they va-
_ried their magnitude. In thered they were lar-
geil, in the indigo and violet leaft, and in the -
-incermediate Colours yellow, green and blue,
they ere of {everal intermediate bignefles an-
fzering to the Colour, that is, greater in yel-
Iow than in green, and greater in green than in
bive. And hence I knew that when the Spe-
culum was illuminated with white Light, the
red and yellow on the outfide of the Rings were
groduced by the leaft refrangible Rays, and the
lue and violet by the mott refrangible, and that
the Colours of each Ring 1f{lread, into the Ceo-
lours of the neighbouring Rings on either fide,
after the manner explain’d in the firft and fe-
cond Part of this Book, and by mixing diluted
one another fo that they coyld not be diftin-
-guifh’d, unlefs near the center where they were
leaft mix’d. For in this Obfervation I copld
{ee the Rings more diftinétly, and to a greater

-number than before, being able in the yellow
Light to -number eight or nine of them, be-
fides a faint fhadow of a tenth. To fatisfy my
felf how much the Colours of the feveral Rings
o s ~ {pread

-
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®read into one another, I meafured the Dia-
meters of the fecond and third Rings, and found
them when made by the Confine of the red and
orange to be to the fame Diameters when made
by the Confine of blue and indigo, as 9 to 8,
or thereabouts. For it was hard to determine
this Proportion accurately. Alfo the Circles
made fucceflively by the red, yellow and green,
differ’d more from one another than thofe made
fucceflively by the green, blue and indigo. For
the Circle made by the violet was too dark to
be feen. To carry on the computation, let us
therefore fuppofe that the difterences of the
Diameters of the Circles made by the outmoft
red, the Confine of red and orange, the Confine
of orange and yellow, the Confine of yellow
and green, the Confine of green and blue, the
_ Contine of blue and indigo, the Confine of in-
- digo and violet, and outmoft violet, are in pro-
portion as the differences of the lengths of a
- Monochord which found the Tones in an Eight 5
foly la, fa, fol, la, mi, fa, fol, thatis, as the
numbers 3, <5, < 5 9 < ©r. And if the
Diameter of the Circle made by the Confine of
red and orange be 9 A, and that of the Circle
made by the Confine of blue and indigo be 8 A -
as above, their difference 9 A— 8 A will be
to' the difference of the Diameters of the Cir-
cles made by the outmoft red; and by the Con-
fine of red and orange, as <% 4 +: + x + Fto
1, that is as -% to 4, or 8 to 3, and to the diffe-
rence of the Circles made by the outmotft vio-
let, and by the Coufine of blue and indigo, as
Tt +.77 +77 + 55 057 + %, thatis,as-5tos%,
. ] ' or
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or as 16 to 5. And therefore thefe differences
will bé A and % A. Add the firft to 9 A and

fubduét the laft from 8 A, and you will have the
“Diameters of the Circles made by the’ leaft and

moft refrangible Rays 73 A anid ¥ A. Thefe

- Diameters are therefore to one another as 75
© to 61+ or 50 to 41, and their Squares as 2500
to 1681, that is, as 3 to 2 very nearly. , Which
proportion differs not much from the propor-
- tion of the Diameters of the Circles made b
the outmoft red and outmoft violet in the 13t
Obfervation of the firft Part of this Book.
. 04/ 6. Placing my Eye where thefe Rings
appear’d plaineft, I faw the Speculum tinged all
over withWaves of Colours (red, yellow, green,
blue;) like thofe which in the Obfervations of
the firft Part of this Book appeared between
the Objeét-glafles and upon Bubbles of Water,.
but muchlarger. And after the manner of thofe,
they were of various Magnitudes in various Po-
fitions of the Eye, {fwelling and fhrinking as I
moved.my Eye this way and that way. They
were formed like Arcs of concentrick Circles as
thofe were, and when my Eye was over againft
the center of the concavity of the Speculum (that
15, 5 Feet and roInches dyiﬁant from the Specu-
lum) their common center was in a right Line
with that center of concavity, and with the
hole in the Window. But in other poftures of
my Eye their center had other pofitions. They
appear’d by the Light of the Clouds propagated
. to the Speculum through the hole in the Win-
dow, and when the §un thone through that
hole upon the Speculum, his Light upon it
was
4
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was of the Colour of the Ring whereon it fell,
but by its {fplendor obfcured the Rings made By
the Light of the Clouds, .unlefs when the Spe-
culum was removed to a great diftance from
the Window, {o that his Light upon it might
be broadand faint. By varying the pofition of
my Lye, and moving it nearer to or farther
from the direét beam of the Sun’s Light, the
Cotour of the Sun’s refleéted Light conitantly
yvaricd upon the Speculum, as it did upon my
Eye, the fame Colour always appearing to a
By-ttander upon my Eye which to me appear’d
* upon the Speculum,  And thence I knew that
the Rings of Colours upon the Chart were made
by theie redected Colours propagated thither
- from the Speculum in {everal Angles, and that
their production depended not upon the ter-
mination of Light and Shadow. -

04/. 7. DBy tie Analogy of all thefe Phano-
mena with thofe of the lixe Rings of Colours

, defcribed in the firit Part of this Book, it {feem-

ed to me that thefe Colours were produced by
this thick Plate of Glafs, much after the manner
that thofe were produced by very thin Plates.
For, upon tryal, I found that if the Quick-fil-
ver were rubb’d oft from the backfide of the
Speculum, the Glafs alone would caufe the
fame Rings of Colours, but much. more faint
than before; and therefore the Phanomenon
depends nat upon the Quick-filver, unlefs fo far
as the Quick-filver by increafing the Reflexion
of the backfide of the Glafs increafes the Light
of the Rings of Colours. I found alfo that a
Speculum of Metal without Glafs made Y1‘91ne
o o ars
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~ Years fince for optical ufes, 4nd very well
wrought, produced none of thofe Rings; and
thence I underftood that thefe Rings arife not -
from one f{pecular Surfice alone, but depend
upon the two Surfaces of the Plte of Glafs
“whereof the Specufum wds made, and upon the"
thicknefs of the Glafs between them. For
as in the 7th and 19th Obfervations of the firft
Part of this Book a thin Plate of Air; Water,
or Glafs of an' even thickne{s appeared of oie
Colour when the Ra%s ‘were perpendicular to
~ 1t, of artother when they were a little oblique;
of another when more obliquey of another when
ftill more oblique, and fo on; {o here, in the
fixth Obfervation, the Light which emerged
out of the Glafs in feveral Obliquities, made the
Glafs appear of {everal Colours, and being pro-
pagated in thofe Obliquities to the Chart, there
painted Rings of thofe Colours. And' as the
reafon why a thin Plate appeared: of feveral Co-
lours in' feveral Obliquities of the Rays, was,
that the Rays of one and the fame fort are re-
fleCted by the thin. Plate at one obliquity and
tran{mitted 4t another, and thofe of other forts
tranfmitted where thefe are refleéted, and re-.
fle@ted where thefe are tran{mitted: So the
reafon why the thick Plate of Gfafs whereof
the Speculum was made did appear of various
Colours in various Obliquities,  and in thofe
Obliquitics propagated thofe Colours to the
Chart, was, »tﬁa‘t the Rays of one and the
 fame fort did at ohe Ob?iqu‘ity enterge out
of the Glals, at anothet did not emerge but
were reflected back towarr];c‘l_s the Quick-ﬁlv;;_
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by the hither Surface of the Glafs,and according-
ly as the Obliquity became greater and greater
emerged and were reflected alternately for ma-
ny Succeflions, and that in one and the fame
Obliquity the Rays of one fort were refletted,
and thofe of another tranfmitted. 'Thisis ma- -
nifeft by the fifth Obfervation of this Part of this
Book.  For in that Obfervation, when the Spe-
culum was illuminated by any one of the prif-
mdtick Colours, that Light made many Rings
of the fame Colour upon the Chart with dark
~ Intervals, and therefore at its emergence out of
the Speculum was alternately tranimitted and
not tran{mitted from the Speculum to the Chart
for many Succeflions, according to the various
Obliquities of its Kmergence. And when the
Colour caft on the Speculum by the Prifm was

varied, the Rings became of the Colour caft on
" it, and varied their bignefs with their Colour,
and therefore the Light was now alternately
tranfmitted and not tranfmitted from the Spe-
culum to the Chart at other Obliquities than
before. It feemed to me therefore that thefe
. Rings were of one and the fame original with
thofe,of thin Plates, but yet with this difference,
that thofe of thin Plates are made by the alter-
nate Reflexions and Tran{miflions of the Rays
at the fecond Surface of the Plate after one paf-
fage through it, but here the Rays go twice
through the Plate before they are alternately re-
fle€ted and tranfmitted. Firft, they go through
‘t from the firft Surface to the Quick-filver, and
hen return through it from the Quick-filver
> the firft Surface, and. there are either tyanﬁ_
' ' mitte



[ 275 ] |

initted to the Chart or refle@ted back to the
uick-filver , accordingly as they are in their

~ Fits of eafy Reflexion or Tranfmiffion when
they arrive at that Surface. For the Intervals
of the Fits of the Rays which fall perpendicu-
larly on the Speculum, ahd are refleéted back
in the fame perpendicular Lines; by reafon of
the equality of thefe Angles and Lines,* are of
the fame length and number within the Glafs
after Reflexion as before by the 19th Propofi-
tion of the third Part of this Book. And there-
fore fince all the Rays that enter through the -
firft Surface are in their Fits of eafy Tran{mif-
fion at their entrance, and as many of thefe as
are refle®ed by the fecond are in their Fits of
eafy Reflexion there, all thefe muft be dgain in
their Fits of eafy Tran{miffion at their return
te the firft, and by confequence there go out
of the Glafs to the Chart, and form upon it the
white Spot of Light in the center of the Rings..
For the reafon holds good in all forts of Rays,
and therefore all forts muft go out promifcu-~
oufly to that Spot, and by their mixture caufe
it to be white. But the Intervals of the Fits of
thofe Rays which dre refleéted more obliquely
than they enter, muft be greater aftet Reflexion
than before by the r5th and 2oth Propofitions.
And thence it may happen that the Raysat their
return to the fir{t Surface, may in certain Ob-
liquities be in Fits of eafy Reflexion, and return
back to the Quick-filver, and in other interme-
diate Obliquities be again in Fits of eafy Tranf-
miflion, and fo go out to the Chart, and paint
on it the Rings of Colours about the white Spot.
' T 2 And
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And becaufe the Intervals of the Fits at equal
Obliquities are greater and fewer in the lefs re-
frangible Rays, and lefs and more numerous
in the more refrangible, therefore the lefs re-
frangible at equal Obliquities fhall make fewer
Rings than the more refrangible, and the Rings
made by thofe fhall be larger than the like
number of Rings made by thefe; that is, the
red Rings fhall be larger than the yellow, the
yellow than the green, the green than the blue,
and the blue-than the violet, as they were real-
ly found. t6 be in the fifth Obfervation. And
therefore the firft Ring of all Celours encom-
pafling the white Spot. of Light fhall.be red
without any violet within, and yellow and
green and blue in the middle, as it’ was found .
in the fecond Obfervation; and thefe Colours -
in the fecond Ring, and thofe that follow fhail
be more expanded till they fpread into one a-
nother, and blend one another by interfering.
Thefe feem to be the Reafons of thefe Rings
in general; and this put me upon obferving the
thicknefs of the Glafs, and confidering whether
the Dimenfions and Proportions of the Rings
may be truly derived from it by computation.
04/.8. I'meafured therefore the thicknefs of
this concavo-convex Plate of Glafs, "and found it
every where + of an Inch precifely. Now, by -
the fixth ‘Obfervation of the firff Part of this
Book, a thin Plate of Air tranfmits the brighteft
Light of the firft Ring, that is the bright yel-

N . . I
low, when its thicknefs is the Woth part of an

Inch, and by the tenth Obfervation of the If)amc:
: arg,

,
— S - M.A4<-.:._.,‘
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Part, a thin Plate of Glafs tran{mits the fame
Light of the fame Rifng when its thicknefs is
lefs in proportion of the Sine of Refra&ion to
the Sine of Incidence, that is, when its thick-
. D A 1 ) '

nefs is the 3 —thor; pop 45;h part of an Inch,
fuppofing the Sines are as 11 to 17.  And if this
thicknefs be doubled it tranfmits the fame bright
Light of the fecond Ring, if trippled it tranf-
mits that of the third, and fo on, the bright
~ yellow Light in all thefe cafes being in its Fits

of Tranfmiflion. And therefore if its thicknefs
be multiplied 34386 times fo as to become 4-of
an Inch 1t tranfmits the fame bright Light of
the 34386th Ring. Suppofe this be the bright
yellow Light tranfmitted perpendicularly from. -
the refle(ting convex fide of the Glafs through
the concave f{ide to the white Spot in the cen-
ter of the Rings of Colours on the Chart: And
by a Rule in the 7th and r9th Obfervations in
" the firft Part of this Book, and by the 15th and
20th Propofitions of the third Part of this Book,
if the Rays be made oblique to the Glafs, the
thicknefs of the Glafs requifite to tranfmit the
fame bright Light of the fame Ring in any Ob-
liquity is to this thicknefs of % of an Inch, as the
Secant of a certain Angle to the Radius, the
Sine of which Angle is the firft of an hundred
and {ix arithmetical Means between the Sines
of Incidence and Refraétion, counted from the
Sine of Incidence when the Refraétion is made
out of any plated Body into any Medium en-
compafling it, thatis, in this cafe, out of Glafs
into Air. Now if the thicknefs of the Glafs be
: , T 3 increafed
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increafed by degrees, fa as to bear to its firft
thickneft, (viz. that of a §uarter‘ of an Inch)
the Propartions which 34386 (the number of
Fits of the perpendicular Rays in going through
the Glafs towards the white Spot in the center
of the Rings,) hath to 34385, 34384, 34383and
" 34382 (the numbers of the Fits of the oblique
Rays in going through the Glafs towards: the
firft, fecond, third and fourth Rings of Co-
lours,) and if the firft thicknefs be divided in-
to 100000000 equal parts, the increafed thick-
neffes will be 100002908, 100005816, 100008725
and 100011633, and the Angles of which thefe
thicknefles are fecants will be 26 13”, 37 5%,
45" 6"and 52'26", the Radius being 1000000003
and the Sines of thefe Angles are 762, 1079,
1321 and 1525, and the proportional Sines of
Refraétion 1172, 1659, 2031 and 2345, the Ra-
dius being 100000. For fince the Sines of In-
cidence out of Glafs into Air are to the Sines
of Refrafion as 11 to 17, and to the above-
mentioned Secants as 11 to.the firft of 106 arith~
metical Means between 11 and 17, that is, as

B 6 ' . .
1] t0 11 5, thofe Secants will be to the Sines

of Refraétion as 11 Ig‘é to 17, and by this Ana~

“logy will give thefe Sines, So then if the Ob-
liquities of the Rays to the concave Surface of
the Glafs be fuch that the Sines of their Refra-
(tion in pafling out of the Glafs through that
Surface into the Air be 1172, 1659, 2031, 2345
the bright Light of the 34386th Ring fhalt e-
merge at the thicknefles of the Glafs which are

’ to

P T ey
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to + of an Inch as 34386 to 34385, 34384, 34383,
34382, refpectively. And therefore if the thick-
nefs in all thefe cafes be + of an Inch (as itisin
the Glafs of which the Speculam was made)
_the bright Light of the 34385th Ring fhall e-
merge where the Sine of Refraftion is 1172,

and that of the 34384th, 384383th and 34382th
Ring where the Sine is 1659, 2031, and 2345
refpetively. And in thefe Angles of Refra-
¢tion the Light of thefe Rings fhall be propaga-
ted from the Speculum to the Chart, and there
paint Rings about the white central round Spot
of Light which we faid was the Light of the
34386th Ring. And the Semidiameters of thefe
Rings fhall fubtend the Angles of Re¢fraction
made at the concave Surface of the Speculum,
and by confequence their Diameters fhall be to
the diftance of the Chart from the Speculum as
thofe Sines of Refradtion doubled are to the
Radius, thatis, as1172, 1659, 2031, and 2345,
doubled are to 100000. And therefore if the
diftance of the Chart from the concave Surface
of the Speculum be fix Feet (as it was in the
third of thefe Obfervations) the Diameters of
the Rings of this bright yellow Light upon the
Chart fhall be 1’688, 2’389, 2’925, 3’375 Inches:
For thefe Diameters are to fix Feet, as the a-
bovemention’d Sines doubled are to the Ra-
dius. Now thefe Diameters of the bright yel-
low Rings, thus found by computation are the
very fame with thofe found in the third of thefe
Obfervations by meafuring them, viz. with
I+% 24, 2+5 and 3+ Inches, and therefore the
Theory. of deriving thefe Rings from the thick-
. T 4 nefs
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- pefs of the Plate of Glafs of which the Specu-

Jum was made, and from the Obliquity of the
emerging Rays agrees with the Obfervation. In

this computation I have equalled the Diameters
of the bright Rings made by Light of all Ca-

lours, to the Diameters of the Rings made by

the bright yellow. Far this yclow. makes the
brighteit part of the Rings of all Colours. If you
defire the Diameters of the Rings made by the
Light of any other unmix’d Colour, you may find
them readily by putting them to the Diameters
of the bright yellow ones in a fubduplicate pra-
portion of the Interyals of the Fits of the Rays

of thofe Colouss when cqually inclined to the

refracting or refleting Surface which caufed
thofe Fits, that is, by putting the Diameters of
the Rings made by the Rays.in the Exremities
and Limits of the feven Colours, red, orange,
yellow, green, blue, indigo, violet, proportia-
nal to the Cube-roots of the Numbers, 1, £, 4
%> 35 45 %> 4, Which exprefs the lengths of a
Monochord founding the Notes in an Eighth :
-For by this means the Diameters of the Rings
- of thefe Colours will be found pretty nearly in
the fame proportion to one another, which
they ought to have by the fifth of thefe Obfer-
yations; I '

“And thus I fatisfy’d my felf that thefe Rings
were of the fame kind and “original with thofe
of thin Plates, and by confequence that the Fits
or alternjgte Difpofitions of the Rays to be

refleéted apd tranfmitted are propagated to.

eat diftances from every refle¢ting .and re-
%rg'_éting Qurface. But yet to put the miat-
P o o f ’ ter

[ .
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ter out of doubt, I added the following Ob-
fervation. .

04 .9. If thefe Rings thus depend on the
thicknefs of thePlate of Glafs, their Diameters
at equal diftances from feveral Speculums made
of fuch concavo-convex Plates of Glafs as are
ground on the fame Sphere, ought to he reci-
procally in a {ubduplicate proportion of the
thicknefles of the Plates of Glafs. And if this
Proportion be found true by expericnce it will
amount to a demonftration that thefe Rings
(like thofe formed in thin Plates) do depend
-on the thicknefs of the Glafs. I procnred there-
fore another concavo-convex Plate of Glafs
ground on both fides to the fame Sphere with
the former Plate. Its thicknefs was % parts of
an Inch; and the Diameters of the three firft
‘bright Rings meafured between the brighteft
,farts of their Orbits at the diftance of {ix Feet

rom the Glafs were -3. 4+. 5. Inches. Now -

the thicknefs of the other Glafs being + of an

Inch was to the thicknefs of this Glafs as 4 to <&,

that is as 31 to 10, Or 310000000 tQ 100000000,
and the Roots of thefe Numbers are 17607 and.
10000, and in the proportion of the firft of
thefe Roots to the fecond are the Diameters of

the bright Rings made in this Obfervation by

the thinoer Glafs, 3. 4+. 54, to the Diameters of

the fame Rings made in the third of thefe Ob- -

fervations by the thicker Glafs 1+:. 23. 2+, that

1is, the Diameters of the Rings are reciprocally
in a fubduplicate proportion of the thicknefles
- pof the Plates of Glafs. |

So then in Plates of Glafs which are alike
‘ : ‘ con-

A}

\ ’
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concave on one fide, and alike convex on the
other fide, and alike quick-filver’d on the con-
vex fides, and differ in nothing but their thick-
nefs, the Diameters of the Rings are recipro-
cally in a fubduplicate proportion of the thick-
nefles of the Plates. And this thews fufficient-
~ Iy that the Rings depend on both the Surfaces

of the Glafs. 'They depend on the convex Sur-
face becaufe they are more luminous when that
Surface is quick-filver’d over than when it is
without Quick-filver. They depend alfo upon
the concave Surface, becaufe without that Sur-
face a Speculum makes them not. They de- .
pend on both Surfaces and on the diftances be-
tween them, becaufe their bignefs is varied by
varying only that diftance. And this depen-
‘dance 1s of the fame kind with that which the
Colours of thin Plates have on the diftance of
the Surfaces of thofe Plates, becaufe the big-
nefs of the Rings and their proportion to one
-another, and the variation of their bignefs ari-
fing from the variation of the thicknefs of the
Glafs, and the orders of their Colours, is fuch
as ought to refult from the Propofitions in the
" end of the third Part of this Book, derived
from the Ph@nomena of the Colours of thin
Plates fet down in the firft Part. =
. There are yet other Ph@nomena of thefe

ings of Colours but fuch as follow from the
fame Propofitions, and therefore confirm both
* the truth of thofe Propofitions, and the Analo-
gy between thefe Rings and the Rings of Co-
lours made by very thin Plates. I fhall fubjoin
fome of them.

o4f.
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O4f. xo. When the beam of the Sun’sLight
was refletted back from the Speculum not di-
" reétly to the hole in the Window, but to a place
a little diftant from it, the common center of
that Spot, and of all the Rings of Colours fell
in the middle way between the beam of the in-
cident Light, and the beam of the refleéted
Light, and by confequence in the center of the
fpherical concavity of the Speculum, whenever
the Chart on which the Rings of Colours fell .
was placed at that center. And as the beam of
refleted Light by inclining the Speculum re-
ceded more and more from the beam of inci-
dent Light and from the common center of the
colour’clg Rings between them, thofe Rings grew
bigger and bigger, and fo alto did the white
round Spot, and new Rings of Colours emer-
ged fucceflively out of their common center,
and the white Spot became a white Ring en-
compafling them; and theincident and retlect-
~ ed beams of Light always fell upon the oppo-
fite parts of this white Ring, illuminating its
- Perimeter like two mock Suns in the oppofite

arts of an Iris. Seo then'the Diameter of this -

ing, meafured from the middle.of its Light
on one fide to the middle of its Light on the
other fide, was always equal to the diftance be-
" tween the middle of the incident beam of
Light, and the middle of the reflefted beam
meafured at the Chart on which the Rings ap-
peared: And the Rays which form’d this Ring
were reflected by the Speculum in Angles equal
totheir Angles of Incidence, and by coafe-
quence to their Angles of Refraétion at their
' : : entrance
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entrance into the Glafs, but yet their Angles of
Reflexion were not in the fame Planes with -
their Angles of Incidence. '

- 04f: 11. The Colours of the new Rings were
in=a contrary order to thofe of the former, and
. arofe after this manner. T'he white round Spot
of Light in the middle of the Rings continued
white to the center till the diftance of the in-
cident and refleéted beams at the Chart was a-
bout 7 parts of an Inch, and then it began to
grow dark in the middle. And when that di-
ftance was about 1% of an Inchj, the white Spot
was become a Ring encompafling a-dark round
Spot which in the middle inclined to violet and
indigo., And the luminous Rings encompafling
it were grown equal to thofe dark:ones which
in the four firft Obfervations encompafled them,
that is to fay, the white Spot was grown a
white Ring equal to the firft -of thofe dark
Rings, and the firft of thofe luminous Rings was
now grown equal to the fecond of thofe dark
ones, and the fecond of thofe luminous ones to
the third of thofe dark ones, and fo on. For
the Diameters of the luminous Rings were now
Iy 275 23, 3+, (Oc. Inches.

