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w comparing them withthe Co-
wic Settions, or ather the ﬁmpleé?
Figures with which they may be
rompared. And fome Years ago
{ lewt'out a Manufcript contain
ing feiclh Theorems, and having
finee. et with fome Tinnks. copi-
vd ’Wt_‘;bz #t, 1 bave o tbiy Occa- -
fran mi rigubk’ak, prefixing to
it anlntraduction, and [ubjoin-
ing '@ Scholium concerning that
etbod.. And Sbave joinedwith
it anetber. froall Tract concern-
ing theCurvilinear Figures o
the Second Kind, which was alfo
written many ¥ears ago, and
made. known. to- fome. Friends,
wha bave felicited. the making it
publick. | SRR
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ADVERTISEMENT to this
Fourth Edition. o

H IS new "Edition of

Jir -Ifaac - Newton's:

‘Opticks . is: carefully

printed fromthebird

Edition, as it was correéted by

the Author's own Hand, and

?f before his Death with the.

ookfeller. Since Sir IfaacC's

Lectiones Opticz, - which be

publickly read.in the Univerfity -

of Cambridge in the Years

1669, 1670, and 1671, are
lately printed, it has beenthought

- proper to make.at the bottom of

- the Pages [everalCitations from

thence, where may be found the

Demonfirations, which the Au-

. thor omitted in thefe Opticks. -
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THE

FIRST BOOK

OPTICKS.

. PART L

P—

2°¥ Defign in this Book is not to ex-
plain the Properties of Light by Hy-
‘pothefes, but to propofe and' nFrove
them by Reafon and Experiments:
-~ ¥ Tn order to which I fhall premife the
followmg Deﬁnmons and Axioms.

B DEFI-
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DEFINITIONS
‘DEFIN. L ‘

B Y the Rays of Light I underfland its leaft
Parts, and thofe as well Succeffrve in the
. Jame Lines, as Contemporary in [everal Lines.
For itis manifeft that Light confifts- of Parts,
both Succeffive and Contemporary ; becaufe in
the fame place you may ftop that which comes
one moment, and let pafs that which comes pre-
fently after; and in the fame time you may
ftop it in any one place, and let it pafs in any
other. For that part of Light which is ftopp’d
cannot be the fame with that which is let pafs.
‘The leaft Light or part of Light, which may
be ftopp’d alone without the reft of the Light,
or propagated alone, or do or fuffer any thing
alone, which the reft of the Light doth not or
fuffers not, I call a Ray of Light.

DEFIN, 1L

" Refrangibility of the Rays of Light, is their
D{'/k%‘bf to bz refracted ‘3 tz}{"nedgaut of their
Way in paffing out of one tranfparent Body or
Medium. into another. Amd a greater or lefs Rew
Jrangibility of Rays, is thesr. 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 refraétion of thofe Rays to
be the bending or breaking of thofe lines in

their
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their paffing out of one Medium into another.
And thus may- Rays and Refra&tions be confi-
dered, if Light be propagated in an inftant.
But by an Argument taken from the Aqua-
tions of the times of the Eclipfes of Fuprter’s
Satellites, it feems that Light 1s propagated in
time, i;Pending in its paffage from the Sun to us
about feven Minutes of time: And therefore I
have chofen to define Rays and Refractions in

g}:h general terms as may agree to Light in both
es.

-~ DEFIN I
Reflexibility .of Rays, is their Difpofition to be
rg‘ké'?ﬂed or tu'r}',rzéfl’ bac{ into the fame {J'efdium Jrom
any other Medium upon whofe Surface they fall,
And Rays are more or lefs reflexible, which are
turned ‘back more or lefs eafily. Asif Light pafs
‘out of a Glafs into Air, and by being inclined
more and more to the common Surface of the
Glafs and Air, begins at length to be totally re-
fleted by that Surface; thofe forts of Rays
which-at like Incidences are refleted moft co-
pioufly, or by inclining the Rays begin fooneft
to be totally reflected, are moft reflexible.
'DEFIN. IV
" The Angle Zf Incidence is that ‘Angle, which
the Line defiribed by the incident Ray contasns with-
the Perpendicular to the reflecting or refracting Sur-
Jface at the Point of Incidence.” . - ;

B2 DEFIN,
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DEFIN V.
Tbe Angle of Reflexion or Refraition, is the
Angle wbtcb tbe fine de 6fcrzbed by the refleéted or re-
fraékd Ray containetb with the Perpendicular to
/Ie&mg or refraéting Surface at tbe Point of
Tncie

DEFIN. VL

The Sines of Incidence, Reflexion, and Rg?a—
&lion, are the Sines of the Angles of Inadem‘e,
ﬂean, and Refraétion.

DEFIN ViIL

The Light whofe Rz?; are all alike Refran-
gible, I call Stmple, omogeneal and Similar ;
and that whofe Rays are fome more Refrangible
than others, T cally Compound, Heterogeneal and
Diffimilar. The former Light 1 call Homoge-
neal, not becaufe I would agrm it fo in all re-
{pects, but becaufe the Rays which agree in Re-

glblllty, agree at leaft 1n all thofe their other
Properties which I confider in the following

Difcourfe,

DEFIN. VIL

" The Colours af Homagenegl Lights, I <all Pri-
wary, Homogeneal and Simple; and thofe of He-
terogeneal Lights, Heterogeneal and Compound. For
thefe are alwiys compaunded of the colours of
Homogeneal Lights; as will appear in the fol-
lowing Difcourfe.

B i AXIOMS.
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AXI0MS.

AX L :
H E “Angles of Reflexion and Refrattion, he
-+ in one and the fame Plane with the Angle of In-
cidence. _
AX IL

The Angle of Reflexion is equal to the Angle of
Incidence.

. A X 1L

If the refracted Ray be returned directly back to
the Point of Incidence, st fball be refratted irito the
Line before defcribed by the incident Ray. -

A X, IV.

- Refraction out of the rarer Medium into the
denfer, is made towards the Perpendicular ; that
is, o 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-

Whence if that Proportion be known in any
one Inclination of the ingident Ray, ’tis known
in all the Inclinations, and thereby the Refra- -
&ion in all cafes of Incidence op the fame refra-
¢ting Body may be determined. Thus if the
. B3 Refra-



6 OPTICKS.

RefraGion be made out of Air into Water, the
Sine of Incidence of the red Light is to the Sine
~of itsRefraction as 4 to 3. If outof Air intoGlafs,
the Sines are as 17 to 11. In Light of other
Colours the Sines have other Proportions: but
the difference is fo- little that it need feldom be
confidered. :

Suppofe therefore, that RS [in Fig. 1.] repre-
{ents the Surface of ftagnating Water, and that C
is the pointof Incidence in which anyRay coming
in the Air from A in the Line A C is refle&ted or
refratted, and I would know whither this Ray
fhall go after Reflexion or Refra&ion: I ere&t
upon the Surface 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-
fra&tion, fhall be found fomewhere in the Plane
of the Angle of Incidence ACP produced. I let
fall therefore upon the Perpendicular C P the
Sine of Incidence AD; and if the refle@ed
Ray be defired, I produce AD to B fo that
DB be equalto A D, and draw C B. For this
Line C B fhall be the refle@ted Ray ; the Angle
of Reflexion BCP and its Sine BD being e-

qual to the Angle and Sine of Incidence, as they
oufght to be by the fecond Axiom, But if the
refracted Ray be defired, I produce AD-to H, -
fo that D H may be to AD as the Sine of Re-
fraltion to the Sine of Incidence, thatis, (if the
Light be red) as 3 to 4; and about the Center
'C and in the Plane ACP with the Radius CA
defcribing a Circle ABE, I'draw a parallel to the
Perpendicular CPQ, the Line H E cutting the
B Circum=
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Circumference in E, and joining CE, this Line

CE fhall be the Line of the refracted Ray.

For if E F be let fall perpendicularly on the

Line P Q, this Line E F fhall be the Sine of Re-

fraction of the Ray CE, the Angle of Refra&ion

being ECQ; and thisSine EF isequal to DH,
and confequently in Proportion to the Sine of

Incidence AD as 3 t0 4.

In like manner, if there be a Prifm of Glafs
(that is, a Glafsbounded with two Equal and
Parallel Triangular ends, and three p?ain 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 Refraction of the Light in paffing crofs this
Prifm be defired: Let ACB [in Fig. zf reprefent
a Plane cutting this Prifm tranfverfly toits three
Parallel lines or edges there where the Lighe
pafleth through it, and let D E be the Ray in-
cident 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 Refraction as 17to 11 find EF the firft
refrated Ray.  Then taking this Ray for the
- Incident Ray upon the fecond fide of the Glafs
BC where the Light goes ont, find the next
refralted Ray F G by putting the Rroportion
of the Sine of Incidence to the Sine of Re-
fra&tion as 11 10" 17. For if the Sine of Inci-
dence out of Air into Glafs be to the Sine of
Refraction as 17 to 11, the Sine of Incidence out
of Glafs into Air muft en the contrary be to the
Sine of Refraction as 1¥ to 17, by the third

Axiem, : ,
B¢ Much
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Much after the fame manrer, if ACBD [in
Fig.3.] reprefent a Glafs fpherically convex on
both fides (ufually called a Less, fuch'as is aBurp-
ing-glafs, or Spectacle-glafs, or an Obje&-glafs of
a Telefcope).and it be required to know hew
Light falling upon it from any lucid point Q__
thall be refraGted, let Q_M reprefent .a Ray
falling upon any point M of its firft {pherical
Surface A CB, and by eretting a Perpendicular
to the Glafs at the point M, find ¢he firft re-
fraed Ray M N by. the Propertion of. tle
Sines 17 t0 11.  Let that Ray in 'goingwout of
the Glafs be incideat uwpon N, and then find
the fecond refracted Ray N g by the Propor-
tion of the Sines 11 to 17. And aftér the fame
manner may the Refraction be found when the
+ Lenps is convex on one fide and plane or con-
cave on the other, or concave on both fides.

: AX VL

Homogeneal Rays which flow from /[weral Points
of any Objeit, and fall perpendicularly or almeft
perpendicularly on any refleciing or refrafting Plase
or  [pberical Surface, (ball afterwards dverge
Jrom fo many other Paints, or be parallel to fo
many other Lines, or comverge to f§ many other
Points, . esther accurasely or without any fenfible
Error.  And the Jame thing will bappen, §f the
Rays be refleited or. refraited fucceffroely by tum
or three or more Plane or Spherical Surfacss.

The Point from which Rayf diverge or w0 .
which they converge may be called their Focus,
And the Focus of the incident Rays being gi~
ven, that of the reflected or refracted ones mabg
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be found by finding the Refraction of any two
s, as above; or more readily thus.

Caf. 1. Let ACB [in Fig. 4.] be a refleting or
refrating Plane, and Q_the Focus of the incident
Rays, and Q ¢ C a Perpendicular to that Plane.
And if this Perpendicular be produced to ¢,
fo that ¢ C be equal to QC, the Point ¢ fhall
be the Focus of the reflected Rays: Orif ¢ G
be taken on the fame fide of the Plane with
QC, and in proportion to Q C as the Sine of
Incidence to the Sine of Refraction, the Point ¢
fhall be the Focus of the refraGed Rays. .

Caf.2. Let ACB [in Fig. 5.] be the reflecting
Surface of any Sphere whofe Centre is E. Bi.
f& any Radius thereof, (fuppofe EC) in T,
and if in that Radius on the fame fide the Point
T you eake the Points Q_and ¢, fo that T
TE, and Ty, be continual Proportionals, an
the Point Q_be the Focus of the incident Rays,
the Point ¢ fhall be the Focus of the reflected
ones. : :

Caf. 3. Let ACB [in Fig. 6.] be the refraGing
Surface of any Sphere whofe Centre isE. In
any Radius thereof E C produced both ways
take & T and C ¢ equal to one another ‘and fe-
verally in fuch Proportion to that Radius as
the leffer -of the Sines of Incidence and Re-~
fraGion bath to' the difference of thofe Sines,
And then if in the fame Line you find any two
Points Q and ¢, fo that TQbeto ET asE ¢
to ¢, taking ¢ the contrary way from # which
T Qlieth from T, and if the Point Q be the
Foeus of any incident Rays, the Point ¢ fhall be
the Focus of the refracted ones, C Amd |

3 AN
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" " And by the fame means the Focus of the Rays
after two or more Reflexions or Refraétions may
be found. . .

Caf. 4. Let ACBD' [in Fig. 7.} be any refra&-
ing Lens, fpherically Convex or Concave or
Plane on either fide, and let C D be its Axis
( that is, the Line which cuts both irs Surfaces
perpendicularly, and pafles through the Centres
~of the Spheres;) and in this Axis produced let
F and f'be theFoci of the refracted Rays found as
above, when the incident Rays on both fides the
Lens are parallel to the fame Axis; and upon the
Diameter F f bifeCted in E, defcribe a Circle.
Suppofe now that any Point Q_be the Focus of
any incident Rays. lgraw» Q_E cutting the faid-
Circle in T and #, and therein take 7 ¢ in fuch

g;portion 0 tEastEor TE hathto T Q.
 Eet z4lie the contrary way from # which T Q
doth from T, and ¢ fhall be the Focus of the
refracted 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 refracting
Surfaces. *

And by the like Operations may the refle®ing
or refracting Surfaces be found when the two
Foci are given, and thereby a Lens bé formed,
which fhall make the Rays flow towards or
from what Place you pleafe. -}

® In our Author’s LeZiones Opticee, PastI. Se&. IV. Prap. 29,
o, there is an elegant Method of determining thefe Focs ; not only
fpherical Surfaces, byt likewifc in any other. curved Figure what-
gver: And in Prop. 32, 33, the fame thing is done for any Ray ly-
ing out of the Axis. .
+ Bid. Prop. 34,

Se
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* 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 Refraction flow from or ‘towards the
Point g found by the foregoing Rules. And if
the incident Rays flow from or towards feveral
points Q_, the reflefted or refracted Rays fhall
flow from or towards fo many other Points ¢
found by the fame Rules. Whether the refle®-
ed and refrated Rays flow from or towards the
Point ¢ is eafily known by the fituation. of that
Point. For if that Point be on the fame fide
of ‘the refleting of refraing Surface or Lens
with the Point Q ; and the incident Rays flow
from the Point Q, the refletted flow 'towards
the Point ¢ and the refrated from it; and if the
incident Rays flow towards Q, the refleted
flow from ¢, and the refra&ed towards it. * And
the contrary happéns when ¢ is on the othes
fide of the Surface, ’

LA X VIL

Wherever the ‘Raps which come from all the
Points of any Objelt meet again: in fo man
Points after tbéy bave been made to couwrgeby
Reflection or Refraition, there they will make a Ps-
Gure of the Objelt upon any white Body on which
they fall.

So if PR [in Fig. 3.] reprefent any Object, with-
out Doors, and AB'be a Lens placed at a hole
in the Window-fhut of a dark Chamber, where-
by the Rays that come from any Point 'Q(B(;f

L
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that Obje@ are made to converge and meet a- .
gain in the Point ¢; and if a Sheet of white Pa-
per be held at ¢ for the Light there to fall up-
on it, the Piture of that Obje¢ PR will ap-
pear upon the Paper in its' proper fhape-and Co-~
lours. For s the Light which comes from the
Point Q_goes to the Point ¢, fo the Light which
comes from other Poiats P and R of the Obje&,
will }o to fo many other correfpondent Points
pand r (as is manifeft by the fixth Axiom; ) fo
that every Point of the Obje@ fhall illuminate a
comrefpondent Point of the Picture, and there-
by make a Pi¢ture like the Object in Shape and
Colour, this only excepted,. that:the PiGture thall
be inverted. And chis is the Reafon of that vul-
Experiment of cafting the Species of Objeéts
%:ém abroad !;gon @ Wall or Sheet of white Pa-
per in a dark Room, o '
. Inlike manner, when a Man views any Obje&t
PQR, [in Fig. 8] the Light which comes from
the feveral Points of the Obje& is fo refracted
by the tranfparent fkins and humours of the
Eye, 9!that is, by the outward-coat EF G, called
the Taunica Cornes, and by the cryftalline hu-
mour A B which is beyond the Pupil m ) as.to
converge and meet again in fo many Points in
the bottom of the Eye, and there to paint the
Picture of ‘the Object upon that fkin (called the
Tunica Retina) with which the bottom of the
Eye is covered. For Anatomifts, when they have
n off from the bottom of the Eye that out-
ward and moft thick Coat called the Dare Ma-
#er, can then fee through the thinner Coats,
the Pictures of Objects lively painted there-
. : on.
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on. And thefe Pictures, propagated by Mo
tion along the Fibres.of the Optick Nerves in-
to the Brain, are the caufe of Vifion. Forac< -
cordingly as thefe' Pitures are perfe@ or im-
perfe@, the Object is feen perfectly or imperfect-
& If the Eye be tinged with any colour (as in

Difeafe of ‘the -Faundice) fo as to tinge the
PiQures in the bottom of the Eye with that
Colour, then all Obje&s appear tinged with the
fame Colour.  If the Humours of the Eye by
old Age decay, fo as by fhrinking to make the
Cornea and Coat of the Cryfalline Humour grow
flacter than before, the Light will not be re-
fra®ed enough, and for want of a fufficient Re- .
fration will nat converge to the .bottom of the
Eye but to forhe place beyond it, and by con-
fe paint in the hottom of the Eye a con-
ﬁe:}cd PiQure, and according to the Indiftin@®»
nefs of this PiGture the Obje® will appear con-
fufed. ‘This is the reafon of the decay of fight
in old Men, and fhews why their Sight i§ mend-
cd by Spetacles. For thofe Convex glaffes fup-
ply the defect of plumpnefs in the Eys, and by
mcreafing the Refraétion make the Rays con-
verge fooner, fo as to.convene diftin@ly at the
bottom of the Eye if the Glafs have a due de-
gree of convexity. And the -contrary happens
i fhort-fighted Men whofe Eyes are too plump.
For the RefraGtiorn being now too great,. the
Rays converge and convene in the Eyes before
they come' at the bottoin; and therefore the
Piture made in the bottom and the Vifion
caufed thereby will not be diftin&, unlefs the
Objeét be brought fo near the Eye as thar ttl’\F

. - e - L Pacb
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lace where the converging- Rays convene

Ee removed to the bottrgm,gor ,t)l’xsat the pluz?y
nefs of the Eye be taken off and the Refracti -
. ons diminifhed by-a Concave-glafs of a due de~
gree of Concavity, or laftly that by Age the
Eye grow flatter dll it come to a due Figure:
For fhort-fighted Men fee remote Objeéts beft
in Old Age, and therefore they are accounted to
have the moft lafting Eyes.

. A X. VIIL.

An Objet feen by Reflexion or Refratfion, ap
pears in that }flace from whence the Rays a Ger theirn
. laft Reflexion or Refraction diverge in falling on the
Spectator's Eye. : . .

. If the Obje A [in Fig.9.] be feen by Reflexion
of a Looking-glafs m #, it {hall appear, not in its
proper place A,. but behind the Glafs at 4, from
whence anyRays AB, AC, AD, which flow from
one and the fame Point of the Obje&, do after
their Reflexion made in the Points B, C, D, di-
verge in going from the Glafs o E, F, G,
where they are incident on the Spe@ator’s Eyes.
For thefe Rays do make the fame Picture in the
bottom of the Eyes as if they had come from -
the Obje& really placed at 2 without the Fmer-
Jpofition of the Looking-glafs; and all Vifion is
made according to -the place and fhape of that
Pi¢ture. : o
In like manner the Obje@ D [in Fig. 2.] feen
through a Prifm, appears not in 1ts proper place
D, but is thence tranflated to fome other place
-d firvated in. the laft refraéted Ray FG drawn
- backward from F to d, And
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And fo theObje& Q[ in Fig. 10.] feenthrough
the Lens A B, appears at the place ¢ from whence:
-the Rays diverge in paffing from t?ne Lens to the
Eye. Now it is to be noted, that the Image of
the Obje&t at ¢ is fo much bigger or leffer than
the Objet it felf at Q, as the diftance of the
Image at ¢ from the Lens A B is bigger or lefs
than the diftance of the Obje&t at Q_from the
fame Lens. And if the Obje@ be feen through
two or more fuch Convex or Concave-glafies,
every Glafs fhall make a new Image, and the
Sclze& fhall appear in the place of ‘the big-
of the laft Image. Which confideration un~
folds the Theory :% Microfcopes and Telefcopes.
For that Theory confifts in almoft nothing elfe
thap the defcribing fuch Glafles as fhall make the
laft Image of any Object as diftin¢t and large and
luminous as it can conveniently be made.

I have now given in Axioms and their Ex-
plications the fum of what hath hitherto been
treated of in Opricks. Far what hath been ge- .
nerally agreed on I content my felf to affume
under the notion of Principles, in order to what
I have farther to write. And this may fuffice
for an Introduction to Readers of quick Wit
and good Underftanding not yet verfed in Op-
ticks: Although thofe who are already acquaint-
ed with this Science, and have handled Glafles,
will more readily apprehend what followeth. .

"'\ PROPO-
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"PROPOSITIONS

PROP, I THEOR L

LIS HT'S which differ in Colour, differ alfo in
Degrees of Refrangibility.

The ProoF by Experiments,

- Exper. 1. I took a black oblong ftiff Paper
terminated by Parallel Sides, and with a Per-
pendicular right Line drawn crofs from one
Side to the other, diftinguifhed it into two e-
qual Parts. Oneof thefe parts I painted with
a red colour and the other with a blue. The
Pagcr was very black, and the Colours intenfe
and thickly laid on, that the Phmnomenon
might be more confpicuous. This Paper 1
view'd through a Prifm. of folid Glafs, whofe
two Sides through which the Light paffed to the
Eye were plane and well poliiheg, and contained
an ‘Angle of about fixty degrees; which Angle
I call the refratting Angle of the Prifm. And
whilft I view’d it, I held it and the Prifin before
a Window in fuch: manner that the Sides of the
Pafer were parallel to the Prifm, and both thefe
Sides and 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
: apet
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Paper by the Light refleted from it to the Eye.
Beyond the Prifm 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 refleted from thence,
which in paffing by the Edges of the Paper to
the Eye, might mingle itfelf with the Light of
the Paper, and obfcure the Phznomenon there-
of. Thefe things being thus ordered, I found
that if the refracting Angle of the Prifm be
wrned upwards, fo that the Paper may feem to
be lifted upwards by the Refra&ion, .its blue
half will be lifted higher by the Refracion than
its red half. But if the refraing Angle of the
Prifm be turned downward; fo that the Pa‘per
may feem to be carried lower by the Refra-
&ian, its blue half will be carried fomething
lower thereby than its red half, " Wherefore in
both Cafes the Light which ¢omes from the
blue half of the Paper through the Prifm to
the Eye, does in like Circumftances fuffer a
%rmer Refration than the Light which comes
rom the red half, and by confequence is more

refrangible. o . :
Illt;/?ration. In the eleventh Figure, M N
reprefents the Window, and D E the Paper
terminated with parallel Sides D J and HE,
and by the.tranfverfe Line F G diftinguifhed
into two halfs, the one D G of an intenfely
blue Colour, the other FE of an intenfely
red And BACcab reprefents the Prifm
whofe refracting Planes ABba and ACca
meet in the Edge of the refracting Angle A a.
This Edge A 4 being upéva'rgt, is parallel both }tlo
- the
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the Horizon, and to the Paraliel-Edges of the
Paper D J and HE, and the tranfverfe Line FG
is perpendicular to the Plane of the Window.
And de reprefents the Image of the Paper feen
b{ Refraction upwards in fuch manner, that the
blue half DG is carried higher to dg than the
red half FE is to fe, and therefore fuffers a
greater Refraction. If the Edge of the refratting
Angle be turned downward, the Image of the
Paper will be refracted downward ; furpofe to
&¢, and the blue half will be refracted lower to
&'y, than the red half is t0 ¢'.

Exper. 2. About the aforefaid Paper, whofe
two halfs were painted over with red and blue,
and which was {tiff like thin Pafteboard, I lapped
{everal times a flender 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 flender dark Shadows caft upon them.
I might have drawn black Lines with a Pen,
but the Threds were {fmaller and better defined.
This Paper thus coloured and lined I fet againft

~-a Wall perpéendicularly to the Horizon, fo that
one of the Colours might ftand to the Right
Hand, and the other to the Left. Clofe be
the Paper, at the Confine of the Colours below,
I placed a Candle to illuminate the Paper ftrong-
ly: Tor .the Experiment was tried in the Night.
The 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 Floor1 erected
a Glafs Lens four Inches and 4 quarter broad,
T which



which snighe colle® the Rays coming from the
feveral Poings of the Paper, and make them con-
verge towards {o many other Points ar the fame
diftance of fixFeet, and one or two Inches on
the other fide of the Lens, and fo form the Image
of the colauned Paper upon a white Paper placed
there, after the fame manper that a Lens at a
Hale in a Window cafts che Images of Objeds
abroad upon a Sheet of whise Paper in & dark
Room. The afarefaid white Paper, ere@ed per-
pendicular to the Horizon, and to the Rays
which fell upon it from the Lens, I moved
fometimes wvowards the Lens, fometimes from
it, ©o find che Places where rhe Frnages of the
blue and red Parts of - the coloutdd Paper appear-
ed moft diftin@. Thofe Places I -eafily knew by
the of the black Lines which I had made
by winding the Bilk about the Paper. For. -the
images of thole fine and flender Lines (which
by reafon of their Blacknefs -were like Shadoyrs
" on the Colours) were confufed and fcarce vifi-
e, nnlefs when the Colowrs on either fide, of
each Line were terminared moft diftinétly, No-
ung thesefore, as diligently as I could, the
Places where the Images of the red and blue
halfs of the coloused Paper appeared moft di-
fAn@, I foond ;lm Wbc:l;dﬁ ”}Cxla{?lf pf':ti):
Paper appeared diftinét, the blue appedr

confufz fo that the black Laiaes drawn upon
it could fcarce be feen; and on the contzery,
where the blue balf appeared moft diftind, the
sed half appeared confufed, fo that the black
Lines upon it were frasce vifible. And between
the two Places where thefe. kmages a.?@afcﬁ
... Ca2 iftinct
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diftin@ there was the diftance of an Inch and s
half; the diftance of the white Paper from the
Lens, when the Image of the red half of the co-
loured Paper appeared moft diftin@, being greater
by dn Inch and an half than the diftance of the
fame whitePaper from theLens, when the Image
of the blue half" ap&amd meft diftin&. - In
like Incidences thereforc of the blue and.red
upon the Lens, the blue was refracted more by
the Lens than the red, fo as to converge fooner by
an Inch and a half, and therefore is-more refran-

gible: : IR '

: £ Illufiration. In the twelfth Figure, DE fig-
nifies the coloured Paper, D'G the blue 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 57 the famic
Paper in that Place where the blue half appeared

dxfgir& The Place bi was nmrer'fm-tﬂe -
MlN than the ‘Place H J -by.an Inch.and an

. Scholium. 'The fame Things fucceed, notwith-

ftanding that fome of the Circumftances be va-

ried ; as in the firft Experiment when the Prifin
and Paper are'any ways inclined to - the -Hori-

Zzon, ‘and in-both when coloured Lines are

drawn upon verly‘black Paper. But in the De-

{cription of thefe Experiments, I have. fetdown

fuch Circumftances, by which either the. Pha-

faiomenon might be render’d more: confpicueus,
or a Novice might more. eafily try them,sor.'by

which1did try them only. The fame Thing, I

have - often done in the following Experiments:

‘Concerning 3ll ‘which, this- ome ¢‘!|dmonitiofx‘xlﬁi nuy

ce.
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fuffice. Now from thefe Experiments it follows
not, that all the Light of the blue is more refran-
gible than all the Light of ‘the.red: For both
Lights are mixed of Rays differently refrangible,
fo that in the red. there are forne Rays not lefs re-
frangible than thofe of the blue, and in the blue
there are fome Rays not more réfrangible than
thofe of the red : But thefe Rays, in proportion to
the whole Light, are but few, and ferve to dimi-
nith the Event of the Experiment, but are not
able to deftroy it. For, it the red and blue Co-
lours were more dilute and weak, the diftance of
the Images would be lefs than an Inch and a half;
and if they were more intenfe and full, that di-
flance would be greater, as'will appear hereafter.
Thefe Experiments may fuffice for the Colours of
Nawral Bodies. For in the Colours made by the
Refra@ion of Prifms, this Propofition wil{ p-
pear by the Experiments which are now to fol-
low in_ the pext Propofition.

PROP. 1. Turor IL
The Light of the Sun confifis of Rays
£ d{'ﬂ'e'refit[y Refrqngible.

The Proor by Experiments.
Exper. 3. YN a very dark Chamber, ata round
) Hole, about one third Part of an
Inch broad, made in the Shut of a Window, I
laced a Glafs Prifin, whereby the Beam of the
gun’s Light, which came in at that Hole, mi ht
be refracted upwards toward the oppofite ali‘
. ' ")

€3
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of the Chamber, and there form a colourd I-
mage of the Sun. . 'The Akisof the Prifm .( that-
is, the Line paffing through the middle of the
Prifm from ohe end of it to the other end pa--
rallel to the edge of the Refra&ting Angle) was

in .¢his and the following Experiments perpen-
dicular 1o the .incidemt Aboyv this Axis:
I.turned the Prifin flowly, and faw the refra&--
ed-Light on the Wall, of coloured Image of
the Sun, firft vo defcend, and then :
Berween ' the Defcent and Afcent, when the I-

mage feemed ' Stationary, I fRopp'd the Prifm,
and 6i%x'd’ it in: that Pofture, that it fhould be -
movéd no more. - For in thac Pofture the Re-

fractions ‘of the Light at the two Sides of the

refratting Angle, dhat is, at the Entrance of the -
Rays into the Prifm, and at their going out of

it, were equal to.one another*. . So alfo in other

Experiments, as often as I would have the Re-

fractions on both fides the Ptifm to be equal ©
one another, Inated the Place where the Image

of the Sun formed by the refraéted Light ftood

ftill between it$ two contrary Motions, in the

gommon Perlod of its Progrefs and Regrefs 5 and

when the Image fell upon thar Place, I made

_faft the Prifm. And in this Pofture, as the moft -
convenient, it is to be underftood that all the

Prifms are placed in the following Experiments,

unlefs whete fome other Pofture # defcribed.

The Prifm therefore being - placed in this Po-

fture, T let the refracted Light fall perpendicu-

larly upon a Sheet of white Paper at the oppo- -
fite Wall of che Chamber, and obferved the Fi-

® “See our Authot’s Leftiones Optic®, PartI. §e2.t. §10. .
$e2. 11. § 29. and Se3. 111, Prop. 25. ° gure



, BOOK I a3

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 Re&ilinear and Parallel Sides, and two Se-
micircular Ends. On its Sides it was bounded
pretty diftinctly, but on its Ends very cenfufed-
ly and indiftinétly, the Light there decaying
and vanithing 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
Prifmy, 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-
¢ilinear Sides about eight Inches; and the re-
frating Angle.of the Prifm, whereby fo great a
Length was made, was 64 degrees. With a lefs
Angle. the Length of the Image was lefs, the
Breadtb remaining: the fame. 1f the Prifm was
rurned about its Axis that way which made the
Rays emerge more obliquely out of the fecond
refracting Surface of the Prifm, the Image foon
became an Inch or two longer, or more; and
if the Prifm was turried about the contrary
way, fo as to make the Rays fall more obliquely
on the firft refracting Surface, the Image foon
became an Inch or two fhorter. And there-
fore in trying this Experimgent, 1 was as curi-
ous as I could be in placing the Prifm by the
. C4 ‘ above-
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above-mention’d Rule exa&ly 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 to the o:icr, which- fcattered fomé cof the
Sun’s Light irregularly, but had no fenfible Ef-
fe& in increafing the Length of the coloured
Spe@rum. For I tried the fame Experiment
+ with other Prifms with the fame Succefs. And
particularly with a Prifm which feemed free
from fuch Veins, and whofe refracting Angle -
was 623 Degrees, I found the Length of the
Image g} or 10 Inches at the. diftance of 183
Feet from the Prifm, the Breadth of the Hole
in the Window-fhut being ; of an Inch, as be-
fore. And becaufe it is eafy 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 is fet down above. With another Prifm
of clearer Glafs and better Polith, which feem-
ed free from Veins, and whofe refracing Angle
was 633 Degrees, the Length of this Image at
the fame diftance of 18} Feet was alfo about 10 -
Inches, or 104 Beyond thefe Meafures for a-.
bout a ! or ! of an Inch at either end of the
SpeGtrum the Light of the Clouds feemed to be a
little tinged with red and violet, but fo very -
faintly, that I fufpeted that TinGture might ei-
ther wholly, or in great Meafure arife from fome
Rays of the Spettrum fcattered irregularly by
fome Ingqualities ip the Subftance and Polith of
the Glafs, and therefore I did not include it in
-t | - thefe
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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 pafled
through it, and different inclinations ofE 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 thape of a Prifm and
filled with Water, there is the like Succefs of .
the riment according to the quantity of
the Refration. It is farther to be obferved,
that the Rays went on in right Lines from the
Prifm to the Image, and therefore at their very |
going: out of the Prifm had all that Inclina-
tion to one another from which the length of
the Image proceeded, thatis, the Inclination of
more than two degrees and an half. And yet
according to the Laws of Opticks vulgarly re-
ceived, they could not poffibly be fo much incli-
ned to one another *. For let E G [in Fig. 13.] re-
prefent the Window-fhut, F the hole made there-
in through which.a beam of the Sun’s Lighe
was tran{mitted into the darkned Chamber, and
ABC a Triangular 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-
te@ly towards the SpeQator’s Eye with its nearer
end: And let XY be the Sun, MN the Pa-
per upon which the Solar Image or Spe&trum is
caft, and P T the Image it felf whofe fides to- -
wards v and w are Re&ilinear and Parallel, and
ends towards P and T Semicircular. YKHP

. . o and
® Sec our Author's Leiones Optica, Past. I Sedt. 1. §. §-
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and XL J T are two Rays, the firft of which
comes from the lower part of the Sun to the
higher part of the Image, and is refracted in the
"Prifm at K and H, and the latter comes from
the higher part of the Sun to the lower part of
the Image, and is refracted at L and J. . Since
the Refractions on both fides the Prifm are e-
~ qual to one another, that is, the Refra&ion at
K equal to the Refraction at J, and the Refra-
‘&ion at L equal to the Refraction atH, fo that
the Refractions of the .incident Rays at K and L
taken together, are equal to the Refractions of
the emergent Rays at H and J taken together:
it follows by adding equal things to equal things,
that the Refrattions at K and H taken together,
are equal to the Refractions at J and L taken
together, and therefore the two Rays being e-
qually refracted, have the fame Inclination to
one another after Refraction which they had
before; that is, the Inclination of half .a Degree
anfwering to the Sun’s Diameter. For fo great
was the Inclination of the Rays to one another
before Refraction. So then, the length of the
Image P T would by the Rules of Vulgar O
ticks fubtend an Angle of half a Degree at t
Prifm, and by Confequence be équal to the
breadth v w; and therefore the Image would
be round. - Thus it would be were the twp
Rays XL JT and YKHP, and all the reft which
form the Image P w T v, alike refrangible.
And therefére feeing by Experience it is found
that the Image is not round, - but about five times
longer than broad, the Rays which going to the
upper end P of the Image fuffer the greateft Re-
. ' fraction,

A}
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fraGion, muft be more refrangible than thofe.
which go to the lower end T, unlefs the Inequa-

lity of Refraction be cafual.

This Image or Spectrum P T was coloured, -

being red at its leaft refracted end T, and vio-
let ar its moft refracted end P, and yellow

green and blue in the intermediate Spaces.

Which agrees with the firft Propofigion, 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 otherend, ex-
cepting only a little Penumbra, whofe breadth
fcarce a quarter of an Inch, as was
faid above.

Exper. 4. In the Sun’s Beam which was pro~

pagated into the Room through the hole in the

Window-fhut, at the diftance of fome Feet
from the hole, I held the Prifm in fuch a Po-
fture, that its Axis might be perpendicular to
that Beam: Then I looked 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 Stationary, I
ftopp’d the Prifm, that the Refractions of -both
fides of the refracting Angle might be equal to
cach other, as in the former Experiment. In
this - Situation of the Prifm viewing through it
the faid Hole, I obferved the length of its re-
fra@ed Image to be many times greater than
its breadth,, and-that the moft refracted part
thereof appeared violet, the leaft refracted rtelcll,

. N 2 c

— . a
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the middle parts blue, green and yellow. in or-.
der. The fame thing asppen’d when I 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
- Refraion were done regularly according to
one cerain Proportion of the Sines of Inci-
dence and. Refra&ion as is vulia:ly fuppofed,
the refrated Image ought to have appeared
round. 1 ot ' e o R
So then, by thefe two Experiments it-appears;
that in equa{ Incidences thfcfz is a confiderable
inequality of Refractions. But whence. this in-
- equality arifes, whether it be that fome of the
ncident Rays are refraéed more, -and others.iefs,
conftantly, or by chance, or that one and. the
fame Ray is by Refra@ion difturbed, fhatter’d,
dilated , and as it were fplit and fpread into ma-
ny diverging Rays, as Grimaldo fuppofes, does
riot yet aptﬁear by thefe Experimeénts, but will
appear by thofe that follow. :
Exper. . Confidering therefore, that if in
the third Experiment' the Image of the Sun
fhould be drawn out into an oblong Form, ei-
ther by a Dilatation of every Ray, or by any o-
ther cafual inequality of the Refradions, 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, or o~
. ther cafual inequality of the RefraGtions fide-
wa!ys, 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 f?{t
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firlk in a ‘crofs Pofition to it, that it might again.
refra@ the beam of the Sun’s Light which came
toic through the firft Prifm. In the firft Prifm
this' beam was refratted upwards, and in the
fecond fideways. - And I found that by the Re-
fracion of the fecond Prifm, the breadth of the
Image was not increafed, but its fuperior part,
which in the firft Prifm fuffered: the greater Re-
fraction, and appeared violet and blue, did again
in the fecond Prifm fuffer a greater Refraction
“than' its inferior part, which appeared red and
yellow, -and this without any . Dilatation .of the
Image in'breadth. - , : |
Hllufiration. 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@ beam of
Light when the Prifms are taken away, PT
the oblong Image of .the Sun made by that beam
pﬂﬂi:g 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 th round. Image Y
were dilated - and fpread by the Refraction of
the firft Prifm, fo thacthey thould not any lan-
ger go in fingle Lines to fingle Points, but that
cvery Ray.being fplit, fhattered, and changed
from a Linear Ray to a Superficies of Rays di-
verging from the Point of Refracion, and ly-
ing in the Plane of the Angles.of. Incidence and
Refrattion, they fhould go in thofe Planes to -
{o any Lines reaching almoft from one end .of
the Image P.T 1o the other, and if that (Ih 3
: ou
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fhould .thence become obleng: thofe Rays and
their feveral parts tending towards the feweral
Points of the Image P T ought to be again di-
lated and {pread fideways by the tranfverfe
" Refracion of the fecond Prifm, fo as to com~
pofe a four fquare Image, fuch as is reprefenved
at 1. For ?hc better underftanding of -which,
let the Image P T be diftinguithed into five e-
ual parts PQK, KQRL, LRSM, MSVN,
gJ VT. Andby the fame rregularity that the

orbicular Light Y is by the Refraction of the
firft Prifm dilated and drawn out into 2 long -
Image PT, the Light P QK which takesup 2
fpace of the fame length and breadch with the
Light Y ought to be by the Refraétion of the
fecond Prilm dilated and drawn out into the
long Image g £, and the Light K QR L. into ~
the'glong gIemagqe fqu, and th% Lighstf,RSM,
MSVN, NVT, into fo many other long I-
mages [y sm, msvn, nvtT; and all thefe long
Images would compofe the four fquare Image
«9. Thus it ought to be were every Ray dila~
ted by Refraction, and fpread into a tri ar
Superficies of Rays diverging from the Point
of Refraion. For the fecond Refradtion
would fpread 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 refra@ed more than others.
But the Event is otherwife. The -Image PT
was not made broader by the Refra@ion of the
fecond Prifm, but only became oblique, #§"’cis
reprefented at p¢, its vpper end P being dl:y
' O
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the RefraGtion tranflated to a greater diftance than
itslower end T. So then the Light which went
towards the upper end P of the Image, was (at’
equal Incidences) mcre refracted 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 refran-
gible. The fame Light was by the Refra&ion of
the firft Prifm tranflated farther from the place
Y to which it tended before Refraion; and
therefore fuffered as well in the firft Prifm as in
the fecond a greater Refraétion than the reft of
the Light, and by confequence was more refran-'
gible :.‘inn 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
refra@ed fideways: but the Rays which were
more refraGed than the reft in the firft Prifm
were alfo more refra&ed in all the reft, and that
without any Dilatation of the Image fideways: -
and therefore thofe Rays for their conftancy of a
greater Refration are defervedly reputed more
_refrangible. ‘

Bur that the meaning of this Experiment may
more clearly appear, it is to be confidered that
the Rays which are equally refrangible do fall
wpon a Circle anfwering to the Sun’s Difque.
For this was proved in the third Experiment.
By a Circle I underftand not here a perfect geo-
metrical Circle, but any orbicular Figure who
length is equal to its breadth, and which, 4
to Senfe, may feem circplar,. Let thercfore A[G
L - : in
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[in Fig. 15.] reprefent the.Circle which all-the
moft refrangible Rays propagated from the
whole Difque of the Sun, would illuminate and

int upon the oppofitc Wall if they were a-
one; EL the Circfe which all the leaft refran~
gible Rays would in like manner illuminate and
paint if they were alone; BH, C]J, 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 fucceffive order, tlfc reft being always inter-

cepted; and conceive. that there are other in-. -

termediate Circles without Number, which
- innumerable other .intermediate forts of Rays
would fucceflively paint upon the Wall if the
Sun fhould :fuccefiively emit every fort apart.
And feeing the Sun emits all thefe forts at once,
they muft all together illuminate and paint in-
numerable equal Circles, of all which, being
according to their degrees of Refrangibility
f(}aced in order in a continual Series, that ob-

ng SpeGrum P T is compofed which I defcri--

bed in the third Experiment. Now if the
Sun’s circular Image Y [in Fig. 14, 15.] which
is made by an unrefraGted beam of Light was

by. any Dilation of the fingle Rays, or by any -

other irregularity in the Refraction of the firft
Prifin, converted into the oblong Speétrum,
P T: then ought every Circle AG, BH, C]J,
&e. in that SpeGtrum, by the crofs Refrattion

of the fecond Prifm again dilating or otherwife °

feattering the Rays -as before, to be in like man-
per drawn out and transformed into an oblon;

Figure, and thereby the breadth of the Im;g;

|
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PT would be now as much augmented as the
length of the Image Y was before by the Refra-
&ion of the firft Prifm; and thus by the Refra-
¢ions of both Prifms together would be formed
a four fquare Figure p=#1,- as I defcribed a-
bove. Wherefore fince 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 fcatrer'd
by that Refraction, but that every Circle is by
" a regular and uniform RefraGtion tranflated
entire into another Place, as the Circle AG
by the greateft Refraction into the place ag, |
Circle BH by a lefs Refraction into the
flace b b, the Circle CJ by a Refraction ftill
efs into the place ¢, and fo of the reft; by
which means a new Spetrum p¢ inclined to
the former P T is in like manner compofed of
Circles lying in a right Line; and thefe Circles *
muft be of the fame bignefs with the former,
becaufe the breadths of all the Spe@Grums Y, -
PT and p# at equal diftances from the Pri{ms
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 Spe@rum Y, and
- that Penumbra remains in the reilinear Sides
of the Spectrums PT and p¢ I placed there-
fore at that hole a Lens or Object-glafs of a Te-
lefcope which might caft the Image of the Sun
diftin@tly on Y without any Penumbra at all,
and found that the Penumbra of the rectilinear
Sides of the oblong Sptl:)&rgms PTand pr was

alfo
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al{v thereby taken aw?'r,‘ fo that thofe Sides ap-
peared as diftin¢tly defined as did the Circum-
ference 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
Curles which ufually arife from Sand-holes a
little fmoothed in polifhing with Putty. If the
Glafs be only well polithed and free from Veins,
and the Sides not accurately plane, but a litte
Convex or Concave, as it frequently happens;
yet may the three Spe&trums Y, PT and p¢
want Penumbras, but not in equal diftances
from the Prifms. Now from this want of Pe-
numbras, I knew miore 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 Refration,
the right Lines A E and G L, which all the Cir-
cles in the SpeGrum P T do touch, could not
by that Refraction be tranflated into the Lines
aeand g/ as diftin€t 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 contrary
to what is found by Experience. “Whatfoever
Penumbra or Perturbation thould be made in the
Circles by the crofs Refration of the fecond
Prifim, all that Penumbra or Perturbation would
be confpicuous in the right Lines ae and g/
whijch touch thofe Circles. And therefore fince
there is no fuch Penumbra or Perturbation in
thofe right Lines, there muft be none in the Cir-
cles. Since the diftance between thofe Tangents
3 or
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or breadth of the Spe@trum is not increafed
by the Refractions, the Diameters of the Circles
are not increafed thereby. Since thofe Tangents
contimue to be right Lines, every Circle which
in the firft Prifm is more or lefs refratted, is
exadtly in the fame proportion more or lefs re-
frated in the fecond. And feeing all thefe
things continue to fucceed after the fame man-
ner when the Rays are again in a third Prifm,
and again in a fourth refratted fideways, it is
evident that the Rays of one and the fame Circle,
as to their degree of Refrangibility, continue al--
ways uniform and homogeneal to one another,
and that thofe of feveral Circles do differ in de-
gree of Refrangibility, and that in fome certain
and conftant Proportion. 'Which is the thing I
Was to prove. :
There is yet another Circumftance or two of
this Experiment by which it becomes ftill more
lain and convincing. Let the fecond Prifm
H [in Fig. 16.] bé placed not immedi-
ately after the firft, but at fome diftance
from it; fuppofe in the mid-way between it
and the WaﬁJ on which the oblong Spe@rum
PT is caft, fo that the Light from the firft
Prifm may fall upon it in the form of an ob-
long Spe@rum =1 parallel to this fecond Prifm,
and be refrated fideways to form the oblong °
Spe@rum pr upon the Wall. And you wi
find as bcfo’;c, tll:::t this Spe@rum p ¢ isyinclined '
to that Spe@rum P T, which the firft Priim
forms alone without the fecond; the blue ends
P and(&bcing farther diftant from one another,
than the red onea'ranlg #, and by confew&“ :
- 2 at
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that the Rays which go to the blue end # of
the Image 1, and which therefore fuffer the
greateft Refraction in the firft Prifm, are again
in the fecond Prifin more refracted than. the
rcﬂ. . N . .

. The fame 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 ) refracting thofe two beams of Light to
the oppofite Wall of the Chamber, in fuch man-
ner that the two colour’d Imdges PT and M N
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 other.’
For if thefe two refracted Beams were. again
by a third Prifm DH placed crafs to the two
firft ,- refratted fideways, and the SpeGtrums
thereby tranflated to fome other part of .the
Wall of the Chamber, fuppafe the Spectrum
P T to p¢ and the SpeGrum M N to m #, thefe.
tranflated Spe&trums p¢ and m# 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 7 of. the I~
mage mn being by a greater Refration tran-
flated farther from its former place M T, than
the red end ¢ of the other Image p# from the
fame place M'T ;- which puts the Pro&oﬁtion’
paft Difpute.  And this happens whether .the
ghird Prifm D H be placed immediately after
the two firft, or at "a great diftance from

shem; fo that the Light refrated in the gﬁv:fc;

o

2
-
«id 4 - -
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firft Prifms be either white and circular, or co-
Joured and oblong when it falls on the third.

Exper. 6. In the middle of two thin Boards

I made round holes a' third part of an Irch 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 Prifin I fixed one of the Boards,
"in fuch manner that the middle of the refracted
Lighr might pafs through the hole madein it,
and the reft be intercepted by the Board. Then
at the diftance of about twelve Feet from the
firft Boatd I fixed the other Board in fuch man--
ner, that the middle of the refracted 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 Spe@trum of the Sun. And clofe
behind this Board I fixed another Prifm to re-
fra& the Light which came through the hole.
Then I returned fpeedily to the firft Prifm, and
by turning it flowly to and fro abour its Axis,
I caufed the Image which fell upon thefecond
Board to move up and down upon that Board,
that all its parts might fucceffively pafs through
~ the hole in that Board and fall upon the Prilm
behind it. - And in the mean time, I noted the
places on the oppofite Wall to which that Light
after its Refraction in the fecond Prifm did pafs;
and by the difference of the places I found that
the Light which being moft refratted in the
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firlt Prifm did go to the blue end of the e,
was again more refratted in the fecond Pri
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 whe-
ther the Axis of the two Prifms were parallel, or
inclined to one another, and to the Horizon in
any given Angles.