When the diftance between the incident and
refleéted beams of Light becamg a little big-
ger, there emerged out of the middle of the
dark Spot after theindigo a blue, and then out
of that blue a pale green, and foon after a yel-
Jow and red. And when the Colour at the
~ center-was brighteft, being between yellow and
red, the bright Rings were grown equal to thofe
Rings which in the four firft Obfervations next

encom-
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encompafled them; that is to fay, the white
Spot in the middle of thofe Rings was now be-
come a white Ring equal to the firft of thofe
bright Rings, and the firft of thofe bright ones
was now become equal to the fecond of thote,
and fo on. For the Diameters of the white
- Ring, and of the other luminous Rings encom-
pafling it, ‘were now 14, 23, 214, 34, &c. or
thereabouts. - ' )
- When the diftance of the two beams of
Light at the Chart was a little more increafed,
there emerged out of the middle in order after
the red, a purple,. a blue, a green, a Xellow,
and a,red inclining much to purple, and when
the Colour was brighteft being between yellow
and red, the former indigo, blue, green, yel-
low and red, were become an Iris or Ring of
Colours equal to the firft of thofe luminous

- Rings which appeared in the four firft Obfer-

vations, and. the white Ring which was now
becojne the fecond of the luminous Rings was
grown equal to the fecond of thofe, and the
firft of thofe which was now become the third
Ring was become equal to the third of thofe,
and {o on. For their Diameters were 1+, 24,
2+4, ‘33 Inches, the diftance of the two beams
of Light, and the Diameter of the white Ring
" being 2+ Inches. .

. When thefe two beams became more diftant
there emerged out of the middle of the pur-
plith red, firft a darker round Spét, and then
out of the middle of that Spot a brighter. And
now the former Colours (purple, blue, green,
yellow, and purplith red) were become a Ring

equal

-

>
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ual to the firft of the bright Rings .mention,
ed in the four tirft Obfervations, and the-Rings
about this Ring were grown equal to the Rings
about that refpe@ively; the diftance between
the two beams of Light and the Diameter of
the white Ring (which was now become the
third Ring) being about 3 Inches. = .
- The Colours of the Rings in the middle be-
gan now to grow very dilute, and if the dis
flance between the two Beams was increafed
half an Inch, or an Inch more, they vanift’d
whilit the white Ring, with one or two of the
Rings next it on either fide, continued ftill vi-
fible. '‘But if the diftance of the two begms of
Light was thill more increafed, thefe alfo va-
nithed: For the Light which coming from fe-
- veral parts of the hole in the Windew fell up-

on theSpeculum in feveral Angles of Incidence,

made Rings of feveral bignefles, which diluted
and blotted out one another, as I knew by in-
tercepting fome part of that Light. For if I
intercepted that part which was neareft to the
Axis of the Speculum the Rings would be lefs,
if the other part which was remoteft from i
they would be bigger. :

O4f. 12. When the Colours of the Prifmy
were caft fucceflively on the Speculum, that
Ring which in the two laft Obfervations was
white, was of the fame bigncfs in all the Co-
lours, but the Rings without it were greater in
_ the green than in the blue, and ftill greater in
the yellow, and greateftin the red. And, on the
contrary, the Rings within that white Circle
were lets in the green than in the blue, and ih}!

efs

Y U,
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les in the yellow, and leaft in the red. For
the Apgles of Reflexion of thofe Rays which
" made this Ring, being equal to their Angles of”
Incidence, the Fits of every refle¢ted Ray within
the Glafs after Reflexion are equal in length -
and number to the Fits of the fame Ray with-
in the Glafs before its Incidence on the refleét-
.ing Surface. And therefore fince all the Rays
of all forts at their entrance into the Glafs were
in a Fit of Tranfmiffion, they were alfo in aFit
of Tranfmiflion at their returning to the fame
Surface after Reflexion; and by confequence
were tranfmitted and went out to the white.
Ring on the Chart. This is the reafon why
that Ring was of the fame bignefs in all the Co-
lours, and why in a mixture of all it appears
white. But in Rays which are refle¢ted in o-
ther Angles, the Intervals of the Fits of the
leaft refrangible being greateft, make the Rings
of their Colour in their progrefs from this white
Ring, either outwards or inwards, increafe or
decreafe by the greateft fteps; fo that the Rings
of this Colour without are greateft, and within
leaft. And this is the reafon why in' the laft
Obfervation, when the Speculum was illumina-
ted with white Light, the exterior Rings made
- by all Colours appeared red without and blue
within, and the interior blue without and red
within. ‘ :

Thefe are the Phenomena of thick convexo-
concave Plates of Glafs, which are every where
of the fame thicknefs. There are yet other
Ph®nomena when thefe Plates area little thick-
er on one fide than on the other, and others

y _ - when
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when the Plates are more or- lefs concave than'
convexy or plano-convex, or double-convex.
For in all thefe cafes the Plates make Rings of
Colours, but after various manners; all which, -
fo far as I have yet obferved, follow from the
Propofitions in the end of thethird part of this.
Book, and fo confpire to confirm the truth of
thofe Propofitions. But the Ph@nomena are
too various, and the Calculations whereby they
follow from thofe Propofitions too intricate to’
be here profecuted. I content my felf with ha-
. ving profecuted this kind of Pha&nomena fo far’
as to difcover their Caufe, and by difcovering’
it to ratify the Propofitions in the third Part of
this Book. o
04/ 13. AsLight reflected by a Lens quick-
filver’d ort the backfide makes the Rings of Co-
lours abeve defcribed, {o it ought to make the’
like Rings of Colours in pafling thrédugha drop
of Water. At the firft Reflexion of the Rays:
within the drop, fonte Colours ought to be
tranfmitted, as in the cafe of a LLens, and others:
to be refleéted back to the Eye. Forinftance,-
if the Diameter of a fmall drop or globule of
Water be. about the sooth part of an Inch, fo
that a red-making Ray in pafling through the’
middle of this globule has 250 Fits ot eafy -
- Tranfmiflion within the globule, and that all
the red-makinmg Rays which are at a certain di~
ftance from this middle Ray round about it
have 249 Fits within the globuley and all the’
- like Rays at a certain farther diftance round a-
bout it have 248 Fits, and all thofe at a cer-
tain farcher diftance 247 Fits, and {o on; thefe
' concen~
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toncentrick -Circles of Rays after their trapf~
miffion, falling on a white Paper, will' make
concentrick Rings of red upon the Paper,. fup-
pofing the Light which pafles through one fin-
gle globule, ftrong enough to be fenfible. And,
mn-like manner, the Rays of other Colours will
make Rings of other Colours. Suppofe now
that in a fair Day the Sun fhines through a thin
Cloud of fuch globules of Water or Hail, and
that the globules are all of the fame bignefs;
and the Sun feen through this Cloud fhall ap-
Rear encompaffed with the. like concentrick
ings of Colours, and the Diameter of. the firft
Ring of red fhall be 73 Degrees, that of the fe-
cond r1o; Degrees, that of the third 12 Degrees
33 Minutes. And accordingly as the Globules
of Water are bigger or lefs, vt[};e Rings fhall be-
lefs or biggér. 'T'hisis the Theory, and Expe-
- rience anfwers it. For in Fune 1692. 1 faw by
reflexion in a Veflel of {tagnating Water three .
-Halos, Crowns, or Rirgs of Colours about the
Sun, like three little Rain-bows, concentrick
to his Body. The Colours of the firft or in-
nermoft Crown were blue next the Sun,  red
without, and white in the middle betweert the
blue and red. Thofe of the fecond Crown
were purple and blue within, and pale red with- .
out, and green in the middle. And thofe of -
the third were pale blue within, and pale red
without ; thefé Crowns enclofed one another
immediately,. fe@ that their-Colours proceeded
in this continual order from the Sun outward :
blue, white, red; purple, blue, green, pale
: ‘ v U yellow -

-
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yellow dnd-red; pale hlue, pale red. - The Di»
ameter of the fecond Crown meafured from

- the middle of the yellow and red on one fide

-

of the Sun, to the middle of the fame Colour
on the. other fide was 9} Degrees, or therea-
bouts, The Dijameters of the firft and third
I had not time to meafure, but that of the firft
feemed to be about five or fix Degrees, and
that of the third about twelve. The like

- Crowns agpearﬂ fometimes about; the Moon ;
© for in the

eginning of the Year 1664, Febr.
roth at Night, I faw twe fuch Crowns about
her. The Diameter of the firft or innermoft
was about. three Degrées, and that of the fe-
cond about five Degrees and an half. Next a-
bout ‘the Moon was-a Circle of white, and next
about that the innef Crown which was of a
pluith green within next the white, and of a
yellow and red without; and next about thefe
Colours were blu¢ and green on the infide of
the outward Crown, and red on the outfide of
it. At the fame time there appear’d a Halo a:
bout 22 Degrees 35" diftant from the center of
the Moon. It was elliptical, and its long Dia-
meter was perpendicular to the Horizon, verg-
ing below fartheft from the Moon. I am told
that the Moon has fometimes three or more

. cancentrick Crowns. of Colours encompafling
~ene another next-about her Body. The more

equal the globules of Water or Ice are to one

“another, the more Ciowns of £olours will ap-

;:)[f‘ear, and the Colours will be the more lively.
T'h¢ Halo at the diftance of 221 Degrees from
- ' - the
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the Moon is of another fort. By its being oval
and remoter from the Moon below than above,
I coriclude,, that it was fnade by Refra&ion in
fome ot of Hiil 6r Siiaw floating in the Air
in att horizontat pafhijte, - the refrafling Abgle
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Obfervations coucernin bg tbe Inflexions of the
qu.r of Light, and ¢ Ca/our.r made t/m‘eéy

iRIMAL@O has. mform’d us, that

g~ | :-&v. if a beam of the Sun’s Light be let in-

to a dark Room through a very fmalt

e hole, the Shadows of thmgs in this

nght will be larger than they ought to be if

the Rays went on by ;he Bodies in ftrait Lmefl,
- an
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‘and that thefe Shadows" have  three -parallel
" Fringes, Bands or Ranks of colour’d Light ad-

jacent to them:. But if* the Hole be enlarged

the Fringes grow broad and run into one ano-
ther, fo that‘they cannot be diftinguifh’d. Thefe
broad Shadows and Fringes have been reckon’d
by fome to proceed from the ordinary refra-
¢tion of the Air, but without due examination
of the Matter. For. the circumftances of the
- Pheenomenon, fo far as I have obferved them,
are as.follows: O .

04f. 1. 1 made na piece of Lead a fmall
Hole:with a Pin, whofe breadth was the 42d
part of anInch. . For 21 of thofe Pins laid to=
gether took up the breadth of half an Inch.
Through this Hole I let inte my darken’d
Chamber a beam of the Sun’s Light, and found
_that the Shadows of Hairs, Thred, Pins, Straws,

and fuch like flender Subftances placed in this
beam of Light, were confiderably broader than

they ought ‘to be ;. if the Raﬂ"s of Light paflfed
on by thefe Bodies in right Lines. And parti=
cularly a Hair of a Man’s Head, whofe breadth
was but. the 28oth part of* an Inch, being held
in this Light, at the diftance of about twelve
Feet from the Hole, did caft a Shadow which
. at the ‘diftance of four Inches from the Hair
was the {ixtieth part of an Inch broad, that is,
above four times broader than the Hair, and at
the diftance of two Feet from the Hair. was a-
bout the eight and twentieth part of an Inch
broad, that is, ten times broader than the Hair,
and at the diftance of ten Feet was-the eighth
~part of anInch broad, that is 35 times broader.
o / U 3 Nor
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Nor is it material whether the Hair be ens
compafléd with: Ais, 'or With any other ]glekhlcid
Subiﬁncg.e\jl?or I wetted 'a polith’d Plate of
Glafs, and laid the Hair in the Water upon the
Glafs, and:then laying another polifh’d Plate of
Glafs upon it, fo.that.the.Water might fill up
the fpace between the Glaffes, I held them in-
the aforefaid beam of ‘Light; {o, that the Light
might pafs through them perpendicularly, and
the Shadow of the Hair was at. the fame di-
ftances as big as before. The :Shadows of
Scratches made in polifh’d Plates of! Glafs were -
alfo. much. broader. thdn they. onght o be, and
the Véing in polifh'd Plates of Glafs.did alfo caft
- the like; broad Shadews. And; thesefore the
eat breadth of thefe Shadows praceeds from
fome other caufe than the Refraction of* the'

Air. PR
Let the Circle X [in Fig. 1.] reprefent the

middle of the Fhir; ADG, BEH, CFI,

three Rays pafling by one fide of the Hair at

feveral diftances; KNQ, LOR, MPS, three
‘other Rays pafling by the other fide.of the Hair

at the like diftances ; D,E,F, and N, O, P, the

places where the ‘Rays are bent.in their pafs

fage by the Hair; G, H, I and Q, R, S, the

places. where the Rays fall on a Paper G Q3

.S the breadth of the Shadow of the Hair caft
on the Paper, and T'I, VS, two Rays paffing

to the Points I and' S. without bending when

the Hair is taken avay.. And it’s manifeft that

all the Light between thefe two.Rays T'T and
VS is bent in paffing by the Hair, and turned

afide from the Shadow IS, becaufe if any partf:'
S o
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of this Light were not bent it would fall on the
Paper within the Shadow, and there illuminate
the Paper, contrary to experience. And be-
caufe when the Paper is 4t a great diftance from
the Hair, the Shadow is broad, and therefore
the Rays TI and VS are at a great diftance
from one another, it follows that the Hair aéts’
upon the Rays: of ~'}§ht at a good diftance in
their pafling by it. But the ation is ftrongeft
on the Rays which pafs by at leaft diftances;
and grows weaker and weaker accordingly as
~ the Rays pafs by at diftances greater and great-
er, as is reprefented in theScheme: For thence
it comes to pafs; that the Shadow of the Hair
1s. much broader in pr[?_lportionv to the diftance
of the Paper from the Hair; when the Paper is
nearep the Hairy than.when it is at a great di-
ftance from it: = . S
. Obf: 2. 'The Shadows of all Bodies (Metals;
Stones, Glafs; Wood, Horn, Ice, ¢.) in this
Li%ht were border’d with three parallel Fringes
or Bands of colour’d Light, whereof that which
was contiguous to the Shadow was broadeft
and moft luminous, 4and that which was remo-<

- teft from ¥t was narroweft, and fo faint; as not

eafily to be vifible. It was difficult to diftinguith
‘the Colours unlefs when the Light fell very ob<
liquely upon a fimooth Paper, or fome other
fmooth white Body; fo as to mike them appear
-tnuch broader than they would otherwife do.
~And thien: chie Colours ‘were plainly vifible in
this Order ;. The firfk or innermoft Fringe was
violet and deep blue next theShadow, and then
light blue, green and yellow in the middle, and
CL U 4 red



red -without. The fecond Fringe was almoft
contiguous to the firft, .and the third to. the fe-
cond, and both were blue within and yellow
and red without, but their Colours were very
faint, efpecially thofe of the third. .The Co-
lours therefore proceeded in this order from
- the Shddow ; wviolet, indigo, pale blue, green,
yellow, red ; blue, yellow, red ;. pale blue, pale
yellaw and red.  The Shadows made by Scratches
and Bubbles in polifh’d Plates of Glafs were
border’d with the like Fringes of colour’d Light.
And if Plates of Looking-glafs {loop’d off near
the edges with a Diamond-cut, be held in the
fame beam of Light, the Light which pafles
through - the parallel Planes of ‘the Glafs will be
border’d with the like Fringes of Colours where
thofe Planes meet with the Diaimond-cut, and |
by this means there will fometimes appear four
or five Fringes of Colours. Let AB, CD [in ‘
.Fig.2.] reprefent the parallel Planes of a L.ook- |
ing-glafs, and BD the Plane of the Diamond- |
~_cut, making at B a very obtufe Angle with the
\
\
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Plane AB. And let all the Light between the
‘RaysENTand FBM gafs directly through the
ga’rallel Planes of the Glafs, and fall upon the
aper between I and M, and all the Light be-
tween the Rays GO and HD be refralted. b
the oblique Plane of the Diamond-cut BD, an
fall upon the ,P:(Fer between K and L ; and the
Light which paffes diretly through the parallel
Planes of the Glafs, and falls upon the Paper
between I and M, will be border’d with three ’
or more Fringes at M.- : .

3 | So }
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- So by looking on the Sun through a Feather
or black Riband held clofe to the Eye, feveral
Rain-bows will appear; the Shadows which the
Fibres or Threds caft on the Tunicz Retina, be-
ing border’d with the like Fringes of Colours.
. 0#&f. 3. When the Hair was twelve Feet di-

ftant from this Hole, and its Shadow fell ob+
- liquely upon a flat white Scale of Inches and
parts of an Inch placed half a Foot beyond it,
and alfo when the Shadow fell perpendicularly
. upon the fame Scale placed nine Feet beyon
it; Imeafured the breadth of the Shadow-and
Fringes as accurately as I could, and found
them in parts of an Inch as follows.

. - —— ..
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TSR R T
i 'dt tbe dﬂ“(##" r%” 1, 77 "
]}he.b;cadth of the Shadow __— '_f 5 {'@M
The breadth between the Middles of| o
‘the brighteft Light of the innermoft : 57O 75 7=
| Fringes on cither fide the Shadow |
{The breadth between the Middics of]
- y:the:brighreft Light of the middle-| « .
| moﬂ:fungesoneldm' ﬁdctheSln- EETTIN B
pdow
T breadth between the Middlcs of |, .
the brighteft Light of the outmoft 180T,8:| =
Fringes on cither fide the Shadow
The diftance between the Middles ;
of the brighteft Light of the firft| <i= |.%
and,fecond Fringes.
‘The diftance between the Middles
of the brighteft Light of the fe-| += | &
cond and third Fringes
The breadth of the luminous part
(green, white, yellow and red) off| == | 4%
the firft Fringe
1The breadth of the darker Spacebe-| .
tween the firft and fecond fringes | “*T | *7
| The breadth of the luminous part of . :
] the fecond Fringe R I
| The breadth of the darker Space be-| .
_tween the fecondand third Fringes® . 7%° | =7
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‘Theéfe Meafures I took by letting the Shadow
of -the Hair at- half a Foot diftance fall'fo ob-~
liquely. on the Scale as to appear twelve times®
broader than when'it fell perpendicularly om ic:
at the fame diftance, and fettihg down: 1n this.
‘Table the.twelfth part of the Meafures I thea .
took. ( B
-04( 4. When the Shadow and Fringes were:
caft obliguely upon a fmooth white Body, and
that Body was removed farther and t{trthc'r
from the Hair, the firft Fringe began to appear’

and look brighter than the reft of the Elg‘ht" '
 at the diftance of lefs than a quarter of an Inch: .
from the Hair, and the dark Line or Shadow:
between that and the fecond Friﬁgc‘ began to
appear at a lefs diftance from the Hair than that
of the third part of an Inch. The fecond Fringe
began to appear at a diftance from the Hair of
lefs than half an Inch; and the Shadow between’
that and the third Fringe at a diftance'lefs than!
an Inch, and the third Fringe at a diftance lefs
_than three Inches. At greater diftances they'
‘became much more fenfible, but kept very
nearly the fame proportion of their breadths
and intervals which they had at their firft ap-
pearing. For the diftance between the middle-
of the firft and middle of the fecond Fringe,
was to.the diftance between the middle of the
fecond and middle of the third Fringe, asthree
to two, or ten to feven. And the laft of thefe
¢wo diftances was equal to the breadth of the
bright Light or luminous part.of the firftFringe:
And this breadth was to the breadth of the
‘bright Light of the fecond Fringe as feve}i tad
: our, -
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" four, and to the dark Interval of theé firft and
fecond Fringe as three, to‘two, and to the like

dark Interval bet®een the fecond and third as

two to one.- For the breadths of the Fringes

feem’d to be in the progreflion of the Numbers

1, ¥ 4, ¥+; and their Intervals to be in the
fame progreflion with them; that is, the Frin=
ges and their Intervals together to be in the
.continual progreflion of the Numbers 1, v/ 3, v/ 35
v'%, v+, or thereabouts. And thefe Propor-
tions held the fame very nearly at all diftances

from the Hair; the dark Intervals of the Fringes

being as broad in proportion to the breadth of
‘the Fringes at their firft appearance as after-
wards at great diftances from the Hair, though
not fo dark and diftinét. : o
. 04f7s. The Sun fhining into my darken’d
Chamber through a Hole a quarter of an Inch
broad ; I placed at the diftance of two or three
Feet from the Hole a Sheet of Paftboard; which
was black’d all over on both fides, and in the
middle of it had a Hole about three quarters
~of an Inch fquare for the Light to pafs through:
And behind the Hole I faften’d to the Paft-
board with Pitch the Blade of a tharp Knife, to
intercept fome part of the Light which pafled

- through the Hole. - The Planes of the -Paﬁa/‘

‘board and Blade of the Knife were parallel to
one another, and perpendicular to the Rays.
And when they were fo placed that none of
the Sun’s Light fell on the Paftboard, but all of

it pafled through the Hole to the Knife,and there = -

part of it fell upon the Blade of the Knife, and

part of it paffed by its edge: I let this part of

the

2
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the Light which paffed by, fall on a white Pa-
_per two or three Feet beyond the Knife, and

there faw two ftreams of faint Light fhoot out
both ways from the beam of Light into the fha--
dow like the Tails of Comets. But becaufe the
Sun’s direct Light by its brightnefs upon the
Paper obfcured thefe faint ftreams, {o that I
could fcarce fee them', I made a little hole in-
the midft of the Paper for that Light to pafs
through and fall on a black Cloth behind it ;
and thenI faw the two ftreatns plainly. They
were like’one another, and pretty nearly equal
in length and breadth, and quantity of Light.
‘T'heir Light at that end next the Sun’s direét
Light was prettly ftrong for the fpace of about
a quarter of an Inch, or half an Inch, and inall
its. grogrefs from that dire¢t Light decreafed
gradually till it Became infenfible. The whole
length of either of thefe ftreams meafured up-
pn the Paper at the diftance of three Feet from -
the Knife was about fix or eight Inches; fo that
_it fubtendcd an Angle at the edge-of the Knife
of about 1o or 12, or at moft 14 Degrees. Yet
{ometimes I thought I faw it fhoot three or four
Degrees farther, but with aLight fo very faint
that I could fcarce perceive it, and fufpeéted it
might (in fome meafure at leaft) arife from
- fome other caufe than the two ftreams did. For -
placing my Eye in that Light beyond the end
of that ftream which was behind the Knife, and
looking towards the Knife, I could fee a line of -~
Light.upon its edge, and that not only when
. my Eye was in the line of the Streams, but al--
fa when it was without that line either towarlclis .
o .o the
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the point of the Knife, or towards the handle,” "
This line of Light appear’d contiguous to the {
edge of the Knife,, and was narrower than the -
Light of the innermoft Fringe, and narroweft ;'
when myEjye was fartheft from the dire¢t Light,
and therefore:feem’d to pafs between the Light
of that Fringe and the edge of the Knife, and
ahat whi¢h pafled ‘neareft the edge to be moft
bent, though notall of it. . . - . ‘
. ..0&f. 64 1 .placed anather Knife by this,” fo
- $hat their edges might be parallel and look " to-
wiards bne another, and that the beam of Light
~might fall upon both the Knives,.and {fome part
. of it pafs between their edges. And when the
- diftance of their edges was about the 4ooth
part of an Inch the ftream:parted in the mid-
dle, and left 4 Shadow between the two parts.
"Fhis Shadow was fo black andidark thadt all the
Li%k;t which: pafled between the Knives feerm’d
to be bent, and-.turn’d afide to the one hand
- or'to the other. And as the Knives fiill aps
proached one danother the Shadow grew broad-
er, and the Streams fhorter at their inward
ends which were next the Shadow, until upon
the contact of the Knives the whole Light va-
nifh’d leavirg its place to the Shadow. .
;. And hence I gather that the Light which is
Jeaft bent, and goes to the inward ends of the
Stegams, patles by the edges of the Knives at
the greatell diftanice, and this diftance when
‘the Shadow' . beginls to appear between the
pireams is abeut the ‘8oo part of an Inch. And
. the: Light which. paffes by the edges of the
Kaives at diffances ftill lefs'and lefs 3 more and-
g: R ) : more
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more bent, and goes to- thofe parts of the
Streams which:are farther and farther fromhthe
direét Lights becaufe whert the Knives apprdach
" one another till they touch, thofe parts of the
Streams vanith: Jaft which are fartheft from-the
direét ngh,( T Co ' HESNEISEE
04/ 7. In the fifth Obfervation the Fringes
-did. not appear; biut by reafon of the breadth of
~ theholein theWindow becamefo broad astorun
into one anpther, 'and by, jeining, to.make one
continued Light in the bﬁmﬁﬂgof thé Streams.
But in the fixth, as the Knives approached -one
another, a little before the Shadow appear’d
between the -two Streams, the Fringes ﬁagarx
to appear on the inner ends of the Streams on
either fide .of the dire¢t Light, three on: ang
fide made by the edge of one Knife, and three
“on the other {ide made by the edge of the o-
ther Knife.- - They were diftinéteft wheén: the
Knives were placed at the greateft diftance from
the hole in the Window, and flill becam¢ more
diftin® by making the hole lefs, infomuch that
I could fometimes fee a faint Lineament of:a
fourth Fringe beyond the three abave men+

tion'd. And as the Knives .continually
proach’d ene anether, the Fringes grew dis
ftin¢ter and larger until they vanifi'd. ‘The
outmoft Fringe vanifh’d firft, and the middie-
‘moft next, and the innermoft laft. And after
~ they were all vanifh’d, and the line of Light
which was in the middle between them was
~ grown very broad, enlarging it felf on both fides
into the Streams of Light defcribed in the fifth .
+ Obfervation, the above mention’d Shadow bex

gan
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an to appear in the middle of this line, and
g\}ide it along -the middle inte two lines of
Light, and increafed until the whole Light va-
nifﬁ’d'. This enlargement of the Fringes was
fo great that the Rays which go to the inner-
moft Fringe feem'd to be bent above twenty
times more when this Fringe was ready to va-
nith, .than when one of the Knives was taken

away.’ Co o -
- “And from this and the former Obfervation
compared, I gather, that the Light of the fir{t
Fringe paffed by the edge of the Knife at a di-
ftanice greater than the 8ooth part of an Inch,
and the Lifg'ht of the fecond Fringe pafled by
the edge of the Knife at a greater iiﬁance than
the Light of the.firft Fringe did, and that of-
the third at a greater diftance than that of the
fecond, and-that of the Streams of Light de-
fcribed in the fifth and fixth Obfervations paf-
fed by the edges of the Knives at lefs diftances

than that of any of the Fringes. '
- 04f.8. 1 caufed the edges of two Knives
. to be ground truly ftrait, and pricking their
points into a Board fo that their edges might
look towards one -another, and meeting near
their points contain a retilinear Angle, I faften’d
_their Handles together with Pitch to make this
- Angle invariable. 'The diftance of thie edges of
" the Knives from one another at the diftance of
four Inches from:the angular Point, where the
edges of the Knives met, was the eighth part
of an Inch, and therefore the Angle contain’d
ltznthc edges, -was: about 1 Degree 54'. The
ives thus fix’d together I placed in a’ »bean;_
o

e - ——— o~
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of the Sun’s Light, let into my darken’d Cham=
ber through a hole the 42d part of an Inch
wide, at the diftance of 10or 15 Feet from the
hole, and let the Light which pafled between
their edges fall very obliquely upon a {mooth
white Ruler at the diftance of half an Inch; of
an Inch from the Knives, and there faw the
Fringes made by the two edges of the Knives
run along the edges of the Shadows of the
Knives in lines parallel to thofe edges without
growing fenfibly broader, till they met in An-
gles equal to the Angle contained by the edges
of the Knives, and where they met and joined
they ended without crofling one another. But
-1f the ‘Ruler was held at a much greater dis
ftance from,the Knives, the Fringes where they
were farther from the place of their meeting,
were a little narrower, and became fomething
broader and broader as they approach’d nearer
- and nearer to one another, and after they met
they crofs’d one another, and then became much
broadet than before. :
~ Whence I gather that the diftinces at which
the Fringes pafs by the Knives are not increas
fed nor-alter’d by the approach of the Knives,
but the Angles in which the Rays are there bént
are much increafed by that approach ; and that
the Knife which is neareft any Ray determines
which way the Ray fhall be bent, and the other
Knife increafes the bent. 4 I
04f. 9. When the Rays fell very obliquely
upon the Ruler at the diftance of the third part
of an Inch from the Knives, the dark line bes

,tween the firft and fecond Fringe of the Sha=
X dow
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dow of one Knife, and the dark line between
the firft and fecond Fringe of the Shadow of
the other Knife met with one another, at the
diftance of the fifth part of an Inch from the
end of the Light which pafled between the
Knives at the concourfe of their edges. And
therefore the diftance of the edges of the Knives
at the meeting of thefe dark lines was the 16oth
part of an Inch. For as four Inches to the
eighth part of an Inch, fo is any length of the
edges of the Knives meafured from the point
of their concourfe to the diftance of the edges
‘of the Knives at the end of that length, and fo
is the fifth part of an Inch to the 160oth part.
So then the dark lines above mention’d meet
in the middle of the Light which pafles be-
tween the Knives where they are diftant the
16oth part of an Inch, and the one half of that
Light paffes by the edge of one Knife at a di-
ftance not greater than the 320th part of an
Inch, and fallin ?on the Paper makes the
Fringes of the Sgha ow of that Knife, and the
other half pafles by the edge of the other Knife,
at a diftance not greater than the 320th part of
an Inch, and falling upon the Paper makes the
Fringes of the Shadow of the other Knife. But
if - the Paper be held at a diftance from the
- Knives greater than the third part of an Inch,
. the dark lines above mention’d meet ata great-
er diftance than the fifth part of an Inch from
the end of the Light which paffed between the
Knives at the concourfe of their edges; and
therefore the Light which falls upon: the Paper
where thofe dark lines meet pafles betwelgn'the

. , nives
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Knives where their edges are diftant above the
160th part of an Inch.
For at another time when the two Kmves
~ were diftant eight Feet and five Inches from
the little hole in the Window, made with a
fmall Pin as above, the Light which fell upon
the Paﬁer where the aforefaid dark lines met,
gaﬂ'ed etween the Knives, where the diftance
etween their edges was as in the following
Table, when the diftance of the Paper from
the Knives was alfo as follows.

@zﬂam'e.r of the ?aper Diftances between the
from the Kuives in| edges of the Knives
Inches. inmillefimal parts of

\ an Inch.
I7. - olo1z
3+ ' 0’020
3. ’034. o
32, o'o57
96. co8xr
131, ooy °

* And hence I gatjer that"the Light which
makes the Fringes upon the Paper is not the
fame Light at all diftances of the Paper from
the Knives, but when the Paper is held near
the Knives, the Fringes are made by Light
which paffes by the edges of the Knives at a
lefs dlﬁance, and 1is mare bent than when the
‘_ lﬁ;&ver is held at a greater diftance from the
ves.

X2 o4f:
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O4f.10. When the Fringes of the Shadows
of the Knives fell perpendicularly upon a Paper
at a great diftance from the Knives, they were
in the form of Hyperbolas, and their Dimen-
fions were as follows. Let CA, CB [in Fig. 3.]
reprefent lines drawn upon the Paper parallel
to the edges of the Knives, and between which
all the Light would fall, if it pafled between
the edges of the Knives without inflexion ; DE
a right line drawn through C making the An-
gles ACD, BCE, equal to one another, and
terminating all the Light which falls upon the
Paper from the point where the edges of the:
Knives meet; ez s, f£¢, and g/ v, three hy-
perbolical lines reprefenting the Terminus of
the Shadow of one of the Knives, the dark line
between the firft and fecond Fringes of that
Shadow, and the dark line between the fecond
and third Fringes of the fame Shadow ; xip,y 44
and z /r, three other hyperbolical lines repre-
fenting theT'erminus of t{;e Shadow of the other
Knife, the dark line between the firft and fecond
Fringes of that Shadow, and the dark line be=
tween the fecond and third Fringes of the fame
Shadow. And conceive that thefe three Hyper-
bolas are like and equal toghe former three, and
crofs them in the points i, kand /, and that the
Shadows of the Knives are terminated and diftin-
guifh’d from the firft luminous Fringes by the
lines e7 s and x 7p, until the meeting and crof-
fing of the Fringes, and then thofe lines crofs
. the Fringes in the form of dark lines, termina-
tisg the firft luminous Fringes within fide, and
diftinguithing them from another Light which

) begins



[ 309 ]

begins to appear at 7, and illuminates all the
triangular fpace p DE s comprehended by thefe
+ dark lines, and the right line DE.  Of thefe.
Hyperbolas one Afymptote is the line DE, and
their other Afymptotes are parallel to the lines
CA and CB. Let rv reprefent a line drawn
any where upon the Paper parallel to the Afym-
ptote DE, and let this line crofs the right lines
ACinmand BCin#, and the fix dark hy-
;_)erbolical lines in 2, g, 5 5,2, v; and by mea-
uring the diftances ps, ¢¢, v, and thence
collecting the lengths of tge Ordinates # {, ng,

nr or ms, mt, mv, and doing this at {everal
diftances of the line » v from the Afymptote
DD, you may find as many points of thefe Hy-
perbolas as you pleafe, and thereby know that
thefe curve lines are Hyperbolas differing little
from the conical Hyfer ola. And by meafur-
ing the lines C4, C#, C/ you may find other
points of thefe Curves. ' -
‘For inftance, when the Knives were diftant
from the hole in the Window ten Feet, and the
Paper from the Knives nine Feet, and the An-
gle contained by the edges of the Knives to
which the Angle ACB is equal, was fubtend-
ed by a Chord which was to the Radius as 1
to 32, and the diftance of the line » v from the
Afymptote DE was half an Inch: I meafured
the lines ps, 92, rv, and found. them 0’35,
0’65, 0’93 Inches refpedtively, and by adding
_ to their halfs the line + m# (which here was
the 128th part of an Inch, oro’oo78 Inches) the
Sums #p, nq, nr, were 0’1828, 0’3328, 0’4978
Inches, I meafured alfo the diftances of the
. X3 brighteft -
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brighteft parts of the Fringes which run be-
tween p¢ and s¢, 47 and v, and next beyond
rand v,and found them o’s,¢0’8,and 1’17 Inches.
O4f. 11.-- The Sun fhining into my darken’d
Room through a fmall round hole mide in a
Plate of Lead with a flender Pin as above; I
placed at the hole a Prifm to refract the Light,
and form on the oppofite Wall the Spettrum
of Colours, defcribed in the third Experiment
of the firft Book. And then I found that the
Shadows of all Bodies held in the colour’d
Light between the Prifm and the Wall, were
border'd with Fringes of the Colour of that
Light in which they were held. In the full red
Light they were totally red without any fenfi-
ble blue or violet, and in the deep blue Light
they were totally blue without any fenfible red
or yellow ;' and fo in the green Light they were
totally green, excepting a little yellow and blue,
which were mix’d .in the green Light of the
- Prifm, And comparing the Fringes made in
the feveral colour’d Lights, I found that thofe
made in the red Light where largeft, thofe
made in the violet were leaft, and thofe made
in the green were of a middle bignefs. For
the Fringes with which the Shadow of a Man’s
Hair were border’d, being meafured crofs the
Shadow at the diftance of fix Inches from the
Hair; the diftance between the middie and moft
luminmi‘g;fart of- the firft or innermoft Fringe
fide of the Shadow, and that of the liké
Fringe on the other fide of the Shadow was in

the full red Light 5—%4 of anInch, and in the full
R o - vialet
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vioiet ==. And the like diftance between the .
middle and moft luminous parts of the fecond
Fringes on either fide the Shadow was in the
full red Light &, and in the violet <% of an
Inch. And thefe diftances of the Fringes held
the fame proportion at all diftances from the
Hair without any fenfible variation.

"Se then the Rays which made thefe Fringes
in the red-Light paffed by the Hair at a greater
diftance than thofe did which made the like
Fringes in the violet; and therefore the Hair
in caufing thefe Fringes acted alike upon the
red Light or leaft refrangible Rays at a greater
diftance, and upon the violet or moft refrangi-
‘ble Rays at a lefs diftance, and by thofe aétions
difpofed the red Light into larger Fringes, and

- the violet into {maller, and the Lights of inter--
mediate Colours into Fringes of intermédiate
bignefles without changing the Colour of any
fort of Light. : -

° When therefore the Hair in the firft and fe-
cond of thefe Obfervations was held in the
white beam of the Sun’s Light, and caft a Sha-
dow which was border’d with three Fringes of
colour’d Light, thofe Colours arofe pot from
any new modifications impre{s’d upon the Rays
of Light by the Hair, but only from the vari-

-ous ingﬂexions whereby the feveral forts of Rays -
were {eparated from one another, which before
feparation by the mixture of all their Colours,
compofed the white beam of the Sun’s Light,
‘but whenever feparated compofe Lights of the
feveral Colours which they are originally difpo-
fed to exhibit. In this 1xth-Obfervation, where

, ' X 4 - the
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the Colours are {eparated before the Light paf-
{es by the Hair, the leaft refrangible Rays, which
when feparated from the reft make red, were
infle@ed at a greater diftance from the Hair, {o
as to make three red Fringes at a greater di-
ftance from the middle of the Shadow of the
Hair; and the moft refrangible Rays which
when feparated make violet, were infle¢ted at
a lefs diftance from the Hair, f{o as to make
three violet Fringes at a lefs diftance from the
middle of the Shadow of the Hair. And other
Rays of intermediate degrees of Refrangibility
were inflected at intermediate diftances from
the Hair, fo asto make Fringes of intermediate
Colours at intermediate diftances from the mid-
die of the Shadow of the Hair. And in the
{fecond Obfervation, where all the Colaurs are
mix'd in the white Light which pafles by the
Hair, thefe Colours are {eparated by the vari- .
ous inflexions of the Rays, and .the Fringes
which they make appear all together, and the
innermaft Fringes being contiguous make one
broad Fringe compofed of all the Colours in
due order, the violet lying on the infide of the
Fringe next the Shadow, the red on the out-
fide fartheft from the Shadow, and the blue,
green and yellow, in the middle. And, in like
manner, the middlemoft Fringes of all the Co-
lours lying in order, and being contiguous,
~make another broad Fringe compofed of all the
Colours; and the outmoft Fringes of all the
Colours lying in order, and being contiguous,
make a third broad Fringe compofed of all the
Colours, ‘Thefe are the three Fringes clzf clg&

: lour
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lour’d Light with which the Shadows of all
Bodies are border’d in the fecond Obfervation.