Illufiration. Let F [in Fig. 18.] be the wide
hole in the Window-fhut, through which the
-Sun fhines upon the firft Prifm ABC, and let
the refracted Light fall upon the middle of the
Board DE, and the middle part of that Light
uponth_choleGmadcinthcmiddlcpmofgm
Board, Let this trajeted part of that Lighe
fall again upon the middle of the fecond Board
de, and thete paint fuch an oblong coloured J-
mage of the Sun as was defcribed ‘in the third
Experiment. By turning the Prifm A B C flow-
ly to and fro about its Axis, this Image will be
made 1o move up and down the Board de,
and by this means all its parts from one end to
the other may be made to pafs fucceflivel
through the hole g which is mdde in. the !nld{
dle of that Board. In the mean while another
Prifm a4 ¢ is to be fixed next after that hole g,
to refratt 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 refracted Light fcﬁ, and found that
whilft the two Boards and fecond Prifm re<
mained unmoved, thofe places by turning the
firft Prifm about its Axis' were cﬁ’a.n ed perpe-~
tually. For when the lower part qu the Light

- T yhich
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which fell upon the fecond Board de¢ 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 any
intermediate part of the Light was caft through
that hole, it went to fome place on the Wall be-
tween M and N. The unchanged Pofition of
the holes in the Boards, made the Incidence
of the Rays upon the fecond Prifm to be the
fame in all cafes. And yet in that common In-
~ cidence fome of  the Rays were more refracted,
and others lefs. And thofe were more refracted
in this Prifm, which by a greater Refraction in
the firft Prifm were more turned out of the
way, and therefore for their Conftancy of being
more refracted are defervedly called more refran-
gible. o
" 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 zta litle diftance from the Wall I
placed a long flender Paper with ftraight and pa-
rallel edges, and ordered the Prifms and Pa-
?er fo, that the red Colour of one Image might
all dire@tly upon one half of the Paper, and
the violet Colour of the other Image upon the
other 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 firfft and fecond Experiments. Then
witha black .Cloth I covered. the Wall behind
, D 4 the
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the Paper, that no Light might be refleed from
it to difturb the Experiment, and viewing the
Paper through a third Prifm held parallel to it, .
I faw that half of it which was illiminated by
the violet Light to be divided from the other
‘half by a greater Refra&ion, efpecially when I
went a good way off from the Paper. For
when I viewed it too near at hand, the two halfs
of the Paper did not ag(i)ea'r fully divided from
one another, but feeméd contigpous at ene of
their Angles like the painted Paper in the firft
Experiment. Which alfo happened when the
Paper was too broad. ' '~

Sometimes inftead of the Paper I ufed a white
Thred, and this appeared thtough 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 10 G,
and de fg are the parts of the Thred feen by
Refraction.  If one half of the Thred be con-
ftantly illuminated with red, and the other half
be illuminated with all the Colours fucceffively,
( which may be done by caufing one of the
Prifms to be turned ahout its Axis whilft the
other remains unmoved ) this other half in view-
ing the Thred through the Prifm, will appear
in a continual right Line with the firft half when
illominated 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 farcther when with green,
and erthcr when with blue; and.go yet farther
off when illuminated with Indigo, and -fai‘tl}llb&

; .- when
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when with deep violet. Which plainly fhews,
that the Lights of feveral Colours are more and
more refrangible one than another, in this Order
of their Colours, red, orange, yellow, green,
blue, indigo, deep violet; and fo proves as well
the firft Propofition as the fecond.

. I caufed ‘alfo the coloured Spe@rums P T

in Fig. 17.] and M N made in a dark Cham-

by the ‘Refractions of two Prifms to lie in
a Right Line end to end, as was defcribed above
in 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

are reprefented at pz and mn, the violet
end m of the SpeGtrum m n being by a greater
Refraion tranflated farther from its former
Place MT than the red end # of the other
Spe@trum p 2, , ,

1 farther caufed thofe two Spectrums P'T
[in Fig. 20.] and M N to become so-incident
in an nverted Order of their Colours; the red
end of each falling on the violet end of the o-
ther, as they are reprefented in the oblong Fi-
gure PTMN ; and then viewing them through
aPrifm DH held parallel to their Length, th
appeared not co-incident, as when view'd wi
the naked Eye, but in the form of two diftin&
§ ms p ¢ and mn crofling one another in
the middle after the mannen of the Letter X,
Which fhews that thé red of the one SpeGrum
and violet of the other, which were co-incident
at PN and M'T, being parted from one another
* by a greater Refraétion of the violet to -agm

A R
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than of the red to # and #, do differ in degrees of

Refrangibility.
. I illuminated alfo a litde 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 SpeGrum, and deep
.violet of the other, fo as by the Mixtwre 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 refracted Image there-
.of became more and more divided by the une-
qual Refraction of the two mixed Colours, and
at length parted into two diftin& Images, a red
one and a violet one, whereof the violet was
fartheft from the Paper, and therefore fuffered
the greateft Refra&tion. And when that Prifm
at the Wi;tll‘ow, which fhaﬁ thclviolet on tl(:lc Pa-

was taken away, the violet Image dif:

gred; but when the other Prifin was mkagx
away the red vanifhed ; which fhews, that thefe
two Images were nothing elfe than the Lights
of the two Prifms, which had been intermixed
en the purple Paper, but were parted again by
their unequal, Refrations made in the third
Pri{fm, through which the Paper was view'd.
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 Prifin,
the viglet Image changed Colour accordingly,
turning fucceflively o indigo, blue, green, {el- .
, © dow
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low and red, and in changing Colour came nearer
and nearer to the red Image made by the other
Prifm, until when it was al{d red both Images be-
came fully co-incident.

I placed alfo 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 diame-
ter, and behind them the Wall was dark, that the
Experiment might not be difturbed by any Light
coming from thence. Thefe Circles thus illu-
minated, I viewed through a Prifm fo held, that
the Refration might be made towards the red
Circle, and asI went from them they came nearer
and negrer together, and at length became co-
incident ; and afterwards when I went ftill far-
ther off, they parted again in a contrary Order,
the violet by a greater Refracion being carried
beyand 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 Expe-
riment, yet fo that its'Axis might be pdrallel to
the Axis of the World, and at the oppofite
Wall in the Sun’s refracted Lighe, I placed an
open Book. Then going fix Feet and two Inches
from the Book, I placed there the above-
mentioned Lens, by which the Light refleted
from the Book might be made to converge and
meet again at the diftance of fix Feet and twa
Inches behind the Lens, and there paint the
Species of the Book upon a Sheet of white Pa-~

r much- after the manner of the fecond Ex-
perimept. ‘'The Book and Lens being madcI faft,
! no-
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I noted the Place where the Paper was, when
the Letters of -the Book, illuminated by the
fulleft red Light of the Solar Image falling upon
it, did caft their Species on that Paper moft
diftin&ly: And then I 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 illuminated
by that blue, I noted again the Place of the Pa-
per when they caft their Species moft diftinétly
upon it: And I found that this laft Place of the.
Paper was nearer to the Lens than its former
Place by about two Inches and an half, er two
and three quarters. So much fooner therefore
did the Light in the violet end of the Image
by a greater Refrattion 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 butan Inch and
an half, by reafon of the ImperfeGtion of thofe
Colours. Here in the Colours of the Prifm,
which are manifeftly. more full, intenfe, and
lively than thofe of natural Bodies, the diftance .
is two Inches and three quarters. And were the
Colours ftill more full, I queftion not but that

the diftance would be confiderably greater. For

the coloured Light of the Prifm, by the inter-
feting*of the Circles defcribed in- the fecond
.t 1 . ' ‘ Figur¢
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Figure 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
thePaper were not diftin& enough to be well ob-
ferved. - p 1( hof Lt ‘

Exper. 9. A Prifm, whofe two Angles at its.
Bafe weregcqual to one another, and lgialf right
ones, arid 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 Axjs, until all the Light which
went through one of its Angles,” and was refradt-,
ed 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 Refraction were fooner refleted 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 Reflexjon
become more copious in that Light than the
reft, and that afterwards the reft alfo, by a toral
Reflexion, became as copious as thefe.” To try
this, I made the refle@ted Light pafs throu rﬁ
another Prifm, and being refra&ted by it to fall
afterwards upon a Sheet of white Paper placed
at fome diftance behind it, and there by thac
Refraction to paint the ufual Colours of the
Prifm. And then caufing the firft Prifm to be
turned about its Axis.as above, I obferved that

when
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when thofe Rays, which in this Prifm had fuf-
fered the greateft Refraction, and appeared of a
blue and violet Colour began to be totally re~
fle@ed, the blue and violet Light on the Paper,
which was moft refracted in the fecond Prifm,
received a fenfible Increafe above that of the
red and yellow, which was leaft refracted ; and
afterwards, when the reft of the Light which
was green, yellow, and red, began to be totall
refle@ed 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
refleGted by the Bafe of the Prifm, being aug-
mented firft by the more refrangible Rays, and
dfterwards by the lefs refrangible ones, is com-
pounded of Rays differently refrangible. And
that all fuch refle@ted 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 fuffers no Alteration in its Modi-
fications and Properties. I do not here take No-
tice of any RefraCtions made in the fides of the
firft Prifm, becaufe the Light enters it perpendi-
cularly at the firft fide, and goes out perpendicu-
larly at the fecond fide, and therefore fuffers
fone. Sothen, the Sun’s incident Light being of -
the fame Temper and Conftitution with his emer-
ﬁem Light, and the laft being compounded of

ays differently refrangigle, the firft muft be in
like manner compounded. -

Dllufiration. In the cwenty-firft Figure, ABC
is the firft Prifin, B C its Bafe, B and C its

equal
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Angles at the Bafe, -each of 4 ces,

uni:: reﬁ%angular Vertex, FM_ a besasz%rthe
8un’s Light let into a dark Room through a
hole F one third part of an Inch broad, M its
Incidence on the Bafe of .the Prifm, MG a lefs
refrated Ray, M H a more refrated Ray, M N
the beam of Light refleGted from the Bafe,
VXY thefecond Prifm-by which this beam in .
paffing through itis refrated, N # the lefs re-
fracted Light of this beam, and N p the more
refrated parc thereof. When the firft Prifm
ABC is turned about its Axis according to the
order of the Letters ABC, the Rays M H e-
merge more and more obliquely out of that
Prifm, and at length after their moft oblique
Emergence are refle@ted towards N, and going
on to p do increafe the Number of the Rays
Np. Afterwards by continuing the Motion of
the firft Prifm, the Rays M G are alfo reflected
to N and increafe 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 fpecular Bafe BC caufing no Alteration
therein. . ' o
Exper. 10. Two Prifms, which were alike
in Shape, I tied fo together, that their Axis and
oppofite Sides being parallel, they compofed a
Parallelopiped. And, the Sun fhining into my
dark Chamber through a litde hole in the Win-
dow-fhut, I placed that Parallelopiped in his
beam at fomie diftance from the hole, in fuch a
' Pofture,
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Pofture, that the Axes of the Prifms might be
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-
lel to the incident. Then, beyond thefe two
Prifms I placed a third, which might refract
that emergent Light, and by that Refra&ion
caft the ufual Colours of the Prifm upon the
opFoﬁtc 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 Prifms became fo oblique to the inci-
dent Rays, that thofe Rays began all of them to
be refleted, thofe Rays ®hich in the third
_ Prifm had fuffered the greateft Refra®ion, and

painted the Paper wit§ violet and blue,” were
firft of all by a total Reflexion taken out of the
tranfmitted 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 ‘Rcfrangibilitfy. 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 refrangib?; remain, But this
S o Light
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Light being trajected only through the parallel
Superficies of the two Prifms, if it fufferd any
change by the Refrattion of one Superficies it
loft that Imprefiion by the contrary RefraQion
of the other Superficies, and fo being reftor’d to
its priftinc Conftitution, became of the fame Na«
wre and Condition as at firft before its Incidenca
on thofe Prifms; and therefore, before its Inci4
dence, was as much compounded of Rays diffe«

rently refrangible, as afterwards. :
Illufiratim. In the twenty fecond Figure:
ABC and BCD are the two Prifins tied together
in the form .of a Parallelopiped, their Sides
BC and C B being contiguois, and their Sides
ABand CD parallel. And H JK.is the thicd
Prifm, by which the Sun’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 refraited at O ta
the whits Paper P T, falling there partly upon
P by a greater Refrattion, partly upon.T bya
lefs Refraction, and partly upon l{ and other in~
termediate places by intermediate Refractions
By mrning the Parallelopiped A C B D about its
Auxis, according to the order of the Letters A,
C,D, B, at length when the.contiguous Planes
B C and- C-B become fufficiently oblique to the
Rays F M, which are incident upon them at M,
there will vanifh totally out of the refratted
Light OP T, firft of all the motft refracted Rayg,
OP, (the reft OR and O T remaining as be~
fare ) then the Rays O R and other intermedi-
ate anes, and laftly, the leaft refraéted Rays OT.
For when the Plane BC becomes fufficiently
E ~ oblique
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oblique to the Rays -incident upon it, thofe
Rays will begin to be torally refleted by it to-
wards N; and firft the moft refrangible Rays
will be rtotally refleted (as was explained in.
the preceding Experiment ) and by Confequence
muit firft difappear at P, and afterwards the
- reft as they are in order totally refleted w N,
they. muft difappear in the fame order at R
and T. So then the Rays which at O fuf-
fer the greatcﬁ Refraction, may'be taken out
of the Light M O whilft the reft of the Rays
remain iin. it, and therefore that Light M Q
is compounded of Rays differently refrangi-
ble. . And becaufe' the Planes AB and CD.
bre parallel, and therefore by equal and con-
trary Refractions deftroy one anothers Ef-
Fe@s, ‘the incident Light FM muft be of the
fame Kind and Nature with the emergent Light
M O, and therefore doth alfo confift of Rays
differently refrangible. Thefe two Lights F M
and M O, before the moft refrangible Rays are
{eparated out of the emergent Light MO, a-
gree in Colour, and in all other Properties 19
far.as my Obfervation reaches,- and therefore
are defervedly reputed of the fame Nature and
Lonititution, .and by Confequence the one is
compounded as well ‘as the other. But after
the :moft refrangible Rays begin to be totally
refleted, and thereby feparated out of the e-
mergent Light' M O, 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
anoft refrangible Rays which paint the Paper at
. 2 : ) P with
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P with a purple Colour, are by a total Refle-
xion taken out of ‘the beam of Light M O, the
reft of the Colours which appear on the Paper-
at R-and T being mix'd in the Light MO
compound there a faint yellow, and after the
blue and part of the %{een which appear on the
Paper between P and R are taken away, the, reft,
which appear between R and T ( that is the yel-.
low, orange, red and a little green) being mix-
ed in the beam M O compound there an orange; .
and when all the Rays are by Reflexion taken
out of the beam M O, except the leaft refran-
gible, which at T appear of a full red, their
Colour is the fame in that beam M O as after~
wards at T, the Refraction of the Prifm H JK
ferving only to feparate the differently refrangible
Rays, without making any Alteration in their.
Colours, as fhall be more fully proved hereafter.
All which confirms as well the firft Propofition,
as the fecond, : L
Scholiwm. If this Experiment and the former.
be conjoined and made one by applying a fourth
Prifm VXY [in Fig. 22.] to refraét the reflected,
beam M N towards #p, the Conclufion will be
clearer. For then: the Light N p .which in the
fourth Prifm is more refrated, - will become ful-
ler and ftronger when the Light O P, which in
the third Prifm H JK is more refratted, -va-
nithes at P; and afterwards when the lefs: re<
fraced Light QT vanifhes at T, the lefs re-
fracted Light N ¢ will become increafed whilft
the more refracted Light at p receives no far-
ther increafe. And as the trajeed beam M O
in vanifhing is always %’ fuch a Colour as ought
o 2 ' to
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to.refult from the*mixture of the Colours which.
fall upon the Paper PT, fo is the refleéted
beam M N always of {uch a Colour as ought to
refult from the mixwre of the Colours which
fall upon the Paper p# For when the moft
refrangible Rays are by a total Reflexipn taken
out of the beam M O, and leave that beam of
an orange Colour, the Excefs of thofe Rays in
the refleCted Light, does not only make the vio-
let, indigo and.blue at p more fuli, but alfo
makes the beam M N change frem the yellowith
Colour of the Sun’s Light, to a pale white in-
clining to blue, and aftterward recover its yel-
" lowith Colour again, {o foon as all the reft of the
tranfmitted Light MOT is refleCed. - . '
Now feeing that in all this variety of Expe-
riments, whether the Trial be made in Lighs
refleGted, and thac either from natural Bodies,
as in the Yirft and fecond Experiment, or fpe-
cular, as in the ninth; or in Light refracted,
and that either before the unequally refradted
Rays are by diverging feparated from one an-
“other, and lofing their whitenefs which they
have altogether, a;p r feverally of feveral Co-
lours, as in the fi tﬁe%xperiment 3 or after they
are feparated from one anpther, and:appear co-
lour'd as in the fixth, feventh, and eighth Ex-
periments; or in Light traje¢ted through paral-
lel Superficies, deftroying each’ others Effe@s,
as in the tenth Experiment; there are always

found Rays, which at equal Incidences on &
fame Medium f{uffer unequal Refra&ions, and
that without any {plitting or dilating of fingle
Rays, or contingence in the inequality of the
’ 3 . Refra-
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Refraitions, as is proved in the fifth and fixch
Experiments. And feeing the Rays which dif-
fer in Refrangibility may be parted and forted
from one anotier, and that either by Refraction
as in the third Experiment, or by Reflexion as in
the tenth, and then the feveral forts apart at
equal Incidences fuffer unequal Refractions, and
thofe forts are more refracted than others after
Separation, which were more refracted before
it, as in the fixth and following Experiments,
and if the Sun’s Light be trajécted through three
or more crofs Prifms fucceflively, thofe Rays
which in the firft Prifm, are refracted more than
others, are in all the following Prifms refracted
more than others in the fame Rate and Propor-
tion, 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 refrangible than others, as was propofed.

PROP. IIl. Tueor IIL
The Sun's ngbt confifts of Rays differing
in Reflexibility, and thofe Rays aremore
reflexible than others which are mare
refrangsble.
THIS is manifeft by the pinth 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 refraCted by its Bafe, became fo

oblique to ‘that Bafe, as to begin to be totally
E 3 refleCted
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refle@ed thereby; thofe Rays became firft of all
totally refleGted, which bcf{)re at equal Inciden-
ces with the reft had fuffered the greateft Refra-
&ion. And the fame thing happens in the Refle-
xion made by the common Bafe of the two
Prifms in the tenth Experiment.

PROP.IV. Pros L

To feparate from one another the heteroge-
neous Rays of compound Light.

T HE heterogeneous Rays are in fome mea- -
fure feparated from one another by the
Refra&tion of the Prifm in the third Experi-
ment, andin the fifth Experiment, by taking a-
way the Penumbra from the re@ilinear fides of
the coloured Image, that Separation in thofe ve-
ry retilinear fides or ftraight edges of the I-
mage bgcomes perfe@. But in all places be-
tween thofe re&ilinear edges, thofe innumera-
ble Circles there defcribcg, 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, whilft their
Centers 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 propor-
tionally diminifh’d. In the twenty third Figure
let AG, BH, CJ, DK, EL, FM be the Cir-
cles which fo many forts of Rays flowing fro}::m

. o : the
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the fame difque of the Sun, do in the third Ex-

periment  illuminate; of all which and innu-
merable other intermediate ones lying in a con-
tinual Series between the two reilinear and pa-
rallel edges of the Sun’s oblong Image P.T,
that Image is compos'd, as was explained in-
the fifth Experiment. Andlet ag, 64, ci, d %,
el, fm be fo many lefs Circles lying in a like
continual Series between two parailel right Lines -
a fand g m with the fame diftances between their
Centers, and illuminated by the fame forts of
Rays, that is the Circle 2 g with the fame fort
by which the correfponding Circle A G was il-
luminated, and the Circle 4 4 with the fame fort
by which the correfponding Circle B H was illu-.
minated, and the reft of the Circles c7, d%, e/,
Jfm refpetively, with the fame forts of Rays by
which the feveral- correfponding Circles C J,
DK, EL, FM were illuminated. - In the Ei-
gure P T compofed of the greater Circles, three
of thofe Circles AG, BH, C]J, are fo ex-
K:nded into one another, that the three forts of
ys by which thofe Circles are illuminated,
together with other innumerable forts of inter-
mediate Rays, are mixed at QR in the middle of
the Circle BH. And the like Mixture happens
throughout almoft the whole length of the Fi-
gure P'T. But in the Figure p# compofed of
the lefs Circles, the three lefs Circlesa g, 64, c1,
which anfwer to thofe three greater, do not ex-
tend into one another ; nor afe there any where
mingled fo much as any two of the three forts of
Rays by which thofe Circles are illuminated, and
- E 4 . which
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which in the Figure P T are all of them inters
mingled at BH. *

- Now he that fhall thus confider it, will eafily
underftand that the Mixture is diminithed 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 alfo
three times lefs; if ten times lefs, the Mixture
‘will be ten times lefs, and fo of other Propora
tions. That is, the Mixture of the Rays in the
greater Figure P'T will be to their Mixture in
the lefs p#, as the Latitude of the greater Fi~
gure is to the Latitude of the lefs. For the La-
titudes of thefe Figures are equal to the Dis~
meters of their Circles. And hence it eafily fol-
lows, that the Mixture of the Rays in the re-
fracted Spe@rum p¢ is to the Mixture of the
Rays in the direct and immediate Light of the
Sun, as the breadth of that Spe@rum is to the
difference between the length and breadth of the
fame Spetrum.

So then, if we would diminith the Mixture
of the Rays, we are to diminith the Diameters
of the Circles. Now thefe would be diminith~
ed if the Sun’s Diameter to which they anfwes
could be made lefs than it is, or (which comes
to the fame Purpofe) if without Doors, at a
great diftance from the Prifin towards the Sun,
fome opake 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 thro:xlé‘
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that Hole to the Prifm. - For {o the Circles AG,
BH, and the reft, would not any longer anfwer
to the whole Difque of the Sun, but only to that
Part of it which could be feen from Prifm
through that Hole, that it is to the apparent Mag-
nicude of that Hole view'd from the Prifm. Bue
that thefe Circles may anfwer more diftin&tly to
that Hole, 2 Lens is to be placed by the Prifm to
caft the Image of the Hole, (that is, every one
of the Circles' AG, BH, &¢.) diftinly upon
the Paper at PT, after fuch a manner, as by a
Lens placed at a2 Window, the Species of Ob- -
j&s sbroad are caft diftin@ly upon a Paper
within the Room, and the re&tilinear Sides of
the oblong Solar Image in the fifth Experiment
became diftin@ without any Penumbra. If this
be dome, it will not be neceflfary to place that
Hole very far off, no not beyond the Win-
dow. And therefore inftead of that Hole, I
tltfed the Hole in the Window-thut, as fol-
OWS, co. - ’ .

Exper. 11. In the Sun’s Light let into my
darken'd Chamber through a {fmall round Hole
in my Window-fhut, at about ten or twelve
Fert from the Window, I placed a Lens, by
which the Image of the Hole might be diftinély
caft upon a Sheet of white Paper, placed at
the dilg:nce of fix, eight, ten, 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 jmmediately afcer the Lens I placed a
Prifm, by which the trajected Light might be
refracteq either wpwards or fide-ways, and ther;-

. r. "‘ . Y » y
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by thg round Image, which the Lens aloné did
caft upon the Paper might be drawn out into a
long 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 Reilinear Sides of the
Image became moft diftin&. For in this Cafe,
the Circular Images of the Hole, which compofe
that Image after the fame manner, that the Cir-
cles ag, b, ci,&c. do the Figure p# [in Fig.23.}
were terminated moft diftin&tly without any
Penumbra, and therefore extended into one ano-
ther the Jeaft that they could, and by confequence
the Mixture of the heterogencous l{ays Was Now
the leaft of all. By this means I ufed to form
an oblong Image (fuch as is p¢) Lin Fig. e3,
and 24.] of Circular Images of the Hole, (fach
as are ag, bb, ci, &c.) and by ufing a greater
or lefs Hole in the Window-fhut,” I made the
Circular Images ¢ g, 65, ci, &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 little as I de-
fired, :
. Tllufiration. In the twenty-fourth Figure, F
reprefents the Circular Hole in the Window-
~fhut, MN the Lens, whereby the Image or Spe-
 cies of that Hole is caft diftin@ly upon a Paper
at ], ABC the Prifm, whereby the Rays are at
their emerging out of the Lens refracted from
J towards another Paper at p #, -and the round
Image at J is wrned into an eblong Image p¢
’ alling
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falling on that other Paper. - This Image p# con-
fifts of Circles placed one after another in a Reéti-
linear Order, as was fufficiefitly explained in the
fifth Exycrimcnt ; and thefe Circles are equal to
the Circle J, and confequently anfwer in magni-
tude to the Hole F; aflg,the:cfore by diminifhin
that Hole they may be at pleafure diminifh
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 feventy
times lefs than its Length. As. for inftance, if
the Breadth of the Ho%e F be one tenth of an
Inch, and MF the diftance of the Lens from the
Hole be 12 Feet; and if pB or pM the diftance
of the Image pz from the Prifm or Lens be 10
Feet, and the refra&ing Angle of the Prifm be
62 Degrees, the Breadth of the Image p# will
be one twelfth of an Inch, and the Length about
fix Inches, and therefore the Length to the
Breadth as 72 to 1, 'and by confequence the
Light of this Image 71 times lefs compound
than the Sun’s dire& Light. And Light thus far
fimple and homogeneal, is fufficient 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 perceiv'd by Senfe, except per-
haps in the indigo and violet. For thefe being
dark Colours, do eafily fuffer a fenfible Allay
by that little fcattering Light which ufes to be
refracted irregularly by the Inequalities of the
Prifm, :

Yet inftead of the Cjrcular Hole F, ’tis better
to fubftitute an oblong Hole fhaped like aPlonlg

aral-

s . ..
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Parallelogram with its-Length paraliel to the
Prifm ABC. For if this Hole be an Inch or
two long, and bura tenth or twenticth Part of an
Inch broad, ornarrower; the Light of the Image
pt will be as fimple as before, er fimpler, and
the Image will become much broader, and there-
fore more fit to have Experiments try’d in ita
Light.than before. - o
Inftead of this Parallelogram Hole may be fub-
ftituted a tfiangular 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 p¢#
[in Fig. 25.] will now be form'd of equicrural
Triangles ag, b5, ct, dk, el, fm, &c. and in-
numerable other intermediate ones anfwering to.
. the triangular Hole inShape and Bignefs, and lying
one after- another in a continual Series between
two Parallel Lines 2 f and gm. Thefe Triangles
are a little intermingled at their Bafes, but not at
" their Vertices; and therefore the Light on the
brighter Side 4 f of the Image, where the Bafes
of the Triangles are, is a little compounded, but
on the darker Side lg m is altogether uncom-
pounded, and in all Places between the Sides the
Compofition is proportional to the diftances of
the Places from that. obfcurer Side g.. And ha-
ving a Spectrum ‘p¢ of fuch a Comipofition, we
may try Experiments cither in its ftronger and lefs
fimple Light near the Side af, or in its weaker and
fimpler Light near the other Side gm, as it fhall
feem moft convenient. .

But
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But in making.Experiments of this kind, the
Chamber oughr to be made as dark as can be,
left any Fareign Light mingle it felf .with the
Light of -the 8 mp ¢, and render & com-
pound ; efpecially if we would try Experitents
 the more fimple Light next the Side g of
the Speftrum ; which being fainter, will have
a lefs proportion to the Foreign Light ; and fo
by the mixrure of thar Light be more troubled,
and made more compound,” The Lens alfo
ought to" be- good, fuch as ‘may ferve for opti-
cal Ufes, and rhe Prifm ought to have a larE:
AnFle, fuppafe of 65 or. 70 Degrees, and to
well wrought, being made of Glafs free from
Bubbles and Veins, with its Sides not a litle
convex or cppcave, as ufirally happeos, bur traly
plane, and its Polith elabarate, as in working
Optick-glafles, and not-fuch as is ufually-wrought
with Potry, whereby -the-edges. of  the Sand-
holes hding xisorn away, there are left all over
the Glafs.d. nimberlefss Company of wery ligle
convex polite Rifings like Waves. The. edges
alfo of the Prifm and Lens,-{o far as they may
make any arogular Refrattion, muft be covered
with a black Paper glewed on. And all the
Light of rhe Sun’s-Beam lgt into the Chamber,
which is ufele(s and unprofitable to the Experi-
ment, cwght ta. be intercepted with black Pa-
per, or othor hlack Obftacles. For otherwife
the ufelefs Light being refle@®ed every way in
the Chamber, will mix wich the oblopg Spe-
¢trum, and help to difturb it. In trying thefe
’fhhxgs, fo much diligence is pot altogether ne-
ceflary, but ir will promete the Succefs %’ the
' mXpe-
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Experiments, and by a very fcrupulous Examiner
of Things deferves to be applyd. It’s difficule
to get Glafs Ptifms fit for chis Purpofe, and there-
fore I ufed fometimes prifmatick Veflels made
with pieces of broken Looking-glafies, and filled
with Rain Water. And to incredfe the RefraGtion, .
1 fometimes impregnated the Water firongly, wich

Saccharum Saturn:.

PROP.NV. Turor IV.
Hombogeneal Light is refracted. regularly
without any Dilatation [plitting or fbatter-
ing of the Rays, and the COﬂftfzd Vifion of
Objelis feen through refraéting Bodies by
heterogeneal Light arsfes from: svhe diffe-
rent Refrangibility of feveral fortsof Rays.

HE firft Part of this Propofition has been

-~ already fufficiently proved in the fifth Ex-

periment,’ and will farther appear by the Experi-
ments which follow.

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 Spe@rum of homrogeneal Light defcribed
in the former Propofition, fo to fall, that fome
part of the Light might pafs through the Hole
of the Paper. This tranfmitted part. of the
Light I refrated with a Prifin placed behind
the Paper, and letting this refracted Light fall
‘perpendicularly upon a white Paper two. or
three Feet diftant from the Prifm, I found thla:t

: : the |



the Specrum formed on the Paper by his Light
was not oblong, as:when ’tis made (il the thgixjd-
Experiment) ‘by refriting. the Sun’s compound
Light, but was (fo far:as-I could judge by my
Eye ) perfeétly circular,. the Length being no
greatet than the Brehdth. - Which thews, that this
Light is refracted regularly without any I_Sijatation
of the Rays, ©* . S '
Exper. 13. In the' homogeneal Light I placed
a Paper Circle of a quarter of an Inch in diameter,
and in the Sun’s unrefratted heterogeneal white
Light 1 placed another Paper Circle of the fame
Bignefs. And going from the Papers to the di-
ftance of fomeFeet, I viewed both Circles through
aPrifm. The Circle illuminated by the Sun’s he-
terogenedl Light appeared very oblong, as in the
fourth Experiment, che Length being many times’
greater than the Breadth ; but the other Circle,
illuminated with homogeneal Light, appeared cir-
cular and diftin@ly defined, as when.’tis view'd
with the maked Eye, Whith proves the wholePro-
pofition. " . h‘ o b T slaced
Exper. 14. In the homogeneal Light I placed
Flies, and fuch-like mmuct‘EObjeéts;g and Pviéw-
ing thém. through a Prifm, I faw their Parts as
diftin@ly defined, as if I had viewed them with
the naked Eye. The fame Obje&ts placed in
the Sub’s unrefra@ed hererogeneal Light, which
was white, § viewed :alfo through a Prifmn, and
faw them :moft confufedly defined; fo that I
could not diftinguith their {maller Parts from
one another. I placed alfo the Letters of a
{mall print, ong while in the homiogencal Light,
and then in theﬁleterogcncal, and viewin thenll1
. throug
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through a Prifm, they appeared in the latter Cafe
fo confufed and indiftin&, that I could noc read
them; but in the former they appeared fo diftiné,
that I could read readily, and thought I faw them.
-as diftin@, as when I view’d them with my n

Eye. In both Cafes I view’d the fame Objeds,
through the famePrifm at the fame diftance from
me, and in the fame Situation. There was no
difference, but in the Light by which the Objects
were illuminated, and which in one Cafe was
fimple, and in the other compound ;s and there-
fore, the diftinét Vifion in the farmer Cafe, and
confufed in the latter, could arife from nothing
elfe than from that difference of the Lights.

o Which proves the whole Propofition.

And jin thefe three Experiments it is farther
yery remarkable, that the Colour of homogeneal
Light was never changed hy the Refraction.

| PROP. VL THEOR. V .
 The Sine of Incidence of every Ray confi-
dered apart, is to its Sine of RefraFion

in a given Ratio,

“ ] "HAT every Ray confider'd apart, is con-
flant to it felf in fome degree of Refran~
gibility, is fufficiently manifeft out of what has
been faid. Thofe Rays, which in the firR Re-
frattion, are at equal Incidences moft refrated,
are alfp in the following Refractions at elqufi
. - Incie

»
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‘Incidences moft - refraced ;- and fo of the leaft
refrangible,” and the reft ‘which have any mean
Degree of Refrangibility, as is manifeft by the
fifth, fixth, feventh, ei ,; and ninth Expe-
riments. And thofe which the firt Time at
like Incidences are -equally refraGted, are again
at like Incidences equally and uniformly refra&-
ed, and that whether they-be refrated before
ﬁﬂzz be feparated from one another, as in the
Experiment, or whether they be refracted
abart, as in the twelfth, thirteenth and four-
teenth Experiments. - The RefraGion therefore
of every Ray apart is regular, and what Ryle tha
Refra@tion obferves we are now to thew*._ . -
The late .Writers in Opticks teachy that the
Sines of Incidence are in a given Proportion
to the Sines of Refrattian, as was explained .in
the fifth Axiom ; and fomg by Inftruments fic-
ted for meafuring of Refractions, or otherwife
-experimentally examining this Proportion, do
acquaint us that they bave found it accurate.
But whilft they, not underflanding the diffe-
rent Refrangibility of feveral Rays, conceived
them all to be refra@ed accarding to. one and
the fame Proportion, - ’tis to:be prefumed that
they adapted their Meafures only to the middle
of the refracted Light ; fo that from their Mea-
fures we. may conclude only that the- Rays
which have a mean Degree of Refrangibility,
that is, thof¢ which when feparated from the
reft appear green, are refracted according to 2
given Proportion of their Sines. And there-

&‘; git s wery fully treated of in our Author's Leét. Optic. Part I,
F fore
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forée we are now to:thew, that the like given
Proportions obwin in all the reft. That ic
thould be fo is wery reafonable, MNature being
ever conformable to her felf ; but an rimen~
tal Proof is defired. . And fuch a Proof will be had,
if we can fhew that the Sines of Refration aof
Rays differenty refrangible are one to another in
a given Proportion when their Sines of Incidence
are equal. - For, if the Sines of Refrattion of all
the Rays are in given Proportions-to she Sine of
Refra@ions of a Ray which has & mean Degree tof
Refrangibility, and this Sine is in 2 given Propor-
tion ta the equal Sines of Incidence, thofe other
Sines of R:gna&ion will alfo be in gimPr#Or—
tions to the equal Sines of Incidence, Now,
when the ihmf:lio Incxdegcc are caqual;-l‘fr.‘tt uéi:
a e wing Experiment,

8 r?e?;fbﬁcfra&ion arc in a given Proportien to

- Exper.15. The 8un fhiniag into 2 dark Cham-
ber through a litle round Hole in the Window-
fhue, fet $ [in Fig. 26.] reprefent his round
white Image painted an she oppoficc Wall by
his dire® Light, PT his oblong coloured
‘Image made by refradting that Light with a
Prifm placed at the Window ; 20d p#, or
‘2p 2¢, or 3p 3¢ ‘his oblong colour’d Image
made by refracting again the: fame Light fide-
~ways with a focond Prifm placed immediatély
aﬁe{ a;}:i firlk ;Ine aﬁftt:x:ﬁ Polition to it, as was

explai in t Experiment ; t is @
-fay, pt when the Refration of the fecond
Prifm is fmall, 2p 2 # when its Refraction is
"greater, and 3p 3¢ when it is greateft. fFer‘
H, 3 u
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fuch wjll be the diverfity of the Refradions, if .

the refradtipg Angle of the fecond Prifm be of
various Magnitndes; fuppofe of fifteen or twen-

Degrees to \;:akc the Image p#, of thirty or
Z;rty to makett e Image 2p 2¢, and of ﬁ;g )

make the Image 3{9 3¢ But for want of folid -

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 be-
g thus ordered, I obferved that all the folar
Images or coloured Spetrums PT, p#, 2 ?
2£, 3p 3¢t did very near) ¢onvc1}ge to the place
$ on which the dire& Light of the Sun ‘fell
and painted his white round Image when the

Prifms were taken away. The Axis of the Spe- = -

&rum PT, that is the Line drawn through the
middle of it parallel to its re@ilinear Sjdes,
did when &rz uced pals exa@ly throygh the
middle of that white round Image S. And when
the Refraction of ghe fecond Prifm was equal
1o the Refration of the firft, the refra@ing An-
ﬂ? of them both being ahout 6o Degrees, the
is of the Spe&trum 3p 3¢ made by that Re-
fracien, did when ‘Pro uced pafs alfo through
the middle of the fame white roynd Image §.
Bur whepn the Refradion of the fecond Prifin
was lefs than that of the firft, the produced
Axes of the Spectrums 7p or 2¢ 2p made by
that Refra@tion did cyt the produced Axis of
the Spectrum TP in the tPoints m_and #, a'lit-
tle beyond the Center of that white round I-
mage S, Whence the proportion of the Line
32T to the Line 3 pPFwas a little greater thir;
2 the
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* the Proportion of 27T to 2pP, and this Pro-
ortion a little greater than that of #T to {’ P.
gfow when the Light of the Spetrum P T falls
. perpendicularly upon the Wall, thofe Linés
3¢ T, 3pP, and 2¢T, 2pP, and T, pP, are
" the Tangents of the Refrattions, and therefore
this Experiment the Proportions of the Tan-
gents of the Refra&tions are obtained, from
whence the Proportions of the Sines being de-
rived, they come out equal, {0 far as by view-
ing the Spetrums, and ufing fome mathemati-
cal Reafoning' I could eftimate. For I did not
make an accurate Computation. So then the
Propofition holds true in -every Ray apart, fo
far as appears by Exg:rimcnt. And that it is
a'ncuratc{,y true, may be demonftrated upon this
Suppofition.. That Bodses refrast Light by atting
upon its Rays in’ Lines 'flerpmdicalar to their Sur-
foces. But in order to this Demonftration, I muft
diftinguith the Motion of every Ray into two
Motions, the one perpendic#lar to the refrating
Surface, the other parallel to it, and concerning
the perpendicular Motion lay down the follow-

"ing Propofition. '

If any Motion or moving thing whatfoever be
‘incident with any Velocity on any broad and
“thin {pace terminated on both fides by two paral-
lel Planes, and in its Paflage through that
{pace be urged perpendicularly towards the far-
ther Plane by any force which at given diftances
from the Plane is of given Quantities; the per-
pendicular velocity of that Motion or Thing,
at is emerging out of that fpace, fhall be a’lw:.gs
equal to the fquare Root of the fum of the
' 3 {quare
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fquare of the perpendicular velocity of that
Motion or Thing at its Incidence on that fpace;
and of the fquare of the perpendicular vdpocuy
- which that Motion or Thing would have at its
Emergence, if atits Incidence its perpendicular
velocity was infinitely little. T
d the fame Propofition holds trye of any
Motion or Thing perpendicularly retarded in its
paflage through that fpace, if. inftead of the fum
of the two Squares you take their difference,
The Demonttration Mathematicians will ‘eafily
find out, dnd therefore I ‘fhall not trouble the
Reader with it. - o - '
Suppofe now that 2 Ray coming moft obligue~
ly in the Line M.C [in Fig. 1.3 be refracted as
C by the Plane RS into 5’xerL%ne €N, and-if
it be required to find ‘the Line CE, into which
any other Ray.A C fhall be refracted; lec MC,
AD, ‘be the Sines of Incidence of the two Rays,
and NG,.EF, their Sines of Refraition, and
let the equal Motions of the incident Rays be
reprefented by ‘T;’ equal Lines MC and AC,
and the Motion MC being confidered as paral~
lel to the refracting Plane, let the other Motion
AC be diftinguithed into' two Motions AD
and DC, jone of which AD is parallel, .and the

other DC perpendicular to the refracting Sur-

face. In like manner, let the Motions of the
emerging Rays be diftinguith’d into two, whereof
MC

the perpepdicular ones are 3\7?;‘ CG and gg CF..

And if the force of the refra@ing Plane begins
-tpactupon the Rays either it that Plane or at
a certaip diftance from it on the one fide, and
¢nds at a certain diftance from it on the other
' F 3 Side
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fide, and in all places between thofe two limics
a@s upott the Rays in Linés X)efp'endic'ular to
that tefra@ing Plane, -and the Acions upon the
Rays at equal diftances from the refraéting Plane
be equal, and at unequal ones cither équal of un~
equal according to any rite W_h‘zitcv‘cf‘; that Mo-
tion of the Ray which Is parallel to the re-
fracting Plane, will fuffer no Alteration gy that
Force ; and that Métion which is E,chpcn ictlar
to it will be altered accordinig to the rule of dhe
fotegoing Propofition. . If therefore for the ggt-
pendicular VeYocity of* the émerging Ray C N
you write %{-g CG- as above, then the perpendi-
cular velocity of. any ‘other energing Ray CH
which was 1;79, CF, wilt be eqpil to, e fquare
Root of CDg + %52 CGy. ; Am: by. fquaring
‘thefe Equals, and a'ddhg to" them the Equafs
ADg and MCg¢ < CDyg, ahd’ dividing the
Bums by the Equals CF g-+E¥y #nd CGyg 4=
NGyg you will have Fg—icgﬁaf tp%{Whmtce
AD, the Sine of - Incidence; is to E F the Sine of
Refradtion, as MC ta: NG, - that-is; " ih a giveh
ratio, -And this Derhonftsation being general,
without determining.what Lighe-is,- or by what
kind of Force it i refratted, . or affbming sny
thing farther than that. the refrd@ing Body as
upan the Rays in Lines perpendicular to its Sur,
face ; I take it to be 4 very.convincing Argurhent
of the full tryth of this Propofition, S
So then, if the rutio of the Sines of Inci-
dence and Refradioh of any Tdgrt of Ra%';m;b;

.,
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found in any one.cafe, mgmmaﬂaﬁm and
this may bercadilyfound by the Method. .in tbc

following Propafition.

- PRO}’ VIL THBOR. vl

The Prrfection of Telgf ED impeded by
the different Reffangt‘?lz{y of tbe szys
“of ngl:t,

of Telef‘cgfes is vull-
. arly attributed to the fpherical Figires of
thé'Ggﬂ'&e and therefore Mathematicians have
pmpounded to figure them by the conical Secit
ons. To fthew they are miftaken, I have in«
ferted this Propofition ;- tbe truth of which will
’?pm by the meafure of  the Refractions of the
veral forts of* Rays, and thé!é mea{ures I :hus
determine, ;

In the third Bxperiment of chis Pare,
where the refracting Angle of the Prifin ws 625
&eﬁe , the'half of that Ani 1'deg. 15 min.

Angle of Incidenee of ys at their go-
ing out of the Glafsinto the Air *; and thie Sine of
Angle is § 198, the Radius being 10000: Wheh

the Axis of this Prifiri was aral‘lel to the Hotizon,
and the Refration 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 refrangible Rays, (that is thofe which
went to the middle of the Sun’s coloured Image)
mhade with the Horizon, and by this Angle and the
Sun’saltitude obferved at the fame time, I found the

o SamAuthon Le&. Optic. Part I. Se&. II. §. 29."

Fq Angle
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Anglewhich the emergent Rayscantained with the
incident to be 44 deg..and 40.min. aod the half of
this Angle added to the Angle of Incidence %n
.15 min. makes the Angle of Refration, which 15
therefore 53deg. 35 min. and itsSine 8047. Thefe
- are the Sines of % ¢idence and Refracion of the
ghéan, xefrangxble Rays, and their Proportion” in
round Numbers is 20 to 31. -This Glafs was of
Colour inclining t6 green. The 1aft of the Prifms
mentioned in the third Expcnment was of clear
white Glafs. "~ Its refratting Angle-63% Degrees.
"The Angle which the ¢mergent Rays contained,
awith the ipcident 45 deg. 5o min.. The Sige of
half the firft Angle.§262. The Sineiof half. the
Sum of the Angles 8157. And thcu'Propomoa in
yound Numbers:20 ;o 3 1, t;‘.Zbe ore,

‘From the Le Image, which wa;
abput gjor 10 In ;, fubdu& its Beadth, which
was 2§ Inches, and the Rémainder 7 Inches
would be the Length of the Image' were the $un
bus a Point, and therefore fubtends the Angle
wehich. the moft and leaft refrangible Rays, . when
incidens on the Prifm in the fame Lines, do
‘contain,with one another after -their Emergence.
Whenge this Angle is 2 deg..0.7". For the
diftance between the Image -and the Prifig
where this Angle is made,” was 181 Feer, and
at, that_ diftance- the Chord Inchcs fubtends
an’ ‘Angle of 2 deg. o', 7", Now half this Angle
is .the Angle Whlch thefe emergent Rays ogn-
tain with the emergent mean rcfrangxb Rays,
and a quarter thereof, that ‘is 30’ 2”. may be
sceounted the A.nglc wh:ch they would contain
with the fame cmr.rgent meaq refrangible Rays,

‘ were
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ere they co-incident to them within the Glafs,
and fuﬁ'ercd no othcrchfra&x‘c::l tl}?:znfr that at their
Emergence. For, if two aliops, the
one at the Incidence of dlcﬁ{ays on the Prifm,
the other at then' Emergence, make half the

%lc 2 deg. o' 7". then one of thofe Refra&ions

1l make about a quarter of that Angle, and this
quartes added to, and fubdu&ed from the Angle
of Refraction of the mean refrangible Rays,
which was 53 deg. 35, gives the Angles of Ke-
fraction of the moft and leaﬁ refrangxble Rays
54deg 5'2", and 53 deg. 4' 58", whofe Sines
are 8099 and 7995, the common Angle .of In-
cidence being 31 deg. 15, and its Sipe.5188;
and thcfe Sanes.in the leaft round Numbers are in
pro ion to one another, as 78 and.%7 to go."

w, -if you fubduct the common Sine of In-
mdence 50 fmm the Sines of Refraction 77 and
;& , the Remainders 27 and 28 fhew, that in.fmall
&ipns the Refraction of the leaft.refrangi-
ble Rays 18 to the Refraction of the moft refran-
gible ones, as 27 to 28 very nearly, and that the
difference-of the Refractions of the leaft refran-
gible and moft refrangible Rays is about the
27ith Part of the whole Refraction of thc mean
refrangible Rays. '

Whence the that are skilled in Opncks will
eafily undq'ﬁand * that the Breadth of the leaft
circular Space, into which Objec-glafies of Te~
lefcopes can collet all forts of Parallcl Rays, is
about the 27jth Part of half the Aperture of the
Glafs, or 55th Part of the whole Aperture ; ‘and

® Tbis 45 lmonﬁraud in our Author s Le&. Optic. Partl, Se&.1IV.
Prop.37. - chat
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¢hac thd Focus of the moft refrangible Rays is
nearer to the Obje@-glafs than the Fotus of the

ledft refrangible ones, by about the 27jth Pare of

the diftance between the Objet-glafs and the
Focus of the mean refrangible ones.

And if Rays of 4ll forts, flowing from any
one lucid Point in the Axis of any convex Lens,
be made by the Refraction of the Lens to con-
werge to Points ndt tod t¢mote ftom the Lens,

the Foéus of the moft réfrangible Rays fhall be

neaver' to the Lens than the Focus of the leaft
tefrangible ‘ones, by 2 diftance which is to the
274t Part of the diftanee of the Focus of the
treean refrangible Rays from the Lens, as the di-
franée between ‘that Focus and the lucid Poine,
from wheide the Rays flow, is to the diftaice be-
tweenr that lucid Point and the Lens verynearly.
Now to examine -whether the Difference be-
tween thé Refractions, which the moRt-refrangi-
ble and- the leaft refrangible Rays flowihg from
the fafne Point fuffer iri the Object-glaffes of Tl
lefcopés and fuch-like Qlaffes,- be fo great as is
here deferibed, Iconirived the following Experi-

ment;: - :

Ekper. 16. The Lens yhich 1 ufed ih the fe.
cond and eighth Experiments, being plaged fix
Feétand an Inch diftant from any Obje&t, col-
le@ed the Species of that Obje@ by the mean
refran%‘ible Rays at the diftance of frk Feet and
an Inch from the Lens on the other fide:' And
theréfore by the foregoing Rule, it ought to col-
le& the SKCCies of that Objet by the leaft re-
frangible Rays at the diftance of fix Feet and
33 Inches from the Lens, and by the moft re-
o frangible
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frangible ones at the diftance of five Feet and
10! Inches from it: ‘So that between the two
Places, where thefe Teift amd moft refrangible
Rays colle® the Species, theére may be the di-
ftance of sboue 51 Iiches.- For by that Rule,
as fix Feet and gn Inch'( the diftance of the Lens
from the lucid Objet) is to twelve Fect and
two Inches (the diftance of the fucid Objeét
from chie Focus of the, mein refrangible Rays)
thac is, as Onte 1s to Twa; fo is the 27ith Part
of fix Feer and an'Inch (the diftance betweets
the Lens-and ‘the fatlie Focus) to the diftance
betwetn che Focus of the' moft refrangitile Rays
and the ‘Focud of the leaft 'r;ﬁ'ahng%ble - ones,
which s chéréfore’ yﬁnbhe’s;"that i8'very nearly
53 Inchts: - Now to kiiow whethet this Meafuré
s true, T fepeated the fecond and eighith Ex-
petitmene with coloured Light, which was. lefs
gd’ chiut that I there made ife of !

For 1 now i fepatated® the héterogencous Rays
from one“aftother by the' Method 1 -deferibed
in the-eléienth Experitnear; fo as to ‘make 2
tolonted Spedirum about twetve of fifted Times
longer-than broad. This Spé T caftond
gx&ted' Book, and placing ‘the above-mend¢ned
af the diftance of fix Feer and am Inch
from - chis ‘Spetrum to colle@® the Species of
the illuminated Lettets 4t the fame diftance on
the other fide, I found that the Specics of the

Letters illuminated with blue were nearer to

the Lens than thofe illuminated with deep

red by about three Inches, or three and 2 quar-

ter ; but the Species of the Letters illumi-

nated with indigo and violer appeared fo ffxfo:&
3
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fufed and indiftin, .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 Refrattion.could not
be. regular.. I took  another Prifm therefore
which was_ free from Veins, and inftead of the
Letters I ufed two_ or three ‘Parallel black Lines
a little broader than.the Strokes, 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 Sp  to. the
other, 1 found that the Focus wg;rc- ¢ indigo,
or confine of this Colopr and. violet, caft .the
Species of the black Lines moft diftindly,, two
be about four Inches, or: 44 nearer to.the Lens
than the Focus, where the deepef} red caft the
Species of the fame black Lines. maft diftin&,
ly. The violet was fo faint-and-dask, .that ]
could not difcern the Species of. the; Liges dic
ftin@tly by that Colour ;- and therefore confi-
dering that the Prifm was made of a dark co-
loured Glafs inclining to.green, I took agother
Prifm ‘of ‘clear. white Glafs; but .the SpeGim
of Coloprs  which this Prifm made. bad. long
white Streams of faint Light fhooting ous from
both'ends-of the Colouts,, which made me con-
clude that fomething was amifs; and: viewing
the Prifm, I found-two or,three little, Bubbles
in the Glafs, which refracted the Light irregu-
larly. Whercfore I cpvered thag Part of the Glafs
with black Paper, “and letting the Light pafs
through anpther Part of it which, was free from
fuch Bubbles, the Spe&rum of Calours became
free 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, ‘that I 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 Spe@trum. I fufpected there-
fore, that this faint and dark.Colour might be
allayed- by that fcattering Light which was re-
fratted, and reflected irregularly, partly by fome
very fmall Bubbles in the Glaffes, and partl
by the Inequalities of their Polith ; whic
Light, tho™ it was but little, yet it being of a
white Colour, might fuffice to affe@ the Senfe
fo ﬁrOngl‘y as to difturb the Phznomena of that
weak and datk Colour the violet, and there-
fore I wried, as in the 12th, 13th, and 14th Ex-
periments, whether the Light of this Colour
did not confift of a fenfible Mixture of heteroge-
neous Rays, but found it did not. Nor did the
Refrations caufe any other fenfible Colour than
violet to emerge eut of this Light, as they
would have done out of white Lighr, and by
confequence out of this violet Light had it been
fenﬁl.;?y compounded with white Light. And
therefore I concluded, that the reafon why I
could not fee the Species of the Lines diftinctly
by this Colour, was only the Darknefs of this
Colour, and Thinnefs of its Light, and its di-
ftance from the Axis of the Lens; I divided
therefore thofe Parallel black Lines into equal
Parts, by which I might readily know the di-
ftances of the Colours in the Speétrum from
one another, and noted the diftances of the’
Lens from the Foci of fuch Colours, as caft the
Bpecies of the Lines diftintly, and then c(;)nﬁ&
ere
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dered whether the difference of thofe diftances
bear fuch proportion to §jInches, the greaveft
Difference of the diftances, which the Foci of
the deepeft red and violer ought 1o have from
the Lens, as the diftance of the obferved Co-
lours from one another in the Spectrum bear 1o
the greateft ‘diftance of .the deepeft red and
violet meafured in the Reétilinear Sides of the
Spedrum, that is, to the Length of thofs Sides,
or Excefs of the Length of the Spectrum above
its Breadth. And my Obfervations were as fol-
lows, :
When 1 obferved and compared the deepeft
fenfible red, and the Colour in the Confine of
green and blue, which ar the Redilinear Sides
of the Spe@rum was diftant from it half the
Length of thofe Sides, the Focus where the Con-
fine of green and blue caft the Species of the
Lines diftinély on the Paper, was nearer to the
Lens than the Focus, where the red caft thofe
Lines diftinétly on it by about 2§ or 2} Inches.
For fometimes the Meafures were a little ter,
Jometimes a little lefs, bur feldom varied from
one another above 3 of an Inch. Foy it was very
difficule to define the Places of the Foci, with-
out fome little Errors. Now, if the Colours
diftant half the Length of the Image, (mes-
fured at its Re&ilinear Sides;}‘ give 2; or 2; Diffe-
rence of the diftances of their Foci from the
Lens, then the Colours diftant the whole Length
ought to give 5 or 5i Inches difference of thofe
* diftances.

But here it’'s to be noted, that I could net
fee the red w the full end of the SpeGrum,

but
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b only to tthenwr of ‘the Semicircle which
bousded thatend, or s lirtle farcher ; and theres
fore I compared: this red not with. thar Colour
which was exaly in the middle of the 8
or Confine of green and blue, but with thac which
verged a httlc more to the bhje thap to che green:
And a5 I rockoned thc-whole Length of the
Colours not, to he the whole Length of the
Spe@rum, but theLength of its Rectilinear Sides,
o complearing the femicircular Ends into Circles,
when etther of the obfesrved . Colours fell within
thofe Circles,. I meafirred the diftance of that
Colour from the femicircular End of the $pe-
Grum, and fobduding half this diftance from
the meafured diftance of the two Colours, 1
took the Remainder for ‘their correted: di-
ftance; and in thefc Obforvations {et down this
correied diftance for the: diffiereace of che di-
ftances of their Foci from the Lens For, as
the Leagth of the Re@tifinear Sides of du:ﬁp-
&rum would be the whols Length of all the
Colours, were the Ciscles of which (as we
ed) that Spedrum confifts' comtradted -and
reduoed to Phyfical Points, 0 in that Cale this
corredted diftance would be the rmldiﬁanccof
the two obferved Colowrs. :

When therefore I farther obferved the deepeft
fenfible red, nd that blue whofe corretied di-
fance from it was 7. Ports of the Leagth of
the ReQilinear Sides of the Spectrum, the diffe-
rence of the diflances of their Foci from the
Lens was-about 33 Inches, aad asy 10 12, {0 is
< ‘

When




86 OPTICKS.

When I obferved the deepeft fenfible red, and
that indigo whofe correted diftance was § or'§ of
the Length of the Re&ilinear Sides of the Spe~
&rum, the difference of the diftances of their
Foci from the Lens, was about 33 Inches, and as
2 to 3, fois 33t0 §i. -

When I obferved the deepeft fenfible red, and
that deep indigo whofe correted diftance from
one another was & or § of the Length of the
Redilinear Sides of the Spe@rum, the diffe-
rence of the diftances of their Foci from the
Lens was about 4 Inches; and as'3 to 4, fo
is 4 to0 5% - S

When I obferved the deepeft fenfible red,
and that Part of the violet next the indigo,
.whofe corre@ed diftance from the red was 3
.ar § of the Length of the Re&ilinear Sides of the
Spe&rum, the difference of the diftances of their
Foci from the Lens was about 4} Inches, and
as 5t 6, fois 4to 53. For fometimes, when

" the Lens was advantageoufly 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, 1
could fee pretty diftin@tly the Species of thofe
Lines by that Part of the violet which was next
the indigo; and fometimes I could fee therh
by above half the violet. For in making thefe

Experiments I had obferved, that the Species

-of thofe Colours only appear diftin@, 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 diftinétly; and then the red ap-
S ) peared

|
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geued much lefs'diftin& thah before. Wherefore
contrived to make the Spe@rum of Colours thor--
- ter than before, fo that both its Ends might be
nearer to the Axis of the Lens. And now its
Length was about 2% Inches, and Breadth a«
bout § or ; of an Inch. Alfo inftead of the
black Lines on which the Spe@Grum was caft, 1
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 obferved Colours.
And now I could fometimes: fee-the Species of
this Line with its- Divifions almoft as far as the
Center of the femicircular violet End of the
Spe@trum, and ‘made thefe farther Obferva-
tions. ) :
When I obferved the deepeft fenfible red, and
that Part of the violet, whofe correéted diftance
from it was about 2 Parts of the Reilinear Sides
of the Spe@rum, the Difference of the diftances
of the Foci of thofe Colours from the Lens,
was one time 4!, another time 4%, another time
4% Inches; and as 8 to-g, fo dre 4%, 44, 4% to

5% 5%%, 5ip refpectively. - :
When 1 obferved the deepeft fenfible red,
and dee fenfible violet, (‘the correéted di-
ftance of which Colours, when -all ‘Things were
ordered to the beft Advantage, and the Sun
fhone very clear,” was about 14 or i Parts of the
Length of the Re&ilinear Sides of the colour-
ed Spectrum ) I found the Difference of the di-
ftances of their Foci from the Lens fometimes
4} fometimes 5, -and .frg the moft part's in-
. ., .- - ¢ .ches
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ehpsortherwboum, and as 11 to 12, Of 15 tO
16, fo is five Inches tg 53 or 5 Inches. :

- And by this Progreffion of Expenmentsl fatif-
fied my, {elf, thaz had the Light at the very Ends
of the Spcé'tqum been ftrong enough to make the
Species of the black Lines appear plainly on the
Paper, the Focus of the peft violet would
have been found nearer to the Lens, than the
Focus of the deepe& red, by about 5, Inches
at leaft. And this is a farther Evidence, that
the Sines. of Incidence and Refraction of the fe-
veral forts of Rays, hold the fame- Psopomon to
ene apother in theﬁnallcﬁR:fra&qu which they
do in the greateft,

My Progrefs. in making this nicg-and trouble-
fome Experiment I have fet-down morg at large,
that they that thall wy if after me @3y, be aware
of the Circum{peQion requifite to,make it fuc-
ceed' well. And. if ‘they cannot make it fuc-
ceed fo well as I did, they may. notwithftapd-
ing. golle& by the. Proportion of the diftance of
the Colours of the Spe&trum, to the Difference

of the diftances of their Foci from the Lens,
what would be the Succefs. in the more diftant
Colouss by a beteer trial, Aad yet, if they ufe
a broader Lens than I did, and ﬁx it, to a long
ftrair Staff, by meaps of. which. it may be rea-

dily and truly directed. to. the. Coloyr whote Fo-
cus is; defired, I.queftion. nog byt the, Experiz
maept will fuccecd better with. them, than it did
with me. For I dire@ted the Axis as nearly. as |
::g:lgm to’ tll?:e nd?lgfdk thzf the Colgurs, and then
ng Spedtrum being regnote
frgp “the Axis, caﬁ their Spcc1es lefs diftinctly
on
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on the Paper than they would have done, had the
Axis been fucceflively direéted to them. .

Now by what hasbeen faid, it’s certain that the
Rays which differ inRefrangibility do notconverge
to the fame Focus; but if they flow from a lucid
Point, as far from the Lenson one fide as their
Foci are on the other; the Focus of the moft re-
ﬁ'aniblckays thall be nearer to the Lens than that
of the leaft refrangible, by above the fourteenth
Part of the whole diftance; and if they flow from
a tucrd Point, fo very remote from the Lens, that
before their Incidence they may be accounted pa-
rallel, the Focus of the moft refrangible Rays fhall
be nearer to the Lens than the Focus of the leaft
refrangible, by about the 277th or 28th Part of their
whole diftance from it. And the Diameter of the -
Circle in the middle Space between thofe two
Foci 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 g5th Part of the Diameter .
of the Aperture of the Glafs. So that ’tis a won-
der, that Felefcopes reprefent Objecs fo diftinét
as they do. But were all the Rays of Light
equally refrangible, the Error arifing only from
the Sphericalnefs of the Figures of Glafles would
be many hundred times lefs. For, if the Obje&t-
glafs of a "Felefcope be Plano-convex, and the
Plape fide be turned towards the Object,  and
the Diameter of the Sphere, whereof this Glafs
is a Segment, be called D, and the Semidiame-
ter of the Aperture of the Glafs be called 8, and
she Sine of Incidence out of® Glafs into Air, be
to the Sine of Refraction as I to R; the Rays
. . G 2 _ which
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which come parallel to the Axis of the Glafs, fhall
in the Place where the Imagc of theObje&t is moft
diftin@ly made, be fcattered all over a littleCircle,

. . Rg - Sas.
whofe Diameter is — very nearly, * as
Iq D guad. y Y

I gather by computing the Errors of the Rays by
the Method of infinite Series, and rejecting the
Terms, whofe Quantities are inconfiderable. As
for inftance, if the Sine of Incidence I, be to the
Sine of Refra@ion R, as 20 to 31, and if D the
Diameter of the Sphere, to'which the Convex-
fide of the Glafs is ground, be 100 Feet or 1200
Inches, and S the Semidiameter of the Aperture be
two Inches, the Diameter of the little Circle,

. Rgx 8ecub. . IX31X8 A
(that 15 _Q__X__fi_) will be X3 (or
quad, 20 X 20 X 1200 X 1200

5 zz:;w,> Parts of an Inch. But the Diameter of
the little Circle, through which thefe Rays are
fcattered by unequal Refrangibility, will be about
the 55th Parc of the Aperture of the Obje&-glafs,
which here is four Inches. And therefore, the
Error arifing from the Spherical Figure of the
Glafs, is to theError arifing from the differentRe-
frangibility of the Rays, as o} thacis
72000000  gg?

as 1 to 5449 ; and therefore, being in comparifon
{o very little, deferves not to be confidered.

. But you will fay, if the Errors caufed by the
different Refrangibility be fo very great, how
comes it to pafs, that Objeéts appear through
Telefcopes fo diftin& as they do? lP anfwer, ’ti§

* How to do this, is foewn in our Author's Le&, Optic. Part I.
$¢8. IV. Prop. 31. _
becaufe
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becaufe the erring Rays are not fcattered -uni-
formly over all that Circular Space, but colle@ted
infinitely more denfely in -the .Center than in
any other Part of the Circle, and in the Way
from the Center to the Circumference, grow
continually rarer and rarer, fo as at the Circum-
ference to become infinitely rare; and by rea-
fon of their Rarity are not ftrong enough to be
vifible, unlefs in the Center and very near it.
Let ADE [in Fig. 27.] reprefent one of thofe
Circles defcribed with the Center C, and Semi-
diameter AC, and let BFG 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 any Place B, will be to its Denfity
in N, as AB to BC; and the whole Light with-
in the lefler Circle BF G,. will be to the "whole
Light within the greater AED, as the Excefs
of the Square of A C above the Square of ‘A B,
15 to the Square of AC. As if BC be the fifth
Part of AC, the Light will be four times den-
ferin B than in N, and the whole Light within
the lefs Circle, will be to the whole Light with-
in the greater, as nine to twenty-five. Whence
it’s cv‘igent, that the Light within the lefs Cir-
cle, muft firike the Senfe much more ftrongly,
than that faint and dilated Light round about
between it and the Circumference of the grea-
ter.

- But it’s farther to be noted, that the moft lu-
minous of the Prifmatick Colours are the yel-
low and orange. Thefe affe&t the Senfts more
firongly than all the reft together, and next to
. G 3 thef:
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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 and fainter, fo that thefe compared with
the ftronger Colours are little t0 be regarded.
The Images of Objects 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 orang¢ and yellow ; there
where the Colour is moft Fuminous and fulgent,
that is in the brighteft yellow, that yellow which
inclines more to, orange than to green. And
by the Refration of thefe Rays ( whofe Sines of
- Incidence and Refraction in Glafs are as 17 and
11) the Refra@ion of Glafs and Cryftal for Op-~

tical Ufes is to be meafured. Let us therefore

place the Image of the Obje& in thé Focus of
thefe Rays, and all the yellow and orange will

fall within a Circle, whofe Diameter is gbout

the 250th Part of the Diameter of the Aperture

of -the Glafs. And if you add the brighter half

of the red, (that half which is next the orange )

and the brighter half of the green, (that half

which is next the yellow ) about three fifth

Parts of the Light of thefe two Colours will

fall within the fame Circle, and two fifth Parts

will fall without it round about; and that which

falls wichour will be fpread through almot as

much more fpace as that which falls within,

and fo in the grofs be almoft three times rarer.

Of the other half of the red and green, (that is

of the deep dark red and willow green) about

one quarter will fall within this Circle, and

' S three
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xhree quarters without, and that which falls
‘without will be fpread through about four or
Tive tithes more fpace than that which falls with-
in; and fo in the grofs be rarer, and if com -
pared with the who%e Light within it, will be
about 25 times rarer than all that raken “in. the
grofs; or rather more than 30 or g0 times ra- .
Tet, becaufe the deep red in the end of  the
tg‘e&r‘um of Colours made by a Prifm is very
in and raré, and the willow green is fome-
thing rarer than the orange and yellow. 'The
Light of thefe Colours therefore being fo ver
much rarer than that withih the Circle, will .
fearce affect the Senfe, efpecially fince the deeg
red and willow green of this Light, are mucg _
darker Colours than the ret. And for the fame
reafon ‘the blie and violet being much darker
‘Colours tharr thefe, and much more rarified,
ay be negledted. For the denfe and bright
Lighe of the Circle, will obfcure the rare and
weak Lighe of thefe dark Colours round about
it, and rendet them almoft infenfible. - The
fenfible Image of a lucid Point is therefore
fcarce broader than a Circle, whofe Diamerér is
the 250th Part of the Diariteter of the Apefture
of the Obje@-glafs of a good Telefcope, or not
much broader, if you except a faint and dark mifty
Light round about it, which a SpeGtator will
Icarce regard. And therefore in a Telefcope,
whofé Apérture is four Inches, and Length an
hundred Feet, it éxceeds not 2”7 45", or 3", And
in a Telefcope whofe Aperture is two Inches,
and Length 20 or-30 Feet, it maybe 5" or 6",
and fearce above. And this anfwers well to
- G 4 ' Expe-

—
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Experience: For fome Aftronomers have found
the Diameters of ‘the fix'd Stars, in Telefcopes
of between 20 and 6o Feqt in length, o be a~
bout 5" or 6", or at moft 8" or 10” in diame-
ter. But if ‘the Eye-Glafs be tincted faintly
with the Smoak. of a Lamp or Torch, to ob-
{fcute the Light of the Star, the fainter Lighe
in the Circumference of the Star ceafes to be
vifible, and the Star (if the Glafs be fufficiently
foiled with Smoak ) 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 fhorter Telefcopes than in lon-
}gacr, becaufe the fhorter tranfmit fcfs Light to the
e
~ Now, that the fix'd Stars, by reafon of their
immenfe Diftance, ap like Points, unlefs fo
far as their Light is dilated by Refraltion, may
appear from hence ; that when the Moon paffes
over them and eclipfes them, their Light vanifhes,
- ‘pot 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 Refra&ion of
the Moon’s Atmofphere a little protraiting the
time in which the Light of the Star firft vanifhes,
and afterwards returns into Sight. | ‘
Now, if we fuppofe the fenfible Image of a Ju-
cid Point, to be even 250 times narrower than

 theA ertyre of the Glafs; yet this Image would

be ftill much greater than if it were only from
the fpherical Figure of the Glafs. For were

it pot for the different Refrangibility of the
7 Rays
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Rays, its breadth in an 100 Foot Telefcope
whofc aperture is 4 Inches, would be but ; 296'
parts of ah Inch, as is manifeft by the foregoing
Computation. And - therefore in this cafe the
greateft Errors arifing from the fpherical Figure
of the Glafs, would be to the greateft fenfible
Errors arifing from the djfferent Refrangibilicy

of the Rays as —2°"— 10 - at moft, that is on-

72000000 250
ly as1t0 1200. And this fufficiently thews that
" it is not the fpherical Figures of Glaffes, but the
different Reﬁ?angibility of the Rays which hin-
"ders the perfeion of Telefcopes. S
There is another Argument by which it may
appear that the different Refrangibility of Rays,
is the true caufe of the imperfe@tion of Tele-
fcopes: For the Errors of theRays arifing from
the fpherical Figures of Obje&-glafles, are as the
Cubes of the Apertures of the Objet Glafles;
and thence to make Telefc?es of " various
Lengths magnify with equal diftin&nefs, the
Apertures of the Object-glafles, and the Charges
or magpifying Poweérs ought to be as the
Cubes of the fquare Roots of their lengths;
which doth not anfwer to Experience. But
the Errors of the Rays arifing from the different
Refrangibility, are as the Apertures of the Ob-
j@-glafles; and thence to make Telefcopes of
various lengths, magnify with equal diftinétnefs,
their Apértures and Charges ought to be as the
{quare Igoots of their lengths; and this anfwers -
to Experience, as is well known. For Inftance,
3 Telefcope of 64 Feet in length, with an Aper~
. 2.

ture
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wre of 23 Inches, magnifies about 120 times,
with as much diftin@nefs as one of a Foot im
length, with _ of an Inch aperture, magnifies x5
times.

. Now were it not for this different Refrangi-
bility of Rays, Telefcopes might be brought té
a greater perfection than we have yet defcrib’d,
by compofing the Object-glafs of two Glafles
with Water between them. Let ADFC [in Fig.
28.] reprefent the Objé&-%:lafs compoled of two
Glafles ABED and BEFC, alike convex on the
outfides AGD and CHF, and alike concave
on the infides BME, BNE, with Water in
the concavity BMEN. Let the Sine of Inci-
dence out of Glafs into Air be as I to R, and
out of Water into Air, asK to R, and by con-
fequence out of Glafs into' Water, as I to K:
and let the Diameter of the Sphere to which the
convex fides AGD and CHF are ground bt
D, and the Diameter of the Sphere to which
the concave fides BME and BNE, are ground
be to D, as the Cube-Root of KK—KI to the -
Cube Root of RK—RI: and the Refia&ions
on the concave fides of the Glaffes, will very
much corre& the Errors of the Refracions on
the convex fides, fo far as they arife from the
{phericalnefs of the Figure. And by this means
might Telefcopes be brought to fufficient per-

. fection, were it not for the different Reftangi-

bility of feveral forts of Rays. But by reafon
of this diffcrent Refrangibility, I do not yet fee
any other means of improving Telelcopes by
‘Refractions alone, than that of increafing their
lengths, for which’ end the late Contrivance of

: - Hugenius
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Hugenins feems well accommodaced. . For very
long Tubes are cumberfome, and f{carce to be
readily. managed, and by reafon, of their length
are very apt to bend, and fhake by bending, fo
as to cauie a continual trembling in the Oljeds,
whereby it becomes difficult to fee chem diftin&t»
ly: whereas by his Contrivance the Glafles are
readily manageable, and the Object:glafs being
ﬁﬁﬁ?i upon a-ftrong upright Pole becomes more

iog therefore the Improvemsnt -of Telew
fcopes of given lengths by Refraftions .is defpe-
rate; I contrived heretofore a Rerfpecive by
Reflexion, ufing inftead of an Qbject-glafs a
concave Metal. . The diameter of :the Sphere
;t;;vhich the Metal was grousd concave was a-
t-25 Englifb Inches, and by c;onk%ucnce
the lcn%t.h of the Inftrument about fix Inches
and a quarter. The Eye-glafs was Plano-con-
vex, and the diameter of the Sphero to which
the convex fide was ground was about ¥ of an
Inch, or.a litle lefs, and by ‘confequence it
magnified between 30 and 4o tithes. By ano«
ther way of meafuring I found that it magnified
about 35 times. The concave Metal bore an
Aperture of an Inch and a'third part; but the
Aperture was limited mot by an apake Circle,
covering the Limb of the Metal round about,
but by an apake Cird:IIaced between the Eye-
glafs and the Eye, and perforated in the mid-
dle with a little round hode for the Rays to pafs
through to the Eye.: For this Circle by being -
laced here, ftopp’d much of the errroneous
ight, which otherwife would have diﬁurbﬁd
. . thr
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the Vifion. By comparing it with a pretty good
Perfpe@ive of four Feet in length, made with
a concave Eye-glafs, I could read at a greater
diftance with my own Inftrument than with che
Glafs. 'Yet Objets appeared much darker in
it than in the Glafs, and that partly becaufe
more Light was loft by Reflexion in Mertal,
than by Refracion in the Glafs, and partly be-
caufe my Inftrument was overcharged. Had it
magnified but 30 or 25 times, it would have
made the Obje& appear more brisk and pleafant.
Two of thefe I made about 16 Years ago, and
have one of them ftill by me, by which I can
prove the truth of what I write. Yet it-is not
fo good as at the firft. For the concave has been
divers rimes tarnifhed and: cleared again, by rub-
bing it with very foft Leather. When I made
thc%e an Artift in' London undertook to imitate it;
but ufing another way of polifhing them than I
did, he fell much fhort of what I had attained
to, as I afterwards underftood by difcourfing
the Under-workman he had employed. The
Polith I ufed was in this manner. I had
two round Copper Plates, each fix Inches in
Diameter,. the one convex, the other concave,
ground very.true to one another, On the con-
vex I ground the Obje&-Metal or Concave
which was to be polifh’d,. till it had taken the
‘Figure of the Convex and was ready for a
Polith. Then I pitched over the copvex very
thinly, by dropping melted Pitch upon it, and
warming it to- keep the Pitch foft, whilft I
ground it with the concave Copper wetted
to make it {pread cavenly all over the co,rlx‘\;lex.
: us
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Thus by working it well I made it as thin'asa
Groat, and after the convex was cold I ground
it 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 groffer Particles, and:

laying a little of this upon the Pitch, I'groun
it upon the Pitch with the corcave Copper, tll
it had done making a Noife; and then upon the
Pitch I ground the Obje@-Mertal with a brisk
motion, for about two or three Minutes of
time, leaning hard upon it. Then I put freth
Putty upon tjgle Picch, and ground it again «ill it
had done making a noife, and afterwards ground
the Obje@-Metal ‘upon it as before. And this
Work I repeated till the Metal was polithed,
inding it the laft 'time with all my ftrength
or a goed while together, and frequentdy
breathing upon the Pitch, to keep it moift with~
out laying on any more freth Putty. The Ob-
je@-Meral was two Inches broad, and about one
third part of an Inch thick, to keep it from
bending. I had two of thefe Metals, and when
I had polifhed them both, I tried which was
beft, and ground the other again, to fee if Icould
make it better than that which I kept. And
thus by many Trials I.learn’d the way of po-
lithing, till I made thofe two reflecting Perfpe+
Gives I fpake of above. - For this Art of po-
lithing will be betrer learn’d by repeated Pra-
&ice than by my Defcription. Before I ground
the Obje@-Metal on the Pitch, I always ground
the Putty on it with the concave Cop,per, ull ic
had done making a noife, becaufe. if, the Parti-
cles of the Purty were not.by this means made
) . to.



o4 OPTICKS.

to fick faft in the Pitch, they would by rollin
up and down grate and fret cthe Objet-Metal an
ﬁB it full of litde holes. = .

But becaufe Metal is more difficult to polifh
than .Glafs, and is afcerwards very apt to be
%omdby warnithing, and refle®s net fo' much

ight as Glafs quick-filver'd over. does: I would
propound to ufe inftead of the Metal, s Glafs
ground concave on the forefide, and as much
convex on the back-fide, and. quick-filverd o-
ver on the convex fide. The Glafs muft be e-
very where of the fame thicknefs exacly. O-
therwife it will make Qbje@s look ¢olour'd and
indiftin@. By fuch a Glafs [ tried about five or
fix Years ago to make a reflecting Telefcope of
four Feet in length to magnify about 350 times,
and I fatisfied my felf thatdt:erewmwn ing
but a good Artift to bri Defign to
&mg For. the GIafstmg -wroughe bsy s::e of
our London Artifts after fuch a mamer a5 they
grind Glaffes for Telefcopes, though it feemed as
well wrought as the ObjeCt-glaflés ufe to be, yet
when it was quick-filver'd, the Reflexion fr.
covered innumerable Inequalities all over. the
Glafs. . And by reafon of thefe Inequalities, Ob-
je&s appeared indiftin@ ' ia this Inframent. For
the Errors of refle®ted Rays caufed by any Ine-

ality of the Glafs, are about fix \times greater
. the Errors of refratted Rays cdufed by
" the like Inequalities. Yee By this Experiment °
I fatisfied my felf that' the Reflexion on the
concave fide of the Glafs, which 1 feared would
difturb the Villon, ‘did ro-fenfible prejudice to
it, and by confequence that nothing s wanting
' . 1
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po perfect thefe Telefc but good Warkmen
whocang nnlgf am} i laﬂ'esFtruly f]
An Obje&-glafs of a fourteen Footr Telefc
muade by an Artificer at London, Ioncemcm
conﬁdcrably, by grinding it-on Pitch with Pue-
' leaning very eafily on it in the grindin ing,
lpﬁ; the Putv:}:1 (houhi fcrat;hfu. m
Way gy not owe enough for thefo
reﬁe&m§Glaﬂ'¢s, have not yet tmed. But he
thall trK either this or any other way.of po-
he may think: better, may do well
0 make hns Glafles read for, pelithing, by grind-
ipg them withoeut that Vlolcncc, wherewith our
Londen Warkssen prefs their Glaffes in grinding,
For by fuch violens preflure, Glafles are apt to
bendalntlcmthe grinding, and fuch bending
will cerrainly fpoil t.hcn' Figure., Fo recom-
mopd themfore the confideration of. thefe reflech
ing Glaffes to fuch Artifts as are curious in fis
guring Glafles, I thall defcribe this optical Inftrus
ment ip the following Propofition:

PROP, VHL Pros IL
To fhorten Telegfcopes.

LET ARBDC [in Fig. 29.] reprd'entaths
{pherically concave on the forefide AB, and
3 much convex on the backfide CD, fo thag
it be every where of an equal thicknefs. Let i
not be, ‘t—{mkq: on one fide-than on the other,

left ix make- ijeé'ts appesr cojqur'd and indir
ftinét,
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ftin&, and let it be very truly wrought and
uick-filver’d over on the backfide; and fet, in
&e Tube VXYZ 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 FGK, .to the end of which
tmade flac it is cememted. Let this Prifm be
re@angular 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 FG a rectan-
gular. Parallelogram , whofe length is to its
breadth in a fubduplicate proportion of two to
one. Let it be fo placed 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 FG atan Angle of 445 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 Pri{fm
at the fide EF, -and be refleted by the fide
FG, and thénce go out of it through the fide
GE, 1o the point T, which muft be the com-
mon Focus of the Speculum ABDC, and of 2
Plano-convex Eye-glafs H, through which thofe
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, whereth’}tlh
- c
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the Glafs is to be covered, which hole muft be
no bigger than is neceffary for Light enough to
pafst%:rough. For fo it will render the Object
diftin&, the Plate in which ’tis made intercept-
ing all the erroncous part of the Light which
comes from the verges of the Speculum AB.
Such an Inftrument well made, “if it be fix Foot
long, (reckoning the length from the Speculum
to the Prifm, and thence to the Focus T') will
bear an aperture of fix 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 the aperture was .
placed at the Speculum. If the Inftrument be
made longer or fhorter, the aperture muft be in
proportion as the Cube of the fquare-fquare Root
of the length, and the magnifying as the aper- -
wre. But it’s convenient 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. The
Prifm EF G muft be no ‘bigger than is neceflary,
and its back fide FG muft not be quick-filver'd
over. For without quickfilver it will refle& all
the Light incident on it from the Speculum.

In this Inftrument the Obje& will be inverted,
but may be ereted by making the fquare fides
FF and EG of the Prifm EFG not plane but
fpherically convex, that the Rays may crofs as"
well before they come at it as afterwards between
it and the Eye-glafs. If it be defired that the
Inftrument bear, a larger aperture, that may be
alfo done by compofing the Speculum of two
Glaffes with Water bctwc;x{u them. "
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If the The'or{ of making Telefcopes could a
length be fully brought into Practice, yet there
would be certain Bounds beyond which Tele
fcopes could not perform. For the Air through™
which we look upon the Stars, isina Pemd
Tremor ; as may be feen by the tremulous -
on of Shadows caft from high Towers, and by
the twinkling of the fix'd Stars. But thefe Scars
do not twinkle when viewed through Telefcopes
which have large ﬁrmm. For the Rays of
Lighe which gafs ough divers parts of the
aperture, tremble each of them’ apart, and by
means of their various and fometimes con
Tremors, fall at oneand the fame time upon dif- !
ferent points in the bottom of the Eye, and their |
trembling Motions are too quick and confufed to
be perceived feverally.” And all thefe iHuminaced
Points conftitute one broad lucid Point, com- °
ed of thofe many trembling Points confufed- -
y and infenfibly mixed with one another by very
fhort and fwift Tremors, and thereby caufe the
Star to appear broagder than it is, and without
any trembling of- the whole. Long Telefcopes
may caufe Objeéts to appear brighser and larger
than fhort ones can do, but they cannot be fo
formed as to take away that confufion of the
Rays which arifes from the Tremors of the At-
mofphere. - The only Remedy is a moft ferene
and quiet Air, fuch as may perhaps be found on

the tops of the higheft Mountains above the grof-
fer Clouds.

THE
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PART IL

- PROP. 'L Tueor L
The Phanomena of Colours.in refralted or
- reflefted Light are not caufed by new
» Modifications of the Light varioufly im-
prefs'd, according to the various Termi-
nations of the Light and Shadow. -

The Proof by Experiments.

Exper. 1. p OR if the Sun thine into a -

, g very dark Chamber through

B an oblong hole F, [in Fig. 1.)

i _ whofe breadth is the fixth or

tighth part of an Inch, or fomething lefs; and

his beam FH do a.ftcrw;lrds pafs firft through a
2

very
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arge Prifm ABC, diftant about 20 Feet
from the hole, and parallel to it, 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 'GI, and placed at the diftance of two or
three Feet from the Prifi, in a parallel Situa-
tion both to the Prifm and to the-former hole,
and if this white Light thus tranfmitted through
the hole H, fall afterwards upon a white Paper
p¢, placed after, that hole H, at: the diftance of
three or four Fect from it, and there paint the
ufual Colours of the Prifm, fuppofe red at #,
yeHow at s, green.at 7, blue at ¢, 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 &, /, m, noro, take away any one
of the Colours at#, s, 7, g or p, whilft the other
Colours remain upon the Paper as before; or
with an Obftacle fomething bigger you may
tak 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 outmotft in the Confine of the Shadow to-
wards #, and any ‘one of them may alfo bor-
der upon the Shadow made within the Colours
by the Obftacle R intercepting fome interme~
diate part of the Light; and, laftly, any one of
them by being lefc alone, may border upon the
Shadow on either hand.. All the Colours have

themfelves indifferently to any Confines of Sha-
) I dow,
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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 varioufly 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 Prifin ‘greater, and the
Chamber darker, by fo much the better doth the
Experiment fucceed ; - pravided the Light be
not fo far diminithed, but that the Colours at
2t be fufficiently vifible. To procure a Prifm
of folid Glafs large engugh 'for this Experiment
will be difficult, and therefore a prifmatick Vef-
fel. muft be made of polith’d Glafs Plates ce-
mented together, and filled with falt Water or
dear Oil. , ' . :
Exper. 2. The Sun’s Light let into a dark
Chamber through the rqund hole F, [in Fig. 2.]
half’an Inch wide, pafled firft through the Prifm
ABC placed at the hole, -and then through a
Lens gT 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
:ﬁon it, as ’tis reprefented in the pofture DE, .
- the Colours upon it at O appeared white.
But if the Paper being turned abont an Axis
parallel to the Prifm, became very much’ incli-
ned to the Light, as 'tis reprefented in the Po-
fiions deand &s; the fame Light in the one -
cafe appeared yellow and red, in -the other blue.
o ' H 3 " Here
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Here one and the fame part of the Light in one
and the fame place, according to the various In-
clinations of the Paper, appeared in one cafe
white, in another yellow or red, in a third blue,
whilft the Confine of Light and Shadow, and
the Refractions of the Prifin in all thefe cafes
remained the fame. ' ‘
Exper. 3. Such another Experiment may be
more eafily tried as follows. Let a broad beam
of the Sun’s Light coming into a dark Cham-
ber through a hole in the Window-thut be re-

- fraed by a large Prifm ABC, [in Frg. I;J

whofe refracting Angle C is more than 6o
rees, and fo foon as it comes out of the Prifm,
ﬁ:f it fall upon the white Paper DE glewed u
ona ftiff Plane; and this Light, when the Pa-
r is perpendicular to it, as ’tis reprefented in
E, will appear perfectly 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-
fel to the Axis of the Prifm, whitenefs of
the whole Light upon the Paper will according
to the ificlination of the Paper this way or that

‘way, change either into yellow and red, as in

the pofture de, or into blue and violetr, as in
the poftute &e. And if the Light before it fall
upon the Paper be twice refratted the fame
w3y by two parallel Prifins, thefe Colours will
become the more confpicuous. 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

e
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the Paper as at the edges, and this Calpur chan-
ged according to the various Obliquity of the
refle@ting Pager, without an{ change in the Re-
fraGions 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 RefraGtions and
Shadows. | _ ‘ '

If it beafked, what then is their Caufe? T
anfwer, ‘That the Paper in the pofture de, being
more oblique to the more refrangible Rays thap -
to the lefs refrangible ones, is more ftrongly illu-
minated by the larter than by the former, and
“therefore the lefs refrangible Rays are predomi-
nant in the refle@ed Light. And where-ever
they are predominant in any Light, they tinge it
with red or yellow, as may in fome meafure ap- -
pear by the firtt Propofition of the firft Part of
this Book, and will more fully appear hereaftcr.
And the contrary happens in the pofture of the
Paper J'¢, the more refrangible Rays being then
gredominant which always tinge Light with

lues and violets.

Exper 4. The Colours of Bubbles with which
Children play are various, and change their Si-
tuationi varioufly, without any refpe@ to any
Confine or Shadow. If fuch a Bubble be co-
ver'd with a concave Glafs, to keep it from be-
ing agitared by any Wind or Motion of the Air,
the Colours ‘will flowly and regularly change
their Sitoation, even whilft the Eye and the
Bubble, and all Bodies which emit any Lighe,
or caft any Shadow, remain unmoved. And
therefore their Colours arife from fomne regulur

H 4 Caufe
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Nepbriticum, and fuch-hke, in red homogcnul
Light appcared totally red, "in blue Light totally
blue, in green Light totally green, and fo of other
Colours. In the homogeneal Light of any Co-
lour ‘they all appeared totally of that fame Co-
lour, with this only Difference, that fome of them
‘refleGted that Light more ftrongly, others more
famtly I never yet found any Body, which by
_reﬂeéhng homogeneal nght could fcnﬁbly clnnge
its Colour

From all which it is manifeft, that if the Sun’s
Light confifted -of but one fort of Rays, there
would be but one Colour’ in the whole World,
nor would it be poffible to 'produce any new Co-
lour by Reflexions and Refractions, am{ by eonfe-
ci:lence that the Variety of Colours dcrnds upon

c Compoﬁuon of Light. -

DEFINI‘TION

H E homogeneal Light and Rays. which
pear red, or:rather make Objects ap-
. fo, I call R,ungﬁck or Red—makmg ; thofe
yvhxch make Objects appear ellow; green, bluc,
and violet, I call Yellow-making, Green-
Blue-making, onlct-makmg, and fo of the reft.
And.if at any, time I fpeak of Light and. Rays
as coloured or _endued with Colours, I would,
be underftood to fpeak ;not- philofophically and
properly, ‘but grofly, angl accordingly to fuch
'Conceptxons as vplgar Peoplc in feeing all thefe
Experiments would be apt to frame. For the
Rays to fpeak properly are. not coloured In
thém there is,npthing elfe than a certain Powe&'
an
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and Difpofition to ftir up aSenfation of this or that
Colour. For as Sound 1n a Bell or mufical String,
or other founding Body, is nothing buta trem-
bling Motion, and in the Air nothing but that
Motion propagated from the Obje&, and in the
Senforium ’tis a Senfe of that Motion under "the
Form of Sound ; fo Colours in the Objeét are no-
thing but a Difpofition to reflet this or thdt fort
of Rays more copioufly than tht reft; in the
Rays they are nothing but thejr 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.

PROP. IIL. Pros. L

To define the Refrangibility of the feveral
Jorts of bomogeneal Light anfwering to
the feveral Colours.

OR' determining this Problem I made the
following Experiment. *- ’

Exper.7. When I had caufed the Re@ilinear
Sides AF, GM, [in Fig.4.] of the SpeGrum of
Colours made .by the Prifm to be diftinétly de-
fined, as in the fifth Experiment of the firft Part
of this Book is defcribed, there were found in it
all the homogeneal Colours in the fame Order
and Situation one among another as in the
Spe@rum of fimple Light, defcribed in the
fourth Propofition of that Part. For the Cir<
cles of which the Spe@trum of compound Light

® See onr Author’s Le&. Optic. Part IL. Se. II. p. 239.
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PT is compofed, and which in the middle Parts
of the Spectrum interfere, and are intermix’d wich
one another, are not intermix’d in their outmoft
Parts where they wuch thofe Re&ilinear Sides
AF and GM. And therefore, in thofe Re@i-
linear Sides when diftin&ly defined, -there is no
new Colour generated by Refraction. I ohferved
alfo, that if any where between the two outmoft
Circles TMF and PGA a Right Line, as 9 &,
was crofs to the Spe@rum, fo as both Ends to
fall Perpendicularly upon its Redilinear Sides,
. there appeared gne and the fame Colour, and de-
gree of Colour from one End of this Line to
the other. I delineated therefore in a Pa
the Perimeter of the Spe&Grum FAP GNIP'IC':
and in trying the third riment of the firft
Part of this Book, I held the Paper fo that
the Spe@trum’ might fall upon this delineated
Figure, and agree with it exatly, whilft an
Affiftant, whofe Eyes for diftinguithing Colours
were more critical than mine, did* by Right
Lines B, 39, ¢{, &c. drawn crofs the Spe-
&rum, note the Confines of the Colours, that
is of the red M « 8 F, of the orange «93'5,
of the yellow 3¢, of the green ¢n0f, of the
- blue nix, of the indico 1A ux, and-of the vio-
-let AGA 4. 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
Redilinear Sides MG and FA were by the faid
crofs Lines divided after the manner of a Mufi-
cal Chord. Let GM be produced to X,
MX may be equal o GM, and cquéei ‘
2
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GX, AX, X, X, ¢X, 9X, aX, MX, wbe.
in ‘proportion to one another, as.the Numbers,
I, 5 5 5 ) b 7, 4, and {0 to reprefent theChords.
of the Key, and of a Tone, a thitd Miner, a.
fourth, aé_‘ﬂ; a fixth Major, a feveath and an
cighth above that Key: And the Intervals Me,
ay, ye, 6, niy A, and AG, will be the Spaces
which the feveral Colours ( red, orange, yel-
low, green, bluc, indigo, violet). take up. '
Now thefe Intervals or Spaces. fubtending the
Differences of the Refraltions of the Rays go-
ing to the Limits of thofe Colours, that is, to
the Points M, &, 3, ¢, 1, 4, A, G, may without
any fenfible Error be accounted proportional
to che Diffesences of the Sines of Refraction of
thofe Rays having one common Sine of Inci-
dence, and therefore fince the common Sine of
Incidence of the moft and leaft refrangible Rays
out of Glafs into Air was ( by a Method defcri-
bed above) foumd in proportion to their Sines
of Refraition, as 50 to 77 and 78, divide the

Difference between the Sines of Refraction 7
and 78, as the Line (l;hNaI is divided by thofe
Intervals, and you will have 77, 77v, 77» 775
z;, 77% 779 7y8, the Sines of %Zcf;%tiogif tgg}-e
ys out of Glafs into Air, their common Sine
of Incidence being 50. 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 77+, but they varied from one ano-
according to_all intermediate Proportions.
And the Sines of the Incidences of the green-
. . making

[ 4
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making Rays were to the Sihes of their Refradi-'
ons in aH Proportions from that of 5o to 77,
unto that of 50 t0 77;. And by the like Limits
above-mentioned were the Refra@tions of the
Rays belonging to. the reft of the Colours de-
fined, ‘the Sines of the red-making Rays extend-
ing from 77 to 774, thofe of the orange-making
from 773 to 77+, thofe’ of the yellow-making
from 77: to 77;, thofe of the ‘green-making
from 775 to 773, thofe of the blue-making from
77+ to 772, thofe of the indigo-making from
7{:" to 77%, and thofe of the violet from 77 to
7% '

Thefe are the Laws of the Refra&tions made
out of Glafs into Air, and thence-by the third
Axiom of the firft Part of this Book, the Laws of
the Refractions made out of Air into Glafs are e2-
fily derived. - . '

Exper. 8. 1 found ioreover, that when Light
goes out of Air through feveral contiguous re-
frating Mediums as through Water and Glafs,
and thence goes out again into Air, whether
the refracting Superficies'be parallel or inclin'd
to. on¢ ahother, that Light as often as by con-
trary Refractions ’tis fo correted, that it emer-
geth in Lines paralle]l 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 emerging Light will
by degrees in paffing on from the Place of Emer-

ence, become tinged in its' Edges with Co-
ours. 'This I try’d by refrating Light with
‘Prifms of Glafs placed within a Prifmartick Vel
fel of Water. Now thefe Colours argue a di-
' verging
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* verging“and feparation of the heterogeneous Rays
}:;g one:another by means of theirgune ualRI?c'-
fraltions, as in what follows will more fully ap-
pear. And, on the contrary, the’ permanent
whitenefs argues, - that .in like Incidences of the
Rays there is no fuch feparation of the emerging
Rays, and by confequence no inequality.of- their
whole Refractions. Whence I to gather
the two following Theorems. C

1. The Excefles.of the Sines of Refraétion of
feveral forts of Rays above their common Sine of
Incidence when the Refraltions are made out of

- divers denfer Mediums immediately into one and
the fame rarer Medium, fuppofe.of Air, areta
one another in a given Proportion.

2. The Proportion of the Sine of Incidence
to the Sine of Refra@ion of one and the fame
fort of Rays out of one Medium into another,
is compofed of  the Proportion of the Sine of
Incidence to the Sine of Refraction out of the
firt Medium into any third Medium, and of - the
Proportion .of the Sine of Incidence to the Sine
of Refracion out.of that third. Medium into the
fecond Medium. . :

. By the firft Theorem the Refractions of the
Rays of every fort made out of any Medium- in-
to Air are known by having the Refraion of
the Rays of any one fort.. As.for inftance, if
the Refrations of the Rays of every fort out
* of Rain-water into Air be defired, let .the com-
mon Sine of Incidence out of Glafs into Air be
fubdu@ed from the Sixies of Refraltign, atrll:
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the Excefles wilt be 27, 27%, 274, 273, 27%
27% 275 28. Suppofc now that the §m:7?

o
Incidence of the leaft ufm?it be to
their Sine of Refraétion out o Raingwat??ser into
Air 28 3 0 4, and fay as 1 the difference of dhofe
Sines is to 3 the Sinc of Incidence, {o is 27 the
Teaft of the Excefies above-mentioned o 2 fourth
Number 81; and 81 will be the common Sine of
Incidence out of Rain~-water ingo Air, to which
Sine if you add-all the abovementioned Excefles,
you will have the defired Sines of the RefraQions
108, 1084, 108y, 1085, 108', 108§ 108}
109. 3
%y:helatter'ﬂmemdxkdm&ion out of
" one Medium into another is gathered as often
as you have the Refra®ions out of them boch in-
to any third Medium. As if the Sine of Inci-
dence of any Ray out of Glafs into Air be to its
Sine of &ion, as 20 to 31, and the Sine of
Incidence of the fame Ray out of Air into Wa-
ter, be to its Sine of Refraction as 4 to 3; the
Sine of Incidence of that Ray out of Glafs into
Water will be to its Sine of Refra&ion as 2o to 31
and 4 to 3 jointly, that is, as the FaGum of 20
and 4 to the FaGtum of 31 and 3, or as 8o to 93.