When I made the foregoing Obfervations, I
defign’d to repeat moft of them with more care
and exainefs, and to make fome new ones for
determining the manner how the Rays of Light
are bent in their paflage by Bodies for making
the Fringes of Colours with the dark lines be-
tween them. But I was then interrupted, and
cannot now think of taking thefe things into
farther confideration. And fince I have not fi-
nifh’d this part of my Defign, I fhall conclude, -
~ -with propofing only fome Queries in order toa

farther fearch to be made by others. :

Query 1. Do not Bodies a¢t upon Light at
_ adiitance, and by their action bend its Rays,
and is not this action (ceteris paribus) ftrong-
eft at the leaft diftance ?
9Qu.2. Do not the Rays which differ in Re-
frangibility differ alfo in Flexibility, and are
they not by their different Inflexions feparated
from one another, foas after feparation to make
the Colours in the three Fringes above defcri-
. bed? And after what manner are they infleét-
ed to make thofe Fringes? 4
Qu. 3. Are not the Rays of Light in paffing
by the edges and fides of Bodies, bent feveral
times backwards and forwards, with a motion .
like that of an Eel? And do not the three Frin-
ges of colour’d Light above mention’d, arife
from three fuch bendings? - \
Qu. 4. Do not the Rays of Light which fall
upon Bodies, and are refleted or refrated, be-
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gin to bend before they afrive at the Bodies;
and are they not refletted, refracted and in-
fleGted by one and the fame Principle, afting
varioufly in various Circumf{tances? o
© Qu. 5. Do not Bodies and Light aé& mutu-
ally upon one another, that is to fay, Bodies
upon Light in emitting, reflefting, refrafting
.and ‘inflecting it, and Light upon Bodies for
heating them, and putting their parts into a vi-
brating motion wherein heat confifts?

%. 6. Do not black Bodies conceive heat
more eafily from Light than thofe of other Co-
fours do, by reafon that the Light falling on
them is nat reflected outwards, but enters the
Bodies, and is often refleéted and refradted
within them, until it be ftifled and loft?

u. 7. Is not the ftrength and vigour of the
aftion between Light and fulphureous Bodies
obferved above, one reafon why fulphureous
Bodies take fire more readily, and burn moré
vehemently, than other Bodies do?

%. 8. Do not all fix’d Bodies when heated
beyond a certain degree, emit Light and fhine,
and is not this Emiflion perform’d by the vi-
brating Motions of their parts? And do not all
Bodies which abound with terreftrial parts, and
efpecially with fulphureous ones, emit Light
as often as thefe parts are fufficiently agitated ;
whethier that agitation be made by Heat, or by
FriQion, or Percuffion, or Putrefa&tion, or by
any vital Motion, or any other Caufe? As for
inftance; Sea Water in a raging Storm ; "Quick-
filver agitated in vacus; the Back of a Cat, or
Neck of a Horfe obliquely ftruck or rubb%d i;(l
- a dar

T |
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adark place; Wood, Flefh and Fifh while they " |
pltrefy;  Vapours arifing from putrefy’d Wa-
ters, ufually call'd Igne: Fatui; Stacks of moift”
Hay or Corn growing hot by fermentation ;
Glow-worms and the Eyes of {fome Animals by
vital Motions; the vulgar Pho/phorus agitated

- by the attrition of any Body, or by the acid
Particles of the Air; Ambar and {ome Dia-
mhonds by ftriking, prefling or rubbing ther ;
Scrapings of Steel ftruck off with a ¥lint; Iron.
hammer’d very nimbly till it become fo hot as™
to. kindle Sulphur thrown upon‘it; the Axle-
trees of Chariots taking fire by the rapid rota-
tion of the Wheels; and fome Liquors mix’d
with one another whofe Particles come toge-
ther with an Impetus, as Oil of Vitriol diftilled
from its weight of Nitre, and then mix’d with
twice its weight of Oil of Annifeeds. So alfo a

.Globe of Glafsabout 8 or roInches in diameter,
being put into a Frame where it may be {wift-
ly turn’d round its Axis, will in turning fhine
where it rubs againft the palm of ones FHand
apply’d to it: And if at the fame time a piece

- of white Paper or white Cloth, or the end of
ones Finger be held at the diftance of about a

quarter of an Inch or half an Inch from that,
part-of the Glafs where it is moft in motion,
the eleftrick Vapour whiclf is excited by the
fri¢tion of the Glafs againft the Hand, will by
dathing againft the white Paper, Cloth or Fin-
%fzr, be put into fuch an agitation as to emit
ight, and make the white Paper, Cloth or Fin-
ger, appear lucid like a Glow-worm; and in
ruthing out of the Glafs will fometimes puth

. ’ ‘ ’ ag’dinﬁ



. | [ 316 ]
againft the Finger fo as to be felt. And the
fame things have been found by rubbing a long
and large Cylinder of Glafs or Ambar with a Pa-
per held in ones hand, and continuing the fri-
&ion till the Glafs grew warm.

Qu. 9. Is not Fire a Body heated fo hot as to
emit Light c%piouﬂy?, For what elfe is a red
hot Iron than Fire? And what elfe is a burning

Coal than red hot Wood? :
- Qu.10. Is not Flame a Vapour, Fume or Ex-
“halation heated red hot, that is, fo hot asdo
thine? For Bodies do not flame without emit-
ting a copious Fume, and this Fume burns in
the Flame. The Ignis Fatuus is a Vapour fhi-
nigg without heat, and is there not the fame
difterence between this Vapour and Flame, as
betweenrotten Wood fhining without heat and
“burning Coals of Fire? In diftilling hot Spirits,
if the Head of the Still be taken off, the Va-
pour which afcends out of the Still will take fire
at the Flame of a Candle, and turn into Flame,
and the Flame will run along the Vapour from
the Candle to the Still. Some Bodies heated by
Motion or Fermentation, if the heat grow in-
tenfe, fume copioufly, and if the heat be great
enough the Fumes will thine and become Flame.
Metals in fufion do not flame for want of a co-
pious Fume, except Spelter, which fumes co-
pioufly, and thereby flames. All flaming Bo-
dies, as‘Oil, Tallow, Wax, Wood, foffil Coals,
‘Pitch, Sulphur, by flaming wafte and vanifh in-
to burning Smoke, which Smoke, if the Flame
be put out, is very thick and vifible, and fome-
times fmells ftrongly, but in the Flame le?s iti
mel

B S -__MAJ
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{mell by burning, and according to the naturé
of the Smoke the Flame is of {everal Colours,
as that of Sulphur blue, that of Copper open’d
with fublimate green, that of Tallow yellow,
that of Camphire white. Smoke pafling through
Flame cannot but grow red hot, and red hot
Smoke can have no other appearance than that
of Flame. - When Gun—powder takes fire, it
- goes away into flaming Smoke. For the Char-
coal and Sulphur eafily take fire, and fet fire to
the Nitre, and the g irit of the Nitre being
thereby rarified into \};pour, rufthes out with
Explofion much after the manner that the Va-
pour of Water ruthes-out of an Aolipile ; the
Sulphur alfo being volatile is converted into
Vapour, and augments the Explofion. And
the acid Vapour of the Sulphur (pamely that
which diftils under a Bell into Oil of Sulphur,)

entring violently into the fix’t Body of the Ni- -

tre, fets loofe the Spirit of the Nitre, and ex-
cites a great Fermentation, whereby the Heat
is farther augmented, and the fix’d Body of the
Nitre is alfo rarified into Fume, and the Explo-
fion is thereby made more vehement and quick.
For if Salt of Tartar be mix’d with Gun-pow-
der, and that Mixture be warm’d till it takes
fire, the Explofion will be more violent and
quick than that of Gun-powder alone; which
cannot proceed from any other caufe than the
action of the Vapour of the Gun-powder upon
the Salt of Tartar, whereby that Salt is rarified.
“The Explofion of Gun-powder arifes therefore
from the violent aftion whereby all the Mixture
being quickly and vehemently heated, is rariﬁeg
. \ an
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and converted into Fume and Vapour: which
Vapour, by the violence of that aftion, be-
coming fo hot as to fhine, appears in the form
of Flame. - '
_ Qu.11. Do not great Bodies conferve their
beat the longeft, their parts heating one ano-
ther, and may not. great denfe and fix’d Bo-
" dies, when heated beyond a certain degree, e-
mit Light fo copioufly, as by the Emiflion and .
Re-aétion of its Light, and the Reflexions and
Refradtions of its Rays within its-Pores to grow
ftill hotter, till it comes to a certain period of
heat, fuch as is that of the Sun? And are not
the Sun and fix'd Stars great Earths vehemently
hot, whofe heat is conferved by the greatnefs
of the Bodies, and the mutual Aétion and Re-
aétion between them, and the Light which they
emit, and whofe parts are kept from fuming a-
.W;K, not only b&/ their fixity, but alfo by the
vait weight and denfity of the Atmofpheres in-
cumbent upon them, and very ftrongly com- |
‘prefling them, and condenfing the Vagours. and
E'xhalations, which arife from them? For if
‘Water be made warm in any pellucid Veflel
emptied of Air, that Water in the Vacunm will
‘bubble and boil as vehemently as it would in
‘the open Air in a Veffel fet upon the Fire till
it conceives a much greater heat. For the
weight of the incumbent Atmofphere keeps
down the Vapours, and hinders the Water from
‘boiling, until it grow much hotter than is re-
quifite to made in boil # vacse. Alfo a mix-
-ture of Tin and Lead being put upon a red hot
Iron iz vacue emits a Fume and Flame, buig the

: - . ame
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fame Mixture in the open Air, byreafon of the
incumbent Atmofphere, does not fo much as e-
mit any Fume which can be perceived by Sight.
In like manner the great weight of 'the Atmo-
fphere which lies upon the &1obe of the Sun
may hinder Bodies there from rifing up and:
going away from the Sun in the form of Va-
- pours and Fumes, unlefs hy means of a far
. greater heat than that which on the Surface of
our Earth would very eafily turn them into Va-
pours and Fumes. And the fame great weight
may condenfe thofe Vapours and Exhalations as
foon. as they fhall at any time begin to’afcend
from the Sun, and make them prefently fall -
back again into him, and by that a¢tion increafe
his, Heat much. after :the manner that in ou
Earth the Air increafes the Heat of a culinary
Fire. And the fame weight may hinder the
Globe of the bun from being diminifh’d, unlefs
by the Emiffion of Light, and a very fmall qgan-.
tity of Vapours and Exhalations. - o
Qu. 12. Do not the Rays of Light in falling
upon the bottom of the Eye excite Vibrations
in the Tunica Retina? W hich Vibrations, be-
ing propagated along the folid Fibres of the op-
tick Nerves into the Brain, caufe the Senfe. of
feeing. For becaufe denfe Bodies conferve their
Heat a long time, and the denfeft Bodies ¢on-
ferve their Heat the longeft, the Vibrations of
their parts are of a lafting nature, and there-
fore may be propagated along folid Fibres of
uniform -denfe Matter. to a great diftance, for
conveying into the Brain the impref{lions made
upon all the Organs of Senfe. For that Motion

which
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which can continue long in one 4nd the fame
art of a Body, can be propagated a long way
rom one part to another, fuppofing the Body
homogeneal, fo that the Motion may not be re-
fleCted, refratted, interrupted or diforder’d by
any unevennefs of the Body. :

Qu. 13. Do not feveral forts of Rays make
Vibrations of feveral bignefles, whichaccording
to their bignefles excite Senfations of feveral
Colours, much after the manner that the Vibra-
tions of the Air, according to their feveral big-
nefles excite Senfations of feveral Sounds? And
particulatly do not the moft refrangible Rays
excite the fhorteft Vibrations for making aSen-~
fation of deep violet, the leaft refrangible the
largeft for making a Senfation of deep red, and
the feveral intermediate forts of Rays, Vibra«
tions of feveral intermediate bignefles to make
Senfations of the feveral intermediate Colours?

%. 14. May not the harmony and difcord
of Colours arife from the proportions of the
Vibrations Igropagated through the Fibres of
the optick Nerves into the Brain, as the harmo-
ny and difcord of Sounds arife from the pro-

ortions of the Vibrations of the Air? For

ome Colours, if they be view’d together, are
agreeable to one another, as thofe of Gold and
-Indigo, and others difagree.

%y. 15. Are not the Species of Objeéts feen
with both Eyes united where the optick Nerves
“meet before they come into the Brain, the Fi-
bres on the right fide of both Nerves uniting
there, and after union going thence into the
Brain in the Nerve which is on the right fide of

the
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"the Head, and the Fibres on the left fidé of*
both-Nerves uniting in the fame place, and af-
ter union going into the Brain in the Nerve
which is onthe left fide of the Head, and thefe
two Nerves meeting in the Brain in {fuch a man«
ner that their Fibres make but one entire Spe-
cies or Picture, half of which on the right fide
of the Senforium comes from the right fide of
both Eyes through the right fide of both op-
tick Nerves to the place where the Nerves meet,
and from thence on the right fide of the Head
into the Brain, and the other half on the lefc
fide of the Senforium comes in like manner
from the left fide of both Eyes. For the op-
tick Nerves of fuch Animals as look the fame
way with both Eyes (as of Men, Dogs, Sheep,,
Oxen, c.) meet before they come into the
Brain, -but the optick Nerves of fuch Animals
as do not look the fame way with both Eyes
(as of Fifhes and of the Chameleon) do not
meet, if I am rightly inform’d. | :

Qn.16. When a Man in the dark prefles either
corner of his Eye with his Fingér, and turns his

" Eye away from his Finger, he will fee a Circle

ofy Colours like thofe in the Feather of a Pea-
cock’s Tail. If the Eye and the Finger remain
quiet thefe Colours vanifh in a fecond Minute of

Time, but if the Finger be moved with a qua-

vering Motion they appear again. Do not thefe

" Colours arife from fuch Motions excited in the

bottom of the Eye by the Preflure and Motion

- of the Finger, as at other times are excited

there by Light for caufing Vifion® And do not

the Motions once excited c%nti.nue about a Se&
con
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.¢ond of Time before they ceafe? And when a
.Man by a ftroke upon his Eye fees a flath of
.Light, "are not the like Motions excited in the
- Retina by the ftroke? And when a Coal of Fire
-moved nimbly in the circumference of a Cir- .

.cle, makes the whole circumference appear like
.a Circle of Fire: Is it not becaufe the Motions
-excited in the bottom of the Eye by the Rays
-of Light are of a lafting nature, and continue
-till the Coal of Fire in going round returns to
-its former place? And confidering the lafting-
-nefs of the Motions excited in the bottom of
.the Eye by Light, -are they not of a vibrating

-nature? ’

- Qu.17. If a Stone be thrown into ftagnating
-Water, .the Waves excited thereby continue
.fome time to arife in the place where the Stone
-fell into the Water, and are propagated from
. thence in concentrick Circles upon the Surface
of the Water to great diftances. And the Vi-
+ brations or Tremors excited in the Air by per-
-cuffion, continue a little time to move from the
place of percuflion in concentrick Spheres to
.great diftances. And in like manner, when a
-Ray of Light falls upon the Surface of any pel-
-lucid Body, and is there refrafted or refleéted:
»may not Waves of Vibrations, or Tremors, be
»thereby excited in the refratting or reflecting
*Medi}lmhat the p&)int of Incidence,d and continue
i to arife there, an opagated from thence
xas long as th%oﬁ%M when they are
excited in the bottom of the Eye by the Pref-
fure or Motion of the Finger, or by the Light
which comes from the Coal of Fire in the Ex~
' .periments



ST

T323]

-periments above mention’d? And are riot thefe

ibrations propagated from the point of Inci«
~dence to great diftances? And do they not o-
vertake the Rays of Light, and by overtaking
them fucceflively, do they not put them into
the Fits of eafy Reflexion and eafy Tranfmiffion
defcribed above? For if the Rays endeavour to
recede from the denfeft part of the Vibration,
they may be alternately accelerated and retard-
ed by the Vibrations overtaking them.

Qu. 18. If in two large tall cylindrical Vef=
fels of Glafs inverted, two little Thermometers
- be {ufpended fo as not to touch the Veflels, and
the Air be drawn out of one of thefe Veflels,
and thefe Veflels thus prepared be carried out
of a cold place into a warm one; the Thermo-
meter 7# vacwo will grow warm as much, and
almoft as foon as the Thermometer which is
not 77 vacuo. And when the Veflels are carri-
ed back into the cold place, the Thermometer
#n vacwo will grow cold almoft as {oon as the
other Thermometer. Is not the Heat of the
warm Room convey’d through the Vacuum by
the Vibrations of a much fubtiler Medium than
Air, which after the Air was drawn out remain-~
ed in the Vacuum ? And is not this Medium the
fame with that Medium by which Light is re-

‘ /

fratted and refle@ted, and by whofe Vibrations
Light communicates Heat to Bodies, and is
put into Fits of eafy Reflexion and eafy Tranf~
“miffion? And do not the Vibrations of this Me-
dium in hot Bodies contribute to the intenfenefs -
and duration of their. Heat?. And do not hot
Bodies communicate their Heat to.contiguous

Y 2 cold -
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cold ones, By the Vibrations of this Medium
propagated from them into the cold ones? And
1s not this Medium exceedingly more rare and
fubtile than the Air, and exceedingly more ela-
flick and active? And doth it not readily per-

- vade all Bodies? And is it not (by its elaftick
- force) expanded through all the Heavens?

Qu. 19. Doth not the Refration of Light
proceed from the different denfity of this Athe-
real Medium in different places, the Light re-
ceding always from the denfer parts of the Me-
dium? And is not the denfity thereof greater
in free and open Spaces void of Air and other
groffer Bodies, than within the Pores of Wa-
ter, ‘Glafs, Cryftal, Gems, and other compact
Bodies? For when Light pafles through Glafs -
or Cryftal, and falling very obliquely upon the
farther Surface thereof is totally refleéted, the
total Reflexion ought to proceed rather from
the denfity and vigour of the Medium without
and beyond the Glafs, than from the rarity and
weaknefs thereof. '

Qu.20. Doth not this Ethereal Medium in
pafling out of Water, Glafs, Cryftal, and other
compact and denfe Bodies into empty Spaces,
grow denfer and denfer by degrees, and by
that means refract the Rays of Light not in a
Eoint, but by bending them gradually in curve

ines? And ‘doth not the gradual condenfa-
tion of this Medium extend to fome diftance
from the Bodies, and thereby caufe the Infle-
- xions of the Rays of Light, which pafs by the

edges of denfe godies, at fome diftance from
the Bodies.? I

Q.

— . ...L,*J
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@y. 21. Is not this Medium much rarer with-
in the denfe Bodies of the Sun, Stars, Planets
and Comets, than in the empty celeftial Spaces
between them?' And in pafling from them to
great diftances, doth it not grow denfer and
denfer perpetually, and thereby caufe the gra-
vity of thofe great Bodies towards one another,
and of their parts towards the Bodies; every
Body endeavouring to go from the denfer parts
of_the Médium towards the rarer? For if this
Medium be rarer within the Sun’s Body than at
its Surface, and rarer there than at the hun-
dredth part of an Inch from its Bod%- and ra-
rer there than at the fiftieth part of anInch from
its Body, and rarer there than at the Orb' of
Saturn; 1 {ee no reafon why the Increafe of
denfity fhould {top any where, and not rather
. be continued through all diftances from the Sun
"to Saturn, and beyond. And though this In-

creafe of denfity may at great diftances be ex-
‘ceeding flow, yet if the elaftick force of this
Medium be exceeding great, it may fuffice to
impel Bodies from the denfer parts of the Me-
" dium towards the rarer, with all that power
which we call Gravity. And that the elaftick
force of this Medium is exceeding great, may
be gather’d from the {wiftnefs of its Vibrations.
Sounds move about 1140 Engli/b Feet in a fe-
cond Minute of Time, and in feven or eight
Minytes of Time they move about one hundred
Englifb Miles, Light moves from the Sun to
us in about feven or eight Minutes of Time,
which diftance is about 70000000 Engli/b Miles,
fuppofing the horizontal Parallax of the Sun lt)o

. <X 3 ' ¢
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be about 12”. And the Vibrations or Pulfes of
this Medium, that they may caufe the alternate
Fits of eafy Tranfmiffion and eafy Reflexion,
muft be fwifter than Light, and by confequence
above 700000 times fwifter than Sounids. And
therefore the elaftick force of this Medium, in
proportion to its denfity, muft be above 700co0
X 700000 (that is, above 490000000000 )
times greater than the elaftick force of the Air
is in proportion to its denfity. For the Veloci-
ties of the Pulfes of elaftick Mediums are in a
fubduplicate Rario of the Elafticities and the Ra-
rities of the Mediums taken together. »

As Attraftion is ftronger in {mall Magnets
than in great ones in proportion to their bulk,
and Gravity is greater in the Surfaces of {mall
Planets than'in thofe of great ones in propor-
tion to their bulk, and fmall Bodies are agita-
ted much more by eleétric attraction than great
ones ; fo the fmallnefs of the Rays of Light
may contribute very much to the the power of
the Agent by which they are refralted. And
fo if any one fhould fuppofe that Zther (like
our Air) may contain Particles which endeavour
to recede from one another (for I do not know
what this Zther is) and that its Particles are
exceedingly fmaller than thofe of Air, or even
than thofe of Light: The exceeding {mallnefs
of its Particles may contribute to the greatnefs
of the force by which thofe Particles may re-
~ cede from one another, and thereby make that
. Medium exceedingly more rare and elaftick
than Air, and by confequence exceedingly lefs
able to refift the motions of Projeétiles, and