And thefe Theorems being admitted into Op-
ticks, thece would be fcope enough of hand-
ling that Science voluminoufly after 2 new man-
ner*; notonly by teaching thofe things which
tend to the perfetion of Vifion, but alfe by
determining mathematically all kinds of Phe-
nomena of Colours which could be produced

® s is dowe in our Author’s Le&. Optic. Pars 1. Se3. 111, and
V. and Part IL. %a. 1L E . . b

» ) . )}
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by Reftattions. For to do this, there is nothin.
elfe requifite than to find out thie Separations o%

s Rays, and their various Mixtures
and Proportions in every Mixture. By this way
of arguing } invented almoft all the Phznomena
defcribed in thefe Books, befide fome others lefs
neceffary to the Argument; and by the fucceffes
I met with in the Trials, I dare promife, that to
him who fhall argue truly, and then try all things
with good Glafles and fufficient Circumfpecion,
the expetted Event will not be wanting. ~ But he
is firft to know what Colours will arife from any
others mix’d in any affigned Proportion."

PROP. IV. Tusor. IIL. -
Colours may be produced by Compofition
which fhall belske to the Colours of homo-
g Light as to the Appearance of Co-
bowry but not as 1o the Immutability of
Colour and Confhitution of Light. And
thofe Colours by how much they are more
compounded by fo much are they lefs full
and intenfe, and by too much Compofition
they may be diluted and weaken'd till they
ceafe, and the Mixture becomes white or
grey. There may be alfo Colours produced
by Compofstion, which are not fully like
any of the Colours of honiogeneal Light.

FOR a Mixture of homogeneal red and yel-
low compounds an Orange, like in appea-~
: I2 rance
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rance of Colour to that orange which in the
feries of unmixed prifmatick Colours lies between
them; but the Light of one orange is homogeneal
as to Refrangibility, and that of the other is he-
terogeneal, and the Colour of the one, if viewed
through 4 Prifm, remains unchanged, that of
the ogncr is changed and refolved into its com
nent Colours red and yellow. And after the fathe
- marnner other neighbouring homogeneal Colouirs
may compound néw .Colours, like the - in-
termediate homogeneal ones, as yellow and green,
* the Colour between them both, and afterwards,
if blue be added; there will bé made a green
the middle Colour of the three which enter the
Compofition. For the yellow and blue on either
- hand, if they are equal in quantity they draw the
intermediate green equally towards themfelves in
Compofition, and fo keep it as it were in Equi-
librio, that it verge not more to the yellow on the
" “one hand, and 1o the blue on the other,- but by
their mix’d A&ions remain ftill a middle Colour.
To this mix’d green there may be farther added
- fome red and violet, and yet the green will not
prefently ceafe, but only grow lefs full and vivid,
and by increafing the red and violet, it will-grow
more and more dilute, until by the prevalence of
the added Colours it be overcome and turned into
whitenefs, or fome other Colour. So if to the
Colour of any homogeneal Light, the Sun’s white
Light compofed of all forts of Rays be-added,
that Colour will not vanith or change its Species,
but be diluted, and by adding more and more
white it will be diluted more and more pérpéru-
ally. Laftly, If red and violet be mingled, there
2 will
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will be generated according to their various Pro-
portions various Purples, fuch as are not like in
ce to the Colour of any homogeneal

Light, and of thefe Purples mix’d with yellow
and blue-may be made other new Colours.

'PROP. V. Tueor IV."
Whitenefs and all grey Colours between -
white and black, may be compounded of
Colours, - and the whitenefs of the Sun's
Light is compounded of all the primary .
Golowurs mix’d in a due Proportion.

The Proof by Experiments. . .

Exper. 9" T'HE Sun fhining into a dark Cham-
9T ber through aglittle round hole in .
the Window-fhut, and his Light being there
refraed by a Prifm to caft his coloured Image
PT [in Fig. 5.] upon the oppofite: Wall : I held
a white. Paper V to that Image in fuch manner
thac- it might be illuminated by the colour'd
Light reflected from thence, and yet not inter-
cept any part of that Light dn its paffage ffom
the Prifmi to the Spectrumi. .And I found that
when the Paper was held nearer to any Colour:
than. ro-the reft, it appeared:of that Colour to
which. it- approached neareft; - but when it, was
equally or- almoft equally. diftant from all the
Colours, fo that it migbt be equally illumina-
ted by them all it appeared white. And in this
laft ficuation of the Paper, if fome Colours were

I3. inter-
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intercepted, the Paper loft its white Colour, and
appeared of the Colour of the reft of the Light
. which was not intercepted. ‘So then the Pa-
-per was illuminated with Lights of various Co-
) f:urs, namely, red, yellow, green, blue and
violet, and every part of the Light retained its
‘proper Colour, until it was incident on the Pa-
per, and became reflected thence to the Eye;
{o that if it had been either alone (the reft of
the Light being intercepted) or if it bhad a-
bounded moft, and been predominant in the
Light refle@ted from the Paper, it would have
tinged the Paper with its own Colour; and yet
being mixed with the reft of the Colours in a2
due proportion, it made the Paper look white,
.and therefore by a Compofition with the reft
produced that Colour. . The feveral parts of
the coloured ‘Light refle@ed from the SpeGrum,
whilft they are propagated from thence through
the Air, do perpetually retain their proper Co-~
lours, becaufe wherever they fall upon the Kyes
of any SpeQator, they make the feveral parts of
the Spectrum to appear under their proper Co-
lours, They retain therefore their proper Co-
lours when they fall upon the Paper V, and fo
by the confufion and perfe&t mixture of thofe
Colours compoupd the whitenefs of the Light

refle@ted from thence. '
Exper. 10. Let that Spe&rum or folar Image
PT (:T Fig. 6.] fall now upon the Lens MN
above four Inches broad, and about fix Feet di-
ftang from the Prifim ABC and fo figured that
it may caufe the coloured Light which diverg-
cth from the Prifm to converge dnd meet again
. 3 R ?’E'
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at i Focos G, abour ix or eight Feet diftant
from the Lens, and there o fall rdicularly
upon a white Paper DE. And if you move
this Paper to and fro, you will perceive that
?il:ar!tbe Lens, )as altl lde, the whole folar Image
uppofe at pr ) wi r upon it imtenfe
coloured afw{ mn?ege:bovg-explained, at:?l
thax by reoeding from the Lens thofe Colours
will perpetually come towards one another, and
by mixing more and more dilute one another
coatinually, until at length the Paper come to
the Focus G, where by a petfoct mixture they
&‘ﬁm& a‘ild be converted into whites
Light appearing now upon the
like » litt;eg whn?tgeaCi?cgle. Amfter-
wards by receding farcher from the Lens, the
Rays which before converged will now crofd
one another in:the Focus G, and diverge from
thence, and thicteby make the Colours to appear
again, but yet in a contrary order; fuipolq, at
3. whete ted ¢ is now above which before
was below, and the violet p is below which be-
fore was above.
. Let us now ftop the Paper at the Focus G,
where the Light appears totally white and cir-
cular, and let us confider its whicenefs. 1 fay,
that this is compofed of the converging Colours.
For if any of -thbfe Colours be intercepted at
the Lens, the whitenes will ceafe and degene-
race inco that Colour which arifeth from the
compofitjon of the other Colouts which are not
intercepred. And then if the intercepted Co-
lours be let pafs and fall epon thar compound
Calour, they mix wich it, and by their mixeure
' 14 , reftore
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ftore the whitenefs. So if the violet, blue and
green be intercepted, the remaining yellow,
orange and red will compound upon the Paper
an orange, and then if the intercepted- Colours
be let; pafs, they will fall upon this com
orange, and together with it decompound . a
white. . So alfo if the red and violet be inger- .
cepted, the remaining yellow, green and blue, .
wiil compound a green upon. the Paper, and
then the red and violet being let pafs will fall yp~
on this green, and together with it decompound
a white. Apnd that in this Compofigion of white -
the feyeral Rays do not fuffer any, Change in-their -
colorific Qualities by aQing. uporl one -another,
but are only mixed, and. by 4. piixrure; of . their
‘Colours produce. whitg,. may farther. appedr by
~thefe Argumenss.. . . oA 7 e,
.If the Paper be placed beyand the Foens:G,
fuppofe at 8¢, and then the red Colour au:she
Lens be alternately intercepted, and lot, pafs a- -
ain, the violet Colour on the Paper will not fuf-. -
%er_ any Change thereby, as it t:to .do if the .
feveral forts of Rays acted upon one amother-in
the Focus G, where they crofs. - Neither. will
the red upon the Paper be changed by any alser- .
* nate ftopping, and letting. pafs the xialet.whikh; .
croffeth . . ., . e
, And if the. Paper be placed. 3t sthe: Focns G, .
snd the 'white round. Image .av G'.bg vicwed:
through the Prifm HIK, and 'by. the Refracion
of that Prifin be tranflared to the place 7o, :and
there appear tinged with varioys Colours, pame-
ly, the viojet at v and red at r, and others be-: -
tween,, and . then, the: red Colours. at, the ngew
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be often ftopp’d and let pafs by turns, - the red -
at » will accordingly difappear, - anid return as of-
ten, but the violet at v will not thereby fuffer any
Change. And fo by flopping and letting pafs
alternately the blue'at the Lens, -tht blue at »
will .accordingly difappear and returh, - wichout
any Change made in the red at 7 ‘The red there-
fore dépends on one- fort of Rays, and the blue
on another fort, which in.the'Focus G where
they are.commix’d, do not a& on:one another.
i&nd there -is. the fame Reafon’ of the other Co-
I confidered farther,  that when the moft re-.
frangible Rays Pp, and the leaft “refringible
ones T#, are by converging inclined -to oneano-
- ther, the. Paper, - if held very oblique to thdle
Rays: in ‘the Focus G, ‘might refle& ‘orie- fort ‘of
them more copioufly.than- the:othér: fort, and
by that Means the refleted Lighe would: 'be
tinged inv that Focus with the Colour of the pre:
dominant Rays, provided thofe’ Rays feverally -
retained their Colours, of colorific Qualitles i
the Compofition of White made by them in that -
Focus. But if they did not recain ‘them in that
White, but became all of .them fevérally endued
there with a Difpofition to ftrike the Senfe with
the Perception of White, then they could never
lofe their Whitenefs by fuch Reflexions. I ‘in&
clined therefore the Paper totheRays véry oblique- .
ly, as-in the fecond Experiment of this fecond Part
of the firft Book, that the moft refrangible Rays
nﬁght be. more copioufly reflefted than the reft,
and the Whitenefs at Length changed fucceflively -
into blpe, indigo, and violet. ThenIinclined it

: the
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the contrary Way, that the leaft refrangible Rays
might be mare copious in the refloched Light than
the reft, and the Whitenefs turned fi vely wo
yellow, orange, and red. .

Laiftly, I made an Inftrumenc XY in fathion
of a Comb, whofe Teeth being in number fix-
teen, were about an Inchandan balf broad, and
zhpde.lntewg of the Teeth sbout two Inclé:
wide. . T inge fucceflively
Teeth of this I:({rumm?onirngthelm I inver-
cepted Part of the Colours by the i
Tooth, whilft the reft of them went on through
the Interval of the Teeth to the Paper DE, and
there pai g;dﬁa wgoh&m e But the Pa-

1 : P 0, the Image mighst
E;Ipm white as often as the Comb was taken
away ; and thep the Camb being as was faid in-
terpofed, that Whitencfs by reafon of the inter-
ceptpd Part, of the Colours at the Lens-did al-
ways change intp the Colour compoundod of
thofe Colours which were not mzuc&zcd.. and
that Coleur was by the Motion of the Comb
perpetually varied fo, thatin the of every
‘Tooth aver the Lens all thefe Colours, red, yel-
low, green, blue, and purple, did. always fuc-
ceed one another. I caufed therefore all dhe
Teeth to pafs fucceffively over the Lens, and
when the Motion was flow, there appeared a
gc:peruz] Succeflion of the Colours the

aper: But if I fo much accelerated Mo-
tion, that the Colours by reafon of their quick
Succeffion could not be diftinguithed from onc
another, the Appearance of the fingle Colours
geafed. There was no red, no ycllow, pa

green,
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n, no blue, nor purple to be feen any lon-
g:butfromaCo ;I:iofthcmall thycrea-
rofe one uniform white Colour. Of the Light
which now by the Mixture of all the Colours ap-
peared white, there was no Part really white,
One Part was red, another yellow, a third grees,
a fourth blue, a fifth purple, and every Part re-
¢ains its proper Colour ull it firike the Senfo-
!"li\!m. If t;aa Impreflions follow ore another
owly, {o that they may be feverall ceived,
there is made a dl':gn& gcnfation of yalll,«the Co-
lours one after another in a continual Succef~
fion. - But if the Impreflions follow one ano-
ther fo quickly, that they cannot be feverally
pm:civog, there arifech out of them all one
-common Senfation, - which is neither of this
Colour alone nor of that alone, but hath it felf
indiffereruly to ‘em all, and this is a 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 buin-
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 feve~
ral Places of that Circle remains imprefs'd on
the Senforium, unmtil the Coal return again to
the -fame Place. And fo in a quick Confecu-
tion of the Colours the Impreffion of every Co-
lour remains in the Senforium, until a Revolu-
tion of all the Colours be compleated, and that
firft Colour return again. The Impreffions there-

fore of all the fucceflive Colours are at once dixn
C
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the Senforium, &nd jointly ftir up a Senfation of
* them all§ and fo it is manifeft by this Experi-
ment, 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 all the
Colours. . : "=
And if the Comb be now taken away, - thatall
the Coloyrs may at once pafs from the Lens to -
the Paper, .and be there intermixed, and toge-
ther re&éted thence to the Spe@ator’s Eyes; their
f[myrcﬁions on the Senforium being now more
fubtilly and perfely commixed there, ought
much more to_ftir up a Senfation of White- .
oefs. L ‘
. You, may inftead of the Le¢ns ufe two Prifms .
HIK and LMN,; which. by refra&ing: the co- .
loured Light, the, contrary Way to that of the
firft Refraction, may make ghe diverging Rays
converge $nd mest: again-in G, as you fe¢ repre-
fented in the feyenth Figure.  For. where they
meet and mix, they will compofe a white Light,
aswhenaLensisufed. | . oo -
.. Exper. 11. ; Let the Sun’s coloured Image ,P T
En‘Fz"g. 8.] fall upon the Wall of a dark Cham- .
r, as’in the third Experiment of the fitR Boak,
and ler the fame be viewed through a Ptifm’
abe, held parallel to the Prifm;ABC, by whofe:
Refraction that Image was:magde, and let it. now
appear lower than before, fuppofe in the Place
S over-againft the red Colour T. And if you
go near to. the Image PT,. the SpeGrum §- will
. appear oblong and coloured like the Image PT;
but if you regede from it, the Colours of the
Spectrum § will be contraed more and monz ,
: an
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and at length vanith, that Spe@rum § becomin
g_(rf;&ly r%ttlx)nd and white ; and if you recede y'egt

er, the Colours will emerge again, but in a
contrary Order. Now that SpeGtruar$ appears
white 1n that Cafe, when the RQ/M {everal

. forts which converge from the( feyeral Parts of
the Image PT, to the Prifm gb¢,-afe fo re-
fraGted unequally by ir, thatin their Paffage
from the Prifm to the Eye théy may diverge
* from one and the fame Point of the SpeGtrum
S, and fo fall afterwards upon one and the
fame Point in the bottom of the Eye, and there
be mingled. : o
~ And farther, if the Comb be here made ufe of,
- by whofe Teeth the Colours at the Image P T
may be fucceflively intercepted ; ' the Spe&trum S,
--when the Comb is moved flowly, will-be per
~ tually tinged with fucceflive Colours: But when
by acceleraring the Motion of the Comb, the
- Succeffion of the Colours is fo quick that they
cannot be feverally feen, that Spe&trum S, by a
confufed and mix’d Senfation -of them:all; will
- appear white. . : :
Exper. 12. The Sun fhining through a large
Prifm ABC {in Fig.-.9.] upon a Comb XY,
placed immediately behind the Prifm, his Light
which pafled through the Interftices- of the
Teeth fell upon a white Paper DE. The
Breadths of the Teeth were equal ‘to their In-
terftices, - and feven Teeth together with their
Interftices took up an Inch in Breadth. Now,
when the Paper was about two or three Inches
- diftant from the Comb, the Light which paf-
- fed through -its - feveral Interftices painted - fo

many ,
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many Ranges of Colours, 2/, m», dp, ¢r, &e.
which were parallel to one another, and contie
guous, and without any Mixtuse of whitc. And
thefe Ranges of Colours, if the Comb was moved
continually up and down with 2 seciprocal Mo~
tion, afcended and defcended in the Paper, snd
when the Motion of the Comb was fo quick, thax
the Colours could not be diftinguithed fromm
onc another, the whole Paper by their Con~
fufion and Mixwre in the Senforium appeared
white,

Let the Comb now reft, and let the Papes
be removed farther from the Prifm, and the fe-
veral Ranges of Colours will be dilated and
expanded into one another more aad more, and

mixing their Colouss will dilute one ano~

, and at length, when the diftance of the

from the Comb is about a Foot, or a

hctle more ( in the Place 2D 2E ) they

will fo far dilue one another, as to become
white.

With any Obftacle, let all the Light be mowe
ftopp’d which pafles through any one Incerval
of the Teeth, fo'that the Range of Colours which
comes from thence may be wken away, and
you will fee the Light of the reft of che
to be expunded into the Place of the Range taken
away, and there to be coloured. Let the in-
tercepted Range pafs on as before, and ics Co-
lours falling upon the Colours of the other
Ranges, and mixing with them, will reftore the
Whitenefs. '

Let the Paper 2D 2E be now very much in.
clined ro the Rays, fo that the ‘moft ible

. ys
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Rays may be more copioufly refleCted than the
reft, and the whice Colour of the’ r through
the Exceft of thofe Rays will be ¢ d inte
blue and viclet. Let the Paper be as much in-
clined the contrary way, that the leaft refran-'
gible Rays may be now more copioufly refle-
ed than the reft, and by their Excefs the White-
nefs will be changed into yellow and red. The
feveral Rays therefore in that white Lighe do
retain their colorific Qualities, by which thofe
of any fort, whenever they become more co-
pious than the reft, do by their Excefs and Pre~
dominance caufe their proper Colour to ap-

Pqu:nd by the fame wai'nof arguing, applied to the
third Experiment of this fecond Part of the firft
Book, it may be cogtt:luded, that 21;-{ white Colour
of all refralted Light at its ve Emerge
where it appears as white as b:yfore its ‘Incideﬁ
is compounded of various Colours. .
Exper. 13. In the foregoing Experiment the
feveral Intervals of the Teeth of Comb do
the Office of fo many Prifms, every Interval pro-
ducing the Phznomenen of one Prifm. Whence
inftead of thofe Intervals ufing feveral Prifms,
I uy'd ro compound Whitenefs by mixing their
Colours, and did it by ufing only threemgnﬁns,
as alfo by ufing only two as follows. Let two
Prifms ABC and 44¢, [ in Fig. 10.] whofe re-
fracting Angles B and 4 are equal, be fo placed
parallel to one another, that the refracting An-
gle B of the ane may touch the Angle ¢ at the
Bafe of the other, and their Planes CB and
&b, at which the Rays emerge, may lie in Di-
; rectum,
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. re@tum.. Then let the Light traje@ed ¢hr

. them fall upon the Paper M N, diftant about 8
or 12 Inches from the Prifms. And the Co-
lours generated by the interior Limits-B and’ ¢
of the two Prifms, will be mingled-at P T, and
there compound white. - For if either Prifm be
saken away, ,the Colours made by the other will
- appear in that Place P'T, and when the Prifm
is reftored to its Place again, fo that its Co-
lours may there fall upon the Colours of the
other, the Mixture of both will reftore .che
Whitenefs.

This Experiment fucceeds alfo, as Ihavetriod,
when the Angle 4 of the lower Prifm, is a lit-
tle greater than the Angle B of the upper; and
- between the interior Angles B and ¢, there in-
tercedes fome Space B¢, as -is reprefented -in
the Figure, and the refracting Planes BC and
- &e, are neither-in DireGum, nor parallel to one
another. For there -is nothing more -requifice
to - the Succefs of this Experiment, than that
- the Rays of all forts may be uniformly mixed
upon the Paper. in the Place PT.- If the moft
refrangible. Rays coming from the fuperior
Prifin take up all. the Space from M to-P, the
- Rays of the fame fort which come from the in-

ferior Prifm ought to begin at P, and take u
- all the reft. of the Space from thence towarcg
N. If the leaft refrangible Rays coming from
the fuperior Prifm take up the Space M T, the
Rays of the fame kind which come from the
other Prifm ought to begin at T, and take up
the remaining Space T N. .If one fort of the
Rays which -have intermediate Degrees of Re-
. . frangibilicy,
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frangibility, and come from the fuperior Prifm
be extendad through the Space MQ, and ano-
ther fort of thofe Rays through the Space MR,
and a third fort of them through the Space MS,
the fame forts of Rays coming from the lower
Prifm, ought .to illuminate the remaining Spaces
QN, RN, SN, refpectively. And the fame is
to be umlerftood of all the other forts of Rays.
For thus the Rays of every fort will be fcattered
uniformly and evenly through the whole Space
MU, and fo being every where mix’d in the fame
Proportion, they muft every where produce the
fame Colour. And therefore, fince by this Mix-
ture they produce white in the Exterior Spaces
MP and TN, they muft alfo produce white
in the Inverior Space PT. This is the reafon
of the Compofition by which Whitenefs was pro-
duced in this Experiment, and by what other
way foever I made the like Compofition, the Re-
fult was Whitenefs. . o
Laftly, If with the Teeth of a Comb of a due
Size, the coloured Lights of the two Prifms
which fall upon the Space PT be alternately in-
tercepted, that Space PT, when the Motion of
the Comb is flow, will always appear coloured,
but by accelerating the Motion of the Comb fo
much that the fucceflive Coleurs cannot be
diftinguithed from ome another, it will appear
whire. - ,
Exper. 14. Hitherto I have produced White-
nefs by mixing the Colours of Prifms. If now
the Colours of natural Bodies are to be min-"
gled, let Water a little thicken’d with Soap be
agitaed to raife a Froth, and after that F rcgh
K as
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has ftood a little, there will appear to one that
fhall view it intently various Colours every where
in the Surfaces of the feveral Bubbles; but to
one that fhall go {o far off, that he cannot diftin-
guifh the Colours from one another, the whole
Froth will grow white with a perfe& White-
nefs. .
Exper. 15. Lattly, In attempting to compound
a white, by mixing the coloured Powders which
Painters ufe, I confider’d that all colour’d. Pow-
ders do fupprefs and ftop in them a very confi-
-derable Part of the Light by which they are illu-
.minated. For they become colour'd by refle&-
ing the Light of their. swn Colours more co-
-pioufly, and that of all other Colours more {pa-
ringly, and yet they do not refle¢t the Light of
their own Colours fo copioufly as white Bodies
do. If red Lead, for inftance, and a white Pa-
per, be placed in the red Light of the colourd
Spe@rum made in a dark Chamber by the Re-
fra&ion of a Prifm, as is defcribed in the third
Experiment of the firft Part of this Book ; thePa-
per will appear more lucid than the red Lead,
and therefore refle@s the red-making Rays more
copioufly than red Lead doth. And if they be
held in the Light of any other Colour, the
Light refleted by the Paper will exceed the
Light refle@ed by the red Lead in a much
greater Proportion. And the like happens in
Powders of other Colours. And therefore by
-mixing fuch Powders, we are not to expe& a
ftrong and full White, fuch ‘as is that of Pa-
per, but fome dusky obfcure one, fuch as might
arife from a Mixture of Light and Darknefs,
1 or
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or from white and black, that is, a grey, or
dun, or ruffet brown, fuch as are the Colours
of a Man’s Nail, of a Moufe, of Afhes, of or-
dinary Stones, of Mortar, of Duft and Dirt in
High-ways, and the like. And fuch a dark white
T have often produced by mixing colour’d Pow-
ders. For thus one Part of red Lead, and five
Parts of Viride Aris, compofed a dun Colour
like that of a Moufe. For thefe two Colours
were feverally fo compounded of others, that
in both together were a Mixture of all Co-
lours; and there was lefs red Lead ufed than
Viride fris, becaufe of the Fulnefs of its Co-
lour. Again, one Part of red Lead, and four
Parts of blue Bife, compofed a dun Colour
verging a lictle to purple, and by adding to
this a certain Mixture of Orpiment and Viride
Aris in a due Proportion, the Mixture loft its
urple TinGure, and became perfetly dun,
t the Experiment fucceeded beft without Mi-
nium thus. . To Orpiment I added by little
and litde a certain full bright purple, which
Painters ufe, until the Orpiment ceafed to be
ellow, and became of a pale red. Then I di-
uted that red by adding a little Viride Zris,
and a litcle more blue Bife than Viréide Zris, un-
til it became of fuch a grey or pale white, as
verged to no one of the Colours more than to
another. For thus it became of a Colour equal
in Whitenefs to that of Afhes, or of Wood newly
cut, or of a Man’s Skin. The Orpiment re-
fleted more Light than did any other of the
Powders, and therefore conduced more to the
Whitenefs of the compounded Colour than they.
K2 To
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To affign the Proportions accurately may be diffi-
cult, by reafon of the different Goodnefs of Pow-
ders of the fame kind. Accordingly, as the Co-
lour of any Powder is more or lefs full and lumi-
nous, it-ought to be ufed in a lefs or greater Pro-

. portion. ‘

Now, confidering that thefe grey and dun Co—

lours may be alfo produced by mixing Whites
and Blacks, and by confequence differ from

rfe& Whites,. not in Species of Colours, but
only in degree of Luminoufnefs, it is manifeft that
there is nothing more requifite to make them
perfetly white than to increafe their Light fuffici-
ently ; and, on the contrary, if by increafing
their Light they can be brou%ht to perfect White-~
nefs, it will thence alfo follow, that they are of
the fame Species of Colour with the beft Whites,
and differ from them only in the Quantity of
- Light. And this I tried as follows. I took the
third of the above-mention’d grey Mixtures, (that
which was compounded of Orpiment, Purple,
Bife, and Viride Zris) and rubbed it chickly
upon the Floor of my Chamber, where the Sun
fhone upon it through the opened Cafement ;
and by ir, 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 Unevennefs of the Sur-
face of the Powder, nor the little Shadows let
fall from the gritty Particles thereof ; the Pow-
der appeared intenfely white, fo as to tranfcend
even Paper it felf in Whitenefs, efpecially
if the Paper were a little thaded from the Light

of the Clouds, and then the Paper compared
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with the Powder appeared of fuch a grey Colour
as the Powder had done before. But by laying
the Paper where the Sun fhines through the
Glafs of the Window, or by fhutting the Win-
dow that the Sun might fhine through the Glafs
upon the Powder, and by fuich other fit Means of
increafing or decreafing the Lights wherewith the

Powder and Paper were illuminated, the Light
wherewith the Powder is illuminated may be
made ftronger in fuch a due Proportion than
the Light wherewith the Paper is illuminated,
that they fhall both appear exa@ly alike in
‘Whitenefs. For when I was trying this, a Friend
coming to vifit me, I ftopp’d him at the Door,
and before I told him what the Colours were, or
what I was doing ; Iasked him, Which of the
two Whites were the beft, and wherein they dif-
fered? And after he had at that diftance viewed
them well, he anfwer’d, that they were bath gaod
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 Co-
lours which the component Powders ( Orpi-
ment, Purple, Bife, and Viride Aris) have in
the fame Sun-fhine, you muft acknowledge by
this Experiment, as well as by the former, that
?erfe& Whitenefs may be compounded of Co-
ours.

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 feve-
ral forts of Rays whereof that Light confifts,
when by their feveral Refrangibilities they are

’ 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 Prop.Il. Part 2.) are unchangeable,
and whenever all thofe Rays with thofe their Co-
lours are mix’d again, they reproduce the fame
white Light as before.

PROP. VL PronlIL

In a mixture of Primary Colours, the
Quantity and RQuality of each being
given, to know theColour of the Compound.

7ITH the Center O [in Fig. 11.] and
Radius OD defcribe a Circle ADF, and
diftinguith its Circumference into feven Parts
DE, EF, FG, GA, AB, BC, CD, propor-
tional to the feven Mufical Tones or Intervals
" of the eight Sounds, Sol, la, fa, fol, la, mi, fa,
Jol, contained in an eight, that is, proportional
to the Number }, %, &, 5, % %, 3. Let.the firft
Part DE reprefent a red Colour, the fecond EF
orange, the third FG yellow, the fourth CA
green, the fifth AB blue, the fixth BC indigo,
and the feventh CD violet. And conceive that
thefe are all the Colours of uncompounded Lighe-
gradually paffing into one another, as they do
when made by Prifms ; the Circumference
DEFGABCD, reprefenting the whole Series
of Colours from ane end of - the Sun’s calour'd
Image to the other, fo that from D to E be
all degrees of red, at E the. mean Colour be-
tween red and orange, from E wo F all de-

> grees
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grees of oranfgc, at F the mean between orange
and yellow, from F w0 G all degrees of yellow,
.and fo on. Let p be the Center of Gravity
of the Arch DE, and ¢, 7,5, ¢, %, x, the Cen-
ters of Gravity of the Arches EF, FG, GA,
AB, BC, and CD refpectively, and about
thofe Centers of Gravity let Circles proportio-
.nal to the Number of Rays of each Colour in
the given Mixture be defcrib’d; that is, the
Circle g} proportional to the Number of the
red-making Rays in the Mixture, the Circle ¢
]}Znoportioml_ to the Number of the orange-ma-
ing Rays in the Mixture, and fo" of the reft.
Find the common Center of Gravity of all thofe
+ Circles p, g, r, 5, ¢, 4, x. Let that Center be
Z; and from the Center of the Circle ADF,
through Z to the Circumference, drawing the
Right Line OY, the Place of the Point Y in the -
Circumference fhall thew the Colour arifing from
- the Compofition of all the Colours in the given
Mixture, and the Line OZ fhall be propor-
tional to the Fulnefs or Intenfenefs of the
Colour, that is, to its diftance from Whitenefs.
As if Y fall in the middle between F and G,
the compounded Colour fhall be the beft yel-
low; 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
K 4 with
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with an equal quantity of whitenefs; and if it’
fall upon the center O, the Colour fhall have laft
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 ingredients bci.ng
the red and violet, the Colour compounde
fhall 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 towards C, and in general
the compounded violet is more bright and more
fiery than the uncompounded. Alfo if anly two
of the primary Colours which in the circle are
oppofite to one another be mixed in an equal
proportion, the point Z fhall fall upon the cen-
ter O, and yet the Colour compounded of thofe
two fhall not be perfectly white, but fome
faint anonymous Colour. For I could never
yet by mixing only two primary Colours pro-
duce a perfe&t white. 'Whether it may be com~
Soundcd of a mixture of three taken at

iftances in the circuinference I do not know,
but of four or five I do not much queftion but
it may. But thefe are Curiofities of little ar no
moment to the underftanding the Phznomena
of Nature. For in all whites produced by Na-,
ture, there ufes to be a mixture of all forts of
Rays, and by confequence a compofition of all
Colours.

~ 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, t, s, 7, ¢, p, refpeQtively, that is,
fo that if the Circle x be one, the Circle v may
be one, the Circle # two, the Circle s three, and
the Circles », g andp, five, fix and ten. Then I
find Z the common center of gravity of thefe
Circles, and through Z drawing the Line OY,
the Point Y falls upon the circumference between
E and F, fomething nearer to E than to F, and
thence I conclude, that the Colour compounded
of thefe Ingredients will be an orange, verging a
little mare to red than to yellow. Alfo I find
that O7Z is a lictle lefs than one half of OY, and
thence I conclude, that this orange hath a litde
lefs than half the fulnefs or intenfenefs of an un-
compounded orange; that is to fay, that it is
fuch an orange as may be made by mixing an ho-
' mogeneal orange with a good white in the pro-
portion of the Line OZ to the Line ZY, this
Proportion being not of the quantities of mixed
orange and white Powders, but of the quantities
of 'tfe Lights refleted from them.

This Rule I conceive accurate enough for pra-
€ice, though not mathematically accurate ; and
the truth of it may be fufficiently proved to Senfe,
by flopping any of the Colours at the Lens in the
tenth Experiment of this Book. - For the reft of
the Colours which are not ftopp’d, but pafs on tq
the Focus of the Lens, will there compound
either accurately or very nearly fuch a Colour, as

by this Rule ought to refult from their Mixture.

PROP.
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PROP. VII. THeEor V.

AUl the Colours in the Univer[e which are
made by Light, and depend not on tbe
Power of Imagination, are either the
Colours of homogeneal Lights, or com-
pounded of thefe, and that either accu-
rately or very mearly, .according to the
Rule of the foregoing Problem.

FOR it has been proved (in Prop. 1. Part2.)
that the changes of Colours made by Refra-
&ions do not arife from any new Modifications of
the Rays imprefs'd by thofe Refractions, and by
the various Terminations of Light and Shadow,
as has been the conftant and general Opinion of
Philofophers. It has alfo been proved that the
feveral Colours of the homogeneal Rays do con-
ftantly anfwer 1o their degrees of Refrangibility,
(Prop. 1. Part 1. and Prop.2. Part2.) and that
their degrees of Refrangibility cannot be changed
by Refractions and Reflexions ( Prop. 2. Part 1.)
and by confequence that thofe their Colours
are likewife immutable. It has alfo been pro-
ved directly by refracting and refleting homo-
geneal Lights apart, that their Colours cannot be
changed, (Prop. 2. Part2.) It hasbeen proved
alfo, that when the feveral forts of Rays are mix-
ed, and in croffing pafs through the fame fpace,
they do not a& on one another fo as to change
each others colorific qualities. ( Exper. 10. Part2.)
but by mixing their A&ions in the Senforium be-

get
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get a Senfation differing from what either would
do apart, that is a Senfation of a mean Colour
between their proper Colours; and particularly
when by the concourfe and mixtures of all forts
of Rays, a white Colour is produced, the white
is a myxtyre of all the Colours which the Rays
would have apart, (Prop. 5. Part 2.) The Rays
in that mixture do not lofe or alter their feveral
colorific qualities, but by all their various kinds
of Ad&ions mix'd in the Senforium, beget a Sen-
fation of a middling Colour between all their Co-
lours, which is whitenefs. For whitenefs is a
mean between all Colours, having it felf indiffe-
rently to them all, fo as with equal facility to be
tinged with any of them. A red Powder mixed
with a little blue, or.a blue with a little red, doth
net prefently lofe its Colour, buta 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 is a2 mixture of
the Colours of all forts of Rays; thofe Rays ha-
ving from the beginning their feveral colorific
qualities as well as their feveral Refrangibilities;
~and retaining them perpetually unchanged not-
withftanding any Refractions or Reflexions they -
may at any time fuffer, and that whenever any
fort of the Sun’s Rays is by any means (as by
Reflexion in Exper. 9. and ,10. Part 1. .or by
Refraction as happens in all Refractions) fepara-
ted from the reft, they then manifeft their proper
Colours. Thefe things have been. prov’s, “and
the fum of all this amounts to the Propofition

' here
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here to be proved. For if the Sun’s Light is
mix'd of feveral forts of Rays, each of which
have originally their fevera] Refrangibilities and
colorific Qualities, and netwithftanding their Re-
fractions and Reflexions, and their various Sepa-
rations or Mixtures, keep thofe their original
Propertics perpetually the fame without -alterati-
on; then all the Colours in the Weorld muft be
fuch as conftantly ought to arife from the origi-
nal colorific qualities of the Rays whereof the
Lights confift by which thefe Colours are feen.
And therefore if the reafon of any Colour what-
ever be required, we have nothing elfe to do than
to confider how the Rays in the Sun’s Light have
by Reflexions or Refractions, or other caufes, been

rted from one another, or mixed together ; or
otherwfe to find out what fores of Rays are in the
Light by which that Colour is made, and in what
Proportion; and then by the-laft Problem to
learn the Colour which ought to arife by mixing
thofe Rays (or their Colours) in that proportien.
. Tpeak here of Colours fo far as they arife from
Light. For they appear fometimes by other Cau-
fes, as when by the power of Phanta{y we fee Co-
lours in a Dream, or a Mad-man fees things be-
fore him which are not there; or when we fee
Fire by ftriking the Eye, or fee Colours like the
Eye of a Peacock’s Feather, by prefling our Eyes
. in either corner whilft we look the other way.
Where thefe and fuch like Caufes interpofe not,
the Colour always anfwers to the fort or forts
of the Rays whercof the Light confifts, as I
have conftantly found in whatever Ph&nomena of

Colours' I have hitherte been able to examine.
: I thall
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I fhall in the following Propofitions give inftan-
ces of this in the Phenomena of chiefeft note.

3

[

PROP. VI Pros IIL
By the difcovered Properties of Light to
explasn the Colours made by Prifms.

LET ABC [hu; Fig. 12.] rcgrcfcnt a Prifm
refraiting the Light of the Sun, which
comes into a dark Chamber through a hole F ¢
almoft as broad as the Prifm, and let MN re-
prefent a white Paper on which the refra®ed
Light is caft, and igi)pofe the moft refrangible
or deepeft violet-making Rays fall upon the
Space P, the leaft refrangible or deepeft red-
making Rays upon the Space T9, the middle
fort between the indigo-making and blue-ma-.
king Rays upon the Space Q 5, the middle fore
of the green-making Rays upon the Space Rp,
the midgdlc fort between the yellow-making and
orange-making Rays upon the Space S, and o-
ther intermediate forts upon intermediate Spa- -
ces. For {o the Spaces upon which the feveral
forts adequately fall will by reafon of the diffe-
rent Refrangibility of thofe forts be one lower
than another. Now if the Paper MN be fo
near the Prifm that the Spaces PT and »7 do
not interfere-with one another, the diftance be-
tween them T o will 'be illuminated by all the
forts of Rays in that proportion to one another
which they have at tgcir very firft coming ou}
o
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of the Prifm, and confequently be white. But
. the Spaces PT and »7 on cither hand, will not
be illuminated by them all, and therefore will
appear coloured. And particularlfy -at P, where

e outmoft violet-making Rays fall alone, the
Colour muft be the deepeft violet. At Q_where
the violet-making and indigo-making Rays are
. mixed, it muft be a violet inclining much to
indigo. AtR where the violet-making, indigo-
making , blue-making, and one half of the
green-making Rays are mixed, their Colours
muft (by the conftruétion of the fecond Pro-
blem ) compound a middle Colour between in-
digo and blue. At S where all the Rays are
mixed, except the red-making and orange-ma-
king, their Colours ought by the fame Rule to
compound a faint blue, verging more to green
than indigo. And in the progrefs from S to T,
this blue will grow more and more faint and
dilute, till at T, where all the Colours begin to
be mixed, it ends in whitenefs. .

So again, on the other fide of the white at 7,
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 ych
‘mixture of all Colours but violet and indigo will
compound a faint yellow, verging more to green
than to orange. And this yellow will grow
more faint and dilute continually in its profgrrcfs
: om

ow. Aty the |



BOOK L 143

from 5 to 7, where by a mixture of all forts of
Rays it will become white.

‘Thefe Colours ought to appear were the Sun’s .

Light perfectly white: But becaufe it inclines to
yellow, the Excefs of the yellow-making Rays
whereby ’tis tinged with that Colour, bein
mixed with the faint blue between Sand T, ‘wil
draw it to a faint green. And fo the Colours in
order from P to 7 ought to be violet, indigo,
blue, very faint green, white, faint yellow, o-
range, red. Thus it is by the computation: And
they that pleafe to view the Colours made by a
Prifm will find it fo in Nature.

Thefe are the Colours on both fides the white
when the Paper is held between the Prifm and
the Point X where the Colours meet, and the
interjacent white vanithes. For .if -the Paper be
held ftill 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 by mix-
ture produce a fuller green than before. Alfo
the yellow and blue will now become lefs com-
pounded, and by confequence more intenfe than
before. And this alfo agrees with experience.

And if one look through a Prifm upon a
‘white Obje& encompaflfed with blacknefs -or.
darknefs, the reafon of the. Colours arifing on
‘the edges is much the famg, as will appear. to
one that fhall a little confider it. - If a'black Ob-
Jje& be encompafled with a white one, the Co-
lours which appear through the Prifth are to be
derived from the Light :fg the white one, fpread-
ing into the Regions of the black, and thcrctfl';)rc :
, _ | | ey
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they appear in a contrary order to that, when a
white Obje¢t is furrounded with black. And the
fame is to be underftood when an Object is view-
ed, whofe parts are fome of them lefs luminous
than others. For in the borders of the more and lefs
luminousPares, Colours ought always by the fame
Principles to arife from-the Excefs of the Light
of the more luminous, and to be of the fame
kind as if the -darker parts were black, but yet o
be more faint and dilute.

What is faid of Colours made by Prifins may
be eafily applied to Colours made by the Glafles
of Telefcopes or Microfcopes, or by the Hu-

. mours of the Eye. For if the Object-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 cover’d with any
opake fubft: ce; the Obje&t-glafs, or that part of
it or of the Eye which is .not cover'd, may be
confider’d as a Wedge with crooked Sides, and
every Wedge of Glafs or other pellucid Subftance
‘has the effe® of a Prifm in rcgea&ing the Light
‘which pafles through it *. S -
- How the Colours in the ninth and tenth Ex-
periments of the firft Parc arife from the diffe-
-rent Reflexibility of Light, is evident by what
-was there faid. But it is obfervable in the ninth

“+Experiment, that whilft the Sun’s dire&® Light
s yellow, the Excefs of" the blue-making Rays
.in the refleéted beam of Light MN, fuffices
only to bring that yellow to a pale whice incli-

ning to blue, and not to tinge it with a mani-

& See our Author's Lect. Optic. Part I1. 8e8.11. pag. 269, &r.
feftly
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feftly blue Colour. To obrain therefore a better
“blue, I ufed inftead of the yellow Light of the
Sun the white Light of the Clouds, by varying 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 Spetator, viewing the Clouds by their
Light coming into the Prifm at the Plane Side
FIGXK, and refletted in it by its Bafe HEIG,
and thence going out through its Plane Side
HEFK 'to the Eye. And when the Prifm and
Eye are conveniently placed, fo that the Angles
of Incidence and Reflexion at the Bafe may be
about 40 Degrees, the Spe@ator will fee a Bow
MN of a blue Colour, running from" one End
of the Bafe to the other, with the Concave Side
towards him, and -the Part of the Bafe IMNG
beyond this Bow will be brighter than the other
Part EMNH on the other Side of it. This blue
Colour MN being made by nothing elfe thah by
Reflexion of a fpecular Superficies, feems fo odd
a Phznomenon, and fo difficult to be explain-
- ed by the vulgar Hypothefis of Philofophers,
that I could notbut think it deferved to be taken
Notice of. Now for underftanding the Rea-
fon of it, fuppofe the Plane ABC to cut the
Plane Sides and Bafe of the Prifm perpendicu-
larly. From the Eye to the' Line BC, wherein
that Plane cuts the Bafe, draw the Lines Sp
and 87, in the Angles Spc 5o degr. 4, *and Ste
49 degr. #r, and the Point p will be the Limit
beyond which none of the moft refrangible
Rags can pafs through the Bafe of the Prifm,
and be refracted, whofe Incidence is fuch that

L . they
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they may be refleGted to the Eye; and the Poinc
¢t will be the like Limis for the leaft refrangi-
ble Rays, that is, beyond which non¢ of them
can pafs thrc'mﬁh the Bafe, whofe Incidence is
fuch that by Reflexion they may come to the
Eye. And the Point = taken in the . middle
Way between p and £, will be the like Limjc
for the meanly refrangible Rays. And these-
fore all the leaft refrangible Rays which falt
upon the Bafe beyond ¢#, that is, between 7 and( B,
and can come from thence to the Eye, will be
refle@ted thither: But on this fide £, that is,
between # and ¢, many of thefe Rays wilj be
tran{mitted through the Bafe. And all the mo&
refrangible Rays which fall upon the Bafe be-

ond p, that is, between p and B, and can by
ﬂeﬂexion come from thence to the Eye, will be
refleted thither, byt every where between p
and ¢, many of thefe Rays will get through the
Bafey and be refrated; and the fame is to 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 p and C, by reafon of
the Tranfmiflion of many Rays of every for,
look more pale, obfcure, and dark. But at r,
and in other Places between p and #, where all
the more refrangible Rays are refletted to the
Eye, and many of the lefs refrangible are tran{-
mitted, the Excefs of the moft refrangible in
the refleted Light will tinge that Light with
their Colour, which is violet and blue. A}l:i

. t
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this happens by taking the Line € pr# B any
wlécre between the Ends of the Prilm HG
and EL

PROP. IX. Pros. IV.

By the difeovered Properties of Ligbz‘ to
explain the Colours of the Rain-bow.

HIS Bow never appears, but where it

rains in the Sun-thine, and may be made
aruficially by fpouting 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
Spe&ator ftanding in a due Pofition to the Rain
and Sun. Amd hence it is now agreed upon,
that this Bow is made by Refraction of the Sun’s
Light in Drops of falling Rain. This was un-
derftood by fome of the Antients, and of late
more fully difcover’d and explain’d by the fa-
mous Antonius de Dominis Archbithop of Spa-
lato, i his Book De Radiis Visiis & 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 is
- made in round Drops of Rain. by two Refracti-
ons of the Sun’s Light, and one Reflexion be-
tween them, and the exterier by two Refrai-
ons, and two forts of Reflexions between them
in each Drop of Water, and proves his Expli-
cations by Experiments made with a Phial full
of Water, and with Globes of -Glafs -filled

. L2 with
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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 Ori-
gin of Colours, it's neceffary to purfue it here
_a little farcher. For underftanding therefore how
the Bow is made, let a Drop of Rain, or any
other fpherical tran{parent Body be reprefented
by the Sphere BNFG, [in Fig. 14.] defcribed
with the Center C, and Semi-diameter CN.
‘And let AN be one of the Sun’s Rays inci-
dent upon it at N, and thence refracted to F,
where let it either go out of the Sphere by Re-
fra&ion towards V, or be refle@ed to G; and
at G let it either go out by Refraction toR, or
be reflected to H; and at H let it go out by
Refraction towards S, cutting the incident Ray
in Y. Produce AN and RG, till they meet in
X, and upon AX and NF, let fall the Per-
. pendiculats 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 Refra@ion as I 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 contin; and the
Arch QF and Angle AXR will be biggeft
when ND is to CN as yII—RR tov 3 RR, in
which cafe NE willbeto ND as 2R to 1. Alfo
the Angle AYS, which the Rays AN and HS
o - contain
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contain will firft decreafe, and then increafe and -
grow leaft when ND is to CN as /[I—RR to
v 8 RR, in which cafe NE will be to ND, as
3Rl And fo the Angle which the next emer-
gent 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 /I[I—KR w0y 15 RR, in which cafe NE will
be to ND as 4R tol. And the Angle which the *
Ray next after that Emergent, that is, the Ray
emergent after four Reflexions, contains with the
Incident, will come to its Limit, when ND is to
CN as /1II—KR to v 24 RR, in which cafe NE
will beto ND as 5 R toI; and fo on infinitely,
the Numbers 3, 8, 15, 24, &c. being gather'd by
continual Addition of the Terms of the arithme-
' tical Progreffion 3, 5, 7, 9, &c. The Truth of all
this Mathematicians will eafily examine. *

Now it is to be obferved, ‘that as when the Sun
comes to his Tropicks, Days increafe and decreafe
but a very little for a great while together; fo when
by increafing the diftance CD, thefe Angles come -
to their Limits, they vary their quantity but very

little for fome time together, and'therefore a far
greater Number of .the Rays which fall upon all
the Points N in the Quadrant BL, fhall emcrge in
theLimits of thefe Angles, than in any other Incli-
mations. And farther it is to be obferved, that the
Rays which differ in Refrangibility will have dif-
ferent Limits of their Angles of Emergence, and
by confequence according to their different De-
grees of Refrangibilitys emerge moft copioufly

® This is demonfirated in our Author’s Let, Opiic. PertI. $:2.1V.
Prop. 35 and 36, ) . )
L3 ‘ in
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in different Angles, and being feparated from one

another appear each in their proper Colours,

And what thofe Angles are may be eafily ga-

ther'd from the foregoing Theorem by Com-
utation. :

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.
AXR will be found 42 Degrees and 2 Minutes,
and the leaft Angle AYS, 50 Degrees and 57
Minutes. And in the moft refrangible Rays the
Sines I and R are 109 and 81, and thence by
Computation the greateft Angle AXR will be
found 40 Degrees and 17 Minutes, and the leaft
Angle AYS 54 Degrees and 7 Minutes.

Suppofe now that O [in Fig. 15.] is the Spe-
&ator’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 aboug
their common Side O P, thall with their other’
Sides OE, OF; OG, OH, defcribe the Verges
of two Rain-bows AF BE and CHDG. For
if E, F, G, H, be drops placed any where in °
the conical Superficies Eefcribcd by OE, OF,
OG, OH, and be illuminated by the Sun’s Rays
SE, SF, §G, SH; the Angle SEO being e-
qual to the Angle POE, or 40 Degr. 17 Min.
fhall be the greateft Angle in which the moft
refrangible Rays can after one-Reflexion be re-
fracted to the Eye, and therefore all the Drops
in the Line OE fhall fend the moft refrangible
Rays moft copioufly to the Eye, and therchy

’ ftrike
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ftrike the Senfes with the deepeft violet Colour in .
that Region. And in like manner the Angle SFO
being equal to the Angle POF, or 42 Degr.
2 Min. fhaJl be the greateft in which the leaft re-
frangible Rays after one Reflexion can emerge
out of the ¥)rops, and therefore thofe Rays
fhall come moft coplotifly to the Eye from the
Dtops in the Line OF, and ftrike the Senfes with
the deepeft red Colour in that Regiqn. And by
the fame Argument, the Rays which have inter-
thediate Degrees of Refrangibility thall 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 re-

uite, that is in the Progrefs from Eto F, or

tom the infide of the Bow to the outfide in this
order, violet, indigo, blue, green, yellow, orange,
réd. But the violet, by the mixture of the white
Light of the Clouds, will appear Taint and in-
cliné¢ to purple. -

Again, the Angle SGO being equal to the
Angle POG, or ¢eGr. 51 Min. {hall be the leaft
Angle in which the leaft refrangible Rays can
after two Reflexions emerge out of the Drops,
and thetefore the leaft refrangible Rays fhall
come moft copioufly to the Eye from the Drops
in the Liné¢ OG, and ftrike the Senfe with tae
de’_c‘peft red in that Region. And the Angle”
SHO being equal to the Angle POH, or 54 Gr.
7 Min. fhall be the leaft Angle, in which the moft
refrangible Rays after two Reflexions can emerge
out of the Drops; and therefore thofe Rays
fhall come moft copioufly to the Eye from
the Drops in the Line OH, and ftrike the Senfes -

L 3 with
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with the deepeft violet in thatRegion. And by the
fame Argument, the Drops in the Regions be-
tween G and H fhall ftrike the Senfe with the in-
termediate Colours in the Order which their
Degrees of Refrangibility require, that is, in the
Progrefs from G to H, or from the infide of the
Bow to the outfide in this order, red, orange, yel-
low, green, blue, indigo, violet. And fince
thefe %our Lines OE, OF, OG, OH, may be
fituated any' where in the above-mention’d co-
nical Superficies; what is faid of the Drops

and Colours in thefe Lines is to be underftood

of the Drops and Colours every where in thofe

Superficies.

hus fhall there be made two Bows of Co-

lours, an interior and 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 liein a con-

" trary Order to one another, the red of both Bows

bordering upon the-Space GF, which is be-

tween the Bows. THe Breadth of the inte-

rior Bow EOF meafured crofs the Colours fhall

be 1 Degr. 45 Min. and the Breadth of the ex-

terior GOH fhall be '3 Degr. 10 Min. and the

diftance between them GOF fhall be 8 Gr. 15

Min. the greateft Semi-diameter of the inner-

moft, that is, the Angle POF being 42 Gr. 2

Min. and the leaft Semi-diameter of the outer-

moft POG, being 50 Gr. 57 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 Breadth of the Bows will be in-

creafed, and their Diftance decreafed by half a

Degree,
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Degrce,.and fo the breadth of the integior 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. 17 Min. and the leaft of the exterior
5o Degr. 42 Min.  And fuch are the Dimenfions
of the Bows in the Heavens found to be very

nearly, when their Colours 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 Degrees, and the breadth
of the red, yellow and green in that Iris 63 or
64 Minutes, befides the outmoft faint red ob-
fcured 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 27 De-
grees, as above. The leaft diftance between this
Iris and the extesior Iris was about 8 Degrees and
30 Minutes. The exterior Iris was broader than-
the interior, but fo faint, efpecially on the blue
fide, that I could not meafure its breadth di-

ftin&ly. At another time when both Bows ap-
~ peared more diftin@, I meafured the bréadth of
the interior Iris 2 Gr. 10/, and the breadth of the
red, yellow and green irf the exterior Iris, was to
the breadth of the fame Colours in the interior

a§ 3 to & .
3 This

.
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Thia Explication of the Rain-bow is yet far-
ther confirmed by the known Experiment (made
by Antonius de Dominis 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 conte from the
Globe to the Eye may contain with the Sun’s
Rays an Angle of .either 42 ot 50 Degrees. For
if the Angle be about 42 or 43 Degrees, the
Spectator ( fuppofe at O) fhall {ec a full red
Colour 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 fucceflive in the fame fide of
the Globe. But if the Angle be made about
5o Degrees (fuppofe by lifting up the Globe to
G) there will appear a red Colour in that fide
o{' the Gillgbc towards the Sun, and if the Anh-
gle be made greater (fuppofe by lifting up the
Globe to H)g the red v}:gl m?r{ fucce%ﬁchy to
the other Colours, yellow, greenand blue. The
. fame thing I have tried, by letting a Globe reft,
and raifing or depreffing the Eye, or other-
wife moving it to make the Angle of a juft mag-
nitude.

I have heard it reprefented, that if the Light
of a Candle be refracted by a Prifm to the Eye;
‘when the blue Colour falls upon the Eye, the
SpeQator 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 a con-
trary order to what we find. But the Colours

3 of

.
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of the Candle being very faint, the miftake feems
to afife from the difficulty of difcerning what
Colours fall on the Eye. For, on the contrary,
I have fometimes had occafion to obferve in the
Sun’s Light refracted by a Prifm, that the $

Ctator 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 Line which is drawn -

direétly from the Candle to the Eye, the red ap-
pears firft in the Prifm and then the blue, and
therefore each of them is feen when it falls upon
the Eye. For the red pafles over the Eye firft,
and then the blue. A

. The Light which comes through drops of
Rain by two Refractions 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 in-
creafes and decreafes. And the fame is to be un-
derftood of Light tranfmitted through fphe-
rical Hail-ftones. And if the Hail be a little

flacted, as it often is, the Light tranfmitted

may grow fo ftrong at a little lefs diftance than
that of 26 Degrees, as 10 form a Halo about
the Sun or Moon; which Halo, as often as the
" Hail-flopes are duly figured may be colour’d,
and thea it muft be red within by the leaft re-
frangible Rays, and blue withour by the moft
refrangible ones, cfpecially if the Hail-ftomes
have opake Globules of Snow in their center
to intercept the Light within the Halo (as Hu-
gensus has obferv’d) and make the infide there-
of more diftin&ly defined than it would Othcill.’-

- wife
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wife be. For fuch Hail-ftones, though fpheri-
cal, by terminating the Li(itl; by the Snow,
may make a Halo red within and colourlefs
without, and darker in the red than without,
as Halos ufed to be. For of thofe Rays which

afs clofe by the Snow the Rubriform will be
Ymﬂ: refraed, and o come to the Eye in the di-
reGeft Lines. _

The Light which paffes through a drop of
Rain after two Refraétions, and three or more
Reflexions, is fcarce ftrong enough to caufe a
fenfible Bow;_ but in thofe Cyliﬁscrs of Ice by
which Hugenius explains the Parbelia, it may
perhaps be fenfible. .

v

PROP. X. Pros V.

By the difcovered Properties of Light o
. explain the permanent Colours of Natu-

ral Bodies.

HESE Colours arife from hence, that

fome natural Bodics refle& fome forts of
Rays, others other forts more copioufly than the
ret. Minium refle@s the leaft refrangible or
red-making Rays moft copioufly, and thence ap-
pears red.  Violets reflect the moft refrangible
moft copioufly, and thence have their Colour,
and fo of other Bodies. Every Body: refles the
Rays of its own Colour more copioufly than the
reft, and from their excefs and predominance in
the reflected Light has its Colour,

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 Prapofition of the firft gart
of this Book, you place Bodies of feveral Co-
lours, you will find, as I have done, that every
Body looks moft {plendid and luminous in the
Light of its own Colour. Cinnaber in the ho-
_ mogeneal red Light is moft refplendent, in the
green Light it is manifeftly lefs refplendent, and
in the blue Light .ftill lefs. Indigo in the vie
olet blue Light is moft refplendent, and its fplen-
dor is gradually diminifh'd, as it is removed
thence by degrees through the green and yellow
Light to thered. By a Leek the green Light;
and next that the blue and yellow which com-
‘pound green, are more ftrongly reflected than the
other Colours red and violet, and fo of the reft.
But to make thefe Experiments the more mani-
feft, 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
inftance, if Cinnaber and uz/tra-marine blue, or
fome other full blue be held together in the red
homogeneal Light, they will both appear red,
but the'Cinnaber will appear of a ftrongly lumi-
nous and refplendent red, and the u/fre-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 #/tra-
marine wi{l appear of 2 ftrongly luminous and
re%lendent 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 copioufly than the #/tra-marine doth, atrlxld

2 e
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the z/tra-marine refle@s the blue Light much
more copioufly than the Cinnaber doth. The fasne
- 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 diffe-
rent ftrength or weaknefs of their Colour and

ight. _ ‘

ngAnd as the reafon of the Colours of narural
Bodies is evident by thefe Experiments, fo it is
farther confirmed and put paft difpute by the
two firft Experiments of the firft Part, where-
by "twas proved in fuch Bodies that the refleéted
Lights which differ in Colours do differ alfe in
degrees of Refrangibility. For thence it's cer-
tain, that fome Bodies refle@ the more refran-
gible, others the lefs refrangible Rays more co-
piouly.

And thas this is not only a true reafon of thefe
Colours, but even the only reafon, may appear
farther from this Confideration, that the Colour
of homogeneal Light cannot be changed by the
Reflexion of narural Bodies:

For if Bodies by Reflexion cannot in the leaft
change the Colour of any one fort of Reys, they
cannot appear colour’d by any osher means: thas
by refleting 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 fufficienty 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, bu;t of
ome
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fome middle Colour between both, as I have
found by Experience. Thus red Lead (for in-
ftapce ) 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 15 more or lefs compounded.
For becaufe red Lead appears red when illumi,
nated with white Light, wherein all forts of
Rays are equally mix’d, and in the green Lighs,
all forts of Rays are not equally mix'd, the Ex-
cefs of the yellow-making , green-making and
blue-making Rays ia the incident green Light,
will caufe thofe Rays to abound fo much in the
refle@ed Light, as to draw the Colour from red
towards their Colour. And becaufe the red Lead
refle@s the red-making Rays moft copioufly in
proportion to their number, and next after themy
the orapge-making and yellow-making Rays;
thefe Rays in the refledted Light will be more in:
propoestion to the Light than they were in the in-
cident grecn Light, and thereby will draw the
refle@ed Light from green towards their Co-
lour. ‘And therefore the red Lead will appear
neitgwr red nor green, bug of a Colour between
both.

In trapfparently colour'd Liquors ’tis obfer-
vable, thet.their Colour ufes to vary with their
thicknefs. Thus, for inftance, a red Liquer in
a conical Glafs held between the Light and the
Eye, looks of a pale and dilute yellow ar the
bottom where ’tis thin, and a litsle higher where
’tis thicker grows orange, and where ’tis ftilk
thicker becomes red, and where ’tis thlcknlftc

: t
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the red is deepeft 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 RaysAtill more difficultly, and the red-
making moft difficultly: And that if the thick-
nefs ofg the Liquor be only fo much as fuffices
to ftop a competent number of the violet-ma-
king and indigo-making Rays, without dimi-
aithing much the number of -the reft, the reft
muft (by Prop. 6. Part 2.) 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 muft compound an orange ; and where it is
fo thick as to ftop alfo a great number of the
green-making and a confiderable number of the
yellow-making, the reft muft begin to compound
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 increafing the
thicknefs of the Liquogy- fo-that few Rays befides
the red-making can get through: .

Of this kind is an Experiment lately related

to me by Mr. Halley, who, in diving deep into

the Sea in a diving Vefiel, found in a clear Sun-
thine Day, that when he was funk many Fa-
thoms deep into the Water, the upper part of
his Hand on which the Sun fhone girc&ly
through the Water and through a fmall Glafs
Window in the Veflel appeared of a,red Co-
lour, like that of a Damask Rofe, and the Wa-
ter below and the under part of his Hand

illuminated by Light refleted from the Water
below
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below look’d green. For thence it,may be ga- .
ther’d, that the Sea-Water refle@s back the violert .
and blue-making Rays moft eafily, and lets the
red-makin%\Rays pafs moft freely and copiouily to
great Depths.
at all great Deptlis, by reafon of the predomi-
nating red-making Rays, muft appear red; and
the greater the Depth is, the fuller and in-
tenfer muft that red be. And at fuch Depths
as the violet-making Rays fcarce penetrate unto,
the blue-making, green-making, and yellow-
making Rays being’ refleted from below more
copioufly than the red-making ones, muft com-
pound a green.  ° ' ~

Now, if there be two Liquors of full Colours,.
fuppofe a red and a blue, and both of them fo
thick as fuffices to make their Colours fufficiently
full; though either Liquor be fufficiently tranfpa-
rent apart, yet will you not be able to fee through
both together. For, if only the red-making Rays -
pafs through one Liquor, and only the blue-
making through the other, no’Rays can pafs
through both. This Mr. Hook tried cafually
with Glafs Wedges filled with red and blue Li-
quors, and was furprized it the unexpected Event,

the reafon of it being then unknown; 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 Li.
quors be of very good and full Colours.

Now, whilft Bodies become coloured by refle®-
ing or tranfinitting this or that fort of Rays more
copioudly than the reft, it is to be conceived that
they ftop and ftifle in themfelves the Rays

: M which

For thereby the Sun’s diret Light o
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which they do not refle& or tranfmit. For, if
Gold be foliated and held between your Eye and
.the Light, the Light looks of a greenith blue,
and therefore mafly Gold lets into/ its Body the
" blie-making Rays to be refleéted to and fro
withip it tll they be ﬁopﬁ’d and ftifled, whilft
it refle@s the yellow-making outwards, and
- thereby looks yellow. And much after the fame
manner that Leaf Gold is yellow by refleGted,
and blue by tranfmitted Lith, and maffy Gold
is yellow in all Pofitions of the Eye; there are
fome Liquors, as the Tinture of Lignum
Neplriticum,  and fome forts of Glafs which
tranfinit one fort of Light moft copioufly, and
refle@ another fort, and thereby look og feve-
ral Colours,. according to the Pofition of the
Eye to the Light. But, if thefe Liquors or
Glafles were fo thick and mafly that no Lighr |
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 Expe-
~ rience. For all colour'd Bodies, fo -far.as .my
Obfervation reaches, may be feen through if
made fufficiently thin, and theréfore are in fome
meafyre tranfparent, and differ only in degrees
of Tranfparency- from tinged tranfparent Li-
quors; thefe Liquors, as well as thofe Bodies,
by a fufficient Thicknefs hecoming opake. A
tranfparent Body which looks of any Colour by
tranfmitted Light,. may alfo look of the fame
~ Colour by refle®ed Light, the Light of that
~Colour being reflected by the farther Surface
of the Body,. or by the Air beyond it. tzillnd
: ‘ -then

i



then the refle@ted Colour will be diminithed, and
perhaps ceafe, by making the Body very thick,
and pitching it on the backfide to diminifh the
Reflexion of its farther Surface, fo that the Lighe
refleed from the tinging Particles niay predomi=
nate. In fuch Cafes, the Colour of tﬁ

Light will be apt to vary from that of the Light
tranfmitted. But. whence it is that tinged Bo-
dies and Liquors refle@t fome fort of Rays, and
intromit .or tranfmit other forts, fhall be faid in
the next Book. In this Propofition I content my
felf to have putdt paft difpute, that Bodies have
fuch Properties, and thence appear colour’d.

- PROP. XI. Pros VI

- By mixing colour'd Lights to compound a

~ beam of Light of the fame Colour and
Nature with a beam of the Sun's dirett
Light, ‘and therein to. experience the
Truth of the foregoing Propofitions.

ET ABC gbc [in Fig. 16.] reprefent a.
Prifm, by which the Sun’s Light let into

a dark’'Chamber through the Hole F, may be
refracted ypwards the Lens MN, and paint upon
it at p, ¢, r, 5, and #, the ufudl Colours vio-
let, blue, green, yellow, and red, and let the -
- diverging Rays by the Refrattion of this Lens
converge again towards X, and there, by the
mixture of all thofe their Colours, compourd a
white according to what was fhewn above.
: M2 Then

e refle@ed
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Then let another Prifm DEG deg, parallel o
the former, be placed at X, to refra&t that white
.Light upwards towards Y. Let the refraéting
Angles of the Prifms, and their diftances from
the Lens be equal, {o that the Rays which con-
verged from the Lens towards X, and without

&ion, would there have crofied ‘and di-

verged again, may by the Refraction of the fe-

cond Prifm be reduced into Parallelifm and
diverge no more. For then thofe Rays will re-
compofe a beam of white Light XY. If the
refracting 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 perfectly white to the very edges
of the Light, and at all diftances from the Prifm
continue perfeétly and totally white like a beam
of the Sun’s Light. For till this happens, the
Pafition of the Prifms and Lens to one another
muft be corre@ted ; and then if by the help of a
long beam of Wood, as is reprefented in the
Figure, or by a Tube, or fome other fuch In-
ferument made for that Purpofe, they be made
faft in that Situation,. you may try all the fame
Experiments in this compounded beam of Light
XY, which have been made in the Sun’s dire&
Light. For this compounded beam of Light
has the fame appearance, and is endow'd with
all the fame Properties with a dire@ beam of the
Sun’s Light, fo far as my Obfervation reaches.
And in trying Experiments in this beam you
nay by fopping any of the Colouss 2, g, i
: an
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and , at the Lens, fee how the Colours produced
in the Experiments are no other than thofe which
thc Rays had at the Lens before they entered the

tion of this Bearn: And confequece,
t.hat they arife not from any odifications of
the Light by Refra&ions and Rcﬂexlons, but from
the various Separarions and Mixeures of the Rays
originally endow’d with theircolour-miaking Qua.
lities.

So, for inftance, havmg with a Lens 4} Inches
broad, and two Prifms on cither hand 6} Feet
diftant from the Lens, made fuch a beam of
compounded Light ; to examine the reafon of
the Colours made by Prxfms I refralted this com- -

nded beam of Light XY with another Prifm

IK &5, and theteby caft che ufual Priffria-
tick Colours PQRST upon the Paper LV
placed behind. And then ‘Z {toppmg any of
" the Colovrs p, ¢,r,5,7, at the
_ thar the fame Colour weuld vamfh at the Pa-

8o if the Purp 1e£was flopp’d at the
gas, the Purpie P upon the Paper would vanith,
aqd the reft of dm Colours would remain wne
aber'd, umlefs perhaps the blue, {0 far as forne
pnrplclaccmmnat the Lens might be fepa-
raced from is by the following Refrations. And
fo.by intercepting the green upon the Lens, the
giems R apon the Paper would vanith, and fo
of the refk; which plainly fhews, that as the
white beam of Light XY wascmpotmded of
feveral Lighes colowe’'d at che Lens,
fa ‘cire Cobours which afrerwards emerge out of
X by new Refra@tions are, 1o other ¢ thofe
o vrfmh s Whiveacfs was compounded. Thg

M3 Rcfraéhon .
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. Refra&ion of the Prifm HIK #b generates the
Colours PQR ST .upon the Paper, not by chan-
ging the colorific Qualities of the Rays, but by
feparating the Rays which had the very fame colo-
rific Qualities before they enter’d the Comrﬁtion
of the refrated beam of white Light XY. For
otherwife the Rays which were of one Colour at
the Lens might be of dnother upon the Paper;
contrary to what we find.

So again, to examine the reafon pf 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 Colaours
which they have in Day-light, and that 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 inftance,
Cinnaber illuminated by this beam appears of
the fame red Colour as in Day-light; and if
at the Lens you intercept the green-making and
blue-making Rays, its rednefs will become more
full and lively: But if you there intercept the

red-making Rays, - it .will not any longer ap-

ar red, but become yellow or green, or
ome other Calour, according to the forts of
Rays which you do not intercept. So Gold
in 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
Rays it 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 their Colour when they are let

pafs, So the Infufion of Ligmum Nepbritic(m
. a5

I
]
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- (as Thave alfo tried) when held in this beam of
Light XY, looks blue by the refleted Part of the
Light, and red .by the tranfmitted Part of it, .as
when’tis view’d in Day-light; but if you intercept
the blue at the Lens the Infofion will lofe “its re-
‘fleced blue Colour, whilft its tranfmicted red re-
mains perfe®, and by the 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 Rays be intercepted at
the Lens, the Infufion will lofe its sranfmitted red,

whilft its blue will remain and become more full
and perfet. Which thews, that the Infufion
does-not_tinge the Rays with blue and red, but
only tranfmit thofe moft copioufly which were
red-making befote, and reflécts thofe moft copi-
oufly which were blue-making before. And atier
the fame manner may the Reafons of other Pheno-
mena be examined, by trying them in this artificial .
beam of Light XY.
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PART I.

Obfervations concerning the Reflexions, Re-
Jrattions, and Colours of tbm trafgfpa—

rent Bodies.

T -has been obferved. by others,
that tranfparené Subftances, as
Glafs, Water, Air, &c. when
made very. thin by being blown
into Bubbles, or otherwife formed

into Plates, do exhibit various Co~ .

lours accordmnr to thcur v4sipus thinnefs, altho’ at
a greater
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. a greater thicknefs they appear very clear -ahd
calourles. . In the farmer Book I.forbore.w
treat of thefe Colouts, becaufe they feemed of a
more difficult Confideration, and were not necef-
fary for eftablithing the Properties of , Light there
difcourfed of. But beeaufe thay may conduce to
farther Difcovaries for compleating the Theory of
Light, efpecially as.to the conftiomion of the
parts of patural Bodies, an which' their Calours
or Tran{pardncy deperd; I have héte for dawn -
an account of thesh::: To render :this Difcour(k
thost and diftin@, I hdve firfk defcgibed the prids
cipal of my, Obfervacians, and then confidsr'd
:}x:;i made ufc of thestt The Obforvavions ate
fe. | R U [ Tt ST U
0Q4f. 1. -Gompre{ling: two Prifeus -hiard topes
ther {hat tg:?ﬁdes { which by thance wero 2
very little convex) might fom¢where touch ‘ame
another : 1 found the place in which thoy tbuchs
e¢d to become abfelutely tranfparenty as if ithey .
had there been one continued piece of Glafs
For when the Light fell- fy obliqualy;en the
Air, which in other places’ was- between them,
as to beall refleéled; it feemed iy thet place of
contack to be whelly tranfsoitted,. infomuch thad
when loak’d upon, it eppeared like a black or
dark fpet, by reafon thar little or o fenfibhe
Light wes refleClod; froms thence, as. from .other
places; and whep looked throughi it feermed (as
1t were) a3 biole 1 that Air which was -formed:
into, a thin Plate, by being comprefs’d besween
the Glafits, And thsough this hole Objeéts that
were beyond might be feen diftinétly, which -
could not at all be feen through other parts 1<l>f
' the
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the Gliffes whete the Air was interjacent. Al-
though the Glafles were a little convex, yet this
tranfparent fpot was of a confiderable breadth,
which breadth feersed principally to proceed
from the .yielding inwards of the pasts of the
Glaffes, by reafon of their mutual preflure. For
by prefling them very hard together it would be-
came broader than otherwife.- -

- Obf. 2. When the Plate of Air, by turning
the Prifms about their common Axis, became fo
Jiutle inclined to the incident Rays, that fome of
them begin 1o be tranfmitted, there arofe in it
many flender Arcs of Colours which at firft were
fhaped almoft like .the Conchoid, as you fec
them delineated in the firft Figure. And by con-
sinuing the Motion of dhwe Prifinsy thefe Arcs
increafed and bended more and more about the.
faid eranfparent fpot, - till they were compleated
into"Circles.os Rings incompaffing it, and af-
. gerwards, continually grew more and ‘more con-

“Thefe Arcs at their firft appearance were .of
a violet' and blue Colour, and between: them
were white Arcs of Circles, - which prefently
by continuing the Motion of the Prifmg became
a litcle tinged in:their inward Limbs with red
and"ycllow, and to their outward Limbs the
blue was adjacent. So that the order of thefe
Colours from the central dark fpot, was at that
time white, blue, violet; black, red, orange,
yellow, - white, blue, violet, &c. But the yel-
lovslr and red were much fainter than the blue and

“violet. ‘ :

2 | The
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.- - 'The Motion of the Prifms about their Axis
being continued, thefe Colours contralted more
and more, fhrinking fowards the whitenefs on
either fide of it, until they totally vanifhed into
it. And then the Circles in thofe parts appear’d "
black and white, without any-Sther Colours in-
termix’d.. ‘But by farther moving the Prifins
about, . the Colours again emerged out of- the
whitenefs, the violet and blue at its inward.
Limb, and at its outward Limb the red and yel-
low. Sothat now their order from the central
Spot was. white, yellow., red; -black; wioler;
brt:::, white, yellow, red, &¢. contrary to wha¢
it was before. . B
Obf. 3. When the Rings:or fome :ﬁam “of
them ‘appeared only black and white, they were
very diftin¢t and well defined, and the blacknefs
feemed as intenfe as that of the centrdl Spot.
Alfo in the Borders of the Rings, where the
Colours began to emerge out-of the white-
nefs, -they were pretty diftin, which made °
them-vifible to-a very great multitude, 1 have
fometimes number’d above thirty Succeffions
grcckoning every black and white Ring for one
ucceffion) and féen more of them, which by
reafon of their fmalnefs I could not number.
But in.ether Pofitions of the Prifms, at which
the Rings appeared of miny Colours, 1 could

. not diftinguifh above eight or nine of them, and

the Exterior of thofe were very confufed and

dilute.

- In thefé two Obfervations to fee the Rings di-

ftin&, and-without any other Coldur than black

aud white, I found it neceflary to hold my Eye
- at
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at a ‘good diftance from them. Fof by 'ap-
proaching nearer, although in the fame inclina-
tion of my Eye to the Plane of the Rings, there
emerged ‘2 bluith Colour out of the white,
* which by dilating it felf more and rmore into
the black, rendér'd the Circles lefs diftinét, and
. left the white 8 little einged with. red and yel-
~ low. 1 found alfo by looking through a, flit or
_oblong bele, . which was narfower than the il
of my Eye, and held clofe to it parallel t,:.t%e
Prifms, I could:fee the Circles much diftin@er
and vifible to.a far greater number than other-

wife. -~ e : )

O}/f. 4. To obferve more nicely the order of
. the Colpuss which arofé ouy of the white Cir-
¢les as the Rays became lefs and lefs inclined
so_the Plate of Aig; I took two Object-glafles,
the ont .a Plano-convex for a fourteen Foot
Telefcope, and the other a large dobble Con-
vex for one of about fifty Foot; and upon-this,
laying the ether with its plane fide downwards,
1 prefled them flowly together, te make the
Colours fucceflively emerge in the middle of the
Circles, and then flowly liftéd the upper Glafs .
from the lower to make them fuceeflively vanith
again in the fame place. . The Cpelour, which
by prefling the Glaffes together, emerged laf} in
the middle of the other Colours, would upon its
firft appearance look like a Circle of a Colour
almoft upifosm from the circumferenge to ‘she
center, and by comprefling the Glafies ftill more,
grow continually -bredder . until . 2 new -Colour
emerged in its eenter, and theseby it becafwe 2
Ring encompafling thac new Celour.: Awd hy
: © oz com-
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comprefling the Glaffes ftill more, the diameter
of tgls Ring would increafe, and the breadth of

" jes 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 emerged
there, and became Rings encompaffing the inner-
moft Colour, the laft of which was the black
Spot. And, on'the contrary, by lifting up the
- upper Glafs from the lower, the diameter of the
Rings would decreafe, and the breadth of their
Orbit increafe, until their Colours reached fuc-
ctffively to the center ; and then they being of a
confiderable breadth, I could more eafily difcern
and diftinguith their Species than before. And
i by this means I obferv’d their Succeffion and
Quantity to be as followeth.

Next to the pellucid central Spot made by
the conta& of t.E: Glafies fucceeded blue, white,
yellow, and red. The blue was fo litcle 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, #hd fesmed 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 encompaffing 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~
lec was the leaft in extent, and the blue lefs
than the yllow:qr red. The third Cm:nét d:t

rder
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Order was purple, blue; green, ~yellow, and
red; in which the purple feemedemore reddifh
than the violet in the former Circuit, and the
was much more confpicuous, being as
E:isk and copiou$ as any of the other Colours,
except the yellow, but the red began to be a lit-
tle , inclining very much to purple. Af-
ter this fucceeded the fourth Circuit of green
andred. The green was very cbpious 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-
Iow, and the red was very imperfe® and dir-
ty. Alfo the fucceeding- Colours became more
and more imperfe@ and dilute, till after three
or four revolutions they ended in. perfe&
whitenefs. Their form, when the Glafles were -
moft comprefs’d fo as to make the black Spot
.appear in the center, is delincated in the fe-
cond Figure; where ¢, 4, ¢, d, ¢ : f, g, b, 3,
k:lomn o, p:q r:s t:v x:y, %
note the Colours reckon'd in order from the
center, black, blu¢, white, yellow, red: vio-
~ let, blue, green, yellow, red:  purple, blue,
green, yellow, red: green, red: greenith blue,
red: greenith bluc, pale red: greenith dlue,
reddifh white. : ’
- 0. 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 fix Rings at the moft
lucid part of their Orbits, and fquaring them, I
found their Squares to be in the arithmetical Pro-
greflion of the odd Numbers, .1, 3, 5, 7, 91&11;1
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And fince one of thefe Glafles was plane, and
the other fphefcal, their Intervals dt tiofc Rings
mutt be in the fame Progreffion. I meafured alfo
the Diameters of the dark or fagnt Rings between.
the more lucid Colours, and found thejr Squares
1o be in the arithmetical Progreffion of the even
Numbers, 2, 4, 6, 8, 10, 12.  And it being very
nice and difficult to take thefe meafures exaly;
T 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 Ob-
fervations, ' :
Obf. 6. The Diameter of the fixth Ring at

the moft lucid part of its Orbit was 'i% parts of

an Inch, and the Diameter of the Sphere on
which the double. convex Obje@-glafs was
ground was about.102 Feet, and hence I ga-
-thered the thicknefs of the-Air or Aereal Inter-
val of the Glaflesat that Ring. - But fome time
after, fufpecing 'that in making this Obfervation
I had not ' determined - the Diameter of the
Spheére with fufficient accuratenefs, and being
. uncertain whether.the Plano-convex Glafs was
truly plane, and not fomething concave or con-
vex on that fide which I accounted plane; and
whether I had not prefled the Glafles together, -
as I often did, to make them touch;. (For by
prefling fuch Glafles together their Earts eafily
yield inwards; and the Rings thereby become
fenfibly broader 'than.they would be, did the
Glaffes keep their Figures.) 1. repeated the
Experiment, and found the Diameter Offthﬁ
: ixt
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«id Ri 55 oies of 4
ﬁx't‘h lucid Ring about - parts of an Inch. 1
repeated the Experiment alfo with fuch an Ob-
ject-glafs of anoter 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 83§ Inches. And thence,
if the Sines of Incidence -and Refra@ion of the
bright yellow .Light be affumed in proportion
as 11 to 17, the Diameter of the Sphere to
which the Glafs was figured will by compata-
tion be found 182 Inches. This Glafs I laid
upon a flat ane, fo that the black Spot appear-
ecf in the middle of the Rings of Colours with-
out any other Preffure than that of the weight -
of the Glafs. And now meafuring the Diame-
‘ter of the fifth dark Circle as acturately as I
could,. I found it the-fifth, part of an Inch pre-
cifely. This Meafure was taken with the points
of a pair of -Comrﬂ'es on the upper Surface
- on the uppet Glafs, and my Eye was about
eight or nine Inches diftance frem the Glafs,
almoft perpendicularly over it, and the ‘Glafs
was 7 of an Inch thick, and thenee it is eafy to
colle&t that the true Diameter of the Ring be-
tween the Glaffes was greater than its meafur’d
Diameter above the Glaffes in the Proportion
of .80 to 79, or thereabouts, and by confequence
equal to :s parts of an Inch, and its true SBemi-
diameter equal to 7% patts, Now as the Dia-
meter of the Sphere (182 Inches) is to the Se-
mi~diameter of this fifth dark Ring (2 parts of
an Inch) fo is this Semi-diameter to ge thick-
nefs of the Airat chis fifth dark Ring ; Whi:}fehfi‘
o c-
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therefore 32 oy 190 Pyres of an Inch and
o 6790 7705 )

the fifth Part thereof, viz. the 'cT;?é Part of an

Inch, is the Thicknefs of the Aif at the firft
of thefe dark Rings.

The fame Experiment I repeated with another
double convex Object-glafs ground on both fides
to one and the fame Sphere. Its Focus was di- -
ftant from it 168! Inches, and therefore the Dia~"
meter of that Sphere was 184 Inches. This
Glafs being laid upon the fame. plain Glafs,
the Diameter of .the fifth of- the dark Rings,”
when the black Spot in their Center appeard
plainly without prefling the Glafles, was by the
mgeafure of the Compaffes upon the upper Glafs
& Patts of an Inch, and by confequence be-
eween the Glaffes it was :22: For the upperGlafs

. 00
" "was y of an Inch thick, and my Eye was diftant

from it 8 Inches. And a third roportional to
half this. from the Diameter of the- Sphere is
35%5_0 Parts of an Inch. 'This is therefore the

Thicknefs of .the Air at this Ring, and a fifth
Part thereof, viz. the §§;57th Part of an Inch is

the Thicknefs thereof at the firft of the Rings, -as

above. ’ _ :
I tried the fame Thing, by laying thefe Obje&-
glafles upon flac Pieces of a broken Looking-
lafs, and found the fame Meafures of the
iinp: Which makes me rely upon them till
N : they
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they can be determin’d more accurately by Glafles
ground to larger Spheres, though in fuch Glafles
greater care muft be taken of a true Plane.

Thefe Dimenfions were taken, whenmy Eye
was placed almoft perpendicularly over the Glaf-
fes, gcing about an Inch, or an Inch and a quar-
ter, 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 Obfer- .
‘vation you will underftand, that had 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. Let the
Thicknefles found be therefore diminifh’d in this

. . 1 I
Proportion, and they will become 7552 20 ey

or (to ufe the neareft round Number ) the
;;E;—oth Part of an Inch. This is the Thicknefs of

the Air at the darkeft Part of the firft dark Ring
made by perpendicular Rays; and half this Thick-
- nefs multiplied by the Progreffion, 1, 3, 5, 75 Qs
11, &c. gives the Thicknefles of the Air at the
moft luminousParts of all the brighteft Rings, viz.

1 3 g 7 . .
1780009 1780009 1780009 1780009 &e. their arithme-

. 2 _4_ 6 - . .
tical Means - s 2o ooy 175000y ¢ being ts

Thicknefles at the darkeft Parts of all the dark
ones. ' '

04 7.
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. -Obf.7. 'The Rings were leaft, when my Eye
was placed perpendicularly over theGlafles in
Axis of the Rings: And when I view'd them
obliquely they became bigger, continually fwel-
ling as I removed my Eye farther from the Axis.
And partly by meafuring the Diameter of the
fame Circle at’feveral Obliquities of my Eye, -
partly by other Means, as alfo by making ufe "of
the two Prifns for very great Obliquities, Ifound
its Diameter, and confequently the Thicknefs of
the Air at its Perimeter in all thofe Obliquiries to
be very nearly in the Proportions exprefs'd in
this Table. ‘ |

j Angle of In;’d}igle o& Re- Di;t;létc’r B i :)zgs

cidence on| frallionin| of the| of tf.e
the Air. | tothe Air.| Ring. | A
Deg. Min. . :
0o 00 00. 00 10 to
o6 26 I1I0 00 10:% 104
12 4% 20 00 104 102
18 49 30 00 10} 11%
24 30 40 ©0 113 13
29 3g 50 00 121 153
33 5 6o oo 14 20
35 47 | 65 oo | 15z | 23 |

37 19 70 oo } 16% 28%
39 33 75 ©9° 19% 37

39 27 | 8o oo 225 | s52%
40 o©0 85 oo 29 ‘844
40 11 9o 00 35 122}

'N 2 In
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In the two firft Columns are exprefs'd the Obli-
uities of the incident and emergent Rays to the
late of the Air, that is, their Angles of Inci-

dence and Refra@ion. In the third Column the
- Diameter of any colour’d Ring at thofe Obliqui-
ties is exprefled in Parts, of which ten conftitute
that Diameter when the Rays are perpendicular.
And in the fourth Column the Thicknefs of
the Air at the Circumference of that Ring is
exprefled in Parts, of which alfo ten confti=
tute its Thicknefs when the Rays are perpen-
dicular. \ .

And from thefe Meafures I feem to gather
this Rule: That the Thicknefs of the Air is pro-
portional to the Secant of an Angle, whofe Sine .
15 a certain mean Proportional between the Sines
of Incidence and Refra&ion. And that mean
Proportional, fo far as by thefe Meafures I can
determine it, is the firft of an hundred and fix
atithmetical mean Proportionals between thofe
Sines counted from the bigger Sine, that is,
from the Sine of Refra&tion when the Re-
fraion is made out of the Glafs into the
Plate of Air, or from the Sine of Incidence when
the Refracion is made out of the Plate of Air

into the Glafs. :

0%(.8. The dark Spot in the middle of the
Rings increafed alfo by the Obliquation of the
Eye, although almoft infenfibly. But, if inftead -
ofy the Obje&t-glaffes the Prifms were made ufe
of, its Increafe was mdre manifeft when viewec
fo obliquely that no Colours appear’d about
it. It was leaft when the Rays were incident
moft obliquely on the interjacent Air, ‘and 1a:s

N 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
" Conta& of the Glafles, but alfo where they had
fome little Interval. I have fometimes obferved
the Djameter of that S&Zt t0 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 ob-
liquely 3t hath wholly vanith’d and become
opake and white like the other parts of the

Glafs ; whence it may. be colleéted that the -

Glaffes did then fearcely, or not at 3ll, touch
one another, and that their Interval at the pe-
rimeter of that Spot when view'd perpendicu-
Jarly was about a fifth or fixth part of their In-
terval at the circumference of the faid red.
- Obferv. g. By looking through the two conti-
guous ObjeG-glafles, I found that the interja-
cent Air exhibited Rings of Colours, as well
by tranfmitting Light as by refleGting it. The
ceptral Spot was now white, and from it the
‘order of the Colours were yellowith red; black,
viglet, blue, white, yellow, red; vialet, blue,
green, yellow, red, & But thefe Colours
were very faint apd dilute, unlefs when the
Light was trajeGted very obliquely through the
. Glafles; For by thar means they becaine pretty
yivid, Qnly the firft yellowith red, like the
blue in the fourth Obfervation, was fo little and
faint 35 {cajcely to be difcern’d,. 'Comparing
N 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 to black, red" to
blue, yellow to violet, and green to a Compound
of redy and violet. 'Thar is, thofe parts of the
Glafs were black when looked through, which
when looked upon appeared white, and on the
contrary. And fo thofe-which in one cafe exhi-
bited blue, did in the other cafe exhibit red.
And the like of the other Colours. The man-
ner you have reprefented in the third Fi :
where AB, CD, are the Surfaces of the Glafles
contiguous at E, and the black Lines between
them are their Diftances in arithmetical Progref~
fion, and the Colours written above are feen b
refle@ted Light, and thofe below by Light tra.nl{
mitted. , )

O}f. 10. Wetting the Object-glafles a little
at their edges, the Water crept in flowly be-.
tween them, and the Circles thereby became
lefs and the Colours more 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 contracted into a lefs
, Room. By meafuring them I found the Pro.

ortions of their Diameters to the Diameters of -
the like Circles made by Air to beabout feven
to cight, and confequently the Intervals of the
Glaffes at like Circles, caufed by thofe two Me-
diums Water and Air, are as about three to foun
Perhaps it may be a general Rule, That if any
other 'Medium more or lefs denfe than Water
be comprefs’d- between the Glafles, their Inter-
yals at the Rings caufed thereby will be to their
L ; - - Intervalg
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Intervals caufed by interjacent Air, as the Sines
are which meafure the Refraion made out of
that Medium into Air. ‘ .
O4f. 11. When the Water was bhetween the
Glafies, if I prefled the upper Glafs varioufly at
its edges to make the Rings move nimbly from
one place to another, a little white Spot would
immediately follow the center of them, which
ugon creeping in of the ambient Water into that
place would prefently vanith. Its appearance
was fuch 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 Glaf~
fes at the creeping in of the Water. .
04f. 12." Thele Obfervations were made in
the open Air. But farther to examine the Effe&s
of colour’d Light falling on the Glaffes, I dar-~ -
ken’d the Room, and view’d them by Reflexion
of the Colours of a Prifm caft on a Sheet of
white Paper, my Eye being fo placed that X
could fee the colour’d Paper by Reflexion in the
Glafles, as in a Looking-glafs. And by this
means the Rings became diftin&er and vifible ta
a far greater number than in the open Air, [
have {fometimes feen more than twenty of them,
whereas in the open Air I could not difcern abovq
eight or nine. - .
04/. 13. Appointing an Affiftant 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

N4 part
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ly made by the limits of the five principal Co-

lours (red, yellow, green, blue, violet) in or-
der (thatis, 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 fixth lengths of 2 Chord which found the
Notes in a fixth Major, fo/, la, ms, fa, fol, la.
But it agrees fomething better with the Obferva-
tion to fay, that the thicknefles of the Air be-
tween the Glaffes there, where the Rings are
fucceflively 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 3 Chord, which found'the Notes in an eighth,
foh la, fa, fol, la, mi, fa, fol; thatis, as the
Cube Roats of, the Squares of the Numbers, -1,
‘n‘:i:‘i'i‘z’: 5- ) .

., 04f. 15. Thefe Rings were not of various
Colours like thofe made in the open Air, bug
appeared all over of that prifmatick Colour on~
ly with which they were illuminated. And by
projeing the prifmatick Colours immediately
upon the Glafles, I found that the Light which
fell on the dark Spaces which were between
the colour’d Rings was tran{mitted 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 reflected, and of ' the bignefs of their im-
mediate Spaces. And from thence the origix_}

1 o
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of thefe Rings is manifeft; namely, that the Ajr
between the Glafles, according to its various
thicknefs, is difpofed in fome places to refledt,
‘and in others to tranfmit the Light of any one
Colour (as you may fec reprefented in the
fourth Figure) and in the fame place to refle®
that of one Colour where it tranfmits that of
another. , '

Obf. 16. The Squares of the' Diameters of
thefe Rings made by any prifmatick Colour were
in arithmetical Progreffion, as in the fifth Ob-
fervation. And the Diameter of the fixth Cir-
cle, when made by the citrine yellow, and

. : 8
viewed almoft perpendicularly, was about <

parts of an Inch, or a little lefs, agreeable to the
fixth 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 are Plates of Mufcovy
Glafs, Bubbles of Water, and fome other thin
Subftances terminated on all fides with Air. :
0Obf..19. If a Bubble be blown with Water
firft made tenacious by diffolving a little Soap
in‘it, ’tis a common Obfervation, that after a
while it will appear tinged with a great variety of
‘Colours. To defend thefe Bubbles from being
agitated by the external Air (whereby their Co-
lours 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
em
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them I caver'd it with a clear Glafs, and by thag
mheans its Calours emerged in a very regular
order, like fo many concentrick Rings encom-
paffing the top of the Bubble. And'as the Bub-
_flc grew thinner by the continual fubfiding of
the Water, thefe Rings dilated flowly and over-
-{pread the whole Bubble, defcending in order to
tﬁe 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 {fmall round l'giack Spot,
like that in the firft Obfervation, which con- .
tinually dilated it felf till it became fometimes
more than } or } of an Inch in breadth before
the Bubble hroke. - At firft I thoughe there had
been no Light refleted from the Water in that
place, but obferving it more curioufly, I faw
within it feveral fmaller round Spors, which
appeared much blacker and darker than the
reft, whereby I knew that there was fome Re-
flexion at the other places which were not fo
dark as thofe Spots. And by farther Tryal |
found that I could fee the Images of fome
things (as of a Candle or the Sun) very faintly
refleted, not only from the great black Spor,
" but alfo from the little darker Spots which were
.within it. ‘ o
Befides the aforefaid colour’d Rings therg .
would often appear {mall Spots of Colours, af-
ccndingB and defcending vp and down the fides
of the Bubble, by reafon of fome Inequalities in
the fibfiding of the Water. And fometimes
fmall black Spots generated at the fides W.Olﬁ

3 o afce
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afcend up to the larger black Spot at the top of
the Bubble, and unite with it.

04f: 18. Becaufe the Colours df thef¢ Bubbles
" were more extended and lively than thofe of the
Air thinn’d between two Glaflés, and fo more
cafy -to be diftinguifh’d, I fhall here give you a
farther defcription of their order, as they were
. obferv’d in viewing them by Reflexion of the -
Skies when of a white Colour,, 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 threelﬁrﬁ: S:lxcgeﬁions of red and blue
were very dilute and dirty, efpecially the fi
where. X red feem’d in Z marI:cner tg be 'whxl'—&
Among thefe there was fcarce any other Colour
{fenfible befides red and blue, only the blues (and
principally the fecond blue) inclined a lictle o

n. : .
gl’e';‘hc fourth red was alfo dilute and dirty, but
not fo much as the former three; after that fuc-
ceeded little or no yellow, but a copious
green, which at firft inclined a litde to yellow,
and then became a pretty brisk and good wils
low green, and afterwards changed to a bluith
Colour; but there fucceeded neither blue nor
violet.". - ,

The fifth red ac firft inclined very much to
purple, and afterwards became more. bright
and brisk, but yet not very pure. This was
fucceeded with a very bright and intenfe ‘yel-
low, which was but litde in quantity, and foon
' chang’d

~
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chang’d to green: But that green was copious
and {fomething more pure, decp and lively, than
the former green. After that follow’d an ex-
cellent blue of a bright Sky-colour, and then a
purple, which was lefs in quantity than the blue,
and much inclined to red. :

The fixth red was at firft of a very fair and
lively fcarlet, and foon after of a brighter Co-
lour, being very pure and brisk, and the beft
of allthe reds. Then after a lively orange fol-
Iow'd an intenfe bright and copious yellow,
which was alfo the beft of all the yellows, and
this changed firft to a greenith yellow, and then
to a greenifh blue; but the green between the
yellow and the blue, was.very little and dilute,
feeming rather a greenith 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; and the
violet was intenfe and deep. with little or no

rednefs in it. And lefs in quantity than the

" blue.

" Inthe laft red appeared a tinGture of fcarlet
next to violet, which foon changed to a bright-
er Colour, inclining to an orange ; and the yel-
low which follow'd was at firft pretty good
and lively, but afterwards it grew more dilute,
until by degrees it ended in perfe®t whitenefs.
And this whitenefs, if the Water was very te-
nacious and well-temper’d, would flowly fpread
and dilate it felf over the greater part o? the
Bubble; continually growing paler at the top,
where at length it would crack in many places,
and thofe cracks, as they dilated, would appwt"

: \ o

-~
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of a pretty good, but yet obfcure and -dark

Sky-colour; the white between the blue Spots

diminifhing, until it refembled the Threds of
an irregular Net-work, and foon after vanifh’'d,
and left all the upper part of the Bubble of the
faid dark blue Coﬁfur. And this Colour, after
the aforefaid manner, dilaged 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 tho%ek,
other Spots of an intenfer blacknefs, which I
mention’d in the former Obfervation; and thefe
continually dilated themfelves until the Bubble
broke. ‘ ' ;

If the Water was not very tenacious, the black
-Spots would break forth in the white, without
any fenfible intervention of the blue. And forme-
times they would break forth within the. prece-
dent yellow, or red, or perhaps within. the blue
“of the fecond order, ‘before the intermediate Co-
lours 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, although
fet down in a contrary order, by reafon that
they begin to appear when the Bubble is thick-
eft, and are moft conveniently reckon’d from
the loweft and thickeft part of the Bubble up-
-wards. , o

04f. 19. Viewing in feveral oblique Pofitions
of my E?ye the Rings of Colours emerging (})ln

: ‘ ' the
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the top of the Bubble, I found that they wers
fenfibly dilated by increafing the gbliquity, but
yet not fo much by far as thofe made by ({hn’d
Air in the feventh Obfervation. For there they
were dilated fo much as, when view'd moft ob-
liquely, toarriveata part of the Plate more than
gwelve times ‘thicker than that where they ap-
’d when viewed perpendicularly ; whereas in
this cafe the thicknefs of the Water, at which
they arrived when viewed moft obliquely, was to
. that thicknefs which exhibited them by per-
ndicular Rays, fomething lefs than as 8 to &.
By the beft of my Obfervations it wds betweea
. a5 and 15; to 10} an increafe about 24 times lefs

ghan 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 fagne appearance of Colours
in all Pofitions of the Eye. And then the Co-
lours which were feen at its appareat circumfe-
gence by the obliqueft Rays, would be different
from thofe that were feen in other places, by
Rays lefs oblique to it. And divers Speftators
might fee the fame part of it of differing Co-
lours, by viewing it at very differing Obliqui=
ties.. Now obferving how much the Colouss az .
the fame places of the Bubble, or at divers. pla~
ces of equal thicknefs, were varied by the fe-
veral Obliquities of the Rays; by the afliftance
of the 4th, 14th, 16th and 18th Obfervations,
as they are hereafter explin’d, I colle® she
thicknefs of the Water requifite to exhibit any

one and the fame Colour, at {everal Obliguities,
. 10
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to be very nearly in the Proportion exprefled in
this Table. :

" { Tncidence on Refraétion into Thicknefs of
theWater. | theWater.  the Water.
Deg. Min.| Deg. Min.
oo 00 oo 0o 10
15 oo 1 I1I 10§
30 00 .22 I 108
45 oo | .32 2 11%
6o oo 40 30 ° 13
75 ©o0 46 25 144
9o oo | 48 35 - 15t

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
Refraion. Where 1 fuppofe, ghat the Sines
which gneafure them are in round Numbers, as
3 to 4, -though probably the Diffolutien of Soap
in the Water, may a litle alter its refractive
Virtue. In the third Column, the Thicknefs of
the Buhbble, at which any one Colour is exhibit-
ed in thofe feveral ‘Obliquities, is exprefs'd in
Parts, of which ten conftitute its Thicknefs when
the Rays are ‘pcrpendicular. And the Rule
found by the feventh Obfervation agrees well
with thefe Meafures, if duly apply’d; namely,
that the Thicknefs of a- Plate of Water requifite
to exhibit one and the fame Colour at feveral
Obliquities of the Eye, is proportional to the
Secant of an Angle, whofe Sine is the firft of an-
bundrgd and fix arithmetical mean Proportio- -

Q ' pals
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nals between the Sines of Incidence and Refra@ioft”
counted from the lefler Sine, that is, from the
Sine of Refraction when the Refraction is made
out of Air into Water, otherwife from the Sine
of Incidence. .