: exceed-
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exceedingly more able to prefs upon grofs Bo-
dies, by endeavouring to expand it felf.
9u.22. May not Planets and Comets, and all
grofs Bodies, perform their Motions more free-
131, and with lefs refiftance in this Athereal Me-
'dium than in any Fluid, which fills all Space ade-
quately without leaving any Pores, and by confe-
quence is much denfer thanQuick-filver or Gold?
~ And may not its refiftance be fo fmall, as tobe
inconfiderable? Forinftance; If this.ZE¢ber (for
fo I will call it) fhould be fuppofed 700000
times more elaftick than our Air, and above
700000 times more rare; its refiftance would
be above 6oooooooo times lefs than that of Wa-
ter. And fo fmall a refiftance would fcarce
make any fenfible alteration in the Motions of
the Planets in ten thoufand Years. If any one
would ask how a Medium can be fo rare, let
him tell me how the Air, in the upper parts of
the Atmofphere, can be above an hundred thou-
{and thoufand times rarer than Gold. Let him
alfo tell me, how an eleétrick Body can by Fri-
&ion emit an Exhalation fo rare and fubtile, and
yet fo potent, as by its Emiflion to caufe no
{enfible Diminution of the weight of the- ele-
étrick Body, and to be expanded.through a
Sphere, whofe Diameter is above two Feet, and
yet to be able to agitate and carry up Leat Cop- -
er, or Leaf Gold, at the diftance of above a-
oot from the eleftrick Body? And how the
Effluvia of a Magnet can be {o rare and f{ubtile,
“as to pafs through a Plate of Glafs without any
Refiftance or Diminution of their Force, and
: {et fo potent as to turn a magnetick Needle
eyond the Glafs?
Y 4 9.
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#.23. Is not Vifion perform’d chiefly by the
Vibrations of this Medjum, excited in the bot-
tom of the Eye by the Rays of Light, and pro-
Eagated through the folid, pellucid and uniform

apillamenta of the optick Nerves into the place
of Senfation? And is not Hearing perform’d
by the Vibrations either of this or fome other
Medium, excited in the auditory Nerves by the
Tremors of the Air, and propagatéd through
the folid, pellucid and uniform Capillamenta of
thofe Nerves into the place of Senfation? And
fo of the other Senfes. o

%z;. 24. Is not Animal Motion perform’d by
the Vibrations of this Medium, excited in the
Brain by the power of the Will, and propaga-
ted from thence through the folid,- pellucid and
uniform Capillamenta of the Nerves into the
Mufkcles, for contrating and dilating them? I
fuppofe that the Capillamenta of the Nerves are
each of them folid and uniform, that the vibra-
ting- Motion of the Athereal Medium may be
propagated along them from one end to the: o-
ther uniformly, and without interruption: For
Obftruétions in the Nerves create Palfies. And
" that they may be fufliciently uniform, I fuppofe
them to be pellucid when view’d fingly, tho’
the Reflexions in their cylindrical Surfaces may
make the whole Nerve (compofed of many Ca-
pillamenta) appear opake and white. For opaci-
ty arifes from refleéting Surfaces, fuch as may di-
{turb and interrupt the Motions of this Medium.

u.25. Are there not other original Proper-
ties of the Rays of Light, befides thofe alrea-
dy defcribed? An ini%ange of another original

’ : 0z
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Property we have in the Refraétion of Ifland
Cryftal, defcribed firft by Erafinus Bartholine,
and afterwards more exactly by Hugenius, in
his Book De /a Lumiere: 'This Cryﬁal is a pel-
lucid fifile Stone, clear as Water or Cryftal of
the Rock, and without Colour ; .enduring a red
Heat without lofing its tranfparency, and in a
very ftrong Heat calcining without Fufion.
Steep’d a Day or two in Water, it lofes its na-
tural Polith. Being rubb’d onCloth, itattracts .
gieces of Straws and other light things, like Am-
ar or Glafs; and with Agua fortss it makes an
Ebullition. It feems to be a fort of Talk, and
is found in form of an oblique.Parallelopiped,
with {ix parallelogram Sides and eight folid An-
~ gles. The obtufe Angles of the Parallelograms
are each of them 1orDegrees and 52 Minutes;
the acute ones 78 Degrees and 8 Minutes. T'wo
of the folid Angles oppofite to one another, as
- C and E, are compafled each of
them with three of thefe obtufe ¢ b follew-
Angles, and each of ‘the other "™
fix with one obtufe and two acute ones. It
cleaves eafily in Planes parallel to any of its
Sides, and not in any other Planes. It cleaves
with a glofly polite Surface not perpecily plane,
but with fome little unevennefs. It is eafily
{cratch’d, and by reafon of its foftnefs it takes
a Polith very difficultly. It polithes better up-
on polifh’d Looking-%afs than upon Metal, and
perhaps better upon Pitch, Leather or Parch-
ment. Afterwards it muft be rubb’d with a
little Oil or White of an Egg, to fill up its
Scratches ; whereby it will become very tranf-
' ' parent
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parent and polite. But for feveral Experiments,
it is not neceflary to polith it. If a piece of this
cryftalline Stone be laid upon a Book, every
Letter of the Book feen through it will appear
double, by means of a double Refraction. And
if any beam of Light falls either perpendicularly,
or in any oblique Angle ypon any Surface of this
Cryftal, it becames divided into two beams b

means of the fame double Refra¢tion. Whic

_ beams are of the fame Colour with the incident
beam of Light, and feem equal to one another
~ in the quantity of their Light, or very nearly
equal. "One of thefe Refractions is perform’d
by the ufual Rule of Opticks, the Sine of Inci-
dence out of Air into this Cryftal being ta the
 Sine of Refraction, as five to three. The other
Refraion, which may be called the unufual
Refraction, is perform’d by the following Rule,

.o
o
-
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- TXVE
Let ADBC reprefent the refralting Surfacc;_
= } °
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- of theCryftal, C the biggeft folid Angle at that
Surface, GEHF the oppofite Surface, and CK
a perpendicular on that Surface.” This perpen-
dicular makes with the edge of the Cryftal CF,
an Angle of 19 Degr. 3. Join KF, and in it
take KL., fo that the Angle KCL be 6 Degr.
49" and the Angle LCF 12 Degr. 23" And if
ST reprefent any beam of Light incident at T
in any Angle upon the refracting Surface ADBC,
let T'V be the refraéted beam determin’d by
the given Proportion of the Sines 5 to 3, accor-
ding to the ufual Rule of Opticks. Draw VX
parallel and equal to KL.. Draw it the fame
way from V 1n which L lieth from K; and
joining T'X, this line T'X fhall be'the other re-
fracted beam carried from T to X, by the un-
ufual Refraétion. -

If therefore the incident beam ST be per-
pendicular to the refracting Surface, the two
beams T'V and T X, into which it fhall be-
come divided, fhall be parallel to the lines CK
and CL.; one of thofe beams going through
the Cryftal perpendicularly, as it ought to do
by the ufual Laws of Opticks, and the other
T X by an unufual Refraltion diverging from
the perpendicular, and making with it an An-
gle V'T'X of about 63 Degrees, as is found b
experience. And hence, the Plane VTX}:
and fuch like Planes which are parallel to the
Plane CFK, may be called the Planes of per-
pendicular Refra¢tion. And the Coaft towards
which the lines KL and V X are drawn, may
be call'd the Coaft of unufual Refraltion.

In like manner Cryftal of the Rock has a

~ double
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double Refraction: But the difference of the
two Refra&ions is not fo great and manifeft as
in lfland Cryftal. ) v
When the beam ST incident on Ifland Cry-
ftal, is divided into two beams T'V and TX,
and thefe two beams arrive at the farther Sur-
face of the Glafs; the beam T'V, which was
refra@ted at the firft Surface after the ufual man-
- ner, fhall be again refracted entirely after the
ufual manner at the fecond -Surface ; and the
beam T X, which was refralted after the unu-
fual manner in the firft Surface, fhall be again
refracted entirely after the unufual manner in
the fecond Surface; fo that both thefe beams
fhall emerge but of the fecond Surface in lines
parallel to the firft incident beam ST.. '
And if two pieces of Ifland Cryftal be pla-
ced one after another, in fuch manner that all
the Surfaces of the latter be parallel to all the
correfponding Surfaces of the former: The
Rays which are refraéted after the ufual man-
ner in the firft Surface of the firft Cryital fhall
be refrated after the ufual manner in all the
following Surfaces; and the Rays which are re-
frated after the unufual manner in the firft Sur-
face, fhall be refracted after the unufual manner
in all the following Surfaces. And the fame
thing happens, though the Surfaces of the Cry-
Atals be any ways inclined to one another, provi-
ded that their Planes of perpendicular Refra&tion
be parallel to one another. -
And therefore there is an original difference
in the Rays of Light, by means of which fome
Rays are in this Experiment conftantly refra&c-l
- - e
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ed after the ufual manner, and others conftant-
ly after the unufual manner: For if the diffe-
rence be not original, but arifes from new Mo-
difications imbrefs’d on the Rays at their firft
Refraétion, it would be alter’d by new Moditi-
cations in theé three following Refrations ;
whereas it fuffers no alteration, but is conftant,
and has the fame effe¢t upon the Rays in all the
Refraétions. The unufual Refra&ion is there-
fore perform’d by an original property of the
‘Rays. And it remains to be enquired, whe-
- ther the Rays have not more original Properties
than are yet diftover'd.. :
Qu.26. Have'not the Rays of Light feveral
" fides, endued with feveral original Properties?
For if the Planes of perpendicular Refra¢tion
of the {écond Cryftal, be at right Angles with
the Planes of perpendicular Refration of the
firft Cryftal, the Rays which are refracted after
the ufual manner in pafling through the firft
Cryftal, will be all of them refracted after the
unufual manner in pafling through the fecond
Cryftal; and the Rays which are refrated af-
- ‘ter the unufual manner in pafling through the
Airft Cryftal, will be all of them refralted after
the ufual manner in pafling through the fecond
Cryftal. And therefore there are not two forts
of Rays differing in their nature from one ano-
ther, one of which is conftantly and in all Po-
fitions refracted after the ufual manner, and the
other conftantly and in all Pofitions after the
unufual manner. The difference between the
two forts of Rays in the Experiment mention’d
ih the 25th Queftion, was only in the Poﬁtionsf
, o
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of the Sides of the Rays to the Planes of per-
pendicular Refra¢tion.  For one and the fame
Ray is here refraéted fometimes after the ufual,
and fometimes after the unufual manner, ac-
cotrding to the Pofition which its Sides have to
the Cryftals. If the fides of the Ray# are pofi-
ted the fame way to both Cryflals, 1t is refraét-
ed after the fame manner in them both: But
if that fide of the Ray which looks towards
the Coaft of the unufual Refraction of the firft
Cryftal, be 9o Degrees from that fide of the
fame Ray which looks towards the Coaft of the -
unufual Refraction of the fecond Cryftal, (which
may be effected by varying the Pofition of the
fecond Cryftal to the firft, and by confequence
to the Rays of Light) the Ray fhall be refracted
after f{everal manners in the feveral Cryflals.
There is nothing more required to determine
whether the Rays of Light which fall upon the
fecond Cryftal, fhall be refracted after the ufual
or after the unufual manner, but to turn about
this Cryftal, fo that the Coaft of this Cryftal’s
unufual Refraction may be on this or on that
fide of theRay. And therefore every Ray may
be confider’d- as having four Sidgs or Quarters,
two. of which o;;Poﬁte to one another incline
the Ray to' be refracted after the unufual man-
mer, as often ss either of them are turn’d to-
wards the Coaft of unufual Refraction; and the
-other two, whenever either of them are turn’d
towards the Coait of unufual Refraction, do not
anclime it to be otherwife refracted than after
the ufual manner. The two firft may there-
fore be call'd the Sides of unufual Rcfrafhj’\c;‘né

Y S ..‘..‘.-&.J
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And fince thefe Difpofitions were in the Rays
before their Incidence on the fecond, third and
fourth Sutfaces of the two Cryftals, and fuffer-
ed no alteration (fo far as appears) by the Re-
fraction of the Rays in their paffage through
thofe Surfaces, and the Rays were refracted by
the fame Laws in all the four Surfaces; it ap-
pears that thofe Difpofitions were in the Rays
originally, and fuffer’d no alteration by the firft
Refration, and that by means of thofe Difpofi-
tions the Rays were refracted at their Incidence -
on the firft Surface of the firft Cryftal, fome of
them after the ufual, and {fome of them after the
unufual manner, accordingly as their Sides of
unufual Refraction were.then turn’d towards
the Coalt of the unufual Refraction of that Cry+
ftal, or fideways from it. .

Every Ray of Light has therefore two oppo-
fite Sides, originally endued with a Property
on which the unufual Refra¢tion depends, and
the other two oppofite Sides not endued with
that Property. And it remains to be enquired,
whether there are not more Properties of Light -
by which the Sides of the Rays differ, and are
diftinguifh’d from one another. ,

In explaining the. difference of the Sides of
the Rays above mention’d, Ihave fuppofed that
the Rays fall perpendicularly’on the firft Cry-
ftal. But if they fall obliquely on it, the Suc-
- cefs is the fame. Thofe Rays which are refract-
ed after the ufual manner in the firft Crytlal,
will be refraéted after the unufual manner in
the fecond Cryftal, fuppofing the Planesof per- -
pendicular Refraétion to be at right Angles with
- 2 one
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one another, as above: and on the contrary.

If the Planes of the perpendicular Refraétion
of the two Cryftals be neither parallel nor per-
pendicular to one another, but.contain an acute
Angle: The two beams of Light which emerge
out of the fir{t Cryftal, will be each of them di-
vided into two more at their Incidence on the
fecond Cryftal. For in this cafe the Rays in
« each of the two Beams will fome of them have
) their Sides of unufual Refraétion, and fome of

them their other Sides turn’d towards the Coaft
?11; the unufual Refraction of the fecond Cry- -
{tal.

u. 27. Are not all Hypothefes erroneous
which have hitherto been invented for explain-
ing the Phenomena of Light, by new Modifica-
tions of the Rays? For thofe Phenomena de-
pend not upon new Modifications, as has been
fuppofed, but upon the original and unchange-
able Progerties of the Rﬁrs,

Qz{‘.‘z . Are not all Hypothefes erroneous,

Yewer-in which Light is fuppofed to confift in Pref-

fion or Motion, propagated through a fluid Me-

dium? For in all thefe Hypothefes, the Pheno-

mena of Light have been hitherto explain’d by

‘ fuppofing that they arife from new Modifica-

: tions of the Rays; which is an erroneous Sup-
pofition. :

- If Light confifted only-in Preffion propaga-

ted without a¢tual Motion, it would not be a-

ble to agitate and heat the Bodies which refrat

and refleét it. If it confifted in Motion propa-

gated to all diftances in;an inftant, it would re-

. Quire an infinite force every moment, in every

thining

ol . .—;..J
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fhining Particle, to generate that Motiori. And
if it confifted in Preffion or Motion, propaga-
ted either in an inftant or in time, it would
bend into the Shadow. For Preffion or Motion
cannot be propagated in a Fluid in right Lines
beyond an Obftacle whiclrftops part of the Mo-
tion, but will bend and {pread every way into
the quiefcent Medium which lies beyond the
Obftacle. Gravity tends downwards, but the
Preflure of Water arifing from Gravity tends
* every way with equal force, and is propagated
as readily, and with as much force fideways 4s
downwards, and through ecrooked paflages 4s
through ftrait ones. The Waves o the Surface
of ftagnating Water, pafling by the fides of a
broad Obftacle which ftops part of them, bend
afterwards and dilate themfelves gradually into
the quiet Water behind the Obftacle. The
Waves, Pulfes or Vibrations of the Air, where«
in Sounds confift, bend manifeftly, though not
fo much as the Waves of Water. For a Bell
or a Canon may be heard beyond a Hill which
intercepts the fight of the founding Body, and
Soundsare propagated as readily through crook=
ed Pipes as through ftreight ones. But Light
1s never known to follow crooked Paflages nor
to bend into the Shadow. For the fix'd Stars
by the Interpofition of any of the Planets ceafe
to be feen. And fo do the Parts of the Sun
ll)/y the Interpofition of the Moon, Mercury ot
enus; 'The Rays which pafs very near to the
edges of any Body, are bent a little by the aétion
of the Body, as we fhew'd above; but this
bending is not tOWardszPut from the Shadovg
. / ! - an
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and is perform’d only in the paflage of the Ray
by the Body, and at a very {mall diftance from
it. So foon as the Ray is paft the Body, it
goes right on. ' '

- To explain the unufual Refraction of Ifland
Cryftal by Preflion or Motion propagated, has
not hitherto been attempted (to my knowledge)
except by Huygens, who for that end fuppofed

_two feveral vibrating Mediums within that Cry-
ftal. But when he tried the Refractions in two
fucceflive -pieces of that Cryftal, and found

- them fuch as is mention’d above: He confef-

fed himfelf at a lofs for explaining them. For .

Preflions or Motions, propagated from a fhining

Body through an uniform Medium, muit be.

on all fides alike; whereas by thofe Experi-

ments it appears; that the Rays of Light have
different Properties in their different Sides.

He fufpetted that the Pulfes of Zzber in paf-

fing through the firft Cryftal might receive cer-

tain new Modifications, which might determine
them to be propagated in this or that Medium
within the fecond Cryftal, according to the

4 Pofition of that Cryital.
~ Mais pour dire commm: But what Modifications

e it iclam o thofe might be he could

tifafe. C.H.del lumi- not fay, nor think of any

- ere. C.5. p.gr. thing fatisfattory in that

: ' Point. And if he had
known that the unufual Refra¢tion depends not
on new Modifications, but on the original and
unchangeable Difpofitions of the Rays, he would
have found it as difficult to explain how thofe

Difpofitions which he fuppofed to be imprefs’d

, on

B RO, 4«&‘“‘1
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on the Rays by the firft Cryftal, could be in

- them before their Incidence on that Cryftal

and in ‘general, how all Rays emitted by fhi=
ning Bodies, can have thofe Difpofitions in
them from the beginning. To me, at leaft,
this feems inexplicable, 'if Light be nothing
elfe than Preflion or Motion propagated through
Ather. ' .

And it is as difficult to explain by thefe Hy-
pothefes, how Rays can be alternately in Fits
of eafy Reflexion and eafy Tran{miflion; unlefs
perhaps one might fuppofe that there are in all
Space two Athereal vibrating Mediums, and
that the Vibrations of one of them conftitute
Light, and the Vibrations of the other are fwift=
er, and as often as they overtake the Vibrations
of the firft, put theminto thofe Fits. - But how
two Etbers can be diffufed through all Space,
one of which afts upon the other, and by con-~
fequence is re-atted upon, without retarding,
fhattering, difperfing and confounding one an=
others Motions, is inconceivable. And againft
filling the Heavens with fluid Mediums, unlefs
they be exceeding rare, a great Objettion arifes
from the regular and very lafting Motions of
the Planets and Comets in all manner of Courfes
through the Heavens. For thence it is mani-
feft, that the Heavens are void of all {enfible
. Refiftance, and by confequence of all fenfible
Matter. © ' :

For the refifting Power of fluid Mediums a-
rifes partly from the Attrition of the Parts of
the Medium, and partly from the Vis inertie
of the Matter. That part of the Refiftance of

. L a {phe-
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a {pherical Body which arifes from the Attri-
tion of the Parts of the Medium is very nearly
as the Diameter, or, at the moft, as the Faltum
of the Diameter, and the Velocity of the {fphe-
rical Body together. And that part of the Re-
fiftance which arifes from the Vis inertie of
the Matter, is as the Sluare of that Faifum.
And by this difference the two forts of Refi-
ftance may be diftinguifh’d from one another
in any Medium ; and thefe being diftinguith’d,
it will be found that almoft all the Refiftance
of Bodies of a competent Magnitude moving
in Air, Water, Quick-filver, and fuch like Flu-
ids with a competent Velocity, arifes from the
Vis inertie of the Parts of the Fluid.

Now that part of the refifting Power of any
Medium which arifes from the Tenacity, Fri-
&ion or Attrition of the Parts of the Medium,
may be diminifth’d by dividing the Matter into
" {maller Parts, and making the Parts more {mooth
and flippery: But that part of the Refiftance
which arifes from the Vis inertie, isproportio-
nal to the Denfity of the Matter, and cannot be
diminifh’d by dividing the Matter into {maller
Parts, nor by any other means than by decrea-
fing the Denfity of the Medium. And for thefe
Reafons the Denfity of fluid Mediums is very
nearly proportional to their Refiftance. Li-
quors which differ not much in Denfity, as Wa-
ter, Spirit of Wine, Spirit of Turpentine, hot
Oil, differ not much in Refiftance. Water is
thirteen or fourteen times lighter than Quick-
filver, and by confequence thirteen or fourteen
times rarer, and itqueﬁﬂ;ance is lefs than tha;

: : o
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of Quick-filver in the fame Proportion, or there- -
‘abouts, as I have found by Experiments made
~ with Pendulums. The open Air in which we
breathe is eight or nine hundred times lighter
than Water, and by confequence eight or nine
' hundred times rarer, and accordingly its Reéfi-
ftance is lefs than that of Water in the fame
Proportion, or thereabouts; as I have alfo found .
by Experiments made with Pendulums. And in
thinner Air the Refiftance is ftill lefs, and at
length, by rarifying the Air, becomes infenfi-
ble. For {fmall Feathers falling in the open Air
- meet .with great Refiftance, but in a tall Glafs
well emptied of Air, they fall as faft as Lead or -
Gold,as] have feen tried {everal times. Whence
the Refiftance feems ftill to decreafe in propor-
tion to the Denfity of the Fluid. Forl do not
find by any Experiments, that Bodies moving
- in Quick-filver, Water or Air, meet with any -
other fenfible Refiftance than what arifes from
the Denfity and Tenacity of thofe fenfible Flu-
ids, as they would do if the Pores of thofe Flu-
ids, and all other Spaces, were filled with a
denfe and fubtile Fluid. Now if the Refiftance
in a Veflel well emptied of Air, was but an
hundred times lefs than in the open Air, it -
would be about a million of times lefs than in
-Quick-filver. But it feems to be much lefs in
fuch a Veflel, and {lill much lefs in the Hea-
vens, at the heiéht of three or four hundred
Miles from the Earth, or above. For Mr.Boyle
has thew’d that Air may be rarified above ten
thoufand times in Veflels of Glafs; and the
Heavens are much emptier of Air than any -
Z3 cuum
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cuum we can_make below. For fince the Air
is comprefs’d by the weight of the incumbent
Atmofphere, and the Denfity of Air is propor-
tional to the Force compreffing. it, it follows
by Computation, that at the height of about fe-
ven Englifb Miles from the Earth, the Air is
four times rarer than at the Surface of the
Earth; and at the height of 14 Miles, it is fix-
teen times rarer than that at the Surface of the
Earth; and at the height of 21, 28, or 35 Miles,
it is refpeétively 64, 256, or 1024 times rarer,
or thereabouts; and at the height of 70, 140,
210 Miles, it isabout 1000000, 1000000000000 .
Or 1000000000000000000 times rarer; and fo
on. :

- Heat promotes Fluidity very much, by dimi-
nifhing the Tenacity of Bodies. It makes ma-
ny Bodies fluid which are not fluid in cold, and
increafes the Fluidity of tenacious Liquids, as
of Oil, Balfam and Honey, and thereby de-
creafes their Refiftance. But it decreafes not
the Refiftance of Water confiderably, asit would
' do if any confiderable part of the Refiftance of
Water arofe from the Attrition or Tenacity of
its Parts. And thereforeithe Refiftance of Wa-
“ter arifes principally and almoft entirely from
the Vis inertie of its Matter; and by confe-
quence, if the Heavens were as denfe as Wa-
ter, they would not have much lefs Refiftance
-than Water; if as denfe as Quick-filver, they
- would not have much lefs Refiftance than Quick-
filver; if abfolutely denfe, or full of Matter
- without any Vacuum, let the Matter be never
{o fubtile and fluid, they would have a greater

Refiftance
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Refiftance than Quick-filver. A folid Globe in
fuch a Medium would lofe above half its Mo-
tion in moving three times the length of its
Diameter, and a Globe not folid .(fuch as are
the Planets) would be retarded fooner. And
therefore to make way for the regular and laft-
ing Motions of the Planets and Comets, it’s ne-
ceflary to empty the Heavens of all Matter,. ex-
cept perhaps fome very thin Vapours, Steams
or FfHuvia, arifing from the Atmofpheres of the
Earth, Planets and Comets, and from fuch an
exceedingly rare Athereal Medium as we de-
fcribed above. A denfe Fluid canbe of no ufe
for explaining the Phe&nomena of Nature, the
Motions of the Planets and Cometsbeing better
explain’d without it. It ferves only to difturb
and retard the Motions of thofe great Bodies,
and make the Frame of Nature languith: And
in the Pores of Bodies, it ferves only to ftop
the vibrating Motions of their Parts, wherein
their Heat and Aétivity confifts. And as it is
of no ufe, and hinders the Operations of Na-
ture, and makes her languifh, {o there is no e-
vidence for its Exiftence, and therefore it ought
to be rejetted. And if it be rejected, the Hy-
pothefes that Light confifts-in Preflion or Mo-
tion propagated through fuch a Medium, are
rejeéted with it. '

And for rejeéting fuch a Medium, we have
the Authority of thofe the oldeft and moft ce-
Icbrated Philofophers of Greece and Phenicia,
who made a Pacuum and Atoms, and the Gra-
vity of Atoms, the firft Principles of their Phi-
lofophy ; tacitly attributin% Gravity to-fome o-

. 4 ther
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ther Caufe than denfe Matter. Later Philofo-
phers banifh the Confideration of fuch a Caufe
out of Natural Philofaphy, feigning Hypothefes
for explaining all things mechanically, and re-
ferring other Caufes to Metaphyficks: W hereas
the main Bufinefs of Natural Philofophy is to
argue from Phenomena without feigning Hy-
pothefes, and to deduce Caufes from Effeéts,
till we come to the very fir{t Caufe, which cer-
tainly is not mechanical; and not only to un-
fold the Mechanifm of the World, but chiefly

-to refolve thefe and fuch like Queftions. What

-

is there in places almoft empty of Matter, and
whence is it that the Sun and Planets gravitate
towards one another, without denfe Matter be-
tween them? Whence is it that Nature doth
nothing in vain ; and whence arifes all thatOr-
der and Beauty which we fee in the World?
T'o what end are Comets, and whenee is it that
Planets move all one and the fame way in Orbs
concentrick, while Comets move all manner of
ways in Orbs very excentrick, and what hinders
the fix’d Stars from falling upon one another ?
How came the Bodies of Animals to be contri-
ved with fo much Art, and for what ends were
their feveral Parts 2 Was the Eye contrived
without Skill in Opticks, and the Ear without
Knowledge of Sounds? How do the Motions
of the Body follow from the Will, and whence
is the Inftiné in Animals? Is not the Senfory of
Animals that place to which the fenfitive Sub-
flance is prefent, and into which the fenfible
Species of Things are carried through the Nerves
and Brain, thap there they may be perceived

Py
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by their immediate prefence to that Subftance? -
And thefe things being rightly difpatch’d, does
it not appear from Phanomena that there is a
Being incorporeal, living, intelligent, omnipre-
{ent, who in infinite Space, as it were in his Sen-
fory, fees the things themfelves intimately, and
throughly perceives them, and comprehends
them wholly by their immediate prefence to
himfelf: Of which things the Images only car-
ried through the Organs of Senfe into our little
Senforiums, are there feen and beheld by that
which in us perceives and thinks. And tho’
every true Step made in this Philofophy brings
us not immediately to the Knowledge of the
firft Caufe, yet it brings us nearer to it, and
on that account is to be highly valued.

». 29. Are not the Rays of Light very
{mall Bodies emitted from fhining Subftances?
For fuch Bodies will pafs through uniform Me-
diums in right Lines without bending into the
Shadow, which is the Nature of the Rays of
- Light. They will alfo be capable of feveral
Properties, and be able to conferve their Pro-

erties unchanged in pafling through feveral
R’Iediums, which is anether Condition of the
Rays of Light. Pellucid Subftances a¢t upon
the Rays of Light at a diftance in refrating, re-
fle¢ting and inflecting them, and the Rays mu-
tually agitate the Parts of thofe Subftances at a
diftance for heating them ; and this Aétion and
Re-attion at a diftance, very much refembles an
attractive Force between Bodies. If Refraétion
be perform’d by Attraftion of the Rays, the
Sines of Incidence muft be to the Sines of Re-
- fraction

\
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frattion in a given Proportion, as we fhew’d in
our Principles of Philofophy: And this Rule is
true by Experience. The Rays of Light in
going out of Glafs into a Pacuum, are bent to-
wards the Glafs; and if they fall too obliquely
on' the Pacuum they are bent backwards into
the Glafs, and totally refle&ted ; and this Refle- -
" xion cannot be afcribed to the Refiftance of an
abfolute Vacuum , but muft be caufed by the
Power of the Glafs attracting the Rays at their
going out of it into the Yacuum, and bringing
them back. For if the farther Surface of the
Glafs be moiften’d with Water or clear Oil, or
* liquid and clear Honf(:iy; the Rays which would
o(tlhetwife be refleéted, will go into the Water,
Oil, or Honey, and therefore are not refleéted
before they arrive at the farther Surface of the
Glafs, and begin to go out of it. If they go out
of it into the Water, Oil or Honey, the
go on, becaufe the Attraction of the Glafs is
‘almoft balanced and render’d ineffectual by
the contrary Attraction of the Liquor. But if
they go out of it into a Pacuum which has no
Attraftion: to balance that of the Glafs, the At-
traion of the Glafs either bends and refraéts
- them, or brings them back and reflefts them.
And this is ftill more evident by laying together
two Prifms of Glafs, or two Objet-glafles of
of very long Telefcopes, the one plane the o-
ther a little convex, and fo comprefling them
that they do not fully touch, nor are too far a-
funder. For the Light which falls upon the
farther Surface of 'the firft Glafs where the In-
terval between the Glafles is not above the ten
, hundred
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hundred thoufandth part of an Inch, will go
through that Surface, and through the Air or
Vacuum between the Glafles, and enter into the
{fecond Glafs, as was explain’d in the firft, fourth
and eighth Obfervations of the firft Part of the
fecond Book:. But if the fecond Glafs be taken
_away, the Light which goes out of the fecond
Surface of the firft Glafs into the Air or Va-
cuum, will not go on forwards, but turns back
into the firft Glafs, ‘and is refle®ted ; and there-
fore it is drawn back by the Power of the firft
Glafs, there being nothing elfe to turn it back.
Nothing more is requifite for producing all the
variety of Colours -and degrees of Refrangibi-
lity, than that the Rays of Light be Bodies of
different Sizes, the leaft of which may make
“ violet the weakeft and darkeft of the Colours,
and be more eafily diverted by refracting Sur-
faces from the right Courfe;. and the reft as
they are bigger and bigger, may make the
ftronger and more lucid Colours, blue, green,
yellow and red, and be more and more difh-
cultly diverted. Nothing more is requifite for
Suttmg the Rays of Light into Fits of eafy Re-
exion and eafy Tranfmiffion, than that theybe
fmall Bodies which by their attrattive Powers,
or fome other Force, ftir up Vibrations in what
they act upon, which Vibrations being {wifter
* than the Rays, overtake them fucceffively, and
agitate them fo as by turns to increafe and de-
creafe their Velocities, and thereby put them
into thofe Fits. And laftly, the unufual Refra-
¢tion of Ifland Cryftal looks very much as if it
were perform’d by fome kind of attractive vir-
) tue

/
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tue lodged in certain Sides both of the Rays,
- and of the Particles of the Cryftal. For were
it not for fome kind of Difpofition or Virtue
lodged in fome Sides of the Particles of the
Cryital, and not in their other Sides, and which
inclines and bends the Rays towards the Coatt
of unufual Refraction, the Rays which fall per-
endicularly on the Cryftal, would not be re-
raéted towards that Coaft rather than towards
any other Coaft, both at their Incidence and at
their Emergence, {o as to to emerge perpendi-
cularly by a contrary Situation of the Coaft of
unufual Refraftion at the fecond Surface ; the
Cryftal acting upon the Rays after they have
pais’d through it, and are emerging into the
Air; or, if you pleafe, into a Vacuum. And
" fince the Cryftal by this Difpofition or Virtue
does not aét upon the Rays, unlefs when one
of their Sides of unufual Refraétion looks to-
wards that Coaft, this argues a Virtue or Dif-
Foﬁtion in thofe Sides of the Rays, which an-
wers to and fympathizes with that Virtue or
Difpofition of the Cryftal, as the Poles of two
Magnets anfwer to one another. And as Mag-
netifm may be intended and rcmitted, and is
found only in the Magnet and in Iron: So this
Virtue of refrafting the perpendicular Rays is

eater in Ifland Cryftal, lefs in Cryftal of the
Rock, and is not yet found in other Bodies. 1
do not fay that tKis Virtue is magnetical : It
{feems to be of another kind. I only fay, that
what ever it be, it’s diflicult to conceive how
the Rays of Light, unlefs they be Bodies, can
~have a permanent Virtue in two of their Sides

- - which
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which is not in their other Sides, and this

- without any regard to their Pofition to the

Space or Medium through which they pafs.
What I mean in this Queftion by a Vacuum,

" and by the Attraétions of the Rays of Light to-

wards Glafs or Cryital,” may be underftood by
what was faid in the 18th, 19th and 20th Que-
ftions.

Qz‘;. 30. Are not grofs Bodies and Light con-
vertible into one another, and may not Bodies
receive much of their activity from the Parti-
cles of Light which enter their Compofition?
For all fix'd Bodies being heated emit Light {o

long as they continue fufhciently hot, and Light

mutually ftops in Bodies as often as its Rays
ftrike upon their Parts, as we fhew’d above. §
know no Body lefs apt to fhine than Water ;

- and yet Water by frequent Diftillations changes

into fix’d Earth, as Mr. Boyle has tried; and
then this Earth being enabled to endure a fuf-
ficient Heat, fhines by Heat like other Bodies.
The changing of Bodies into Light,-and Light
into Bodies, is very conformable to the Courfe
of Nature, which feems delighted with T'ranf-
mutations. Water, which is a very fluid taft-
lefs Salt, the changes byHeat into Vapour, which
is a fort of Air, and by Cold into Ice, which is
a hard, pellucid, brittle, fufible Stone: and this
Stone returns into Water by Heat, and Vapour
returns into Water by Cold. Earth by Heat be-
comes Fire, and by Cold returns into Earth.
Denfe Bedies by Fermentation rarify into feve-
ral forts of Air, and this Air by Fermentation,
and fometimes without it, returns int% dgpfe
S = odies.
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Bodies. Mercury appears fometimes in the
form of a fluid Metal, fometimes in the form
of a hard brittle Metal, fometimes in the form
of a corrofive pellucid Salt call'd Sublimate,
fometimes in the form of a taftlefs, pellucid;
volatile white karth, call'd Mercurius dulcis ;
or in that of a red opake volatile Farth, call'd

Cinnaber ; or in that of a red or white Preci-

pitate, or in that of a fluid Salt ; and in Diftil-

lation it turns into Vapour, and being agitated

in vacwo, it fhines like Fire. And after all thefe

Changes it returns again into its firft form of

Mercury. Eggs grow from infenfible Magni-

tudes, and change into Animals; Tadpoles into

Frogs; and Worms into Flies. All Birds, Beafts

and Fifhes, Infeéts, Trees, and other Vegeta-

bles, with their feveral parts, grow out of Wa-

ter and watry Tinctures and Salts, and by Pu-

trefadtion return again into watry Subftances.

And Water ftanding a few Days in the open

Air, yields a Tin¢ture, which (like that of

Mault) by ftanding longer yields a2 Sediment

and a Spirit, but before Putrefaction is fit Nou~

rithment for Animals and Vegetables.. And a-

mong fuch various and: ftrange Tran{fmutations,

wly ma{l not Nature change Bodies into Light,

and Light into Bodies? :

Q. 31. Have not the fmall Particles of Bo-
dies certain Powers, Virtues or Forces, by
which they a&t at a diftance, not only upon the
Ragis of Light for refletting, refratting and in-
fleGing them, but alfo upon one another for
&roducing a great part of the Phenomena of

ature? For it’s well known that Bodies ac&t

one
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one upon another. by the Attractions of Gravi-
ty, Magnetifm and Eleéricity; and thefe In-
{tances %ew the Tenor and Courfe of Nature,
and make it not improbable but that there may
be more attractive Powers than thefe. For Na-
ture is very confonant and conformable to her
felf. How thefe Attraétions may be perform’d,
I do not here confider. What I call Attraétion’
may be perform’d by impulfe, or by fome other
means unknown to me. I ufe that Word here
- to fignify only in general any Force by which
Bodies tend towards one another, whatfoever
be the Caufe. For we muft learn from.the
Phanomena of Nature what Bodies attraét one
another, and what are the Laws and Properties
“of the Attraction, before we enquire the Caufe
by which the Attraétion is perform’d, The At-
tractions of Gravity, Magnetifm and Eleé&rici-
ty, reach to very fenfible diftances, and fo have
been obferved by vulgar Eyes, and there may
be others which reach to {o {fmall diftances as
hitherto efcape Obfervation; and perhaps ele-
¢trical Attrattion may reach to fuch fmall di-
ftances, even without being excited by Friétion.
For when Salt of Tartar runs per deliquium,
is not this done by an Attraction between the
Particles of the Salt of Tartar, and the Parti-
cles of the Water which float in the Air in the
form of Vapours? And why does not common
Salt, or Salt-petre, or Vitriol, run per deliquium,
but for want of fuch an Attraétion? Or why
does not Salt of Tartar draw more Water out
of the Air than in a certain Proportion to its
quantity, but for want of an attraétive Fo;ce
oo ’ atter
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after it is fatiated with Water? And whence
is it but from this attractive Power that Water
which alone diftils with a gentle lukewarm
.Heat, will not diftil from Salt of Tartar with-
out a great Heat? And is it not from the like
attraétive Power between the Particles of Oil of
Vitriol and the Particles of Water, that Qil of
Vitriol draws to it a good quantity of Water
out of the Air, and after it is fatiated draws no
more, and in Diftillation lets go the Water ve-
vy difficultly? And when Water and Oil of Vi-
triol poured fucceflively into the fame Veflel
ow very hot in the mixing, does not this
geat argue a great Motion in the parts of the
Liquors? And does not this Motion argue that
the Parts of the two Liquors in mixing coa-
lefce with Violence, and by confequence rufl
towards one another with an accelerated Mo-
tion? And when Agua fortss or Sgirit of Vi~
triol poured upon Filings of Iron, diffolves the
Filings with a great Heat and Ebullition, is not
this Heat and Ebullition effeted by a violent
Motion of the Parts, and does not that Motion
argue that the acid Parts of the Liquor rufh to-
wards the Parts of the Metal with violence,
- and run forcibly into its Pores till they get be-
tween its outmoft Particles and the main Mafs
of the Metal, and furrounding thofe Particles -
loofen them from the main Mafs, and fet them
at liberty to float off into the Water? And
when the acid Particles which alone would
diftil with an eafy Heat, will not feparate from
the Particles of the Metal without a very \lriot
' ent
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lent Heat, does not this confirm the Attra&tion

between them? :
When Spirit of Vitriol poured upon com-
- mon Salt or Salt-petre makes an Ebullition with
the Salt and unites with it, and in Diftillation
the Spirit of the common Salt or Salt-petre
comes over much eafier than it would do be-
fore, and the acid part of the Spirit of Vitriol
ftays behind ; does not this argue that the fix’d
Alcaly of the Salt attracts the acid Spirit of the |
Vitriol more ftrongly than its own Spirit, and
not being able to hold them both, lets go its
own? And when Oil of Vitriol is drawn off
from its weight of Nitre, and from both the
Ingredients a compound Spirit of Nitre is diftil+
led, and two parts of thi$ Spirit are poured on
one part of Oilof Clovesor Caraway Seeds, or of
any ponderous Oil of vegetable or animal Sub-
ftances, or Oil of Turpentine thicken’d with a
 little Balfam of Sulphur, and the Liquors grow fo
very hot in mixing; asprefently tofend Illlg a burn-
ingFlame: Does not this very great and fuddea
Heat argue that the two Liquors mix with vie-
lence, and that their Parts in mixing run to-
wards -one another with an aceelerated Motion,
and clafh with the greateft Force? And js it
not for the fame reafon that well:rectified $pi-
rit of Wine poured on the fame compound Spi-
. ritflathes; and thatthe Pulvis fulminans, com-
pofed of- Sulphur, Nitre, and :Salt of Tartar,
goes off with a more fudden and violent Ex- -
*plofion ‘than  Gun-powder., thé acid Spirits of
the Sulphur -and Nitre ruthing towards one an-
-other, and towards the Salt of Tartar, with fo
: Aa - great
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great a violence, as by the fhock to turn the
whole at once into Vapour and Flame? Where
the Diffolution is flow, it makes a flow Ebulli-
tion and a gentle Heat; ahd where it is quick~
er, it makes a greater Ebullition with more
Heat; and where it is done at once, the Ebul-
lition is contraéted into a {fudden Blaft or vio-
lent Explofion, with a Heat equal to that of
Fire and Flame. So when a Drachm of the a-
bove mention’d compound Spirit of Nitre was
goured upon half a Drachm of Oil of Caraway
eeds in vacuo; the Mixture immediately made
-a flath like Gun-powder, and burft the exhau-
‘fted Receiver, which was a Glafs fix Inches
wide, and eight Inches deep. And even the
grofs Body of Sulphur powder’d; and with an
“equal weight of Iron Filings, and a little Water
made into Pafte, acts upon the Iron, and in five
or fix Hours grows too hot to be touch’d, anid
emits aFlame. And by thefe Experiments com-
pared with the great quantity of Sulphur with
which the Earth abounds, and the warmth of
the interior Parts of the Earth, and hot Springs,
and burning Mountains, and with Damps, mi-
neral Corufcations, Earthquakes, hot fuffoca-
- ting Exhalations, Hurricanes and Spouts; we .
may learn that fulphureous Steams abound in
the Bowels of the }garth and ferment with Mi-
nerals, and fometimes take Fire with a fudden
Corufcation and Explofion; and if pent up in
" fubterraneous Caverns, burft the Caverns with a
%f]qat {haking of the Earth, asin {pringing of a-
- Mine. And then the Vapour generated by the
Explofion, expiring through the Pores of the
. o v i A{ Earth,