I have f{ometimes obferv’d, that the Colours
-which arife on polifh’d Steel by heating if, oron
Bell-metal, and fome other : metalline Sub-
ftances, whén melted and pour’d on the Ground,
wheye they may cool in the open Air, have, like
the Colours of Water-hubbles, been a litle
changed by viewing them at divers Obliquities,
and particularly that a deep blue, or violet,
when view’d very obliquely, hath been changed
to a deep red. But the Changes of thefe Ce-
fours are not fo great and fenfible as of thofe
made by Water. For the Scoria, or vitrified Part
of the Metal, which moft Metals when heated or
melted do centinually protrude, and, fend out
to their Surface, and which by coverimg the
Merals in form of a thin glaﬂ})" Skin, caufes
thefe Colours, is much denfer thah Water ; and
I find that the Change made by the Obliquation
of the Eye is leaft in Colours of the denfeft thin
Subftances. A .

Of[. 20. As in the ninth Obfervation, fo here,
the Bubble, by tranfmitted Light, appear’d of a
- contrary Colour to that which it exhibited by
Reflexion. Thus when the Bubble being look’d
‘on by the Light of .the Clouds refle@ed from
it, feemed red at its apparent Circumference,
if the Clouds at the fame tinte, 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 'refleed Light it appcaig'ed
blue, it would appear red by tranfmitted Light. -

- - Obf 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
thar fide oppofite,to the Eye: But I cofjld not
perceive any variation of their Species. So then
thie thicknefs of a Plate requifite to produce
any Colour; depends only on the dénfity of ‘the
Plate, and not on that of the ambient Medium,
And hence, by the 10th and 16th Obfervations,
may be known the tHicknefs which Bubbles of
Water, or Plates of Muftovy- Glafs, or othef
Subftances, have at any Colour produced by
them. E S :
" 0. 22. A thin tranfparent Body, which is
denfer than its ambient Medium, - €xhibits more
brisk and vivid Colours than that  which is o
much rarer; as I have particularly obferved in
the Air and Glafs. For blowing Glafs very thin
at a Lamp Furnace, thofe Plates encompafied
with Air did exhibit Coloars much more vivid
than thofe of ‘Air made thin Between two'Glafs
fes. L ‘.' 0.
-04f. 23. Comparing the qudntity-of Lighe
reﬂcé{;,d %’rom thg 1fev§ral Ri?xgs,'.lvyfound t%)ac
it was moft’ copious from the¢' fifft or inmoft;
and jn the exterior Rings becime gradually lefs
and lefs. Alfo the whitenefs of the firft Ring -
was ftronger than that refleted from thofe
Parss of the thin Medium or Plate which were
‘without the Rings; as I could manifeftly per-
ceive by viewing av a--diftance the Rings mage
- (O ) Y
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by the two Object-glafles; or-by comparing twe

Bubbles of Water blown at diftant Times, in the -

firft of which the Whitenefs appear’d, which fuc-

.ceeded - all the Colours, and in the othey, the

Whitenefs which preceded them all. _
0b/f. 24. When the two Object-glafles were
lay’d upon one another, fo as to rhake the Rings
of the Colours appear, though with my naked Eye
I gould not difcern above eight or nine of thofe
Rings, yer by viewing them threugh a Prifm I
have feen a far greater Multitude, infomuch that
I could number more than forty, befides many
others, that were fo very {mall arnd clefe together,
that I could not keep my Eye fteady on them fe-
verally fo as to number them, but by their
Extent I have fometimes eftimated them to be

_mote than an hundred. And I believe the Expe-

riment may be improved to the Difcovery of  far
greater Numbers. For they feent to be really un-
limited, though vifible only fo far as they can be

feparated by the Rt:ﬁ:a&iog aof the Prifm, asIfhall’

héreafter explain. - -
‘But it was but one fide of thefe Rings, namely,
that_towards whigh the RefraGion was made,

“which by that Refrattion was render’d diftin&,

and the other fide became more confufed than
when. view'd by the naked Eye, infomuch thet
there I could neot difcern above , one or two,
gnd fometimes none-of thofe Rings, of which

+ I could difcern eight or nine with my naked

Eye., And their Segments or Ares, which or
the other fide. appear'd. fo pnmerous, for. the
naoft part exgeeded not the thisd Part. of a Cir-
cle. If e Rafration was, yery great, o frh‘
- . rifin

\)

|
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Prifm very diftant-from the. Obje-glafles, thie
middle Part of thofe Arcs ‘became alfo confu-
fed, {0 as to difappear and confticute dn ¢vén
"Whitenefs, whilft' éti éithef fide chejr Eands] as
alfo the whole Arcs fartheft: ftom the Center,
beceme diltinéer khan befoteChppearing i e
Foru as you fee-theth deflpifan the ARNPL
gure. N IR I 76 IR R
guThxe Arcs, where they feem’d diftinCeft," wire
only white and black fucceflively, without any
other Colours intermix’d. Bur in other Places
there appeared Colours, whofe Order was inverted
by the Refra@ion in fuch manner, that if I firft
held the Prifm very near the Obje@-glaffes, and
then gradually removed it farther off towards my
Eye, the Colours of the 2d, 3d, 4th, and fol-
lowing Rings ‘fhrunk towards ‘the white that
emerged between them, uniil they wholly va-
nifh’d into it at the middle of the Arcs, and
afterwards emerged again in a contrary Order.
But at the Ends of the Arcs they rergin’d their
Order unchanged. . '

I have -fometimes fo lay’'d . gpe Obje@-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 Tlike manner
Plates of Mufcovy Glafs, and Bubbles of Glafs
blown at a Lamp-Furnace, which were not o
thin as wo exhibit any Coleurs to the naked Eye,
have through the Prifm exhibited a f_reat Va-°
riety of them ranged irregularly up and down in

J 03 - " the
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the Form of Waves, And fo Bubbles of Water,
.before they began to exhibit their Colours to the
naked Eye of aBy-ftander, have appeared through
& Prifm, girded abqut with man{ parallel and
Jorizontal Riggs;- to produce which Effed, it
-was-; neceflary 10 -hojd the: Prifm parallel, or .
-yery nearly parallel o the Horizon, and tp
difpofe it fo that the Rays might be refratted

Mpwards, .| |
AR teba ' o
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'SECOND BOOK

OPTICKS

"PART IL

Remarks upon the foregoing Obfervations.

AVING given my Obfervations
of thefe Colours, before I make
tfe of them to unfold the Caufes
of the Colours of natural Bodies,

"it is convenient that by the fim-
plett of them, fuch agare the 2d, 3d,

4th gth, lzth 18th 2oth, and 24th, I firft ex-

04 , plaip
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{¢irpiain the more compounded. And firft to fhew

how the Colours in the fourth and eighteenth

:-Obfervations are produced, let there be taken in
anyRightLine from the Point Y, [in Fig.6.] the
Lengths YA, YB, YC, YD, YE,YF, YG, YH,
in proportion to one another, as the Cube-Roots
of the Squares of the Numbers, §, % hbbb% I
whereby the Lengths of aMufical Chord to found
all the Notes in an eighth are reprefented; that
is, in the Proportion ofg the Numbers 6300, 6814,
7114, 7631, 8255, 8855, 9243, 10000. Angd
at the Points A, B,C, D, E, F, G, H, let Perpen-
diculars Aa, BB, &c. be eretted, by whofe In-
tervals the Extent of the feveral Colours fet under-
neath againft them, is to be reprefented. Then
divide the Line A« in fuch Proportion as the
Numbers 1,2, 3,5,6, 7, 9, 10, 11, &c. fer at
the Points of Divifion dencte. And through
thofe Divifions from Y draw Lines 1], 2K, 3L,
sM, 6N, 70, &e. .

Now, if A2 be fuppofed to reprefent the
Thicknefs of any thin tran{parent Body, at which
the outnioft Violet is moft copioufly reflected
in the firt Ring, or Series of Colours, then by
the 13th Obfervation, HK will reprefent its
Thicknefs, at which the utmoft Red is' moft co-
pioufly refleted in the fame Series. Alfo by
the sth and 16th Obfervations, A6 and HN
will denote the Thicknefles at which thofe ex-
treme Colours are moft copioufly refle@ted in
the fecond Series, and A 10 and 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 intermediate Co-

: .

lours
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iours are refle®ed 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, &, againft
" which the Names of thofe Colours are written
below. )

But farther, to define the Latitu® of thefe
Colours in each Ring or Series, let A1 defigh
the leaft thicknefs, and A 3 the greateft thick-
nefs, at which the extreme violet in the firft
Series is refle@ted, and lee HI, and HL, de-
fign the like limits for the extreme red, and let
the internediate 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 fo on: But yet with this caution, -
that the Reflexions be fuppofed ftrongeft at the
intermediate Spaces, 2K, 6N, 10Q, & and
from thence to decreafe gradually towards thefe
limits, 11, 3L, §M, 70, &c. on either fide;
where you muft not cohceive them to be pre-
cifely limited, but to decay indefinitely. And
whereas 1 have affign’d the fame Latitude to e-
very Series, I did it, becaufe although the Co-
lours in the firft Series feem to be a lictle broad-
er than the reft, -by reafon of a ftronger Re-
flexion there, . yet that inequality is fo infenfi-
ble as fcarcely to be determin’d by Obferva-
ton. . :

Now according to .this Defcr}ption, concei-
ving that the Rays originally of feveral Colours
are by turns reflected at the Spaces 11 L3, sM
07, 9P R 11, &c. and tranfmitted at the Spaces
AZII r, 3L Mg, 70Pg, &. itiseafyto knﬁ;v

what
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what Colour muft in the open Air be exhi:
bited at any thicknefs of a tranfparent thin Bo-
dy. “For if a Ruler be applied parallel to AH,
at thapdiftance from it by which the thicknefs
of the Body is reprefented, the alternate Spaces
. 1I.L3, §M O7%, &c. which it crofleth will de-
note the defleed original Colours, " of which
the Colour exhibited in the open Air is com-

ounded. Thus if the conftitution of the green
in the third Series of Colours be defired, apply
the Ruler as you fee at # pa ¢, and by its paffing
. through fome of the blue at 7 and yellow at o,

as'wcﬁ as through the green at ¢; yoymay con-
clude that the green exhibited at that thicknefs of
the Body is principally conftituted of original
green, but not without a mixture of fome blue
and yellow.

By this means you may know how the Co-
lours from the center of the Rings outward
ought to fucceed in order as they were defcri-
bed in the 4th and 18th Obfervations. For if
you move the Ruler gradually from AH through
all diftances, having pafs’d over the firft Space
which denotes little or no Reflexion to be made -
by thinneft Subftances, it will firft arrive at 1 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, by
‘whofe farther addition that Blue is converted
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
cpmpound yellow, and then to red, and laft t;fl'

. 3 - a
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-all the red ceafeth at L, ‘Then begin the Co-
lours of the- fecond Series, which fucceed in
order during the tranfit of the edge of the
-Ruler from § to O, and are ‘more lively than
before , becaufe more expanded and fevered.
_And for the {ame reafon, inftead of the former
white there intercedes between the blue and
.yellow a mixture of orange, yellow, green,
blue and indigo, all wiich together ought to
exhibit a dilute and imperfect green. So the
Colours of the third Series all fucceed in or-
der; firft, - the violet, which a little ipterferes
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
Colours, and confequently more lively than be-
fore, efpecially the preen: Then follows thé .
.yellow, fome of which tewards the green is di-
tinét and good, . but that part of it towards the
fucceeding red, as alfo that red is mix’d wich
.the violet and blue of, the fourth Series, where-

by various .degrees of red very much inclinin

to purple are compounded. This violet an
‘blue, which fhould fucceed this red, being mix-
‘ed with, and hidden in it, there fucceeds a
green. Angd this at firft is much inclined to
blue, but foon becomes a gaod green, the on-
ly unmix'd and lively Colour in this forth 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-
ow and red are very much diluted and made
dirty, efpecially the yellow, which being the
.weaker Colour is fcarce able to fhew it Aif'glﬁ.
- ter
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After this the feveral Series interfere more and
more, 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 mn all places
pretty equally blended, and compound an even
whitenefs. ° ’ .

And fince by the 15th Obfervation the Rays
endued with one Cololfr are tranfmitted, where
thofe of another Colour are refleGted, the reafon
of the Colours made by the tranfmizted Light in
the gth and 20th Obfervations is from hence
evident, ' :

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

- obtained by affiftance of the 6th or 16th Obfer-
vations. For according to thofe Obfervations
the thicknefs of the thinned Air, which be-
tween two Glafles exhibited the moft luminous

parts of the firft fix Rings were g

11
78555, T7teos, 785, 1465
Suppofe the Light refleted moft copioufly at
thefe thicknefles be the bright citrine- yellow,
or confine of yellow and orange, and thefe thick-.
nefles will be F, Fy, Fy, F£, Fo, F1 And
this being known, it is eafy to determine what
thickpels of Air is reprefented by G, or by any
other diftance of the Ruler from AH.
- But farther, fince by the 10th Obfervation the
thicknefs of Air was to the thicknefs of W;terﬁ
: whic

o,
parts of an Inch,
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which between the -fame Glafles exhibited the
fame Colour, as 4 to 3, and by the 21ft* Obfer-
vation the Colours of thin ies are not varied
by varying the ambient Medium; the thick-
nefs of a Bubble of Water, exhibiting any Co-
lour, will be j of the thicknefs of Air produ-
cing the fame -Colour. And fo according to
the fame 10th and 21t Obfervations, the thick-
nefs of a Plate of Glafs, whofe Refra&ion of
‘the nlean refrangible Ray, is meafured by the
proportion of the Sines 31 to 20, may be § of .
the thicknefs of Air producing the fame Co-
lours; and the like of other Mediums. I do
not affirm, that this proportion of 20 to 31,
holds in all the Rays; for the Sines of other
forts of Rays have other Proportions. But the
differences of thofe Propprtions are fo little
that I do not here confider them. On thefe
Grounds I'have compofed the following Table,
wherein the thicknefs of Air, Water, and Glafs,
at which eaach Colour is moft intenfe and fpeci-
fick, is exprefled in parts of an Inch divided in-
to ten hundred thoufand equal parts,
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The thicknefs of colour'd Plates and Particles of

- . . T ~
ir. W.:Ier Glafs.
fVery black T Iy L
; Black . ' il ,§.
Beginning of . A
Their Coloursof the & Blu:"‘ck ' 2 xi: !7:'
firft Order, 1 White se | 5 | sF
Yellow A3 R A
Or:dnge '8 é 5+
‘R 9 |.ex 1 5%
Violet y :
Tndigo gl Bl I
Blue 14 le;- ]
of thefecond Order, Green A 15y | 113 9{-
1 : 12¢ | 1or
17 1 g
Bnght red ,3; x; 11§
Scarjer 197 1143 12}
Purple ax xs% 131+
Indlgo zz,‘—’,— 163 | 145
23 1788 | 154
Yellow 27; | 20f | 174
29 21} | 18%
Blmfh red 327 J24 ool
Bhufh green | 34 zg% a2
353 |26; | 222
Of the fourth Order,4 G Yellowith green] 36 |27 |ag)
Red 405 ) 301 |26
[ ]
. i 6
Of the fth Order, § Ry 2 P1%¢ | 47, | 4 [ 298
. A
ith bl 82
Of the fixth Order, {ﬁ:;’“ blue & I 23
Of the feventh Or-§ Greenifh blue { 71 53+ | 45¢
der, Ruddy white 77 ' 514 ) ag

Noyv
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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
Imperfection ; 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 Object-glaf-
fes are laid upon one another. To do which,
. let there be defcribed a large Arc of a Circle,
and a ftreight Line which may touch that Arc,
and parallel to that Tangent feveral occule
Lines, at fuch diftances from it, as the Num-
bers fet againft the feveral Colours in the Ta-
ble denote. For the Arc, and.its Tangent, will
repréfent 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 contaé,
each Colour is refle@ed. . :
There are alfo other Ufes of this Table: For
by its affiftance the thicknefs of the Bubble in
the 1gth Obfervation was determin’d by the Co-
lours which it exhibited. And fo the bignefs of
the parts of natural Bodies may be conje-
QGured by their Colours, as fhall be hereafter
fhewn. Alfo, if two or more very thin Plates
be laid one upon another, fo as to compofe one
Plate equalling them all in thicknefs, the refult-
ing Colour may be hereby determin’d. For in-
ftance,” Mr. Hook obferved, as is mentioned in
his Micrographia, that a faint yellow Plate of
Mufiovy Glafs laid upon a blue one, conftituted

a very

/
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a very deep purple. The yellow of the firft Or-
der is a faint one, and the thicknefs of the Plate
exhibiting ‘it, according tq the Table is 4} to"
which add g, the thicknefs exhibiting blue of
the fecond Order, and the Sum will be 133
" which is the thicknéfs exhibiting the purple of
the third Order. :

To explain, in the next place, the circum-~
ftances of the 2d and 3d Obfervations; that is,
. how the Rings of the Celours 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 Rings,
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
Rays to the Air which intercedes the Glafles,
and that according to the Table in the 7th Ob-
fervation, their Dilatation or Increafe of their
Diameteg is moft manifeft and f{peedy when
they are obliqueft. Now ,the Rays of yellow
being more refracted by che firft Superficies of
the faid Air than thofe of red, are thereby
made more oblique to the fecond Superficies,
at which they are'refle@ed to produce the co-
lour'd Rings, and confequently the yellow Cir-
cle in 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 equal 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 ftt}:ﬁ

\
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fkill greater obliquity of their Rays, as to be-
come all very. nearly of equal extent with the
red, that is, equally diftant from the center of
the Rings. And then all the Colours qf the
fame Ring muft 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 fpread and interfere
with one"another, as before. And for that rea~
fon alfo they muft become diftin&er, 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 frem 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-

¢éft 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 confpicucus 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 diftinét, and not vifible to fo

great numbers, .

——— P If
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If inftead of the Prifms the Obje@-glafies be
made ufe of, the Rings which_they exhibit be-
come not white and diftin& by the obliquity of
the Eye, by reafon that the Rays in their paffa
through that Air which inrercedes the Glaﬂgci
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 yef 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 diftin&, fhould not only be-
come confufed by viewing them near ac hand,
"but alfo yield a violet Colour at both the. edges
of every white Ring. And the reafon is,

- the Rays which enter the Eye at feveral :
of the Pupil, have feveral Obliquities to thc.(glaf-
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 obliquefb
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 Glafles. And the
breadth of the violert muft be moft expanded,

becaufe the Rays apt to excite a Senfation of
that Colour are moft oblique 0 a fecond or
farther Superficies of the_thinn’d .Air. at whiclg
they are reflected, and have alfo the greareft

. varia-
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variation of Obliquity, which makes that Co-
lour fooneft emerge out of the edges of the -
white. And as the.breadth of every Ring is
thus augmented, the dark Intervals muft be di-
minifh’d, until the neighbouring Rings become
continuous, and are blended, the exterior firft,
and thenahofe 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 there is none ac-
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 any terminations of Shadows, the Re-
fracion of a Prifm fhould make Rings of Co~
lours appear, whereas it ufually makes Objects
appear colour’d only there where they are ter-
minated with Shadows, or have parts unequal-
}{ luminous; and ‘that it fhould make thofe

ings exceedingly diftinét and white, although’
it ufually renders Obje¢ts confufed and colour-
ed. The Caufe of thefe things you will under-
ftand by confidering, that all the Rings of Co+
loursare really in the Plate, ‘when view'd with
the naked Eye, although by reafon of the great
breadeh of their Circumferences they fo much
interfere and are blended together, that they
feem to conftitute an uniform whitenefs. But
when the Rays pafs through the Prifmh to the
Eye, the Orbits of the feveral Colours in every
Ring are refracted, fome more than others, ac-
cording to their degrees of Refrangibility: By
which means the Colours on one fide of the
P2 Ring
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Ring (that is in the circumference on one fide of
its center, ) become more unfolded and dilated,
and thofe on the other fide more complicated and
contracted. And where by a due Refrattion they
are fo much contra&ed, that the feveral Rings.
. become narrower than to interfere with one ano-

- ‘ther, they muft appear diftin&, and aldo white,
if the conftituent Colours be fo much contra@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 be-.
fore, and fo become lefs diftin&.

To explain this a little. farther, fuppofe the
concentrick Circles AV, and BX, [m 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 Prifm, the violet Circle
BX, will, by a greater Refrattion, be farther
tranflated from its place than the red AV, and
fo approach nearer to it on that fide of the Cir-
cles, towards which the Refrations are made,
~ For inftance; if the red be.tranflated to @ v,
the violet may be tranflated to b x, foastoa
proach nearer to it at x than before; and if the
red be farther tranflated to av, the violet may
be fo much farther tranflated to bx as to con-
vene with it at x; and if the red beyet 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 ¢ and £ And this
being underftood not only of the red and vio-.
let, but of all the other intermediate Colours,

' and
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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 o
and T %, and their coincidence at x v, e and f;
ought to conftitute pretey diftin& Arcs of Cir-
cles, efpecially at xv, or at e and f; and that -
they will appear feverally at x v, and at x v ex-
hibic whitenefs by their coincidence, and again
appear feveral at T£, but yet in a contrary or-
der to that which they had before, and ftill re- .
tain beyond ¢ and . But on the other fide,
at a4, ab, ora B, thefe Colours muft become
much more confufed by being dilated and {pread
fo as to interfere with thofe of other Orders.
. And the fame confufion will happen at T £ be-
tween e dand £, if the Refraction be very great,
or the Prifm very diftant from the Obje&-glaf-
fes: In which cafe po 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 #ill farther from
the Obje@-glaflfes: And thefe little Arcs muft
be diftin&teft 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 muft 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 orher fide. But
their other ends which verge from T £, will on
the contrary be blue and violet on that fidé to-

- P3 ¢ 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-
rties of Light by a mathematical way of rea-
}’:ning, {o the truth of them may be manifefted
by Experiments. For in a dark Room, by view-
ing thefe Rings through a Prifm, by reflexion
of the feveral prifmatick Colours, which an
affiftant caufes to move to and fro upon a Wall
or Paper from whence they are refleted, whilft
the Spe@ator’s Eye, the Prifm, and the Object-
glafles, (as in the 13th Obfervation,) are placed.
fteady; the Pofition of the Circles made fuc-
ceflively by the feveral Colours, will be found
{uch, in refpe& of one another, as.I have de-
{cribed in the Figures ¢bx v, or abxv, or
@BEY. Andby the fame method the truth of
the Explications of other Obfervations may be
examined. . B
- By what hath been fa.id', the like Phenomens
of Water and thin Plates of ‘Glafs may be un-
derftood, Butin {fmall fragments of thofe Platey
there is this farther obfervable, that where they
lie flac upon a Table, and are turned about their
genters whilft they are view’'d 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
molt of them do in 31l Pofitions exhibit them,
and make them for the moft part appear al
moft all over the Plates, The reafon 1s, that
the Superficies of fuch Plates are not even, bug
bave many Cavities and Swellings, which, how
fhallow fogyer, do a little vary the thickpefs tl(x)f
) C
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the Plate. For at the feveral 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 fmall 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 is, of feveral Rings, confufedly re-
fletted, which by Refraction of the Prifm- are
unfolded, feparated, and, according to theit
degrees of Refration, difperfed to feveral pla-
ces, {0 as to conftitute fo many feveral Waves,
as there were divers orders of Colours promifca-
oufly reflected from that part of the Glafs.

Thefe are the principal Phenomepa of thin
Plates or Bubbles, whofe Explications dcgend
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 circumftances; 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 Refractions of a Prifm,
have feveral 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®ion, and affociated together fo as to
become vifible by themfelves like Arcs of Cir-
cles. For if the Rays were all alike refrangi-
ble, 'tis impoffible that the whitenefs, which

P4 - to
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. to the naked Senfe appears uniform, fhoyld by
Refraction have its parts tranfpofed and rapged .
into thofe black and white Arcs.
It appears alfo that the unequal Refractions
of difform Rays proceed not from any contin-
gent irfegularities; fuch as are Veins, an uneven .
Polith, or fortuitons Pofition of the Pores of
Glafs; unequal and cafual Motions in the Air
or Ather, the fpreading, breaking, or dividing
the fame Ray into many diverging parts; or the
like. For, admitting any fuch irregularities,
it would be impoffible for Refractions to render
thofe Rings fo very diftin@, and well defined,
as they do in the 24th Obfervation, It is ne»
ceflary therefore that every Ray have its proper
and conftant degree of Refrangibility connate
with it, according ¢o which its refraction is ever
juftly and regularly perform’d; and that feveral
Rays have feveral of thofe degrees. _
. And what is faid of their Refrangibility may
be alfo underftood of their Reflexibility, that is,
of their Difpofitions to be refleted, fome at a
greater, and others ‘at a lefs thicknefs of thin
Plates or Bubbles; namely, that thofe Difpofi-
tions are alfo connate with the Rays, and im-
mutable ; as may appear by the 13th, 14th, and -
15th Obfervations, compared with the fourth and
cighteenth, s -
By the precedent Obfervations it appears al-
{o, thar whitenefs is a diffimilar mixture of all
Colours, and that Light is a mixwre of Rays
gndyed with all thofe Colours. For, confider-
ing the multitude of the Rings of Colgurs in.
ghe 3d, 12th, and 24th Obfervations, it is manj~ .

atiol 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 cight
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 a]l thofe Co-

Jours. - :
But farther; by the 24th Obfervation it ap-
rs, 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 Colours having pro-
orcionably intermediate degrees of Réfrangibi-
fity. 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 Reflékibility ; the violet be-
ing in like circumftances reflected at leaft thick-
nefles of any thin Plate or Bubble, the red at
reateft thicknefles, and the -intermediate Co-
%ours 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 Produétions and
Appearances of Colours in the World are de-
rived, not from any phyfical Change caufed in
Light._ by Refraction or Reflexion, but only
from the various Mixtures or Separations of
Bays? by virtue of their different Refrangibility
o or
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oF Reflegibility. And in this refpet the Science
of Colours becomes a Speculation as truly ma-
thematical as any otber partof Opticks. I mean,
fo - far as they depend on the Nature of Lighe,
and are not produced or alter'd by the Power

of Imsgination, or by ftriking or prefling the

Eys,

THE

’
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- 1o o By T———Y

Of the permanent Colours of natural Bo-
' dies, and the Analogy between them and
the Golours of thin tranfparent Plates. .

AM now come to anather part of
this Defign, which i to confider hew
the Phenomeng of thin traafparent
_. Plates ftand relased to thofe of all o-
ther natural Bodies. Of thefe Bodies I have al«
ready told yom that they appear of divers Cos

Yours,
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Yours, accordingly as they are difpofed to refle&t

moft eopioufly the Rays originally éndued with
jofe’ Colours. But. their Conftitutions, wheré-
Fehey-reflet fome Rays more ¢opioufly than

others, remain to be difcover'd; and thefe I fhall

zlufleavour to manifeft in the following Propo-
ons, -ty

oo~ P Ror 1}.«\ "N Ty
TBofé Superficies of tranfbarent Bodies' riflect the
g{gate_,{lp qf;ntit)!;f Lfg/%t, which bave t£ great-
% rgﬁa&ing Power', that is, which intercede
ediums that differ moft in their refrattive Den-
Jtses. = dnd inthe Confisies o equally’ refracting
*{Bﬂ’dt‘u{m téme, tg n;jRgﬂexion{j S I3

-ato Ay

T{H E Analogy between Reflexion and Re-.
~Z-fraiom—will-appear by-confidering, thae
when Light paffeth obliquely- out of one Medi-
um into another ‘which refraéts from the per-
pendicular, the greater is the difference of their
refraltive Denfity, the lefs Obliquity of Inci-
dence is ‘requifite” to ‘caufe 2 roral Reflexion,
¥or as the Sines ate which meafure the Refra-
&ion, {a is the Sine of 'Incidence at which the
total” Reflexion' begins, .to " the Radius of the
Circle; and confequently that Angle of Inci-
denéé s leaft: where there is the greateft diffe-
rence -of the Sines. Thus in the paffing of
Light out of Water into Air, where the Refra-
&ion s meafured by the Ratio of the Sines 3 to
4, the toral Reflexion begins when' the Angle
of Incidefrce is aboit 48 Degress 35 Minutlc:.
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It pafling out of Glafs into Air, where the Re-
fraGtion is meafured by the Ratio of the Sines -
2010 31, the toral Reflexion begins when the
Angle of Incidence is 40 Degrees 10 Minutes ;.
and fo in paffing out of Cryftal, or'more ftrong-
ly refraéting Mediums into.Air, there is ftill a lefs
obliquiry requifite to caufe a total reflexion.
Superficies therefore “which ‘refract moft. do
fooneft refle&t all the Light which is incident
on them, and'{fo'muft be allowed moft ftrongly®
reflexive. oL ' ‘

But the. truth of this Propofition will farther
appear by obferving, that in the Superficies in--
terceding two tranfparent Mediums, (fuch as are -
Air, Water, Qil, common Glafs, Cryftalp me- -
talline G lafles, Ifland Glafles, white tranfparent
Arfenick, Diamonds, &%c.) the Reflexion is-
ftronger or weaker accordingly, as the Super-
ficies hath a greater or lefs refralting. Power.
For in the Confine of Air and Sal-gem ’tis
ftropger than in the Confine of Air and Water,
and ftill 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 weak-

er than before; and ftill weaker if they be im-
merged in the more ftrongly refracting Liquors
of well rectified Oil of Vitriol or Spiritof Tur-
pentine. If Water be diftinguifh’d ‘into two
parts by any imaginary Surface, the Reflexidmi,
in the Confine of thofe two pirts” is note, at aft,
In the Confine.of Water and Iec s Very little;
in that. of Water and Oil tis fomething greater;.

n
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in that of Water and Sal-gem ftill greater§ and
in that of Water and Glafs, or C 1, or other
denfer Subftances ftill greater, accordingly as
thofe Mediums differ more or lefs in their re-
fraGing Powers. Hence in the Confine of com-
mon Glafs and Cryftal, there ought o be a.
weak Reflekion, and a ftronger Reflexion in
the Confine of common and metalline Glafs;
thoug\ I have not yet tried this. Buc in the
Confine of two Glafles of equal denfity, there
. 1s not any fenfible Reflexion; as was fhewn in
~the firft Obfervation. And the fame may be
underftood of the Superficies interceding two
" Cryftals, or two Liquors, or any other Sub.
ftances in which no Refraction is caufed. So
. then the reafon why uniform pellucid Mediums
g’:ch as Water, Glafs, or Cryftal,) have.no fen-.

le 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 degrea of

. ‘

Pror IL - . .
The leaft parts of almoft all natural Bodies aré
" in fome meafure tranfparent : And the Opa-
city of thofe Bodies arifeth from the multi-
l;de of Reflextons caufed in thesr internal
- Parts. :

. THAT this is fo has been obferved by o-
<= thers, and will cafily be granted by themt
that have been converfant with Micrdfco‘Pw
And is may be alfo tried by applying myﬁaub-'-'
. nce
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ftance to a hole through which fome Lighe is
immitted into a dark Room. For how opake
focver that Subftance may feem in the o
Air, it will by that means appear very mani
ly tranfparent, if it be of a fufficient thimnefs.
Only white meralline Bodies muft- be excepted,
which by reafon of their exceflive denfity feem
to refle& almoft all the Light incident.on their
farft Superficies; unlefs by folution- in Menftru~
ums they be reduced into very fmall Particles,
and then they become tranfpareat. , -~ -

Prop HL

Between the parts of opake and colour’d Bodies
" are many Spaces, either empty, or reple;z;'/b’d
with Mediums of other Denfities; as Water
. between the tinging Corpufcles wherewith a-
ny Liquor is ‘inz)regnated, Air -berween  the
aqueous Globules that conflitute Clouds or Mifts;
and for the moff part Spaces woid of both Air
and Water, but yet perbaps not wholly void' of
all Subflance, between the parts of bard Bi~
dies. -
H E truth of this is evineed by the two
& precedent Proio,ﬁtions: Bor 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 che
parts of thofe Bodies were continued without
any fuch Interftices between them ; becaufe Re-
flexions are caufed only in Superficies, which
intercede Mediyms of a differing denfity, by
Prog 1. : , -
3 * Bue
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But farther, that this difcontinuity of parts
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
Water or Oil, the Oculus Munds Stone fteep’d
in Water, Linnen Cloth oiled or varnifh’d, and
many other Subftances foaked in fuch Liquors

as will intimately pervade their little Pores, bes
- come by that, means more tranfparent than other-
wife; fo, on.the contrary, the moft tranfparent
Subftances may, by evacuating their Pores, or
feparating their parts, be render'd fufficiently o-
pake; as Salts or wet Paper, or the Oculus Mun-
di Stone by being dried, Horn by being fcraped,
Glafs by being reduced to Powder, or otherwife
flawed; Turpentine by being ftirred about with -
Water till they mix imperfectly, and Water by
being form’d into many {mall Bubbles, either a-
lone in the form of Froth, or by fhaking it to-
gether with Oil of Turpentine, or Oil Olive, or -
with fome other convenient Liquor, with which
it will not perfe@ly incorporate. And to the in-
creafe of the opacity of thefe Bodies, it condu-
ces fomething, that by the 23d Obfervation the
Reflexions of very thin tranfparent Subftances are
confiderably ftronger than thofe made by the
fame Subftances of a greater thicknefs. :

Pror

y~
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‘Prop IV,

‘T be. Parts qf Bodzes and their Inte(/?zm muft not
- be lefs than of fome definite btgmfs, fo render
them opake and colour'd. |

F OR the opakeft Bodies, if their parts be
fubtilly d1v1ded (2s Metals, by being diffol-
ved in acid Mcnﬁruums, &c.) become perfect-
{m tranfparent. And you may alfo remember,
t in the eighth Obfervation there was no
fenfible rcﬁexxon -at- the Superficies of the Ob-
je€t-glafles,  where they were very near one an-
other, though they did not abfolutely  touch.
And in the 17th Obfervation 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 refle@ed Light. :
© On thefe grounds I perceive it is that Water,
8alt, 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 - Interftices to be too
ff;nall to caufe Rcﬁcxxons in their common Sur-
ces, -

Q_‘. ‘;OPQ
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. Pror V. ‘

The tranfparent parts of Bodies, according to their
Jeveral fizes, refleét Rays of ome Colour, and
tranfmit thofe of anmotber, on the fame grounds
that thin Pilates or Bubbles do rei:e& of tranfmit

thofe Rays. And this I take to be the ground of
all their Colours.

OR if a thinn'd or plated Body, which
being of an -even thicknefs, appears all o-
ver of one uniform Colour, fhould be flit into
‘Threads, or broken into Fragments, of the fame
thicknefs with the Plate; I fee no reafon why
every Thread or Fragment fhould not keep its
Colour, and by confequence why a heap of thofe
"Theads or Fragments fhould not conftitute a
Mafs or Powder of 'the fame Colour, which the
Plate exhibited before it was broken. And the
ts of all nawral Bodies being like fo mazz
E-Iagmcnts of a Plate, muft on the fame groun
exhibit the fame Colours. '
- Now, that they do fo will appear by the affi
nity of their Pro%en.ies. The finely colour'd
Feathers of fome Birds, and particularly thofe
of Peacocks Tails, do, i the very fame part of
the Feather, appear of feveral Colours in feveral
Pofitions of the Eye, after the very fame man-~
ner that thin Plates were found to do in the
7th and 19th Obfervations, and therefore their
Colours arife from the thinnefs of the tranfpa-
rent parts of the Feathers; that is, from the
flendernefs of the very fine Hairs, or Capilla-
menta, which grow out of the fides of the
L groffer
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grofler lateral Branches or Fibres of thofe Fea~
thers. And to the fame purpofe it is, that the
Webs of fome Spiders, by being {pun very fine,
have appeared colour'd, as fome have obferv'd,
and that the colour’d Fibres of fome Silks, by
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 Vigor again by being 3ricd;
much after the manner declared of  thin Bodies
in the 10th and 21ft Obfervations. Leaf-Gold,
fome forts of painted Glafs, the Infufion of
Lignum Nepbriticum, and fome other Subftan-
ces, refle& one Colour, and tranfmit another; -
like thin Bodies in the gth and 20th Obferva-
tions. And fome of thofe colour’'d Powders
which Painters ufe, may have their Colours 2
lide changed, b beinf very elaborately and
finely ground. V{Ihcre fee not what can be
juﬁ&liufretcndcd 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. For which reafon alfo it is that the
colour’d Flowers of Plants and Vegetables, by
being bruifed, ufually become more tranfparent
than before, or at leaft in fome degree or o-
ther change the:;a Colours, Nor dils it thuch lefs
to my purpofe, that, by mixi ivers Liquors,
' v¢:ryy§ddP and rema!kable grodu&ions ‘and
Chapges of Colours may be effe@ed, of which
RO caufe can be more obvious and rational than

Q2 thac
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that the faline Corpufgles of one Liquor do vari-
oufly aupon or unite with the tinging Corpufcles
of another, fo asto make them fwell, - or fhrink,
(whereby not only their bulk but their denfity

alfo may be changed,)-or to 'divide them into -

{maller Corpufcles, (whereby a colour’d Liquor
may become tranfparent,) or to make many of
them affociate into one cluftér, whereby two
tranfparent Liquors may compofe 2 colour’d one.
For we fee how apt thofe faline Menftruums are

to penctrate and diffolve Subftances to which.

they arg applied, and fome of them to precipi-

tate what others diffolve. In like manner, if we -

confider the various Phenomena of the Atmo-
_fgwherc, 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 compofe drops of Rain they
begin to coalefce and .conftitute Globuiles of aK
intermediate fizes, thof¢ Globules, when they
become of a convenpient fize to refle& fome Co-
lours and trapfmit others, may conftitute Clouds
of various Colours according to their fizes. And
I fee nat what cap be rationally conceived in fo
‘tranfparent a Subftance as Water for the produ-
¢tion of thefe Colours, befides the various fizes
of its fluid and globular Parcels, ~ =~

Pror,

_—
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_ Pror VL .

The parts of Bodies-on which their Colours defend,
~ are denfer than the Medium ‘which pervades
their Interfices. S

T H IS 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 reflected Colour,
where (tlhc thin Body or fmall Particle is rarer
than the ambient Medium, infomuch that fuch
a {mall Particle will at diverfly oblique Inci-
. dences refle@ all forts of Colours, in fo-great a
variety that the Colour refulting from them all,
confufedly refle@ted 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
imperfe& and dirty Colour. Whegreas if the
thin Body or fmall Particle be much denfer than
the ambient Medium, the Colours; according to
the 19th Obfervation, are fo little changed by
the variation of obliquity, that the Rays which
are . refleGted leaft obliquely may predominate
over the reft, fo much as to caufe a heap of fuch
Particles to appear very intenfely of their Co-
lour. : : 3 T
It conduces alfo fomething to. the confirma-
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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b:isk than thofe exhibited by the rarer within the

Propr VIIL

The bignefs of the: component parts of natural Bo=
i":'}/ rm{; be confectured ga tbeirfColoér:.

OR 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 refrattive denfity;
and fince their parts feem for the moft part to
have  much the fame denfity with Water or
Glafs, as by many circumftances is obvious to
colle¢t; to determine the fizes of thofe parts,
ou need only have recourfe to the precedent

ables, in which the thicknefs of Water or
Glafs exhibiting any Colour is exprefled. Thus
if it be defired to know the diameter of a Cor-
pufcle, which being of equal denfity with Glafs
fhall refle& green o thce&ird Order; the Num-
ber 16} fhews it to be %mof an Inch.

. The greateft difficulty is here to 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@ed thefe particulars,

Scarlets, and other reds, oranges, and yel-
Jows, 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 is faint, and -the

: orange
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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 Order,
but the pureft are of the third. And of this -
Order the green of all Vegetables feems to be,
Fattly by reafon of the Intenfenefs of their Co-
ours, and partly becaufe when they wither fome
of them turn to a greenith yellow, and others
to a more ‘{nerfe& yellow or orange, or perhaps
to red, pafling firft through all the aforefaid in-
termediate Colours. Which Changes feem to
be effected. by the exhaling of the Moifture
which may leave the tinging Corpufcles more
denfe, and fomething augmented by the Accre-
tion 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 Co~
Jours, though ufually not very full, yet are

_often too full and lively to be of the fourth
Order.

Blues and Purples may be cither of the fe-
cond or third Order, 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 incraffate, if the Purple Co- -
Jour of the Syrup was of the fecond Order, an
~acid Liquor by attenuating its tinging Cor-
s::fcles would c{u.nge it toa red of the firft Or-

r, and an Alcali by incraffating them would

change jt 10 a green of the fecodd Order;
) - Q4 which'
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which red and green, efpecially the green, feetn
too imperfect to be the Colours produced by

- thefe Changes. But if the faid Purple be ﬁ:K-
pofed 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 decper and lefs
reddith Purple than that of the Violets, its Colour
moft probably is of the fecond Order. But yet
there being no Body commonly known whofe Co-
lour is conftantly more deep than theirs, I have.
made ufe of their Name to denote the deepeft and
leaft reddith 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
Subftanceés; and particularly the azure Colour
of the Skies feems to be of this Order. For all

Vapours when they begin to condenfe and coa--

lefce into fmall Parcels, become firft of that Big-
nefs, whereby fuch an Azure muft be refle@ed be-
fore they can conftitute Clouds of other Colours.
And fo this being the firft Colour which Vapours
begin to refle&, it ought to be the Colour of the
fineft and moft tranfparent Skies, in which Va-
pours are not arrived to that Groflnefs requifite to
refle¢t other Colouts, as we find it is by Expe-
rience. '

that of the firft Order, if lefs ftrong and lumi-
nous, a Mixture of the Colours of feveral Or-
ders. Of this laft kind is the Whitenefs of
Froth, Paper, Linnen, and' moft white Sub-
ftances; of -the former I reckon 'that of white

o . ‘ Metals

Whitenefs, if moft intenfe and luminous; is -
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Metals tobe. For whilft the denfeft of Metals,
Gold, if foliated, is tranfparent, and all Metals
become tranfparent if diflolved in Menftruums
or vitrified, the Opacity of white Metals ari-
feth not from their Denfity alone. They be-
ing lefs denfe than Gold would be more tranf-
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 refle@ the white of
the firft order. For, if they be of other Thick-
nefles they may refle@ 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 Scoria
which arifées upon them in their cooling. "Amd
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 mietallick Subftances of fucha Thicknefs s
. may fit them to refle&t the white of the firft or-

" der, may, byreafon of their great Denfity (ac-

" cording to the Tenor of the firft of thefe Pro-
pofitions) refle& all the Light incident upon
them, and fo be as opake and fplendent as it’s
- poflible for any Body to be. Gold, or Cogper

mix’d with lefs than half their Weight of Silver,
‘'or Tin, or Regulus of Antimony, in fufion, or
amalgamed with a very little Mercury, become
white; which fhews both that the Particles of

white Metals have much more Superficies, ddd
fo are fmaller, than thofe of Gold and Coppe:('i
. an
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and alfp that they are fo opake as not to fuffer
the Panticles of Gold or Copper to thine thro
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 refleG
white of the ot ox;acr. The Volatility of Mer-
cury argues that are ‘not much bigger,
| ng:yn:;g'u th;y be muecyh lefs, left they lofe thej
Opacity, and become either tranfparent as

do when attenuated by Vitrification, or by Solu-
tion in Menftruums, or black as they do when
ound {maller, by rubbing Silver, or Tin, or
ircad, ‘upon other Subftances to draw black
Lines. The firft and only Colour which white
Metals take by grinding their Particles fmaller,
isblack, 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 firft order. But, if you would
hence gather the Bignels of metallick Particles,
ou muft allow for their Denfity. For were
{'krcury tranfparent, its Denfity is fuch that
the Sine of Incidence upon it (by my Compu-
tation) would be to the Sine of. its Refraction,
-2 7110 20, or.7to 2. And therefore the Thick-
nefs of its Particles, that they may exhibit the
" fame Colours with thofe of Bubbles of Water,
"ought to be lefs than the Thicknefs of the .

Skin of thofe Bubbles in the Proportion of 2
to 7. ‘Whence it’s poflible, that the Particles
of %/Iercury may be as little as the Particl? of
ame
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fome tranfparent and volatile Fluids, and yer
refle@ the white of the firft order. : ’

Lattly, for the production of &Jack, the Cor-

ufcles muft be lefs than any of thofe which ex-
E.ibit Colours. For at all greater fizes there is
\too much I;}ght refleted to conftitute this Co-
- lour. But if they be fuppofed a little lefs than -
is requifitc to reflett the white and very faint
blue of the firft order, "they will, according te
the 4th, 8th, 17thand 18th Obfervations, rcgc&
fo very litde Light as to ap intenfly black,
and yet may perhaps varioumefm& 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 pofitiens of the Eye without
any tranfparency. And from hence may be under-
ftood why Fire, and the more fubtile diffolver Pu-
- trefadion, by dividing the Particles of Subftan-
ces, turn them to black, why fmall quantities
of black Subftances impart their Colour v
freely and intenfly to other Subftances te whic
they are applied ; the minute Particles of thefe,
by reafon of their very great number, eafily o-
verfpreading the grofs Particles of others; why
Glafs greund very claboratclﬁ with Sand on a
Copper Plate, ’till it be well polith’d, makes
the Sand, together with what is worn off from
the Glafs and Copper, become ‘very black -
why black Subftances do fooneft of all others
become hat in the Sun’s Light and ‘burn, (which
Effe@ may proeeed partly from the mulcitude
of . Refrattions in a little room, and partly from
the eafy Commotion of fo wery fmall Cor-
pufcles ;) -and why blacks are ufually a little in-

clined
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clined to a bluith Colour. For that they are fo
may be. feen b‘y illuminating white Paper by
Light refleed trom black Subftances. For the
Paper will ufually appear of a bluifh white; -and
the reafon is,. that black borders on the obfcure
blue of the order defcribed in the 18th Obferva-
tion, and therefore reflects more Rays of that Co-
lour than of any other. '
" In thefe Defcriptions I have been the more
particular, becaufe it is not impoffible but that
Mifcrofcopes 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-
fe@ion. For if thofe Inftruments are or can be
fo far improved as with fufficient diftin@nefs
to reprefent Obje@s five or fix hundred times
bigger than at a Foot diftance they appear to
our naked Eyes, I fhould hope that we mighe
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 thogae wgich produce
blacknefs. In the mean while I fee nothing ma-
terial in this Difcourfe that may. rationally be
doubted of, excepting this Pofition: That tran-
fparent Corpufcles of the fame thicknefs and
denfity with a Plate, do exhibit the fame Co-
lour. And this I would have underftood not
without fome Latitude, as well becaufe thofe
Corpufcles may be of irregular Figures, and
many Rays muft be obliquely. incident on them,
and fo have a fhorter way through them than
the length of their Diamerers, as becaufe the
T - ftraitnefs
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ftraitnefs of the Medium put in on all fides
within fuch Corpufcles may a little alter its Mo-
tions or other qualities on which the Reflexion
depends. But yet I cannot much fufpe@ the
faft, 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 oyr Satif~
faction, if thofe Corpufcles can be difcover'd
.with Microfcopes ; which if we fhall at length
attain to,- | fear -it will be the utmoft improve-
ment of this Senfe. For it feems impoffible to
fee the more fccret and noble Works' of Nature
within the Corpufcles by reafon of their tranfpa-
rency. . o .

' Pror. VIL |

The Caufe of Reflexion is not the impinging of

. Light on the [olid or impervious parts of Bodies,
as 15 commonly believed. | '

T HIS will appear by the following Confi-
derations.  Firft, That in the paffage of
Light out of Glafs into Air there is a Reflexion
as ftrong as in its paffage out of Air into Glafs,
‘or rather a little ftronger, and by many degrees
ftronger than in its paffage out of Glafs into Wa-
ter. And it feems not probable that Air thould
have more ftrongly reflecting parts than Watet
or Glafs. Butif that thould poffibly be fuppo-
fed, yet it will -avail nothing; for the Reflexion
4 \ is
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is as ftrong or ftronger when the Air is drawn
away from the Glafs, (fuppofe by the Air-Pump
invented by Otto Gueriet, and improved and made
ufeful by Mr. Boyle) as when it is adjacent to it.
Secondly, If Light in its paflage out of Glafs
into Air be incident more obliquely than at an
Angle of 40 or 41 Degrees it is wholly reflected,
if lefs obliquely it is in great meafure tran{mit-
ted. Now it is not to be imagined that Light at
one degree of obliquity fhould meet with Pores
enough in the Air to tranfmit the greater part of
it, and at.another degree of obliquity fhould
meet with nothing but parts to refle® it wholly,
efpecially confidering £at in its paflage out of
Air into Glafs, how oblique foever be its Inci-
dence, it finds Pores enough in the Glafs to tranf-
mit a great part of it. If any Man fuppofe that
it is not refleted by the Air, but by the outmoft
fuperficial parts of the Glafs, there is ftill the
Jame difficulty: Befides, that fuch a Suppofition
is unintelligible, and will alfo appear to be falfe
by applying Water behind fome part of the Glafs
:;ﬂ:ig of Aix‘.f For fo in a convenient obliquity
‘ S, ofe of 45 or 46 rees, .8
which tIli:)}: are‘ﬁlpreﬁe&;d \fvhere thc% is adja-
cent to the Glafs, they fhall be in great meafure
tranfmitted where the Water is, adjacent to it
which argues, that their Reflexiop or Tranfmiffi-
on depends on the conftitution” of the Air and
Water behind the Glafs, and not on the ﬂ:rikir‘xig
of the Rays upon the parts of the Glafs. Third-
ly, If the Colours made by a Prifm placed ac
tﬁc entrance of a Beam of Light into a darken’d
Room be fucceflively caft on a fecond Prifm

o : placed
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placed at a greater diftance from the former,
in fuch smanner that they are all alike incident
upon it, the fecond Prifm may be fo inclined to
_the incident Rays, that thofe which are of a
blue Colour fhall be all refle®ed by it, and yet
thofe of a red Colour pretty copioufly tranfmit--
ted. Now if the Reflexton be caufed 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 asto be all
reflected, and yet the red find Pores encugh
to be in a great meafure tranfmitted. Fourth-
ly, Where two Glafles 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
as when coantiguous 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
fuch a little and ‘almoft infenfible quantity of
Light refleted from it, that it appeéared in-
tenfly black; whereas round about that black
SPOt, where the Water was thicker, the Refle-
zion was fo ftrong as to-make the Water feem
_ve?' white. Nor is it only at the leaft thick-
nefs of thin Plates or Bubbles, that there is no
manifeft Reflexion, but ar many other thick-
nefles continually greater and greater. For in
the 15th Obfervation the Rays of the fame Co-
Iour were by turns tran{mitted at one thicknefs,
and refle@ed at another thicknefs, for an in-
determinate number of Sugceflions. 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
parts for the Rays to impinge on, as where it
15of any other thicknefs. Sixthly, If Reflexion
were caufed by the parts of reflecting Bodies,
it would be impoffible for thin Plates or Bubs
bles, at one and the fame place, to reflect 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 dath 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
cither a lictle thicker, or a' little thinner, thae
on the contrary the blue fhould hit upon its
pores, and the red upon its parts. Laftly, Were
the Rays of Light refleGed by impinging on
the folid parts of Bodies, their Reflexions from
polith’d Bodies could not be fo regular as they
are. .For in polithing Glafs with 8and, Putty,or
Tripoly, it i not to be imagined that tho@
Subftances can, by grating and fretting the Glafs, .
bring all its leaft Particles to an aceurate Polifh;
{o 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
fmaller the Particles of thofe Subftances are,
the fmaller will be the Scratches by which the

continually fret and wear away the Glafs unti
it be polifh’d; but be they never fo fmall they
can wear away- the Glafs no otherwife than by
grating and fcratching it, and breaking the
: . 3 Protu~
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Protuberances; 'and therefore polith it no o- .

therwife than by bringing its roughnefs to a ve-

fine Grain, {o that the Scratches and Fret-
ungs of the Surface become too fmall to be.
vifible. And therefore if Light were reflected
. by impinging upon the fokid 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 Glais-polifh’d by freiting
Subftances can refle@ Light fo regularly as ic
does. And this Problem is fcarce otherwife to
be folved, than by faying, that the Reflexion of
a Ray is effeted, not by a fingle point of the
refle@ing Body, but by fome power of the Bo-
dy which is evenly diffiffed all over its Surface,
and by which it aé&s upon the Ray without im-~
mediate Conta®. For that the parts of Bodies
do a& upon Light at a diftance fhall be thewn
hereafter. .

Now if Light be. reflected, not by impinging
on the folid parts of Bodies, but by fome other
principle ; it’s probable that as many of its Rays
as impinge on the folid parts of Bodies are not
refleted but ftifled and loft in the Bodies. For
etherwife we_muft allow two forts of Refle-
xioris. Shoufd all the Rays be reflected which
impinge on the internal parts of clear Water or
Cryftal, thofe Subftances would rather have a
cloudy Colour than a clear Tranfparency. To
make Bodies look black, it’s neceflary that ma-
ny Rays be ftopp’d, retained, and loft in themj
and it feems not probable that any Rays can be
ftopp’d and ftifled in them which do not im-
pinge on taeir 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 rcadily"
and without the leaft oppofition to tranfmit the
magnetick Effluvia, and eafily to admit Quick+
filver into its Pores, and to, let Water - pafs
through it. For a-concave Sphere of Gold fil«
led with Water, and folder’d up, has, upon pref-
fing the Sphere with " great force, let the Water
fqueeze through it, and ftand all over its out-
fide in multitudes of fmall Drops, like Dew,
* without burfting or cracking the Body of the
Gold, as I have been inform’d by an Eye-wit-
nefs. From all which we may conclude, that
Gold has more Pores than folid parts, and by
eonfequence that Water has above forty times
more Pores than Parts. And he that fhal find
out an Hypothefis, by which Water may be fo
rare, and yet not be capable of compreflion by
foree, may doubtlefs by the fame Hypothefis
make Gold, and Water, and all other Bodies, as
much rarer as he pleafes; fo that Light mayp
find a ready paffage through trapfparent Subw
ftances. ’

The Magnet 2&s upon Iron through all denfe
Bodies not magnetick nor ted hot, without aa
ny diminution of its Virtue; as for inftances
through Gold, Silver, Lead, Glafs, Water.
‘The gravitating Power of the Sun is tranfmi-
ted through the vaft Bodies of the Planets withx
out any diminution, {0 as to a& upon all their
parts to their very centers with the fame Forc:

: an
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- and eccording to the fame Laws, as if the pagg,
upon which it afts were not furrounded with '
the Body of ‘ the Plaet. " The Rays of Lighe,
whether they be very fmall Bodies projected,
or only Motion or Force propagated, are mo-
ved in right Lines; and whenéver a- Ray of
Light is by any Obfiacle turned out of its recti.
. linear, way, it will never return into the fame
rectilinear way, unlefs perhaps by very great ace
cident. And yet Light is tranfmitted through
pellucid folid Bodies in right Lines fo very great
diftances. How Bodies can have a.fufficient
quantity of Pores for producing thefe Effes is
very difficult to conceive, but perhaps not al-
togecher impoffible. For the Colours of Bodies
arife from the Magnitudes of the Particles which
refle@ them, as was explained above. Now if
we conceive thefe Particles of Bodies to be fo
difpofed amongft themfelves, that the Intervals
or empty Spaces between them: may be equal in
magnitude to them all; and that thefe Pagsi-
eles may be compoled .of other Particles much
fmaller, which have as much empty Space be-
tween them ‘as equals all the Magnicudes of
chefe {maller Particles: -And that in like man-
ner thefe fmaller Particles are again compofed
of others much fmaller, all which together are
equal to all the Pores or empty Spaces berween
them ; and fo on perpenially eill you come
folid Particles, fuch as have no Pores or ¢mpty
. 8paces 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 moge Pores than folid
R 2 Parts.
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rgam - But if there be four fuch degress’ of
Particles, the leaft of which are folid, the Bo-
dy will have fifteen times more Pores than folid
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
. fo on perpetually. And there are other ways of
conceiving how Bodies may be exceeding porous.
But what is really their inward Frame is not yet
known to us. N

~ Pror IX.®

Bodies refleit and refrafl Light by one and the
Jame power, varioufly exercifed in various Cir-
cumflances.

T HIS appears by feveral Confideratiods.
- Firft, Becaufe when Light goes out of
Glafs into Air, as obliquely as it can poffibly
do. If its Incidence be made ftill more oblique,
. it becomes totally refledted. * For the power of
the Glafs dfter it has refra&ed the Light as ob-
liquely as is poffible, if the Incidence be ftill
made more oblique, becomes too ftrong to lee
any of its Rays go through, and by confequence
caufes total Reflexions. Secondly,. Becaufe
Light is alternately  refle@ed and tranfmitted
by thin Plates ‘of Glafs for many Succeffions,
accordingly -as the thicknefs of the Plate increa-
des in an arithmetical Progreflion. For here
the thicknefs of the Glafs* devermines whether
that ‘Power by which Glafs a&ts, upon Lighs
fhalk.caufe it to be refleted, or Aiffer it to l}e
e ron tranf-
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tranfitted. And, Thirdly, becaufe thofe Ser-

faces of tranfparent Bodies whxch have the greac-

eft refrating power, refle&t the greateft quan-
tity of Light, as was thewn in the firft Prcxpoﬁ-

tion. ' .

' Pror. X. ,

[f ngbt be fuwifter in Bodies than in Vacw, in
-the proportion of the Sines which meafure the
Refraltion of the Bodies, the Farces of the

' Bodies to refle? and r {m&? Light, are very
nearly prapm‘zgnal to the denfities of fhe fame

Bodies;. excepting that zmﬂuom and fulphureous
Bodies refralt more than etbers qf this fime dm—

fity.

LE T AB reprefent the refradting plane S?m’-
face of any Body, and IC a Ray incident
very obliquely upon” the Body in C fo that the

Angle ACI nmay be 1nﬁn1tqu litle, and let CR
be the refracted Ray. . From a given Point B
perpendicular to the refra@ting Surface ere BR
meeting with the refrating Ray CRinR, and
if CR reprefent the Motion of, the refracted
" Ray, and this Motion be diftinguifh'd into two
Motions CB and BRR whercof CB is paml
' 3

”
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lel to the refracting Plane, and BR perpendi-
cwlar to it: CB fhall reprefent the Motion of
the incident Ray, and B R the Mocdion genera-
1ed by the Refraction, as Opticians have of late
explain’d. ‘

Now if any Body or Thing, in moving through
any Space of a given breadth terminated on
both fides by two parallel Planes, be urged for- -
ward in all parts of that Space by Forces tend-
ing dire¢tly forwards towards the laft Plane, and
before its Incidence on the firft Plane, had no
Motion towards it, or but an infinitely little
one; and if the Forces in all p#rts of that Space,
between the Planes, be at eqpal diftances frem
the Planes equal to one another, but at feveral
diftances be bigger or lefs in any given Propor-
tion, the Motion goneratad by, the Fortkes ¥
the whole paffage of the Body or-thing thraugh
that Space fhall be in a fubduplicate Proportion
of the Forces, as Mathematicians will eafily -
underftand. And therefore, if the Space of a¢ti-
vity of the refracting So ics of the Body
be ‘ confider'd as fuch a Space, the Motion of
the Ray generated by the refrading Force of
the Body, during its paffage through that Space,
. that is, the Mouon BR, muft be in fubdupli-
~cate Proportion of that refra&ing Force. 1 fay
therefore, that the Sgume of the 2ine BR, and
by confaquence the efracting Force of. the Be-
dy, ia very nearly as the desfiry of the fame Bow
dy. : For this wvll appear by the following Tae-
ble; wherein che :Proportion of the Sines which
weafiwe che Rofraikions of fevert]l Bodies, the
8quarg of BR, fuppdfing CB an unie, the Den-

. T, ties
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riemof  she Bodies eftimated by their Specifick
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Gravigies, and their Refra&tive Power in refped
-their Denfities are fer down in feveral Co-

mnns.
The Proportion | The Square (Theded-| Toe re-
of the Sines\ of BR,| fityand| fradive
| of “Incidemce 1o which | fpecifick| Power

The refralting Bo-| a4sd Refra- | the refra- grevi- | of the

, dies. &ion of yel-| &ingforcel by of | Bodyin

F 0 T low Light. of the Bo-| the Bo-| refoect

[ . dy is prod dy. of its

L pertionat denfity.

ARjedde-Tapazius, ¥
eing a natural,

" peltucid, britde,] 23 to  14]1'699 4’2741 3979

- ‘haigy Stane, of _ .

':?;}lqw Calour. }

Alr.. : 3201 to 320010’000625 Jo'oor1z | 5208
lols F Antimony.{ 17 to 92568 5’28 4864
Selenitis, ~ 61 tp 4ifrzig 2'252 { 5386
aﬁ.y\;kéta.r._ . 31 to  20{1’402§ 25| 5436

heRock| 25 to- 1617445 2'65 1 2450

Cryfid. . .4 530 31778, 2’72 | 6536

Sal Gemmz. 17 to 11§1388 2’143 | 6477

. 35.t0  24]1'1267 1’714 | 6570

- 22 t0 15|15t 1’714 | 6716

T 32t 21]1'345 r'9 7079

ntzick Vitriol. | 303 to  200] 1’295 715 | 7551

1 of Vitriol 10- to 71 1041 1’7 6124

, Water. Y529 t0 896|0'784s | ¥’ 7845

um Arabick 'L 31 to 2111179 1’375 | 8574

itit of Wine wel 8 )

rettifed. | 100 to  73]0'8765 0’866 lio121

amphire. .3 to 21’25 | 0'996 J1z551

il Olive. 22 o a§|1tigrn ] 0'913 Yr2607

Oil. . 400 a7l11 0'93z W2819

ititof Turpentine.] 25 to . 171’1626 0'874 [13222
s 14 to 9fr'4z 1’04 |13654

A . 100 to 4114949 34 Aigs556

- “The Refra@ion of the Air in thjs Table is de

sormin’d by that of

the
R

Acmofiphere obferve
* . N . .

b,
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by Aftronomers. For, if Light pafs through many
erraéﬁh Subftances orMc?iiurr‘is gradualfy denfer °
and deifer, and terminated with parallel Surfaces,
the Sum of all the Refractions will be equal to
the fingle Refra&ion which it would have fuffer’d

" jn pafling immediately out of the firft Medium -
~into the laft. And chis holds true, though the
Number of the refracting Subftances be increafed
to Infinity, and the Diftances from one another
gs much decreafed, fo that the Light may be

. refracted in every Point of its Paffage, and by
continual Refra¢tions bent inté a Curve-Line,
And therefore the whole Refrattion. of Lighe
in paffing through the Atmofphere from the
higheft and rareft Part thereof down to the loweft
_and .denfeft Part, muft be equal to the Ree
fraGion which it would fuffer.in paffing a¢
like Obliquity out of a Vacuum immediately
into"Air of equal Denfity with that in the lowef};
Part of the Atmofphere. '

New, although a Pfeudo-Topaz, a Seleaitis,
Rock Cryftal, Ifland Cryftal, Vul Glafs
{that is, Sand melred together) andg&(r?lafs of ~
Antimony, which are terreftrial ftany alcalizate
Concretes, and Air which probably arifes from
fuch Subftances by Fermentation, be Subftances
very differing from one another in Denfity, yeb.
by this Table, thay have their refrative Powers
almoftiin the fame Proportion to one another
as their Denfities are, excepting that the: Ree
fraGion of thiat ftrangé Subftance, Ifland Cryftal
is.a. ligdle{bigger than the reft. And parti-
cularly Ajr, which is 3500 Times rarer than
the PleudorTopaz, gnd 4400 Times rarer é!;;g

3 :
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Glafs of Antimony, and 2000 Times rarer than
the Selenitis, Glafs vulgar, or Cryftal of the
Rock, has notwithftanding its rarity the fame re-
fraltive Power in refpe& of its Denfity which
thofe very denfe Subgnces have in refpe& of
theirs, excepting fo far as thofe differ from one
another. _ A e
Again, the Refra&ion 6f Camphire, Oil Olive,
Linfeed Qil, Spirit of Turpentine and Amber,
which are fat {ulphureous un&uous Bodies, and
2 Diamond, which probably is an un&uous Sub-
ftance coagulated, have their refractive Powers in
Proportion to one another as their Denfities with-.
owut .any confiderable Variation. But the re-
fra&ive Powers of thefe unétuous Subftances are
two ior. three Times greater in gefpet of their
Drnfities than the refractive Powers of the formet
' Sulsftances.in refpect of theirs, S
‘MWater has a refractive Power in a middle de-
gree between thofe two forts of Subftances,
and:probably is of a.middle nature. For oug
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. ° . L2 , .
: Salts and Vitriols have refractive Powers in 4
middle.degree between thofe of earthy Subftences
and Water, and accordingly are compofed of
thofe two forts of Subftances. For by diftillation
and reificatiort of their Spirits a  great Part of
them goes into Water, and a great Part remains
behind in the form of a dry fix'd Earth capable
of. Vitrification, " ' :

Spiric
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. Spirit of Wine has 8 refraitive Power in a
middle degreec between thofe of Water and oily
Subftances, and accordingly feems to be compo-
fed of both, united by Fermentation; the Waccr,
by means of fome faline Bpirits wich which ’tis
zmpregnated diffolving the Oil, and yolatizing
it by the A&ion. For Spirit of Wine is inflama-
ble by means;of its oily Parts, and being diftilled
ofsen from Sajt of Tartar, grow by every diftil-
jagon more and more- aqucous and phlegma-
tick. And Chymifls obferve, that Vegerables
(as Lavender, Rue, Marjoram, f5c.) d:(hllad per
4, before fermentagion yield Oils withour any
burning Spirits,  but after fermentation yield ar-
dens Spiris without Oils: Which thews, that
sheir Oil. 4 by fermentagion convessed into Spi-
cit. They fmdalfo, that if Oils be poured in a
fmall: quantity upon fermentating Vegstables,
ihsy d:ghl oyes: after ﬁermenmmn in .the form
of opicits, .
-1 90, then,-by the £ ing Table, ail Bodies
have: their refractive Powers. propor,
, noml m their Denfities, . (or very aearly ;). exr
cifarcﬁoﬁu as they partake more or lefs of
fulphureous oily Particles, and thereby have sheir
pefaa@ive Power. made greater' or Jefs. Whence
it {eeme rations) to attribige. the refraQive Power
Rf 8ll Bodiss chieBly, if mot whelly, to the ful.
y.bpm)us Pates with which they gbouad. :Ear
- {'s probable chat 4l Bodies abound more or lefs
with Sulphors. And as Light congregated by a
Burning-glafs acts moft ppon fulphureous Bo-
dies, to turn them into Fire and Flame; fo,
fince all Action is mutual, Sulphurs ouzht toa&
: moft
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moft upon Light. For that the action between
Light and Bodies is” mutual, may appear from
this Confideration; . That the denfeft Bodies
which refract and reflet Light moft ftrongly,
grow houteft mn the Summer Sun, by the acion
of the refracted or refleed Light.

I have hitherto explain’d the power of Bo-
dies 1o refle@ and refra@, and fhew’d, that thin
trandpatent Plates, Fibres, and Particles, do, ac-
cording .to their feveral thickneflfes and denfi-
ties, ‘refledt feverad-‘forts of Rays, and thereby
appear of feveral Colours y and by confequence,
that nothing more is requifice for producing all
the Colours of natural Bodi¢s, than the feveral
fizes and denfities of cheir tranfparent Particles,
But whesce it is' that thefe Plates, Fibres, and
"Particles, do, according to their feveral ‘chick-
nefies and denfities; reflect feveral fores of Rays;
I have'not yet explaid. To give fome infight-
into this matter, and make way for underftand:
ing the mext part of ‘this Book, 1 (halvl'concim? .
this parr'witha few more Propofitions. ‘Thofé
which . preceded réfpe® the nature of Budied
thefe ‘the nature. of Light: For both muit Je
undetfood, befose .thé reafon.of dheir A&ions
upon euc anothet can be known. ~ And'becaufd
the bt Propofiion depended upon "die velocidy
of Lighs, 1 will begin with a Propofirion of thae

H cotg, N . S . LRI {
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Pror. XI

Light is propagated Sfrom luminous Bodies “in
time, and _}/g about [even or eight M-
© nutes of an Hour in p:_zﬁng Jrom the’ Szm to the

*  Earth.

T HIS was obferved firft by Roemer, and
then by others, by means of the Eclipfes of
the Satellxtes of Fupiter. For thefe Eclipfes,
when the Earth is between the. Sun and jutptter,
_happen about feven or eight Minutes fooner
than they ought to do by the Tables, and when
the Earth 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 bas farther 10 go in the latter cafe
than in the former by the Diameter 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 Pofitian and
Diftance of the Earth from the Sun. The mean
motiens of ter s Satellites is alfo fwifter in
his defcent Aphelium to his Perihelium,
1hanmlnsafccnt in the other half of his Orh.
But this inequality has no refpect to the pofition
of the Earth, and in the three interior Satéllites
s infenfible, as I find by. computation from the.
‘Theory of thcu' Gravity.

Pror.
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Proe XNIL .
Every Ray of Light in its paffage through any .
refrafting Surface is put into a certain tranfient
Conflitution or State, wbich in the progrefs
of the Ray returns at equal Intervals, and
difpofes the Ray at every return to be ea
tranfmitted through the next refrafling Sur-
Sfuace, and between the returns to be eafily reflected
b ,‘ f. - . . B

TH LS is manifeft by the gth, gth, 12th,
and 15th Obfervations. For by thofe Ob-
fervations it appears, that onc and the fame
- fort of Rays at egual Angles of Incidence on a-
ny thin tranfparent Plate, is alternately refleGed
_and tranfmitted for many Succeffions according-
ly as the thicknefs of the Plate increafes in
arithmetical Progreflion of “the Numbers, o,
1, 2, 3 4 5, 6, 7, 8, &c. {o that if the firft
Reflexion ( that which  makes the firft or inner<
moft of the Rings of Colours there defcribed )
- be made at the thicknefs 1, the Rays fhall be
- granfmitted at the thicknefles o, 2, ¢, 6, 8, 10,
12, &c. and thereby make the central Spot and
Rings of Light, which appear by trani{;xiﬁion.
and be refleted at the thicknefs 1, 3, 5, 4, 9,
11, -&c. and thereby make the Rings which
.appear by Reflexion. And this alternate Re-
flexion and Tranfmiffion, as I gather by the 24¢h
Obfervation, continues for above an hundred
viciflitudes, and by the Obfervations in the next
. part of this Book, ' for many thoufands, being
propagarted from one Surface of a Glafs Plateﬂt:;
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the other, -though the thicknefs of the Plate.be
a quarter @f ‘an Inch or. above: So-that this al-
ternation. feems to be propagated from every
refra@ing Surface to all (ﬁ.ﬂan ces without end or
limitation. - ‘

This alternate Reflexion and Refraction de-

nds on both the Surfaces of every thin Plate,
B:caufe it -depends on their diftance. By the
21ft Obfervation, if either Surface of a thin
Plate’ of Mufcovy. Glafs be wetted, the Colours
caufed by the alternate Reflexion and Refraction
grow faint, ‘and therefore it depends on them
both. . "

It is therefore perform’d at the fecond Surface;
for if it were perform’d at the firft, before the
Rays arrive at the fecond, it would not depend
on the fecond. o ‘

It is alfo influenced by fome action or difpo-
fition, propagated *from the firft to the fecond,
becaufe otherwife at the fecond it would not
depend on the firft. And this a&tion ‘or ‘difpo-
fition, in its propagation, intermits and returns
by equal Intervals, becaufe in all its progrefs it
inclines the Ray at one diftance from the firft
Surface to be refle@ted by the fecond, -at ano-
ther 10 be tranfmitted by it, and that by equal
Intervals for innumerable viciffitudes. And be-
caufe the Ray is difpofed to Reflexion at the
diftances 1, 3, 5, 7, 9, &c. and to Tran{miffion
. at the diftances o, 2, 4, 6, 8, 10, &¢. (for its
tranfmiffion 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) the difpofition to be t(anc(;

mitt
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mitted at the diftances 2, 4, 6, 8, 10, &¢. istobe
accounted-a return of the fame difpofision which’
the Ray firft had ac ¢he diftance o, thae is acits
tranfmifffon through the firft refra@ing Sutface;
All which is the thing I would ptove. .
What -kind of action or difpofition this is;-
Whether it confifts in a circulating or a vibra-
ting motion of the Ray, or of the:Medium, or
fomething elfe, I do not here enquire. Thofe
thatare averfe from afenting to any new Dif~
coveries, but fuch as they can explain by an Hy-.
pothefis, may for the prefent fuppofe, chat as
Stones by falling upon Water put she Wator in-
to’ an undulating Motien, and all-Bodies by
rcuffion excite vibrations in the Air; fo -the
E:ays of Light, by impinging on any refracing
or refleting Surface, excite vibrations in the.
refraiting or refle@ting Medium or Subftance,
ahd by exchting them agicate the folid parts of
the refracting or reflecting Body, and by agita-
ting them caufe the Body to grow warm er
hot; that the vibrations thus ex¢lted are pro- .
pagated in the refracting or refle@ing Medium
or Subftance, much after the manner that vibre= .
tions are "propagated in the Air for caufing
Sound, and move fafter than thé Rays {0 as to
overtake them; and that when any Ray is in
that pait of the vibration which confpires with
its Motion, it eafily breaks through a refra&tin
Surfacé, but when it is in the contrary part of
the vibration which impedes irs Motion, it is
eafily refleted; and, by confequence, -that ‘e~
very Ray is Tucceffively difpofed to be eafily re-
fleCted, or eafily tranfinitted, by every vibraltliog
. : whic
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which overtakes it. But whether this Hypothe-
fis be true or falfe I do not here confider. 1 con-
tent my felf with the bare Difcovery, that the
Rays of - Light are by fome caufe or other alter-
nately difpofed to be refleéted or refracted for
many viciflicudes. - :

 DEFINITION.,

The returns of the difpofition of any Ray to be
reflected Ifi;lill cal'l/};;{tFits 6’; ‘ c:{'y Rcﬁexion,
and thofe of its difpofition to be tranfmitted its
Fits of eafy Tran{miffion, and tbe fpace it

- paffes between every return and the next re-
turn, the Interval of its Fits,

Pro¥ XIIL -

The reafon why the Surfaces of all thick tranf
paret.zc Bodzgs rgﬂe&dp;art é};' the Light inc{-
dent on them, and refrast the ref, is, that
Jome Rays at their Incidence are in Fits of eafy

. Reflexion, and otbers in Fits of eafy Tranf-
msffion.

T H I8 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 apEear’d evenly white all over the Plate, did
through a Prifm appear waved with maay Suc4
ceflions of Light and Darknefs made by alter-
nate Fits of eafy Reflexion and eafy Tranfmiffi-
on, the Prifm fevering and diftinguithing the
Waves of which the white refleted Light wis
compofed, as was explain’d above.

. . . And
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.-And hence Light is in Fits of eafy Reflexion
and eafy Tranfmiffion, before its Incidence on
tranfparent Bodies. And probably it is- put in-
to fuch Fits at its firft emiffion -from luminous
Bodies, and continues in them during all its pro-
grefs. For thefe Fits are of a lafting naturg, as
will appear by the next part of this Book. = .

In this Propofition I fuppofe the tranfparent
Bodies to be thick ; becaufe if the thicknefs of
the Body be much lefs than™e Interval of the
Fits of eafy Reflexion and Tranfmiffion of the
Rays, the Body lofeth. its reflecting power. For
if the Rays, which at their entering into the
Body are put into Fits of eafy Tranfmiffion, ar-
rive at the fartheft' Surface of the Body before
they be out of thofe Fits, they muft be tranfmit-

~ ted. And this is the reafon why Bubbles of

Water lofe their refle@ing power when they
grow very thin; and why all opake Bodies, when
reduced into very fmall parts, become tranfpa-
rent. -

P‘R oP. XIV.

- Thofe Surfaces of tranfparent Bodies, which if the |

ay be in a Fit of Refrattion do refralt it moft
Jtrongly, if the Ray be in a Fit of Reflexion do
refle€t it moft eafily.

OR we fhewed above, in Prgp. 8. that the
caufe of Reflexion is not the 1mpinging 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 fhewed
alfo in Prop. g. that Bodies reflet and refra
.8 Lighe
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Light by one and the fame power, varioufly ex-
erctfed in various circumftances; and in Prop. 1.
that the moft ftrongly refracting Surfaces refle&
the moft Light: All which compared together
evince and ratify both this and the laft Propo-
ficion.

Pror. XV. ‘

In any one and the ggme fort of Rays, emerging in
anyy Angle out of any rgfraﬁfz:ng gur_'face ignt’:gone
and_ the F[ame Medium, the Interval of the fol-
lowing Fits of eafy Reflexion and Tranfmffion
are either accurately or very mearly, as the Reti-
angle of the Secant of the Angle of Refraction,
and of the Secant of another Angle, whofé Sine
is the firft of 106 aritbmetical mean Proporti-
onals, between the Sines of Incidence and Refra-
Ction, counted from the Sine of Refraction.

T H I8 is manifeft by the 7th and rgth Obfer-
vations. ‘

Pror.
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: Pror. XVL

I feveral forts cf Rays emerging in equal Angles
out of any refraiting Surface into the jame Me-
dium, the Intervals of the follrwing Fits of eafy
Reflexion and eafy Tranfmiffion are either accu-
rately, or very nearly, as the Cube-Roots of the
Squares of the lengths of a Chord, which found
*the Notes in an Eight, 1o, la, fa, fol, la, mi,
fa, fol, with all their imtermediate degrees an-
Sawering to the Colours of thofe Rays, according to
the Analogy defcribed in the feventh Experiment
of the fecond Part of the firft Book.

T H IS is manifeft by the 13th and r4th Ob-
fervarions.

Propr. XVIL

If Rays of any fort pafs perpendicularly into fove-
ral Méiunﬁf the. nt]e)r‘vI:zls of the Fits of eafy
Reflexion and Tranfmiffion in any one Medium,
are to thofe Intervals in any other, as the Sine of
Incidence to the Sine of Refraction, when the -
Rays pafs out of the firft of thofe two Mediums
into the fecond. -

T HIS is manifeft by the 1oth Obferva-
tion,

S 2 ‘ Pror.
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Propr. XVIIL

If the Rays which paint the Colour in the Confie
- of yellow and orange pafs perpendicularly out of
any Medium into Asr, the Intervals of their Fits

of eafy Refléxion are the E:Etb part of an Inch.

And of the_fame length are the Intervals of their
Fits of eafy Tranfmsfion. .

T H IS is manifeft by the 6¢th Obfervation.
. From thefe Propofitions it is eafy to col-
le& the Intervals of the Fits of eafy Reflexion
and eafy Tranfmiffion of any fort of Rays refra-
&ed in any Angle into any Medium; and thence
to know, whether the Rays fhall be refleed or
tranfmitted at their fubfequent Incidence upon
any other pellucid Medium. Which thing, be-
. ing ufeful for underftanding the next part of this
‘Book, was here, to be fet down. And for the.
fame reafon I add the two following Propofi-
tions. ~ :

Propr
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Pror XIX,
If any fort of Rays falling on the polite Surface
qu 3nyfpellz£id A}eJx{m bfrgﬂeﬂed‘zzck, tbejlzits
- of eafy Reflexton, which they bave at the point of
Reflexion, fball fiill continue to return; and the
Returns fhall be at difiances from the poins Zf
Reflexion in the aritbmetical progreffion of the
umbers 2, 4, 6, 8, 10, 12, &c. and between
thefe Fits the Rays fball be in Fits of eafy Tranj/-

ma/fion.

F OR fince the Fits of eafy Reflexion and
eafy Tranfmiffion are of a returning na-
ture, there is no reafon why thefe Fits, which
continued till the Ray arrived at the refleGting
Medium, and there inclined the Ray to Refle-
xion, fhould there ceafe. And if the Ray at the-
_point of Reflexion was in a Fit of eafy Reflexion,
the progreffion of the diftances of thefe Fits
from that point muft begin from o, and fo be of
the Numbers o, 2, 4, 6, 8, &¢c. And.therefore
the progreffion of the diftances of the interme-
"diate Fits of eafy Tranfmiffion, reckon’d from
the fame point, muft be in the progreffion of .
the odd Numbers 1, 3, 5, 7, 9, &c. contrary
to what happens.when the Fits are propagated
from points of Refration,

S3 "Prop.
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Pror. XX. L
The Intervdls of the Fits of eafy Reflexion amd
eafy Tranfmyffion, propegated from points z{
Reflexion into any Medium, are equal to ¢
Intervals of the like Fits, which the fame Rays
would bave, if refracted into the ﬁzme Medium
in Angles of Refraétion equal to their Angles of
Reflexion,

O R when Light is refleCted 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 tranfmitted Light. The re-
flected Rays are therefore in Fits of eafy Tranf-
miffion 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 eafy Tranfmiffion, and the Intervals
end Numbers of thofe Fits between the firft
and fecond Surface, before and after Reflexion,
be equal, the diftances of the Fits of eafy
Tran{miflion from either Surface, muft be in
the fame progreflion after Reflexion as before;
that is, from the firft Surface which tranfmit~

ted them, in the progteflion of the ¢ven N‘tl;é:

*
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bers o, 2, 4, 6, 8, &c. and from the fecond

which refle@ted them, in that of the odd Num-

bers 1, 3, 5, 7, & But thefe two Propofi-

tions will become much more gvident by the

gbfimuons in the following part of this
ook. - :

S4 THBE




THE

SECOND BOOK
OPTICKS.

PART IV.

Obfervations concerning the Reflexions and

Colours of thick tranfparent pob;/l;’d .

Platzs. |
HERE is noGlafs or §peculum how

well foever Kolifhed,but, befides the -

Light which it refras or reflects re-
gularly, fcattersevery way irregdlarly
a faint i.ight, by means of which the
polifh’d Surface, when illuminated in a dark.room

by
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by a beam of  the Sun’s Light, may be eafily feen
in. all pofitions of the Eye. There are certain
Phznomena of this {catter’d Light, which when
I firft obferved them, feem’d very ftrange and
furprizing tome. My Obfervations were as fol-
lows: ‘

O4(. 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 one 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
%l‘lire of Paper at the center of the Spheres to
ich the Spéculum was ground, that is, at the
diftance of . about five Feet and eleven Inches
from the Speculum, in fuch manner, that the

beam of Light might pafs through a litde hole-
made in the middle of the Chart to the Specu~
lum, and ‘thence be refleGted back to the fame
hole: T obferved upon the Chart four or five
eoncentric Irifes or Rings of Colours, like Rain-
bows, encompafling the hole much after the
manner that thofe, which in the fourth and fol-
lowing Obfervations of the firft part of this third
Book appear’d between the Object-glaffes, en-
.compaffed the black Spot, but yet larger and
fainter than thofe. Thefe Rings as they grew
larger and larger became diluter and fainter, fo
that the fifth was fcarce 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-~
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Speculum was much greater or much lefs than
.that of fix Feer, the Rings became dilute and
vanifh’d. And if the diftance of the § um
from the Window was much greater that
of fix Feet, the reflected beam of Light would
be fo broad at the diftance of fix Feet from the
Speculum where the Rings appear'd, as to ob-
fcure 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
following Obfervations where no other is ex-
refs’d. '
P 04/. 2. The Colours of thefe Rain-bows fuc-
ceeded one another from the center outwards,
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' refleted, but
tranfmitted through the two Obje@-glafles. For,
firft, there was in their common center a white
round Spot of faint Light, fomething broader
than the refle@ed beam of Light, which beam
fometimes fell upon the middle of the Spot, and
fometimes by a little inclination of the § |
lum receded from the middle, and left the Spot ‘
white to the center.
This white Spot was immediately encompaf-
. fed with a dark grey or ruffet, and that dark grey
- with the Colours of the firft Iris; which Colours i
on the infide next the dark grey were a little
violet and indigo, and next to that a blue, which
on the outfide grew pale, and then fucceedi:.d la |
' i ietle
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little greenith yellow, and after that a brighter
yellow, and then on the outward edge of the
Iris a red which on the outfide inclined to pur-

le. :
P ‘This Iris was immediately encompafled with a
fecond, whofe Colours were in order from the in-
fide outwards, purple, blue, green, yellow, light -
red, a red mix'd with purple.

Then immediately follow’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 that of the former Iris.

The fourth and fifth Iris feem’d of a bluifh
green within, and red without, but fo faindy
that it was difficult to'difcern the Colours.

O}). 3. Meafuring the Diameters of thefe
Rings upon the Chart as accurately as I could,
1 found them alfo in the fame proportion to
ene another with the Rings made by Light tranf-
mitted through the two Obje&-glaflfes. For
the Diameters of the four firft of the brighe
Rings meafured between the brighteft parts of
their Orbits, at the diftance of fix Feet from the
Speculum were 1, 24, 214, 37 Inches, whofe
Squares are in arithmetical progrefliion of ‘the
aumbers 1, 2, 3, 4. If the white circular Spot
in the middle be reckon’d amongft che Rings,
and its central Light, where it feems to be moft
luminous, be put equipollent to an infinitely-
lictle Ring ; the Squares of the Diameters of the
Rings will be in the progreffion o, 1, 2, 3, 4,
&ec. 1 meafured alfo the Diameters of the dark
Circles between thefe luminous ones, and found
their Squares in the progreflion of the num-

: ‘ berg
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bers 4, 14, 2y, 34 &c. the Diameters of the
firft four at the diftance of fix Feet from the
Speculum, being 1.3, 2+, 27, 3i% Inches. If
the diftance of the Chart from the Speculum
was increafed or diminithed, the Diameters of
the Circles were increafed or, diminithed pro-
portionally.

Obf. 4. By the analogy between thefe Rings
and thofe defcribed in the Obferyations of the
firt Part of this Book, I fufpeted that there
were many more of them which fpread into
one another, and by interfering mix’d their- Co-
lours, and diluted one another fo that they could
not be feen apart. I viewed them therefore
through a Prifm, as I did'thofe in the 24th Ob-
fervation of the firft Part of this Book. And
- when the Prifm was fo placed as by refra&ting

- the Light of their mix’d Colours to feparate
them, and diftinguith the Rings from one ano-
‘ther, as it did thofe in that Obfervation, I could
then fee them diftincter 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.

O/. 5. Placing a Prifm at the Window to re-
fra¢t the intromitted beam of Light, and caft
the oblong Spectrum of Colours on the Specu-
lum: I covered the Speculum with a black Pa-
per which had -in the middle of it a hole to let
any one of the Colours pafs through to the Spe-
culum, whilft the reft were intercepted by
the Paper. And now I found Rings of that Co-
lour only which fell upon the Speculum. dff

. . . c
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the Speculum was illuminated with red, the

Rings were totally red with dark Intervals, if
with blue they were totally blue, and o of the
other Colours. And when they were illumi.
nated with any one Colour, the Squares of their
Diameters meafured between their moft lumi-
nous Parts, were in the arithmetical Progreffion
of the Numbers, o, 1,2, 3, 4, and the Squares
of the Diameters of their dark Intervals in the
Progreflion of the intermediate Numbers ;, 13,
24, 33 But if the Colour was varied, they va-'
ried their Magnitude. In the red they were lar-
geft, in the indigo and violet leaft, and in the
intermediate Colours yellow, green, and blue,
they were of feveral intermediate Bigneflfes an-
fwering to the Colour, that is, greater in yel-
low than in green, and greater in green than in
blue. And hence I knew, that when the Spe-
culum was illuminated with white Light, the
red gnd yellow on the outfide of the Rings were
groduch by the leaft refrangible Rays, and the
lue and violet by the moft refrangible, and that
the Colours of each Ring fpread into the Co-
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 could not -be diftin-
guifh’d, unlefs near the Center where they were
leaft mix’d. For in this Obfervation I could
fee 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 farisfy my
felf how much the Colours of the feveral Rings
fpread
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fpread into one another, I meafured the Dia-
meters of the fecond and third Rings, and found
them when made by the Confirie of the red -and
orange to be to the fame Diameters when made
by the Confine of blue and indigo, as g to 8,
or thereabouts. For it was hard to determine
this Proportion accurately. Alo the Circles
made fucceffively by the red, yellow, and green,
differ’d more from one another than thofe made
fucceffively 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 Differences of the
Diameters of the Circles made by the outmoft
red, the Confine 6f red and orange, the Confine
of orange and yellow, the Confine of yellow
and green, the Confine of green and blue, the
Confine of blue and indigo, the Confine of in-
digo and violer, and outmoft violet, are in pro-
portion as the Differences of the Lengths.of a
Monochord which found the Tones in an Eight;
Jol, la, fa, fol, la, mt, fa, fol, that is, as the
Numbers 3}, &, *%, ™, %, 5 . Andif the
Diameter of the Circle made by the Confine of
red and orange be g A, and that of the Circle
made by the Confine of blue and indigo be 8 A
as above ; their difference gA — 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 A+ & 45+ Ht0)
that is as % to}, or 8 to 3, and to the diffe-
rence of the Circles made by the outmoft vio-
let, and by the Confine of blue and indigo, as
Tt 54 oy 4 o, that is, as % to +%

or
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+ oras 16t0 5. And therefore thefe differences

i

~ will be}A and { A. Add the firft to g A and

fubdu& the laft from 8 A, and you will have the
Diameters of the Circles made Ky ‘the leaft and

moft refrangible Rays %% A and & A. Thefe di-

- ameters are therefore to one another as 75 to
- 61j0r 50to 41, and their Squares as 2500 to

1681, that is, as 3 to 2 very nearly. Which

. -proportion differs not much from the proportion

of the Diameters of the Circles made by the
outmoft red and outmoft violet, in the 13th Ob-
fervation of the firft part of this Boak.

O4f 6. Placing my Eye where thefe Rings
appear’d plaineft, I faw the Speculum tinged all
over with Waves of Colours, (red, ‘yellow, green,
blue;) like thofe which in the Obfervations of
the firft part of this Book appeared between
the Obje&-glafles, and upon Bubbles of Water,
but much larger. And after the manner of thofe,
they were of various magnitudes in various Par
fitions of the Eye, fwelling and fhrinkihg 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
is, § Feet and 10 Inches diftant 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 Sun fhone through ;lhalt :

: 2 ole
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hole upon the Speculum, his Light upon it 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 Speculum was
removed to a great diftance from the Window,
fo that his Light upon it might be broad and faint.
By varying the pofition of my Eye, and moving
it nearer to or farther from the dire@ beam of the
Sun’s Light, the Colour of the Sun’s reflected
Light conftantly varied upon the Speculum, as it
did upon my Eye, the fame Colour always ap-
pearing to a By-ftander upon my Eye which to
me appear’d upon the Speculum. And theace I
knew that the Rings of Colours upon the Chart
were made by thefe refleted Colours, propagated
thither from the Speculum in feveral Angles, and
that their production depended not upon the ter-
mination of Light and Shadow. :
O4/. 7. " By the Analogy of all thefe Phzno-
mena with thofe of the like Rings of Colours
defcribed in the firft 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. prodyced by very thin Plates.
For, upon trial, I found that if the Quick-fil-
ver were rubb’d off 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 Phznomenon
depends not upon the Quick-filver, unlefs fo far
as the Quick-filver by increafing the Reflexign
of the backfide of the Glafs increafes the Light
of the Rings of Colours. I found alfo thta
Speculum of Metal without Glafs made fome

Years
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Years fince for optical ufes, and very well
" wroughr, produced none of thofe Rings; and
thence I underftood thar thefe Rings arife not
from one fpecular Surface alone, but depend
upon the two Surfaces of the Plate of Glafs
“whereof the Speculum was made, and upon the .
thicknefs of the Glafs between them. For
as in the.7th and 1g9th Obfervations of -the firft
part of this Book a thin Plate of Aif, Water,
or Glafs of an even thicknefs appeared of one
Colour when the Rays were perpendicular to
it, of another when they were a little oblique, *
of another when more oblique, of another when
ftill more oblique, and fo on; fo here, in the
fixth Obfervation; the Light which emerged
out of the Glafs in feveral Obliquities, made the
Glafs appear of feveral 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 {everal Co-
Yours " in va’ei'al Obliquities of the Rays, was,
that the Rays of one and the fame fort are re-
fleted by the thin Plate at one obliquity and
tranfmitted at another, and .thofe of other forts
tranfmitted where thefe are refle@ed, and re-
fle®ed where thefe are tranfmitted: So the
reafon why the thick Plate of Glafs whereof
the Speculum was made did appear of various
Colours in various’ Obliquities, and in thofe
Obliquities propagated thofe Colours to the
Chart, was, that the Rays of one and the
.fame fort did at one Obliquity emerge .out
of the Glafs, at another did not emerge, but
were refleted back to'\gards’ the " Quick-filver

by
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by the hither Surface of the Glafs, and according-
ly as the Obliquity became greater and ‘grcater,*
emerged and were reflected alternately for ma-
ny Succeffions; and that in one and the fame
Obliquity the Rays of one fort were reflected,
and t oz of another tranfmitted. This is ma-
nifeft by the fifth Obfervation of this part of this
Bogk. For in that Obfervation, when the Spe-
culum was illyminated by any one of the prif-
matick 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 tranfmitted and
not tranfmitted from the Speculum to the Chare
for many Succeffions, according to the various
Obliquities of its Emergence. 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 S
culum to the Chart at other Obliquitiss 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 Tranfmiffions of the Rays
at the fecand Surface of the Plate, after one paf-
fage through it; but here- the Rays go twice
through the Plate before they are alternately re-
fleted and tranfmitted. Firft, they go through
it from the firft Surface to the Quick-filver, and
then return' through i from the Quick-filver
ta the firft ‘Surface, and there are enhucmnﬁ-
.mitte
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mittéd to the Chart or refle@ed back to the
Quick-filver, accordingly as they are in their
Fits of eafy Reflexion or Tran{miffion when
they arriye at that Surface. For the Intervals
of the Fits of the Rays which fall perpendicu-
larly on the Speculum, and are refleted 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 igth Propofi-
tign.of the third part of thisBook. And there~
fore fince all the Rays that enter through the
firft Surface are in their Fits of eafy Tranfmife
fion at their entrance, and as many of thefe as
are refleted by the fecond are in their Fits of
eafy Reflexion there, all thefe muft be again in
their Fits of eafy Tranfmiflion at their return
to 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 ase refleted more obliquely
than they enter, muft be greater after Reflexion
than before, by the 15thrand 20th Propofitions.
And thence it may happen that ¢he Rays at their
return to the firt Surface, may in certain Ob-
liquities be in Fits of cafy Reflexion, and return
back to the Quick-filver, and in other dnterme-
- diate Obliquities be again in Fits of eafy Tranf-
miffion, and fo go out to the Chart, and paint
on it the Rings of  Calours about the white Spot.
. ' T 2 And
\
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And becaufe the Intervals of the Fits at equa
obliquities are' greater and fewer in the lefs re-
frangible Rays, and lefs and more numerous in
the more refrangible, therefore the lefs refrangi-
ble 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
thall be larger than the yellow, the yellow than
the green, the green than the blue, and the blue
“than the violet, as they were really found to be
in the fifth Obfervation. -And therefore the firft
Ring of all Colours encompaffing the white
Spot of Light fhall be red without apy Violet
within, and yellow, and green, and blue in the
middle, as it was found in the fecond Obferva-
tion ; and thefe Colours in.the fecond Ring, and
thofe ‘that follow, fhall be more expanded; till
they fpread into one another, and blend ene an-
other 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. 1meafured therefore the  thicknefs of
~ this concavo-convex Plate of Glafs, and found it
" ‘every where § of -an Inch precifely. * Now,
the fixth Obfervation of the firft Part- of this
Book, a thin Platcef Air tranfmits the brighteft
‘Light of the firft Ring, that is, the bright yel-
low, when its thic.kncﬁ; is the '8—9-:;—00 th partof an
Inch; and by the tenth Obfervation of the fame

Part,
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Part, a thin Plate of Glafs tranfmits the*fame
Light of the fame Ring, when its thicknefs is
lefs in proportion of the Sine of*Refradtion to
the Sine of Incidence, that is, when its thick-
. 11 1
nefs is t.hc‘ ; slsoooth OF fers th partof an Inch,
fuppofing the Sinesare as 11 to 7. And if this
thicknefs be doubled, it tranfmits the fame bright
Light of the fecond Ring; if trippled, it tran{-
mits that, of the third, and fo on;. the bright
yellow Light'in all thefe cafes being in its Fits
of Tranfmiffion. And therefore if its thicknefs
. be multiplied 34386 times, fo as to become ! of
an Inch,. it 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 fide to the white Spot in the cen-
ter of the Rings of Colours on the Chart: And
by a Rule in the 7th and 19th Obfervations in
the firft Pare of this Book, and by the 15th and:
2oth Propofitions of the third,Part of this Book,
if the Rays be made obligge to the Glafs, the
thicknef$ of the Glafs requifite to tranfmit the
fame bright Light of the fameé Ring in any ob-
liquity, is to this thicknefs of } of an Inch, asthe
Secant of a certain Angle to the Radius, the
Sine of which Angle is the firft of an hundred
and fix arithmetical Means berween the Sines
of Incidence and Refra&tion, counted from ‘the
Sine 8f Incidence when the Refraction is made
_out of any plated Body into.any Medium en-
compaffing it; thatis, In this cafe, out of Glafs
into Air, - Now if the thicknefs of .the Glafs be.
L : - T3 increafed
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increafed by degrees, fo as.to bear to its firft
thicknefs, (viz. that of a quarter of an Inch, )
the Proportions which 34386 (the.number of
Fits of. the perpendicular Rays in going through
the Glafs cowards the white Spotin the center
of the Rings,) hath to 34385, 34384, 34383, and
34382, (the numbers of the Fits of the obligue
Rays in going through the Glafs towards the
ﬁrf{, fecond, third, and fourth Rings of Co-
lours,) and if the firft thicknefs be divided in-
10 100000000 equal parts, the increafed thick-
nefles will be 100002908, 100005816, 100008725,
and 100011633, and the Angles of which chd’f' .
thicknefles are Secants will be 26’ 13", 37" 5",
45' 6", and 52’26, the Radius being 1000000003
and thg Sines of thefe Angles are 762, 1079

1321, and 1525, and the proportional Sines of
Refra&ion 1172, 1659, 2031, and 2345, the Ra-

dius being 10000Q. For fince the Sines of In-~

cidence out of Glafs intop Air are to the Sines
of Refraction as 11 to 17, and to the above-

mentioned Secantsas 11 to the firft of 106 arith-

metical Means betwgen 11 and 17, that is, as

I1 to II ;_26' thofe Secants will be to the Sines

of Refractionas 11 ;%‘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-
Qion in paffing out of the Glafs through’ that
Surface into the Air be 1172, 1659, 2031, 2345,
the bright Light of the 34386th Ring fhall e-
merge at the thicknefles of the Glafs, which are

2 9
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to ! of anInch as 34386 t0 34385, 34384, 34383,
34382, refpectively. And therefore, if the thick-
nefs in all cthefe Cafes be § of am Inclr (as it is in
the Glafs of which the Speculum was made)
the bright Light of the 34385th Ring fhall e-
merge where the Sine of ‘Refraction is 1172,
and that of the 34384th, 34383th, and 34382th
Ring where the Sine.is 1659, 2031, and 2§45
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 rqund-Spot
. of Light which we faid was the Light of the
34386th Ring. And the Semidiameters of thefe
~ Rings fhall fubtend the Angles of Refraction
made at thg 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 Refracion doubled are to the
Radius, ghat is, as 1172, 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 above~
mention’d Sines doubled are to the Radius.. -
Now, ‘thefe Diameters .of the bright yellow
Rings,* thus found by Computation are the
very fame with thofe found in’ the third of thefe
Obfervations by meafuting them, wviz. with
1% 24, 2}, and 33 Inches, and therefore the -
Theory of deriving thefe Rings from the thick+

. T 4 ~ nefs
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. nefs of the Plate of Glafs of which the Specix—
lum was made, and from the Obliquity of the
emerging Rays agrees with the Obfervation. In
this Computation 1 have equalled the Diameters
of the bright Rings made by Light of all Co-
lours, to tic Diameters of. the Rings made by
the bright yellow. For this yellow makes the
brighteft 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 Yutting thém to the Diame-
ters of the bright yellow ones in a fubduplicate
Proportion of the Intervals of the Fits of the
Rays of thofe Colours when cgually inclined to
the refratting or reflecting Surface which caufed
thofe Fits, tiat is, by putting the Diameters of
the Rings made by the Rays in thé®Extremities
and Limits of the feven Colours, red, orange,
yellow, green, blue, indigo,,violet, proportia-
nal . to the Cube-roots of the Numbers, 1,4 %3,
$ % % 1 which exprefs the Lengths 8f a Mono-
chord 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 Obferva~
tions. .