-
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- Karth, feels hot and fuffocates, and miakes Teni-
Eeﬁs and Hurricanes, and fometimes caufes the
and to flide, or the.Sea to boil; and carries
up the Water thereof in Drops; which by their
weight fall down again in Spouts. Alfo fome -
fulphureous Steams, -at all times when the Earth
1s dry, afcending into the Air, ferment there
with nitrous Acids, and fometimes taking fire
caufe Lightening and Thunder, and fiery Me-
teors. -For the Air abounds with acid Vapours
fit to promote Fermentations, as apﬂears by the
rufting of Iron and Copper in it, the kindling
of Fire by blowing, and the beating of the
Heart by means of Refpiration. Nqw the a~
bove mention’d Motions are fo great and vio-
lent as to thew that in Fermentations, the Par-
ticles of Bodies which almoft reft, are put into .
new Motions by a very potent Principle, which
afts upon them only when they approach one
another, and caufes theg to meet and clafh
with great violence, and grow hot with the
Motion, and dafth one another into pieces, and:
vanifh into Air, and Vapour, and Flame. , -
. When Salt of Taitar per deliquium , being
poured into the Solution of: any Metaly preci-
pitates the Metal, and makes it fall down to the
bottom of the Liquor in the form of Mud:
Does not this argue that the acid Particles are
attra¢ted more ftrongly by the Salt of Tartar
than by the Metal, anc¥ by the ftronger Attra-
¢tion go from the Metal to the Salt of Tartar?
And {o when a Solution of Iron in Ague fortis
diffolves the Lapsis Calaminaris and lets go the
Iron, or a Solution of Copper diffolves Iron im=.
' R az ~ merfed
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meérfed in it and lets go the Copper, or a So-
lution of Silver diflolves Copper and lets go the
Silver, or a Solation of Mercury in Agza fortis
being poured upon Iron, Copper, Tin or Lead,
diffolves the Metal and lets go the Mercury,
does not this argue that the acid Particles of
the Agna fortis are attrafted more ftrongly by
the Lapis Calaminaris than by Iron, and more
ftrongly by Iron: than by Copper, and more
ftiongly by Copper than by Silver, and more
ftrongly by Iron; Coppér, Tin and Lead, than
by Mercury? And is it not for thé fame reafon
that Iron requires more Agua fortis to diffolve
it than Copper; and Copper more than the o-
ther Metals; and that of all Metals, Ironis dif-
folved moft eafily; and is moft apt to ruft; and
ekt after Iron, Copper? a

When Oil of Vitiiol is mix’d with a little
Watér, or is run per deliguinm; and in Diftil-
lation the Water afcgpds gif’ﬁ'c'ultly, and brings
over with it fome part of the Oil of Vitriol in
the form of Spirit of Vitrioly and this-Spirit be-
ing poured upon Iréh, ‘Copper, or Salt of Tar-
tar, upites with the Body and lets go the Wa-
ter, doth not this fiéw that the acid Spirit is at-
trafted by the Widrer; -and more attraéted by
the fix’'d Body than by the Water, and there-
fore lets go the Water to clafe with the fix'd
Body? And is it not for tlié fame reafon that
the \§7at'er and acid Spirits which are mix'd to-
g:’:thei' in-Vinegar, Agna fortis, and Spirit of

alt, cohere and rifé together in Diftillation ;
but'if tie Menftruthn ¢ poured on Salvof Tar-
tar, ‘'or 'on Lead or Iron, or any fix'd Bh(;dlylr

S | - whic
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which it can diffolve, the Acid by a fironger At-
traction adheres to the Body, and lets go the
Water? And is it not alfo from a mutual At-
traftion that the Spirits of Soot and Sea-falt
unite and compofe the Particles of Sal-armo-
niac, which are lefs volatile than before, be-
caufe grofler and frcer from Water ; and that
the Particles of Sal-armoniac in Sublimation car-

ry up the Particles of Antimony, which will not -

{ublime alone; and that the Particles of Mer-
cury uniting with the acid Particles of Spirit
of Salt compofe Mercury fublimate, and with
the Particles of Sulphur, compofe Cinnaber ;
and that the Particles of Spirit of Wine and
Spirit of Urine well retified upite, and letting
go the Water which diffolved them, compofe a
confiftent Body; and that in {ubliming Cinna-
ber from Salt of Tartar, or from quick Lime,
the Sulphur by a {tronger Attraétion of the Salt
or Lime lets go the Mercury, and ftays with
the fix’d Body; and that when Mercury fubli-
mate is fublimed from Antimeny, or from Re-
ulus of Antimony, the Spirit of Salt lets go the
ercury, and unites with the antimonial Me-
tal which attracts it more ftrongly, and flays
with it till the Heat be great enough to.make
‘them both afcend togetner, and then carrigs
- up the Metal with it in the form of a very fu-
fible Salt, called Butter of Antimony, although
the Spirit of Salt alone be almoft as volatile as
Water, and the Antimony alone as’ fix'd as
Lead?
. 'When Agqua fortis diflolves Silver and not
Gold, and Agua regia diffolves Gold apd not
' Aa ' Silver,
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Silver, may it not be faid that Aguz fortis is
fubtile enough to penetrate Gold as well as Sil-
ver, but wants the attrattive Force to-give it
Entrance; and that Aguaregiais fubtile enough
to penetrate Silver as well as Gold, but wants.
the attractive Force to give it Entrance? For
Agqua regia is nothing elfe than Agua fortis
mix’d with fome Spirit of Salt, or with Sal-ar-
moniac; and even common Salt diffolved in 4-
qua fortis, enables the Menftruum to diflolve
old, though the Salt be a grofs Body. When
therefore Spirit of Salt precipitates Silver out
of Agqua fortis, isit not done by attracting and
mixing with the Adgua fortis, and not attrat-
i\r}:ﬁ, or perhaps repelling Silver? And when
ater precipitates Antimony out of the Subli-
mate of Antimony and Sal-armoniac, or out of
‘Butter of Antimony, is it not done by its dif-
folving, mixing with, and weakening the Sal-
armoniac ar Spirit of Salt, and its not attra&-
ing, or perhaps repelling the Antimony? And
is it not for want of an attraétive Virtue be-
tween the Parts of Water and Oil, of Quick-
filver and Antimony, of Lead and Iron, that
thefe Subftances do not mix ; and by a weak
" Attraion, that Quick-filver and Copper mix
difficultly; and from a ftrong one, that Quick-
filver and Tin, Antimony and Iron, Water and
Salts, mix readily? And in general, is it not
from the fame Principle that Heat congregates
homcgggneal Bodies, and feparates heterogeneal
ones?
- When Arfnick with Soap gives a Regulus,.
and with Mercury fublimate a volatile "Sglle
v o e O t,



oo [359]
Salt, like Butter of Antimony, doth not this
thew that Arfnick, which is a Subftance totally
volatile, is compounded of fix’d and volatile
Parts, {trongly cohering by a mutual Attraction,
{o that the volatile will not afcend without car-
rying up the fixed? And fo, when an equal
weight . of Spirit of Wine and Oil of Vitriol
are digefted together, and in Diftillation yield -
two fragrant and volatile Spirits which will not
mix with-one another, and a fix’d black Farth
remains behind ; doth not this fhew that Oil of
-Vitriol is compofed of volatile and fix’d Parts
{trongly united: by Attraétion, fo as to afcend
together in form of a volatile, acid, fluid Salt,
until the Spirit of Wine attraéts and feparates
the volatile Parts from the fixed? And there-
. ‘fore, fince Oil of Sulphur per campanam is of
the fame-Nature with Oil of Vitriol, may it not
‘be inferred, that Sulphur is alfo a mixture of
volatile and fix’d Parts fo {trongly cohering by
Attra&ion, as to afcend together in Sublima-
tion. By diffolving Flowers of Sulphur in Oil
of Turpentine, and diftilling the Solution,- it is
found that Sulphur is compofed of an inflama-
-ble thick Oil or fat Bitumen, an acid Salt, a ve--
ry fix’d Earth, and a little Metal. The three
. firft were found not much unequal to one
another, the fourth in fo {mall a quantity as
fcarce to be worth confidering. - The acid Salt
diffolved in Water, is the fame with Oil of Sul-
phur per cgmpanam, and abounding much in
" the Bowels of the Earth, and particularly in
Markafites, unites it felf to the other Ingredi-
ents of the Markafite, which are, -Bitumen, I-
Aag4 ' ron,
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fon, Copper and Earth,. and with them com-

ounds Alume, Vitriol and Sulphur. With the

arth alone it compounds Alume; with the
Metal-alone, or Metal and Earth together, it
compounds Vitriol ; and with the Bitumen and
Earth it compounds Sulphur. Whence it comes
to pafs that Markafites abound with thofe three
Minerals. And is it not from the mutual At-
traétion of the Ingredients that they ftick toge-
ther for compounding thefe Minerals, and that
the Bitumen carries up the other Ingredients of
the Sulphur, which without it would not fub-
lime? And the fame Queftion may be put con-
cerning all, or almoft all the grofs Bodies in
Nature. For all the Parts of Animals and Ve-
getables are compofed .of Subftances volatile
and fix’d, fluid and folid, as appears by their
Analyfis: and {o are Salts and Minerals, fo far
-as Chymifts have been hitherto able to examine
their Compofition.

When Mercury fublimate is refublimed with
frefh Mercury, and becomes Mercurins dulcis,
‘'which isra white taftlefs Farth fcarce diflolva-
ble in Water, and Mercurins dulcis refublimed
with Spirit of Salt returns into Mercury fubli-
‘mate ; and when Metals corroded with a little
‘acid turn into Ruft, which is an Farth taftlefs
and indiflolvable in Water, -and this Earth im-
- bibed with more Acid becomes a metallick
Salt; and when fome Stones, as Spar of Lead,
diffolved in proper Menfiruums bgcome Salts;
do not thefe things fhew that Salts are dry Earth
. and watry Acid united by Attraétion, and that
the Earth will not become a Salt without fz

muc
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much Acid as makes it diffolvable in Water?

.Do not the fharp and pungent Taftes of Acids

arife from the ftrong Attration whereby the.
acid Particles rufh upon and agitate the Parti-

- cles of theTongue? And when Metals are dif-

folved ‘in acid Menftruums, and the Acids in

conjunétion with the Metal at after a different

manner, fo that the Compound has a different

tafte much milder than before, and fomctimes -
a fweet one; is it not becaufe the Acids ad-

here to the metallick Particles, and thereby lofe
much of their Aétivity? And if the Acid be in

too {fmall a Proportien to make the Compound

diffolvable in Water, will it not by adhering

ftrongly to the Metal become unactive and lofe

its tafte, and the Compound be a taftlefs Earth?

For fuch things as are not diffolvable by the

Moifture of the Tongue, aét not upon the

Tafte.

As Gravity makes the Sea flow round the
denfer and weightier Parts of the Globe of the
Earth, fo the Attraction may make the watry
Acid flow round the denfer and compaéter
Particles of Earth for compofing the Particles
of Salt. For otherwife the Acid would not do
the office of a Medium between the Earth and
common Water, for making Salts diffolvable in
the Water; nor would Salt of ‘Tartar readily
draw off the Acid from diffolved Metals, nor
Metals the Acid from Mercury, Now as in the
great Globe of the Earth and Sea, the denfeft
Bodies by their Gravity fink down in Water,
and always endeavour, to go towards the Cen- .
-ter of the Globg; fo in Particles of Salt, the

‘ ‘ - denfeft
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denfeft Matter may always endeavour to ap-
roach the Center of the Particle: So that a-
- Particle of Salt may be compared to a Chaos ;
being denfe, hard, dry, and earthy in the Cen-
ter; and rare, {oft, moift, and watry in the
Circumference. And hence it {feems to be that
Salts are of a lafting nature, being fcarce de-
. ftroy’'d, unlefs by drawing away their watry
Parts by violence, or by letting thein foak into
the Pores of the central Earth by a gentle Heat
in Putrefation, until the Earth be diflolved by
the Water, and feparated into {maller Particles,
which by reafon of their {mallnefs make the
rotten Compound appear of a black Colour.
Hence alfo it may be that the Parts of Animals
and Vegetables preferve their feveral Forms,
and aflimilate their Nourithment; the foft and
“moift Nourithment eafily changing its Texture
~ by a gentle Heat and Motion, till it becomes -
‘ﬁKe the denfe, hard, dry, and’ durable Earth
in the Center of each Particle. . But when the
Nourifhment grows unfit to be aflimilated, or
the central Earth grows too feeble to affimilate
~ -it, the Motion ends in Confufion, Putrefation
‘and Death. o
- If a very fmall quantity of any Salt or Vitriol
be diffolved in a great quantity of Water, the
Particles of the Salt or Vitriol will not fink to
‘the bottom, though they be heavier in Specie
than the Water, but will evenly ditfufe them-
felves into all the Water, fo as to make it as fa-
line at the top as at the bottom. -And does not
- this imply that the Parts of the Salt or-Vitriol
‘recede from one another, and ¢ndeavour to ex(i ,
pan

.
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pand themfelves, and get as far afunder as the
quantity of Water in which they float, will al-
low? And does not thisEndeavour imply that
they have a repulfive Force by which they fl
from one another, or at leaft, that they attra&t
the Water more ftrongly than they do one ano-
ther? For as all things afcend in Water which
are lefs attraGted than Water, by the gravitating
Power of the Farth; fo all the Particles of Salt

« which float in Water, and are lefs attraéted

than Water by any one Particle of Salt, muft
recede from that Particle, and give way to the
more attratted Water. -
When any faline Liquor is evaporated to a
Cuticle and let cool, the Salt concretes in re-
gular Figures ;. which argues, that the Particles
of the Salt before they concreted, floated in
the Liquor at equal diftances in rank and file,
and by confequence that they acted upon one
. another by fome Power which at equal diftances
is equal, at unequal diftances unequal. For by
fuch a Power they will range themfelves uni-
formly, and without it they will float irregular-
ly, and come together as irregularly. And
Knc‘e the Particles of Ifland Cryl%al agi all the
fame way upon the Rays of Light for caufing
‘the unufual Refra¢tion, may it not be fuppofed
that in the Formation of this Cryftal, the Par-
ticles not only ranged themfelves in rank and
file for concreting in r@ular Figures, but alfo
‘by fome kind of polar Virtue turned their Ho-
+ mogérteal Sides the fame way. L
"~ The RWarts of all homogeneal hard Bodies
‘which fully touch one another, flick together
Cot -very
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v rongly. And for explaining how this
me:; be, {orz;e have invented hooﬁ,ed Atoms,
which is begging the Queftion; and others tell
us that Bo.lies-are glued together by reft, that
is, by an occult Quality, or rather by nothing;
and others, that they {tick together by confpi-
ring Motions, that is, by relative reft amongft
themfelves. 1 had rather infer from their Co-
hefion, that their Particles attraét one amother
by fome Force, which in immediate Contact is .
exceeding {ftrong, at {mall diftanccs performs
the chymical Operations above mention'd, and
reaches not far from the Particles with any fen-
fible Effe&. '

All Bodies feem to be compofed of hard Par-
ticles: For otherwife Fluids would not congeal ;
as Water, Oils, Vinegar, and Spirit or Oil of
Vitriol do by freezing; Mercury by Fumes of
Lead ; Spirit of Nitre and Mercury,, by diflol-
ving the Mercury and evaporating the ¥legm ;
Spirit of Wine and Spirit of Urine, by deflegm-
ing and mixing them; and Spirit of Urine and
Spirit of Salt, by fubliming themni together to
make Sal-armoniac. Even the Rays of Light
{feem to be hard Bodies; for otherwife they
would not retain ditferent Properties in their
different Sides. ‘And therefore Hardnefs may
be reckon’d the Property of all uncompounded
Matter. At leaft, this feems to be a3 evident
as the univerfal Impenetrability of Matter. For
all Bodies, fo far as Experience reaches, are ei~
ther hard, or may be harden’d; and we have
‘no other Evidence of univerfal Impenetrability,
befides a large Experience without an e;ac_.pcr;-l

’ ' ment
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mental Exception. Now if compound Bodies
are {o very hard as we find fome of them to
be, and yef are very porous, and confift of Parts
which are only laid together; the fimple Par-
ticles which are void of Pores, and were nevey
et divided; muft be much harder. For fuch .
ard Particles being heaped up together, can
fcarce touch one another in more than a few
Points, and therefore muft "be fegafable, by
much lefs Force than is requifite. to break a {o«
Iid Particle, whofe Parts touch in all the Space
between them, without any Poreg or Interftices
to weaken their Cohéfion. And how fuch ve«
ry-hard Particles which are only laid together
and touch only in a few Points, can ftick toge-
- ther, and that {o firmly as they do, without the
affiftance of fomething which caufes them to
be attracted or prefs'd towards one another, i
very difficult to conceive.- .
The fame thing I infer alfo from the cohe-
ring of two polith’d Marbles i# vacno, and from
the ftanding of Quick-filver in the Barometer at
the height of 50, 60 or 70 Inches, or above,
when everit is well purged of Air and careful=
ly poured in, {o that its Parts be every where
contiguous both to one another and to the
Glafs. The Atmofphere by its weight prefles
the Quick-filver into gheGlafs, 'to the height of
29 or 30Inches. And fome other Agent raifes
it higher, not l;;' prefling it into the Glafs, but
by making its Parts ftick to the Glafs, and to
one another. For upon any difcontinuation of
Parts, made ¢ither by Bubbles or by thakin :1{1:

)
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Glafs; the whole Mercury falls down to the
height of 29 or 30Inches. -

. And of the fame kind with thefe Experi-
ments are thofe that follow. If two plane po-
lifh’d Plates of Glafs (fuppofe two pieces of a
polifh’d Looking-glafs) belaid together, fo that
their fides be parallel and at a very {mall di-
ftance from one another, and then their lower
edges be dipped -into Water, the Water will
rife up between them. And the lefs the di-
ftance of the Glafles is, the greater will be the
height to which the Water will rife. If the
diftance be about the hundredth part of an Inch,
the Water will rife to the height of about an
Inch; and if the diftance be greater or lefs in
any Proportion, the height will be reciprocally
proportional to the diftance very nearly. For
the attra&ive Force of the Glafles is the fame,
whether the diftance between them be greater
or lefs; and the weight of the Water drawn
up is the fame, if the height of it be recipro-
cally proportional to the height of the Glaffes.
And 1in like manner, Water afcends between
two Marbles polifh’d plane,  when their poﬁfh-
ed fides are parallel, and at a very little diftance
from one another. And if {lender Pipes of
Glafs be dipped at one end into ftagnating Wa- -
ter, the Water will rife up within the Pipe, and
the height to which it riles will be reciprocally
proportional to the Diameter of the Cavity of
the Pipe, and will equal the height to which it
rifes between two Planes of Glafs, if the Semi-
diameter of the Cavity of the Pipe be equal to
the diftance betWeén'tKe Planes, or thereabouts.

And
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~ And thefe Experiments ‘fucceed after the fame
manner ## vacwo as in the open Air, (as hath-
~ been tried before the Royal Society,) and there-
fore are not influenced by the Weight or Pref-
fure of the Atmofphere. |

~ And if a large Pipe of Glafs be filled with
-fifted Afhes well preffed together in the Glafs,
and one end -of the Pipe be dipped into ftag-
nating Water, the Water will rife up flowly in
the Afhes, fo asin the fpace of a Week or Fort-
night to reach up within the Glafs, to the height
of 30 or 40 Inches above the {tagnating Water.
And the Water rifes up to this height by the
‘A&tiorronly of thofe Particles of the Afhes which
are upon the Surface of the elevated Water;
the Particles which are within the Water, at-
tracting” or repelling it as much downwards
as upwards. And therefore the Action of the
Particles is very ftrong. But the Particles of
the Afhes being not fo denfe and clofe toge-
ther as thofe of Glafs, their Aétion is not {o.
ftrong as that of Glafs, which keeps Quick-fil-
ver fufpended to the height of 6o or 70 Inches,
and therefore afts with a Force which would
- keep Water fufpended to the height of above
6o Feet. ) , :

By the fame Principle, a Sponge fucks in
Water, and the Glands in the Bogies of Ani-
mals, according to their feveral Natures and
Difpofitions, fuck in various Juices from the
Blood. : '
- If two plane polifh’d Plates of Glafs three or
four Inches broad, and twenty or twenty five
long, be laid, one of them parallel to the Ho-

= rizon,
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rizon, the other upon the firfl, {o as at one of
their ends to touch one another, and contain
an Angle of about 10 or 15 Minutes, and the
fame be firft moiften’d on their inward fides
with a clean Cloth dipp’d into Oil of Oranges
or Spirit of Turpentime, and a Drop or two of
the Oil or Spirit be let fall upon the lower
Glafs at the other end; fo foon as the upper
Glafs is laid down upon the lower fo as to
touch it at one end -as above, and to touch the
Drop at the other end, making with the lower
Glafs an Angle of about 10 or 15 Minutes ; the
Drop will begin to move towards the Concourfe
of the Glafles, and will continue to move with
~ an accelerated Motion, till it arrives at that
Corcourfe of the Glafles. For the two Glaffes
attraét the Drop, and make it run that way to-
wards which the Attraftions incline. And if
when the Drop is in motion you lift up that end
of the Glafles where they meet, and towards
‘which the Drop moves, the Drop will afcend
between the Glafles, and therefore is attraéted.
And as you lift up the Glafles more and more,
the Drop will afcend flower and {flower, and at
len%t,h reft, being then carried downward by
its Weight, as much as upwards by the Attra-
- ¢Hon. . And by this means you may know the
Force by which the Drop is attracted at all -di-
ftances from the Concourfe of the Glaffes. -
Now by fome Experiments of this kind,
" (made by Mr. Hawksby) it has been found that
the Attraétion is almoft reciprocally in a dupli-
cate Proportion of the diftance of the middle
of the Drop from the Concourfe of the Glaffes,
o 1 X ’ vz,
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wiz. reciprocally in a fimple Preportion, by
reafon of the fpreading of the Drop, and its
touching each Glafs in a larger Surface; and -
again reciprocally in a fimple Proportion, by
reafon of the Attrations growing {tronger
within the fame quantity of attrating Sur-
face. The Attraltion - therefore within the
‘fame quantity of attraéting Surface, is reci-
procally as the diftance between the Glafles:
And therefore where the diftance is exceed-
ing {fmall, the Attrattion muft be exceeding
great. By the Table in the fecond Part of
the fecond Bopk; wherein the thicknefles of
colour’d Plates of Water between two Glafles
are {et down., the thicknefs of the Plate where
it appears very black, is three eighths of the
ten hundred thoufandth part of an Inch. And
where the Oil of Oranges between the Glaffes
is of this thicknefs, the Attrattion colleCted by
the foregoing Rule, feems to be fo ftrong, as
within a Circle of an Inch in diameter, to fuf-
fice to hold up a Weight equal to that of a Cy«
linder of Water of an Inch in diameter; and
two or three Furlongs in length. And where
it is of a lefs thicknefs the Attraltion may be
proportionally greater, and continue to increafe;
until the thicknefs do net exceed that of a fin-
\gle Particle of the Qil. There are therefore,
Agents in Nature able to make the Particles of
Bodies ftick together by very firong Attractions.
And it is the Bufinefs of experimental Philofo«
phy to find them out.

Bb Now -
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* Now the {malleft Particles of Matter may co-
here by the ftrongeft Attraétions, and corpofe
bigger Particles of weaker Virtue; and many
of thefe may cohere and compofe bigger Pat-:
ticles whofe Virtue is ftill weaker, and foonfor «
divers Succeflions, until the Progreffioh end in
the biggelt Particles on :which the Operations
in Chymiftry, and the Colours of natural Bodies
depend, -and which by cohering ¢ontpofe Bod
dies of a.fenfible- Maghitude.  If the Body:is
compact, and behds:or yields inward to Pref<
- fion ‘without any {liding of its Parts, it is har® &
and elaftick, retuarning to its Figure with i Force  ~
arifing from the mutual Attrattion of its Parts:
¥ the Parts {lide upon one another, the Body'
15 rhalleable or foft. 1If theyflip ¢afily,. and are’
of a'fit fze to'be agitated by Heat,. and the Hedt 4
is big: enough to keep thém in- Agitatiofl;, the:
Body is fluid ; and if it Be apt to fhick to things,:
~ itiishumids  andithe Drops of every Fluid afs

fe&t a foitnd Figure by the mutual Attra&tion of
their Parts, as the Globe of the Earth and Sea:
- affe@ts a round:Figure by the niutual AttraCtion

of its Parts by Gravity.- - -

- Since Metals diffolved in Acids attrat but 4
fmallquantity of the Acid, their attraftive Force
can reach: but to a fmall diftance from them.
And as »in‘A'lg’e'bra,r where aflirfhative Quanti~
ties vanith and ceafe, there negative ones be~
%'i'n ; fo in Mechanicks, where Attrattion cea~
es, there a repulfive Virtue ought to fucceed.
And that there is fuch a Virtue, feems to fol-
low from the Reflexions and Inflexions ot;éhe'
L S ¥s
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Rays of Light.. For the Rays are repelled
Bogics in 'b%lt]h' thefe Caiésmhout t e:immzy-
diate Contact-of the refleéting or infle¢ting Bo-
y. . It feems alfo to follew from the Emiffion
of Light; the Ray fo foon as it is thaken off
from. 4 thining Body by the vibrating Motion of
the Parts of the Body, and gets beyond the
reach of Attraftion, being driven away with ex-
ceeding great Velocity. For that Force which
is {ufficient to turn it back in Reflexion; ma
be fufficient to emit it. It feems alfo to fol-
- low from. the Produétion of Air and Vapour:
- The Particles when they are fhaken oft from
Badies by Heat or Fermentation; fo foon as
they are beyond the reach of the Attra&ion of
the Body, .receding from it, and alfo from one
another with great Strength; and keeping at a
diftance; fo as fonietimes to take up above a
million of times more fpace than they did be-
. fore in the form of a denfe Body. Which vaft
Contra&tion 4nd Expanfion feems iinintelligibley
by feigning the Particles of Air to be {pringy
and ramous; or rolled up like Hoops; or by a»
ny other means than a repulfive Power.
Particles of Fluids which do not cohere tog
ftyongly; and are of fuch a fmallnefs as renders
them moft fufceptible of thofe Agitations which
keep Liquors in a Fluor, are moft eafily fepas
rated and rarified intp Vapour; and in the Lan-+
fuage of the Szymdts, they are volatile, rari=
ing with an eafy Heat; and condenfing with
"Cold. But thofe whieh are groffer; and fo lefs
fufceptible of Agitation; or cohere by a flrongs
- Bba2 er
3

£



o 1[372]
er Attraltion, dre not feparated without i
ftronger Heat, orperhaps not without Fermen-

tation. - And thefe laft are the Badies which

Chymifts call fix’d,.and being rarified by Fer
‘mentation,. beceme true permanent Air: thofe
Particles receding from one another with-the
greateft Force,and being moftdifficultly brought
together, which upon Contact cohere muft
ftrongly. And becaufe the Particles of permaa
nent Air are grofler, and arife from den{erSub<
ftances than thefe of Vapours,. thence it is that
true Air is more ponderous than:Vapour, and
that a. moift Atmofphere is lighter than a-dry’
one, quantity for quantity. From the fame re-
pelling Power it feems to be that Flies walks
upon the Water without wetting their Feet s
and that the Objeét-glafles of long Telefcopes
lie upon one another without touching; and
that dry Powders are difficultly made tor touch
enc anather {o as'to flick together, unlefs by
melting them, or wetting them with Water,
which by exhaling may bring themr together sy
and that two polifh’d: Marbles,. which by im~
mediate Contact flick tegether;: are-difficultlyr
brought fo clofe together as to ftick..

And thus Nature will be very conformable
to her felf and very fimple, performing all the
great Motions of the heavenly Bodies by the
Attraftion of Gravity which intercedes: thofe
Bodies, and almoft all the fmall cnes of their
Particles by fome other attractive and repelling
Powers which intercede the Particles. The
Vis inertie is a paffive Principle by which go--.
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Aies perfift in their Motion or Reft, reccive’:
Motion in proportion to the Force. impreffing -
ity 'and refift as much as they are refifted. By-
this Principle alone there never could have been -
any Motion in the World. - Some other Prin-
ciple was neceflary for putting Bodies into Mo-
- tien; .and now they are in Motion, fome other
@ Principle is neceflary for conferving the Mo-
ton. "For from the various:Compofition of twe-
Motions, ‘tis very certain that there is not al-:
ways the fame quantity of Motion in the World.
For if two Globes joined by a flender Rod, re-
wolve about their commenr Center of Gravity:
with an uniform Motion; 'while that Center:
moves on unifermly in a right Line drawn in

the Plane of their circular Motion ;. the Sum of -

the Motions of the two Globes, as often as.the -
Globes are in the right Line-defcribed by their
common Centér of érav&y, will be bigger than
the Sum of their. Meotions, when they are in a
Line perpendicular to that right Line. - By this
Inftance it appears: that. Motion.may be got or
loft.. But by reafon of the Tenacity of Fluids;
and Attrition of their Parts, andthe W.eaknefs
of Elafticity in Solids, Motion is much more
apt to. be loft.than get; and.is.always the
Decay.. For Bodies which: are. either abfolute-
ly hard, or fo foft as to be void of Elafticiry,
will not rebound from dne-another. Impene-
trability mrakes- them:ouly #op. - If twoe equal
Bodies .meet. diredily iz wacwo, they will by the:
Taws of Motion {tep: where: they meet, and
lofe all their Motion, and remain in reft, unlefs
- Bb 3 they
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they be elaftick, and receive new Mation from

their Spring. If they have fo much Elatlicity
as fuflices to make them rebound with a quag-

ter, or half, or three quarters of the Force with -
which they come togéther, they will lofe three:

uarters, or half, or a quarter of their Motion.
%nd this may be tried, by letting two'equal
Pendulums fall againft one another from equal
heights: - If the Pendulums be of Lead or foft
Clay, they will lofe all or almoft all.their Mo-
tions; If of elaftick Bodies they will lofe all but
what they recover from their Elafticity:  If it
be faid, that they caw lofe no Motion but what'
they communicate to other Badies, the confe~
uence is, that #z vacuo they can lofe no Mo-

. tion, but when they meet they muft go on and
" penetrate one anothers Dimenfions. " If three
equal round Vefléls be filled, the ane-with Wa-
ter, the other with Oily the third with' molterr
Pitch, and the Liquors be ftirred about aliké
to g[i’ve them a vortical Motion; the Pitch by
us L'enacity will lofe its Motion quickly, the
Oil being lefs tenacious will keep it longer, and
the Water being lefs tenacious will keep it long-
eft, but yet will lofe it in a fhort time. Whence
it is eafyto underftand; thatif man{ contiguous
Vortjces of malten Pitch were each of them as
~ large’ as” thofe which fome' fuppofe to.revolve
about the Sun and fix'd Stars; yet thefe and alt
- thejr Parts wauld, by their tenacity and fliffnefs,
communicate ‘thejr*Motion to one anather till
they 4ll refted among themfelves.: Vortices of
?ﬂ'w Water, ‘or fomme fluider Matter, might
s e Calon T ‘, . e COII'
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.continiie longer in Motion; but unlefs the Mat-
‘ter were vaid of all Tenacity and Attrition of
Parts, and Communication of Motion, (which
is not to be fuppofed) the Motion would con-
ftantly decay. Seeing therefore the variety of
Motien which we find in the World is always
decreafing, there is a neceflity of canferving
and recruiting it by aftive Principles, fuch as
are the caufe of Gravity, -by which Planets.and
Lomets keep their Motions in their Orbs, and
‘Bodies acquire great Motion in falling; and the
«caufe of Fermentation, by which the Heart and
Blood of Animals are kept in perpetual Motion
- and Heat; the inward Parts of the Earth are
conftantly warm’d, and in fomie places grow
very hot ; Bodies burn and fhine, Mountains
take Fire, the Caverns of the Earth are blowa
up, and the.Sun continues wiolently hot and
ducid, and warms all things by his Light. For
we meet with very little Motion in the World,
befides what is owing to thefe active Principles.
And if it were not for thefe Principles the Bo-
dies of the FEarth, Planets, Comets, Sun, and
all things in them would grow cold and freeze,
and become Mactive Malles ; and all Putrefa-
€tion, Generation, Vegetation and Life would
ceafe, and the Plancts"and Comets would not
remain in their Orbs. |

. All thefe things being confider’d, it feems pro-
bable to me, that Gad in the Beginning form’d
.Matter in folid, mafly, hard, impenetrable, move-
.able Particles, of fuch Sizesand Figures,and with
fuch other Properties, and in fuch Proportion
2 : Bb 4 to
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to Space, as moft conduced to the End for
which he form‘d them; and that thefe primi-

_tive Particles being Solids, are incomparably
“harder than any porous Bodies compounded of

them; even fo very hard, as never to wear or
break in pieces: No ordinary Power being able
to divide what God himfelf made one in the firft
Creation. While the Particles continue entire,
they may compofe Bodies of one and the fame
Nature and Texture in all Ages: But fhould
they wear away, or break in pieces, the Nature
of Things depending on them, would be chan-

ed. Water and Earth compofed of old" worn

articles and Fragments of Particles, would not
be of the famé Nature and Texture now, with
Water and Farth compofed of entire Particles,
in the Beginning. And therefore that Nature
may be'lafting, the Changes of corporeal Things .
are to be placed only in the various Separations
and new Affociations and Motions of thefe per-
manent Particles; compound Bodies being apt
to break, not in the midft of folid Particles, but
where thpfe Particles are laid together, and
only touch in a few Points. ‘

It feems to me farther, that*thefe Particles
have not only a Vi inertie, accompanied with
fuch paflive Laws of Motion as naturally refult
from that Force, but alfo that they are moved
187 certain aftive Principles, fuch as is that of

ravity, and that which caufes Fermentation,

. and the Cohefion of Badies. Thefe Principles

I confider not as occult (éualities, fuppofed- to
gefult from the fpecifick Forms of Things, but

o as
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as general Laws of Nature, by which the Things
. themfelves are form’d: their T'ruth appearing

to us by Phznomena, though their Caufes be
not yet difcover’d. For thefe are manifeft Qua- -

lities, and their Caufes only are occult. And
the Ariffotelians gave the Name of occult Qua-:
lities not to mantifeft Qualities, but to fuch
Qualities only as they fuppofed to lie hid in
Bodies, and to be.the unknown Caufes of ma-
nifeft Effeéts: Such as would be the Caufes of
Gravity, and of magnetick and-eleétrick At-
tradtions, and of Fermentations, if wé fhould
fuppofe that thefe Forces or Actions arofe from
Qualities unknown to us, and uncapable of be-
ing difcovered and made manifeft. Such ocs

cult Qualities put a ftop to the Improvement

of natural Philofophy, and therefore of.late

Years have been rejeéted. To tell us: that

every Species of Things is endow’d. with an oc-
cult fpecifick Quality by which it aéts and pro-
duces manifeft Effeéts, is to tell us nothing:
But to derive' two or three general Principles
of Motion from Ph@nomena, and afterwards
to tell us how the Properties and Aétions of all
corporeal Things follow from thofe manifeft
Principles, would be a very great {tep in Phi-
lofophy, though the Caufes of thofe Principles

were nat yet difcover’d: And therefore I fcru- .

ple not to propofe the Principles of Motion a-
bove mention’d, they being of very general Ex-
tent, and leaye their Caufes to be found out.
Now by the help of thefe Principles, all ma-
terial Things feem to have been compofed }(i)f
: - the
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~ghe hard and. folid Particles above hentior’d »
yarioufly aflociated in the firft Creation’ by the
Counfel of an intelligent Agent: For it became
‘him who created them ta fer them in order.
And if he did fo, it’s unphilofophical to feek
for any other Origin of the Werld, or to pre-
tend that it mi;ght arife out of a Chaos by the
mere Laws of Nature; theugh being ‘once
form’d,, it may continue by thofe Laws for ma-
ny Ages. For while Comets move in very ex-
cehtrick Orbs in all manner of Pofitions, Zlind
Fate could never make all the Planets move
one and the fame way in Orbs cmemridﬁ
fome inconfiderable Irregularities: excepte
which may have rifen from the mutua}l A&ions
of Comets and Planets upon "one: another, and
which will be apt to increafe, till this Syftem
watits a Reformation. ~ Such 2 wonderful Uni-
formity ih the Planetary Syflem muft be allow-
ed the Effe® of Choice.’ "And fo muft the
Uniformity.in the Bodies of Animals, they ha-
ying generally a right and a left fide fhaped a-
like, -and on ecither fide of their Bodies two
Legs behind, .and either two Arms, or two
Legs, or twg Wings before upon their Shoul-
ders; .and between their Shoulders a Neck run-
ning down into a.Back-bone, and a Head up-
- on 1t; and in the Head two Ears, two Eyes, a
Nafe, a Mouth and a Tongue, alike fituated.
Alfo-the firft Contrivance of thofe very artifi-
cial Parts of Animals, the Eyes, Ears, Brain,
Mufcles, Heart, Lungs, Midriff; Glands, La-
- rynx, Hands, Wings, Swimming Bladders, naa-1
<o ' C -ootur
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tural Speftacles, and other Organs of Senfe and:
Motion; and the Inflinét of Brutes and Infefs,
can be the effeét of nothing elfe than the Wif~
dom and Skill of a powerful ever-living Agent,
who being in all Places, is more able b
his Will to move the Bodies within his bouncl{‘
lefs uniform Senforium, and thereby to form
and reform the Parts of the Univerfe, than we:
are by our Will to move the Parts of our own
Bodies. * And yet we are not to confider the
World as the Body of God, or the {everal Parts:
thereof, as the Parts of God. He is an uni-
form Being, void of Organs, Members or Parts,
and they are his Creatures fubordinate to him,
and fubfervient to his Will; and he is no more
the Soul of them, than the Soul of a Man is the
Soul of the Species of Things carried through
the Organs of Senfe into the place of its Sen-
fation, where it perceives them by means of its
immediate Prefence, without the Intervention
of any third thing. The Organs of Senfe are
not for enabling the Soul to.perceive the Spe~
cies of Things in its Senforium, but only for
conveying them thither; and God has no need
of fuch Organs, he being every where prefent
to the Things themfelves. And fince Space is
divifible ## znfiwitum, and Matter is not necef=
farily in all places, it may be alfo allow’d that
GOX is able to create Particles of Matter of fe-
veral Sizes'and Figures, and in feveral Propor-
tions to Space, and perhaps of different Denfi-
- ties ‘and Forces, ancf thereby to vary the Laws
of Nature, and. make Worlds of feveral forts in
A o evenal
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feverdl Parts of the Univerfe. - At leaft, I fee:
gothing of Contradi¢tion in all this. . -
. As in Mathematicks, fo in Natural Philofo-"
hy, theInveftigation.of difficult Things by the
K’l"etbod of Analyfis, ought.ever to precede the
Method of Compofition. ‘This Analyfis con-
fifts in making Experiments and Obfervations,
and in drawing general Conclufions from them
by Induétion, and admittingof no Obje&ions
againft the Conclufions, but fuch as are taken
from Experiments, or other certain Truths.
For Hypothefes are not to be regarded in ex-
perimental Philofophy. And although the ar-
ing frem Experiments and Obfervations by
ﬁ:‘du&ion be mo Demonftration of general Con-
elufions; yetitis the beft way of arguing which
the Nature of Things admits of, and may be
looked upon as' fo much the ftronger, by how
much the Induction is more general. And if
»o Exception occur from Phenomena, the Con-
clufien may be pronounced generally. Bur if
at any time afterwards any Exception flnll oc-
~ eur from Experiments, it may then begin to be
pronounced with {fuch Exceptions as occur. By
this way of Analyfis we may proceed from Com-
pounds to Ingredients, and from Motions ta
the Forces producing them; ‘and. in general,
from Effects to their Caufes, and from particu~
lar Caufes to more general ones, .till the Argu~
ment-end in the moft general.: This is the Me-
thod of Analyfis: And the Synthefis confifts in
affuming the Caufes difcoverd, and eftablifh’d
as Principles, and by them explaéining the Phé-
e nomena
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nothena proceeding from them, and proving
the Explanations. : .

. In -the: two firft Books of thefe Opticks, ¥
proceeded by this Analyfis to difcover and prove
“the original Bﬁerences' of the Rays of Light in
" refpeét of Refrangibility, Reflexibility, and Co-
lour, and their alternate Fits of eafy Reflexion
and eafy Tranfmiffion, and the Properties of
Bodies, both opake and pellucid, on which
their Reflexions and Colours depend. And
thefe Difcoveries being proved, may be aflumed
in the Method, of Comrpofition for explaining
the Ph@nomena arifing from them: .An In-
ftance of which Method I gave in the End of
the firft Book. In this third Book I have on
begun the Analﬁﬁs of what remains to be dif-
cover’d about Light and its Effeéts upon the
Frame of Nature, hinting feveral things about
it, and leaving the Hints to.be examin’d and
improved by the farther Experiments and Ob-
fervations of fuch as are inquifitive. And if
nattral Philofophy in all its Parts, by purfuing
this Method, fhall at length be perfeted, the
Bounds of moral Philofophy will be alfo enlar-

ed. For fo far as we can know by natural

hilofophy what is the firft Caufe, what Power
he has over us, and what Benefits we réceive
from him, {o far our Duty towards him, as well
as that towards one another, will appear to us
- by the Light of Nature. - And no doubt, if the
Worthip of falfe Gods had not blinded the Hea-
then, their moral Philofophy would have gone
farther than to the four Cardinal Virtue;;ﬁ ang
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inftead of teaching the Tranfmigration of Seuls,
and to worthip the Sun and Moen, and dead
Heroes, they would have taught us to worthip
our true Author and Benefaltor.,
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