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 alternate Difpofitions o? the Rays to be
refleted and tranfmitted are  propagated to
fr'eat diftances from every reflecting and re-
racting Surface. But yet to put the mag-

. ter
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ter out of doubt, I added the following Obfer-
vation.
. Obf 9. If thefe Rings thus deperid on the

thicknefs of the Plate 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 be recipro-
" cally in a fubduplicate Proportion of the thick-
ncﬂ'Zs of the Plates of Glafs. And if this Pro-
portion be found true byexperience itwill amount
to a demonftration that thefe Rings (ltke thofe
formed in thin Plates) do depend on the thick-
nefs of*the Glafs. I procured therefore ano-
ther 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 Parcs of their |
Orbits at the diftarce of fix Feet from the
Glafs were 3. 44 5j.Inches. Now, the thick-
nefs of the other Glafs being § of an Inch was
to the thicknefs of this Glafs as § to &, that is
as 31 t0 10, OF 310000000 t0 100000000, and
the Roots of thefeNumbersare 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 thinner
Glafs, 3. 4. 53, to the Diameters of the fame
Rings made in the third of thefe Obfervations
by the thicker Glafs 142.21. 244, that is, the Dia-
meters of the Rings are reciprocally in a fubdu-
plicate Proportion of the thicknefles of the Plates
of Glafs, : :

1 T So
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So then in Plates of Glafs which are alike
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 reciprocally
in a fubduplicate Proportion of the thickneffes- of '
the Platcs.  And this thews fufficiently that the
Rings depend on both the Surfaces of the Glafs
They depend- on the convex Surface, becaufe they
are mor¢ luminous when that Surface is quick-
filver’d over than when it'is without Quick-filver.
They dgpend alfo upon the concave Surface, be-
caufe witiewtthit Surface aSpeculum makes them
not. 'They depend on both Surfaces, and on the
diftances between them, becaufe their bignefs is
varied by varying only that diftance. And rthis
- dependance is of the fame kind with that which
_ the Calours of thin Plates have on the dftance
of sheSurfaces of thofe Plates, becaufe the big-
nefs of the Rings, and their Proportion to one
another,, and the variation of. their bignefs arifing
from the variation of the thicknefs of the Glafs,
and the Orders of their Colours, is fuch as oughe
- to refult fropi the Propofitions in the end of the
third Part of this Book, derived from the Phzno-
mena of the Colours of thin Plates fer down in
the firft Parc.

There are yet other Phznomena of thefe Rings
of Colours, but fuch as follow from the fame
‘Propofitions, and therefore confirm both the
‘Trugh of thofe Propofitions, and the Analogy be-
tween thefe Rings and the Rings of Colours
made by very thin Plates, I fhall fubjoin fome
of, them,

: 04/



BOOK IL' 283

~ Odf. 10. When the beam of the Sun’s Light
was reflected back: fronf the Speculum pot di-
rectly to the hole in the Window, ‘but to a place
a little diftant from it, the common center of
that Spot, and of 4ll the Rings of Colours fell
in the middle way between the beam of the in-
cident Light, and the beam of the reflected
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
reflected 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’d Rings between them, thofe Rings grew
bigger and bigger, and fo alfo did the white
round Spot, and new Ripgs of Colours emer- .
ged fucceflively out of their common center,
and the white Spot became a white Ring en-
compaffing them; and the incident and reflected
beams of Light always fell upon the oppofite
partsof this white Ring, illuminating its Peri-
meter like two mock Suns in the oppofie parts
of an Iris. So then the Diameter of this Ring,
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 between the
middle ofy the incident beam of Light, and the
middle of the refle@ed beam meafured at the
- Chart on which the Rings appeared: And the
Rays which form’d this Ring were reflé@ted by
the Speculum in Angles equal to their Angles of
Incidence, and by confequence to their Angles
of Refraction at “their entrance into the G t:zfs,,
. ut
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but ‘yet their Angles of Reflexion were not in
the / fame ‘Planes withy their Angles of Inc-
dence.” ~

Obf. 11. The Colours of the new Rings were
in a contrary order to thofe of the former, and
arofe after lt{is manner. ‘The white round Spot
of-Light in the middle of the Rings continued
white to the center till the diftance of the inci-
dent and refle@ted beams at the Chart was about
7 parts of an Inch, and then it began to grow
dark in the middle. And when that diftance was a-
bout 1+ of an Inch, the white Spot was become
a Ring encompaffing a dark round Spot which in
the middle inclined to violet and indigo. And
the luminous Rings encompaffing it were grown
equal to thofe dark ones which in the four firft
Obfervations encompaffed them, that is to fay,
* the white Spot was gtbwn a white Ring equal to

the firft-of thofe §ark Ringg, and the firft of
thofe luminous Rings was now grown equal to
the fecond of thofe dark ones, and the fe-
cond of thofe luminous ones to the third of
thofe dark ones, and foon. For the Diaméters
of the luminous Rings were now 17+, 21¥, 'z},
3%, &¢c. Inches. C T

When the diftance between the incident. and
refle@ed beams of Light became a lirde big-
ger, there emerged out of the middle of, the
dark Spot after the indjgo a blue, and then’ ont
of that blue a pale green, and foon after a yel-
low and €d. And when the Colour .at the
:center was brighteft, being between yellow and
red; the bright Rings were grown equal to théfe
"Riégs which in the four firft Obfervations héxe
LT encom-
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encompafied 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 thofe,
and fo on. For the Diameters of the white
Ring, and of the other lyminous Rings encom-
pafling it, were now 13}, 2}, 24, 33, e or
thereabouts. o o

When the diftance of the two beams of -
Light at the Chart was a lictle more increafed,
there emerged out of the middle in order after
the red, a purple, -a blue, 2 green, a yellow,
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:
become thé 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 -egual to the third of thofe,
and fo on. For their Diameters were 144, 23,
2+, 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 Spot, 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 firfk of the bright Rings mentionedt
in, the four firft Obfervations, and the Rings
abaur this Ring were grown equal to the Rings
about that refpectively; the diftance berween
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 che di-
.ftange. between the two Beams was increafed
half an Inch, or an Inch more, they vanifh’'d
whilft the white Ring, with.one or two of the
Rings next it on cither fidg, continued ftill vi-
fible. But if the diftance of the two beams of
Light was ftill. more increafed, thefe alfo va-
pifhed : For the Light which coming from fe-
veral parts of the bole in the Window fell up-
on the Speculum in feveral Angles of Incidence,
made Rings of feveral bignefles, which diluted
apd blotted out one anothet, as I knew by inter-
cepting fome part of that Light. For if I in-
tercepted ' that part which was neareft 1o the
Axis of the Speculum the Rings would be lefs,
" if the pther part which was remoteft from it
they weuld be bigger. * - ..
Q4 312. When the Colours of ' the Prifm
were caft fucteflively on the Speculym, that
Ring which in the two laft Obfervations veas
white, was of the fame bignefs in all the. Co-
louss, . but the Rings without it -were. greatet in
$he ;gregn than, in the blue, and ftill greaserin
the yellow, and greateft in the red. And, ofthe
contrary, . the Rings withia that white: Circlé
wierp lefs in the green than in. the blue,. and(lh}i
oy C. S




 ‘BOOK IL 287
lefs in the yellow, and leaft in the red. - For the
Angles of Reflexion of thofe Rays which made
this Ring, being equal to their Angles of Inci-
dence, the Fits of every- refleted Ray -within
the Glafs after Reéflexion are equal in length
and number fo the Fits of the fame Ray with-
in the Glafs before its Incidegce on the refleét-
ing' Surface. And therefore fince all the Rays
ofg all forts at their entranee into the Glafs were,
in a Fit of Tranfmiffion, they were alfo in a Fit
of Tran{miffion at their returping to the fame
Surface after Reflexion; and by confequence
were tranfmitted, - and went but 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@ed’in o-
ther Angles, thé 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-chis is the reafon why in the hft
Obfervation, when the Speculum wag illumina-
ted with white Light, the exterior Rings made
by all Colours appeared red without and blue
within, and the interior blué without gnd red
within. . e

" . Thefe are the Phznomena of thick convexo«
concave Plates of Glafs, which are every where

" of -the fame chicknefs. There are yet other |
Phxnomena when thefe Plates are a: litde thick~
er on on¢ fide than on: the other, -and oe}liler(

' when
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when the Plates gre more or lefs concave than
convex, or plano-convex, or double-convex. For
in all thefe cafes the Plates make Rings of Co-
lours, but after various manners; all which, fo
far as I have yet obferved, follow.from the Pro-
pofitions in the end of. the third *part of this
" Book, ard. fo confpire to confirm the truth of

thofe Propofitions. But the Phznomena 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 Pheznomena fo far
as to difcover their Caufe, and by difcovering
it to ratify the Propofitions 4n the third Part of
this Book.

Obf. 13. As Light refleCted by a Lens quick-
filver’d on the backfide makes- the Rings of Co-
lours above defcribed, fo it ought to make the
like Rings of Colours in pafling through a drop
of Water. At the firft Reflexion of the Rays
within the drop, fome Colours ought to be
tranfmitted, as in the cafe of a Lens, and others
to be refle@ed back to the Eye. For inftance,
if the Diameter of a fmall drop or globule of
Water be about the gooth part of an Inch, fo
that a red-making Ray in paffing through the
middle of this globule has 250 Fits of eafj
Franfmiflion within the globule, and that all
the red-making Rays which are at a certain di-

ftance from this middle Ray round about it -

have 249 Fits within the globule, and all the

. like Rays a# a certain farther diftance round a-
bout it have 248 Fits, and all thofe at a cer-
tain farther diftance 247 Fits, and {o on; thefe

’ ' concern-
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concentrick Circles of Rays after their tranf~
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,
in like manner, the Rays of other Colpurs will
make ' Rings of other Colours. . Suppofe how
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-
g;r cncom{)aﬁ'ed with the like concentrick
ings of Colours, and the Diameter of the firft
Ring of red fhall be 7 Degrees, that of the fe-
cond 10% Degrees, that of the third 12 Degrees
3 ; Minutes. And accordingly as the Globules
of Water are bigger or lefs, the Rings fhall be
lefs or bigger. This is the Theory, and Expe-
rience anfwers it.- For in fune 1692, 1 faw by
reflexion in a Veffel of ftagnating Water three
Halos, Crowns, or Rings 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 between 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 ; thefe Crowns enclofed one another
immediately, fo that their Colours- proceeded
in dhis continual order from the Sun outward:
blug, white, red; purple, blue, green, pale
; U yellow
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yellow and red; pale blue, 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 Diameters 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 appear fometimes about the Moon;
for in the beginning of the Year 1664, Febr.
19th at Night, I faw two fuech Crowns about
her. The Diameter of the firft or innermoft
" was about three Degrees, and that of the fe-
cond about five Degrees and an half. Nexta-
bout the Moon was a Circle of white, and next
about that the inner Crown, which was of a
bluifh green within next the white, and of a
ellow and red without, and mext about thefe
olours wese blue 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 Eom the center of
the Moon. It was elliptical, and its long Dia-
meter was pcrrt;;xendicular to the Horizon, -
ing below fartheft from the Moon. Iam to
that the Moon has fometimes three or more
concentrick Crowns of Colours encompafling
one another next about her Body. The more
equal the globules of Water or Ice are to one
another, the mere-Crowns of Colours will - ap-
pear, and the Colours will be the more lively.
The Halo at the diftance of 22+ Degrees from

the



——

Book Il Tab 1.













" BOOK IL 291

the Moon is of another fort. By its being oval
- and remoter from the Moon below than above,
I conclude, that it was made by Refra&tion in
fome fort of Hail or Snow floating in the Air in
an horizontal pofture, the refracting Angle being
about 58 or 60 Degrees.

St a. T
..

Uz THE
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PART L

Oéferfvatxom céncernmg the Inflexions of
the - Rays of Light, and the Colours
made thereby.

RIMAL DO has inform’d us, that
- if a beam of the Sun’s Light bc’.!ct in-
to a dark Room throu h a very fifall
hole, the .Shadows ofg

things in this

Light will be larger than they ought to be if

the Rays went on by the Bodxes in ftrait Lines,
and

J
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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 refraétion
of the Air, but without due examination of the
Matter. For the circymftances of the Phano-
menon, fo far as I have obferved them, are as
follows. . L
08f 1. 1 made in a piece of Lead a fmall
Hole with a Pin, whofe breadth was the 42d
of an Inch. For 21 of thofe Pins laid to-
gether took up the breadth of half an Inch.
Through this Hole I let .into 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 Rays of Light pafled
on by thefe Bodies in right Lines. And parti-
cularly a Hair of a Man’s Head, whofe breadth
was but the 280th part of an Inch, being held in
this Light, at the diftance of about twelve Fect
from the Hole, did caft 3 Shadow-which at the
diftaince of four Inches from the Heir was.the
fixtieth part.of. an Inch broad, that is, above
four times broader than the Hair, and at the di-
ftance of two Feet from the Hair was about tke
eight and twentieth part.of an Inc¢h broad, that
is, teh times'broader than the Hair, and at¢ the
diftance of ten Feet was the eighth part of an
Inch broad, that is 34 times broader, '
o U3 Nor -

o m——
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Nor is it material whether the Hair be en-

compaffed with Air, or with any other pellucid
Subftance. For I wetted a polifh’d Plate of
Glafs, and laid the Hair in the Water upon the
Glafs, and then laying another polifth’'d Plate of
Glafs upon it, fo that the Water mighe fill up
the fpace between the Glafles, I held them in
the aforefaid beam of Light, fo that the Lighe
might pafs through theng 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 .than they ought to be, and
the Veins in polifh’d Plates of Glafs did alfo caft
the like broad Shadows. And therefore the
great breadth of thefe Shadows proceeds framy
ome other caufe than the ~Rcf$a&ion of:.the
- Arr.. o
Let the Circle X [in Fig. 1.] reprefent the
middle of the Hair; ADGy; BEH, CFI,
three Rays paffing by one fide of the Hair at
feveral diftances; KNQ, LLOR, MPS, threo
other Rays pafling by the other fideé of the Hair
at the like diftances; D, E, ¥, and N, O, P, the
places where the Rays are bent in their: paf-
age by the Hair; G,H,I, and QR, S, the
laces where the Rays fall .oan a Paper GQ}
S the breadth of the Shadow of .the Hair ¢
on the Paper, and TI, VS, wtwo Rays pafling
to the Poi}:;s I and S without btmdys Pwhen
the Hair is taken away. And it’s manifeft thst
all the Light between thefe. two Rays TF amd
VS is bent in paffing by the. Hair, and worted
~ afide from the Shadow IS, becaufe if .any pa;if
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of this Light were not bent it would fall on the
Paper within the Shadow, and there illuminate
the Paper, contrary to experience. And becaufe
:when the Paper is at a great diftance from the
Hair, the Shadow is broad, and therefore the
Rays TI and VS$ -are at a great diftance from
one another, it follows that the Hair a&ts upon
the Rays of Light at a good diftance in their paf-
fing by it But the AQion is ftrongeft on the
Rays which paf$ by at_ leaft diftances, and
grows weaker and weaker accordingly as the
Rays pafs by at diftances greater and greater, as
is reprefented in the Scheme : For thence it
comes to pafs, that the Shadow of the Hair is
snuch broader in proportion to the diftance of the

from the Hair, when the Paper is nearer
the Hair, than when it is at a grear diftance

it. : o

0bf. 2. The Shadows of all Bodies (Metals,
Stones, Glafs, Wood, Horn,. Ice, .&¢c.) in chis
Light were border'd with three Parallel Fringes
or Bands of colour’d Light, whereof that whick
was contiguods' .to the Shadow was broadeft
and :moft luminous, and that which was remo-
oefl from it was narroweft, and {o faint, as not
eafily to be vifible. It was dificule 1o, diftinguith
" the Coloyrs, unlefs when the Light gll very ob-
liqutly upon & fmooth Paper, or fome other
fuooth white Body, fo as to make them appear
owch broader than they would otherwile da.
And chen the Culoars were plainly vifible in
this Ordet: The firft or innermoftFringe was
violet and deep blue .next the Shadow, and then
light blue, green, and yellow in the middle, and
U4 red
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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 Colours there-
fore proceeded in this order from the Shadow ;
violet, indigo, pale blue, green, yellow, red;
blue, yellow, red; pale blue, pale yellow and
red. The Shadows made by Scratches and
Bubbles in polifh’d Plates of Glafs were bor-
der’d with the like Fringes of colour’d Light.
And if Plates of Looking-glafs floop’d off near
the edges with a Diamond-cut, be held in the

fame beam of Light, the. Light which paffes -

through the parallel Planes of .the Glas will be
border’d with the like Fringes of Colaurs where
thofe Planes meet with the Diamond-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 Look-
ing-glafs, and BD the Plane of the Diamond-
cut, making at B a very obtufe Angle with the
Plane AB. And let all the Light between the
Rays ENI and FBM pafs dire&ly through the
g:rallcl Planes of thc Glafs, and fall. upon the

per between I and M, and all the Light be-

tween the Rays GO and HD be reffacted by -

the oblique Plape of the Diamond-cut BD,
and fall upon the Paper between K and L;
and the Light which: paffes direétly through the
parallel Planes of the Glafs, and zalls upon the
Paper between I and M, will be® border’d with
three or more Fringes at M, ‘
: : : 4 So
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So by looking on the Sun'through a Feather
or black Ribband held clofe to the Eye, feveral
Rajn-bows will appear ; the Shadows -which the
Fibres or Threds caft on the Tumica Retina, -
being. border’d with the like Fringes of Co-
lours. - ' o '

0b/.3. When the Hair was twelve Feet diftant
from -this Hole, and its Shadow fell obliquely
upon a flat white Scale of Inches and Parts of ap
Inch placed half a Foot beyond it, and alfo whep
the Sgadow fell perpendicularly upon the fame
Scale placed nine Feet beyond it; I meafured cthe -
breadth of the Shadow and Fringes as accu-
rately as I could, and found them in Parts of an
Inch as follows. ‘ : : i

1
L]
i
i
.
s
i
. »
- o N - . . . ‘ Vot

»

P X AL
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" At the Diftance of

The breadth of the Shadow

" ‘[The breadth between the Middles
| of the brighteft Light of the in-
nermoft Eringes on either fide]
the Shadow

of the brighteft Light of the
middlemoft Fringes on cith
fide the Shadow

IThe breadch bctv?ecn thc dedla'I

The breadth between the Middle

- qf the brightett Light of th
outmoft Fringes on exthcr ﬁdc
the Shadow

The diftance between the dedlcs
of the brighteft Light of the firft
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
of the firft Frm&e

'The breadth of the darker Space

between the firft and fecon
Fringes

The breadth of the luminousPart
5 of the fecond Fringe

between the fecond and thir
Fringes

The breadth of the darker Spac;*

Thefe
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‘Thefe Meafures I took by lesting-the Shadow
of the Hair, at half a.Foot diftance, fall {o ob~
liquely on the Scale, as to appear. twelve timés
broader than when'it fell perpendicularly on it
at the fame diftance, and {etting. down in this
Table the twelfth part of the Meafures I then
took, _ L ‘

O#ff. 4. 'When the Shadow and Fringes ‘were
gaft obliquely upon a fmooth white Body, and
that Body was removed farther .and farther
from the Hair, the firft. Fringe began to-appeat
and leok: brighter than the reft of the Lighs
~ at the diftance of lefs than.a queriér of an Inch
from: the: Hair, and.the dark Line or Shadow
hetwean thit and the fecand Fringe began to
appear at a lefs diftance from the Hair than thas

bf thi¢ third partof anIn¢h. The ftcond Fringe -

bogan:to ‘appear at, a: diftance from: the Hair of
lefs than balf an-Inch, and the Shadow between
that ang¢ the third Fringe at 2 diftange lefs thag
en Inch and the third Fringe ara diftance lef
than three. Inches.. . Av greater: diltances ' thay
. became: much more. fenfible, but; kept very
nearly -the fame. proportion. of ‘their breadths
and intétvals which :they had dt their firft ap.
pearipg.. -For the diftance becween: the middle
of -the -finft, and middle of the:fecohd Frings,
was w the -diffance between the -shiddle of the
fecond ahdamiddle of -the third Fringe, as three
to two,-or-ten to feven. And the lafk.of thefe
two diftances was equdl to the breadeh of the
bright Light or luminows part of the fisft Eringe.
And. chis breadth .was to the breadth of the
brighr Light of the fecond Fringe as feven to

feur,
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"+ - four, and to the dark Interval of the firft and
fecond Fringe as three to two, and to the like
dark Interval between the fecond and third as
two to ope. For the breadths of the Fringes
feem’d to be in the progreffion of the Numbers
3, ¥4 v and their Intervals to be in the
fame progreflion with them; that is, the Frin-
ges 4nd their Intervals together to be in the
continual progreflion of the Numbers 1, v, v 5
¥+ vy or thereabouts. . And thefe Proportions
held the fame very nearly at .all diftances from
the Hair ; the dark . Intervals of the Fringes be-
_ ing as broad .in proportion to the breadth of the
Fringes at their firft appearance as afterwards at
great diftancesfrom the Hair; though not fo dark
-and diftin&. C .
2 -O8f. 5.« The. Sun. fhining .into my darken’d
Chamber through a hole. 2 quarter of an Inch
broad, I placed at the diftance of two of three
Feet from the Hole a Shest of Pafteboard, which
was -black’d all over on both fides, @nd in the
widdle 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 Pafte.
board with Pitch the blade of a tharp Knife, to
intercept fome part of the Light wgich' gaﬂ'ed
zhrough te hole. ~ The Planes of che Pafte-
board and' blade of the Knife were -parallel to
one another, 'and  perpendicular  to: the..Rays.
And when they were fo placed thar: none of
the Sun’s Light fell on'the Pafteboard,..butall of
it paffed through the hale to the Knife, and there
part of it fell-upon the blade of the. Knife,'and
part of it pafied by its edge; T let chis part d?:
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the Light which pafled 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 dire& Light by its brightnefs upon the
Paper obfcured thcfZ faint ftreams, fo 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 then I faw the two ftreams plainly. They
were like one another, and’ pretty nearly equal
in length, and breadth, and quantity of Light.
Their Light at that end next the Sun’s dire&
Light was ftrong for the fpace of about
a quarter of an Inch, or half an Inch, and in all
its progrefs. from that dire@ Light decreafed
fradually till it became infenfible. The whole
ength of either of thefe ftreams. meafured up-
on the Paper at the diftance of three Feer from
the Knife was about fix or eight Inches; fo that
it fubtended an Angle at the edge of the Knife
of about 10 or 12, orat moft 14 Degrees. Yet
fometimes I thought I faw it thoot three or four
Degrees farther, but with a Light fo very faint
that I could fcarce perceive it, and fufpeéted it
might &inﬁfome meafure at lealt) 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 tlZe Knife, and
looking towards the Knife, I couldfee a line of
Light upon its edge, and that niot only when
. my Eye was in the line of the Streams, butal-
{o when it was without that linefeither'mwags
c
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the point of the Knife, ar. 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 my Eye was fartheft from the dire& Lighe,
and therefofe feem’d to pafs between the Lighe
of that Fringe and ‘the edge’ of the Knife, and
that which pafled neareft the edge to be moft
bent, th not all of it. -

. Obf. 6. . X placed another Knife by this, fo
thar ‘their edges might be parallel, and look to-
wards one anather, and thac the beam of Light
might fall upon both the Knives, and fome pare
of it pafs between their edges. And when the
diftance of their edges was sbout the 4ooth
parc of an Inch, the ftream parted in the mid-
dle, and left a Shadow between the two parts.
This Shadow was fo black and dark thar all the
Light which paffed between the Knives feem’d
to be bent, and turn’d afide to the one hand or
to the other. ‘And as the. Knives ftill approach’d
one another the Shadow grew broader, and the
fircams thorter at their inward ends which were
pext the Shadow, undl upon the conta& of the
Knives the whole Light vanifh'd, leaving its place
%0 the Shadow. .

- And hence I gather that the Light which is
Jeaft bent, and gaes to the inward ends of the
ftreams, pafles by the edges of the Knives at
the greateft diftance, and this diftance when
the Shadow begins to appear between the
ftreams, is about the 8ooth part of an Inch. And
-the Light which pafies by the edges of the
Kaives at diftances ftill -lefs and lefs, is more and
: more
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more bent, and goes to thofe parts of the
ftreams Which are farther and farther from the
dire&t Light; becaufe when the Knives approach
one another till they touch, thofe parts of the
fireams vanifh lat which are fartheft from the
dire¢t Light. '

Okf. 7. In the fifth- Obfervation the Fringes
did not appear, but by reafon of the breadth of
the hole in the Window became fo broad as to run
into one another, and by joining, to make one
continued Light in the beginning of the ftreams.

But in the fixth, as the Knives approached one -

. another; a little before the Shadow appeared
between the two ftreams, the Fringes began
to appear on the inner ends of the Streams on
cither fide of the dire® Light; three on one
fide made by the edge of one Knife, and three
.on the other fide made by the edge of the o-
ther Knife. They were diftin@eft when the
Knives were placed at the greateft diftance from
the hole in the Window, and ftill became more
diftin& by making the hole lefs, infomuch that
I could fometimes fee a faint lineament of 2 = -

fourth ' Fringe beyond the three above men-
tion’d. - And as the Knives continually ap-
ﬁroach’d one another, the Fringes grew di-
inGer and larger, until they vanith’d. The
outmoft Fringe vanifh’d firft, and the middle-
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 fireams of Light defcribed in the fifth
Obfervation, the above-mention’d Shadow be-
§ gan
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gan to appear in the middle of thjs liné, and
divide it along the middle into twbd lines o

Light, and increafed until the whole Lighit va-
nith'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.twénty
times more when this Fringe was ready to va-
nifh, "than when one of the Knives was taken
away. -

A)r,xd from this and the former Obfervation
compared, I gather, that the Light of the firft
Fringe pafled by the edge of the Knife at a di-
ftance greater than the 8ooth part of an Inch,
and the Light of the fecond Fringe pafled by
the edge of the Knife at a greater diftance 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 ftreams of, Light defcri-
bed in the fifth anrd fixth Obfervations pafled by,
the edges of ‘the Knives at lefs diftances than that
of any of the Frigses. : o

04/.8. I ‘caufed the edges of two Knives.
to be ground truly ftrait, and pricking zheir
points into a Board fo_that their edges might
look towards one apother, and meeting near
their pointscontaina reilinear Angle, I faften’d
their Handles together with Pitch to make this
Angle invariable. - The diftance of the edges of.
the Knives from one apother at. the diftance of
four Inches from the angular Point, where the
edges of the Knijves met, ‘was the eighth part
of ‘an’Inch; and thetefore the Angle. consain'd..
By the’ edges' was about one Degree '54.'.'. Y
Knives thus fix'd tpgether I placed jn, a'bt’&!}_

g . ek g



of the Sun’s Lighg, let into my darken’d Cham-
" ber through a Hole the 42d Part of an Inch wide,
-at the di!%ance of 10 or 15 Feet from the Hole,
and let the Light which pafied between their edges
-fall very obliquely upon a fmooth white Ruler at
the diftance of half an Inch, or an Inch from
the Knives, and there faw the Fringes by the
awo 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 Angles equal to ‘the Angle
contained by the edges g? the Knives, and
.where they met and joined they ended without
crofling one another. But if the Ruler was
held at 'a much greater diftance 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 aearer to
one another, -and after they met they crofs'd
one another, and then became much broader
than before. - o
Whence I gather that the diftances at which
the Fringes pafs by the Knives are not increafed
nor alter'd by the approach of the Knives, but
-the Angles in which the Rays are there bent
-are much increafed by that approach; and that
the Knife which is neareft any Ray deterinines
- which way the Ray fhall be bent, and the other
Knife increafes the bent. ..
. Obf- 9. When the Rays fell 'very obliquely
upon the Ruler at the diftance of the third Parg
an Inch from the Kiives, the dark Line be-
tween the §rft and fcc;){nd Fringe of the 3112.—
- dow
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dow of one Knife, and the dark Line betweea
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 pafied between the
Knives at the concourfe of their edgés. - And
therefore the diftance of the edges of the Knives
at the meeting of thefe dark Lines was the 160th
Parte of an Inch. For as four Inches to the
cighth Part of an Inch, fo is any Length of t
edges of the Knives meafured from the point
of their concourfe to the diftance of the edges
of the Knives at the end of shat Length, and fo
is the fifth Part of gn Inch to the r6oth Part.
So then the dark Lines above-mention’d meet
in the middle of the Light which paffes be-
tween tht Knives where they are diftant the
160th Part of an Inch, and the one half of that
Light pafles by the edge of one Knife at a di-
ftance not greater than the 320th Part of an
Inch, and falling upon the Paper makes the
Fringes of the Shadow of that Knife, and the
other half pafles by the edge of the other Knife,
at a diftance not ‘greater thin the 32oth Part of
an Inch; and falling upon the Paper makes the
Frinﬁes 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 at a greateér
diftance than thé fifth Part of an Inch from
the end of the Light which pafled berween the
Knives at the concourfe of their edges; and
. therefore the Light which falls upon the Paper
where thofe dark Lines: meet “paffes, besween thie

‘ - Knives-
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Knives where the edges arc diffaht above the
16othi part of an-Inch. '
For at anothet titme, when the two Knives
were diftant eight Fect. amd five Inches from the
linle hole in the Window, mdde with = finall
P as above, the Light wirich fell upon the Pa<
poi where the aforefaid dark linés met, pafled
beoweent the Knives, where the diftatioe between
thélr edges was as in the following Table, when
the diflance of the Paper from the Knives was
ko as follows: . ‘

Diffinée of #he Paper|Diffaties  betweert 75

S¥om the Knivves in} edgés of #he Krnives
Inches. . 1 whlléfmal parts of a
| Inch. ~
“‘ iﬂ ns.i“"" B“e:i.i ~ gy~ A = ¢ CLSa oS W ISR
i ‘ bz .. -
4% . 0026
: %i ;v 0034
[ S - § - 0057
96, - . - © od'o8r -
13k A oo8y

- Arid hence I gather, that the Light which

makes the' Fringes upon the Paper is not the
fame Lighe at’all diftances of the Paper from
the Knives, ‘bt when .che Paper i held near
the  Knives; the Fringes ute made by Light
‘which paffds by the edges of the Knives at a
lefs diftance, 'and is more bent than when the
Paper is -hel av a grearet diftance from che

X2 oy
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- Off- 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 Hyperbola’s, and their Dimen<
fions were as follows. Let CA, CB [in Fig. 3.]
reprefent Lines drawn-upon the Paper parailel
to the edges of the ](.névcs, and between which
all the Light would- fall, if it paffed between
‘the edges of the Knives without inflexion; DE
a Right Line drawn through C making the An-
gles ACD, BCE, cqual to one another, and
terminating all the Light which falls upon the
- Paper’ from -the point where the edges of the
XKnives meet; eis, fAf, and g/v, three hyper-
bolical 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&gq,
and z/r, three other hyperbolical Lines repre-
fenting the Terminus of the Shadow of the other
Knife, the dark Line between the firft and fecond
Fringes of that Shadow, and the dirk line be-
tween the fecond and third Fringes of the fime
Shadew. ‘- And conceive that thefe three Hyper-
bola’s are like and eclual to the former-three, and
.crofs them in the points 7, 2, and /, andithat ¢he
Shadows of the’Knives are terminated and diftih-
‘guifh’d from the-firft lunrinous Fringes by the
lines e¢7s and x7p, until the meeting and crof-
fing of the Fringes, and then thofe lines crofs
. the Fringes in' the form of dark lines, ‘termmind-
ting the firlt luminous Fringes within fide; atid
diftinguiﬂxing them from another Light which
4 ‘ ’ . begms
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begins to appear at 7, and illuminates all the
triangular fpace i pDEs comprehended by thefe
dark lines," and the right line DE. Of thefe
Hyperbola’s one Afymptote is the line DE, and
their other Afymptotes are paralle} to the lines
€A and CB. fet r v reprefent a line drawan
any where upon the Paper, parallel to the Afym-
ptote DE, and let this line crofs the right line®
AC inm, and BC in », and the fix dark hy-
}»erbolical linesin p, ¢, 7; 5,2, v; and by mea-
uring the diftances ps, ¢#, r v, and.thence

tic Ordinates # p, # g,
nr or ms, mt, mv, and doing this at feveral
diftances of the line r v from the Afymptote DD,

ou may find as many points of thefe Hyperbo-
{a’s as {ou pleafe, and thereby know that thefe
curve lines are Hyperbola’s differing little from
the conical Hyperbola. . And by meafuring the
lines C4, C%, C/, youmay 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-
glc 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 t
to0 32, and the diftance of the line v from the
ymptote D E was half an Inch: I meafured
the lines ps, ¢¢, 7o, and found them o33,
0’65, 0’98 -Inches refpecively; and by adding
to their halfs the line ¥ m», (which here was
the 128th part of an' Inch, oro’co78 Inches,) the
Sums np, ng, nr, were 9’1828, 0’3328, 0’4978
Inches. 1 meafured alfo the diftances of the
- X 3 brighteft
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brighteft parts of the Fringes which run hetween
g and s#, r and # v, and next beyend » and s
and found them 0’5, 0’8, and 1’17 Inches,
O#f. 11.. The Sun fhining into my darken’d
Room through a fmall round hele made in s
Plate of Lea& with a flender Pin, as above; I
placed at the hole a Prifm to refradt the Light,
gnd form on the oppofite Wall the SpeGtrum
of Colours, defcribed in the third Experimgnt
of the firft Book. And then I found that thg
Shadows of all Badies held in the colour'd
Light between the Prifm and the Wall, were
border'd with Fripges of the Calour 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 withaut any fenfible red
or yellow ; and fo in the green Light they were
totally greeny excepting a%de yellow and hlue,
which were mixed in the green Light of the
Prifm. And comparing the Frin%u made in
the feveral colour'd Lights, I found that thofe
made in the red Light were largeft, thofe
made in the violet were leaft, and made
in the green were of a middle bignefs. Far
the Fringes with which the Shadow of 3 Man’y
Hair .wer¢ bordered, being meafured crofs the
$hadow at the diftance of fix Inches fram the
Hair, the diftance batween the middle and moft
luminous part of the firft or innermoft Fripge
on one fide of the Shadow, and that of the like
Fringe on' the other fide of the Shadow, wasin

- the full red Light ;;—? of an Inch, and ia the full
o ' violet




BOOK IIL 3r1

violet.#. . 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. | ‘ :

So then the Rays which made thefe Fringgs
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 a&ed alike upon the
red Light or leaft refrangible Rays at a e%rea;er

diftance, and upon the violet or moft refrangi-

‘ble Rays at a lefs diftance, and by thofe actions
difpofed the red Light into larger Fringes, and
the violet into fmaller, and the Lights of inter-
mediate Colours into Fringes of intermediate big-
nefles without changing the Colour of any fort
of Light. S

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 whichr was border’d with three Fringes of
calpured Light, thofe Colours arofe not from
any sew modifications imprefs’d upon the Rays
af Light by the Hair, but only from the vari-
ous ipflexions whereby the feveral Sorts of Rays
were {eparated from. one another, which before
fepaiasion, 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-
{ed to exhibit, In this 11th Obfervation, where

) X 4 the



313 OPTICKS.

the Colours are feparated before -the Lighe paf-
fes by the Hair, the leaft refrangible Rays;, which
when feparated from the reft shake red, were
infleted at a greater diftance from the Hair, fo
as to make three red Fringes at a greater di~
ftance from . the middle .of the Shadow of the
Hair; and the moft «efrangible Rays which
when feparated make violet, were inflected at
a lefs diftance from the Hair, fo as to make
three violer Fringes at a lefs diftance from the
middle of the Shadow of the Hair.: And other
Rays of intermediate degrees of Refrangibilicy
were infleted at intermediate diftances from
the Hair, fo as to make Fringes of intermediate
Colours at intermediate diftances’ from the mid-
dle of the Shadow of .the Hair. And-in the
fecond Obfervation, where all the Colours dare
mix'd in the white Light which by the.
Hair, thefe Colours are feparated by the - vasis:
ous inflexions of the Rays, and the Fringes
which they make appear all together, dnd the
innermoft ' 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 Shadew, the red on the owms
fide fartheft from the Shadow, and the:iblue;
green, and yellow, inthe 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 aif the:
.Colours,-.;l and the outmoﬁd Fringes of -al} the:
Colours lying in order, and being -cbntigususj
make a third broad. Fringe cOmplg(gcd of alliho
Colours.” Thefe are the three: Fringes- alf noa
lour’
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lane’d Trghe widy which-thé Shadows of all Bo-
dtes are bordér’d in the fecond Obfervacion.
- 'Wheh I made the foregoing Obfervations, I
defign’d to repeat moft of them with more care
and exa@®nefs, and to make fome new ohes for
determining the manner how the Rays of Lighe
afe bent in their faﬁ'age by Bodies, for making
the Fringes of Colours with the “dark lines be-
tween them. Buc I was then inteérrupred, and
_ cannot now think of taking thefe things into far-
ther Confideration. And fince 1 have not finith’d
this part of my Defign, I fhall conclude with
propofing only fome Queries, in order toa far-
ther fearch to be made by others. - :

. 1. Do not Bodies a& upon Light ac
a-diftance, and-by their attion bend its Rays; and -
is not this a&ion (‘cateris paribus ) ftrongéft at
the leaft diftance? - ST '

- Qu.2. Do not the Rays which différ in' Re-
frangibility differ alfo-in Flexibity ; and are they
not by their different Inflexions fepatated from
one another, fo as after-feparation to 'mdke the
Colours .in the three Fringes above defcribed P
And after what maniier are they infle@¢d to make
thofe Fringes? - .

Qy. 3 - Are not the Rays of Light in paffing’
by the edges and fides of Bodies, bent fcvcra%
times' backwands and forwdrds, with a motion
like that of :an Eel? And dd not the three Frin-
ges of colour'd Light above-mentiort’d-arife from
then. fah-bendings ? - .

"+ Qu: 4. Do not the Rays of Light which fall
upon Bodies, and ar¢ refleted or refracted, be-
: g



314 OPTIDGEKS.
gin to bend befare they arrive at the Rodies ; and
are they not refloded, refratted, and inflected,
by one and the fame Principle, adting varioufly
in various Circumftances ?

Qu. 5. Do not Badies and Light 2& mutually
upon one another ; that is to fay, Bodies upon
Light in emitting, refleting, rcgv&ing and in-

- fleéting it, and Light upen Bodies for heating

1

1
s

them, and putting their parts into a vibrating
motion wheI:ein heat confifts?

Q¢. 6. Do not black Bodies conceive heat
more eafily from Light than thofe of other Ca-
lours do, by reafon that the Light falling on them
is not refle¢ted aqutwards, .but enters the Bodies,
and is often refleted and” refraGted within them,
until it be ftifled and loft? -

Ry. 7. Is not the firéngth and viger of the
a&ion between Light and fulphureous Bodies ob-
ferved above, one reafon why fulphureous Bodies

. take fire more readily, and burn more vehement-

ly than other Bodies do ?

2y.8. Do not all fix'd Bodies, when heated
beyand a certain degree, emit Light and thine ;
and is not this Emiflion perform'd by the vi-
brating motions of their pars? And de notall
Bodies which abound with terreftrial parts, and
\efpecially with folpbureous "anes, emit Light
as often as thofe parts are fufficiently agitated ;
whether that agitation be made by Heas, ot by

\ Friction, or Percuffian, or Putrefaction, or by

any vital Motion, or any other Caufe? -As for
inftance ; Sea-Water ‘in a raging Storm ; Quick-
flver agitatcd in vacug; the Back of a Cat, or
Neck ot a Horfe, obliguely firuck of mbbe;lain
) a

rk

®
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a dark place; Wood, Flefh and Fith while they

. putrefy ; Vapours arifing from putrefy’d Wa-
“ters, ufually call'd Ignes Fatw ; Stacks of moift

Hay or Corp growing hot fermentation ;
Glow-worms and the Eyes of {ome Animals by
vital Motions; ‘the vylgar Phofpberus agitated
by the attriion of any Body, or by the acid
Particles of the Air; Amber and fome Dia-
monds-by ftriking, prefling or rubbing them;
Scrapings of Steel ftruck off with a Flint; Iron
hammer’'d very nimbly till ic hecome 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 itg weight of Qil of Annifceds. Soalfoa

Globe of Glafs about 8 or 10 Inches in diameter,
being put into a Frame where it may be fwiftly
tyn’'d round its Axis, will ip turning fhine
where it rubs againft the palm of ones Hand
opply’d to it: And if at the fame tinie 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
of - the Glafs where it is meft in motion,

the elecrick Vapour which is excited by the
fridtion of the Glafs againft the Hand, will by
dafhing againft the white Paper, Cloth or Fin~
er, be put into fuch an agitation as to emit
ight, and make the white Paper, Cloth or Fin-
ger, appear lucid like 2 Glow~worm; and in
rufhing out of the Gla will, foetimes p}nR

© again,



56 OPTICKS.
:Ednn the Finger fo as to be felt. And the fame
ings bave been found by rubbing a long and
large Cylinder of Glafs or Amber with a Paper
beld in ones hand, and continuing the ftiction till
the Glafs grew warm. -+~ .
. Qu. 9. Is not Fire a Body heated fo hot 25 to
emit Light copioufly? For what elfe is a red hot
Tron than Fire? And what elfe is a burning Coal
than red hot' Wood ? . L.
<+ Qu 10, Is not Flame a Vapour, Fume or Ex-
halation heated red hot, that is, fo hot as to
thine ? . For Bodies do not flame without emir-
ting a copious Fume, and this Fume burns in
the Flame, The Ignis Fatuus is a Vapour fhi-
ning without hear, and is there not the fame
" difference between this Vapour and Flame, as
between rotten Wood (hining without: heat and
burning Coals of Fire? In diftiling 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,
end the Flame will €un along the Vapour -from
the Candle to the Still. - Some Bodies: heated by
Motion or Fermentation, if the heat grow in-
tenfe, - fumne copioufly,’ and if the heat be-greaz
enough the Fumes will fhine and become Flame.
Metals in fufion do not flame for want of a co-
pious Fume, except: Spelter, which fumes.eo-
-pioufly, and. thereby tames. -All flaming. Bo-
dies, as 0jl, Tallow,  Wax, Wood, foffil Cosls;
Pitch; - Sulphur, by flaming wafte and vasith - jn-
-to burping Smoke, which Smoke, if .the Flame
be put‘out] ¥ very thick and,viGhle,-and; fome~
witries dmells flropgly, buc in the Flame ,lofcf; xﬁx
bree €

b
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fméll by burning, and according to the narure
of ‘the Smoke the Rlame is of feveral Colours;
asthat of ‘Sulphur blue, that of .Oorper open’d
with fublimate green, that of Tallow yﬁle:w,',
that of Camphire white: Smoke pxﬂir:f.‘through
Flame canpot but grow ted -hot, and zed hot
Smoke can: have: no other appearanceithan thae
of Flame. -When Gun-powder " takes fite, it
goes away into flaming. Smcke. For: the Charv
coal and Selphur eafily take fire, and fet fire to
the Nitre,..and the 'Spirit of the' Nitre being

thereby rarified .into Vapour; rufhes out. with
Explofion much after the manner thac the Vas
pour of -Water rufhes out of an Eolipile;’ the
Sulphur alfo ‘being volatile is converted ifto
Vapour, - and.- augments the : Explofion. And
the acid Vapour: of the Sulphur (namely that
which diftils under, a Bell into Oil of Sulphur,)
entring violently into the.fix'd Body of the Ni-
tre, fets loofe. the Spirit ‘of the: Nitre; amd-exs
cmes a great Fermentation, whereby the Heat
is farther augmented, and the fix’d Bady of the

‘Nitre is alfo-sarified 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- thar- Mixrure ber warm’d cill: it: takes
fire, the: Explofion will' be more'. violent” and
quick than -ﬁat of Gun-powder abone;- which
cannot proceed from any other caufa thun: the
alion of the-Vapour of the Gun-powdér upon
the Salt of - Tartar, whereby that Sdly is :t&t}ggd.
“The Explofiorr of Gun-powder atifes:thetéfore
ftom: the violent a@ion whereby' alt the Mixxure
‘being quickly anid vehementlyi heated; "Is "ratlﬁeg
o 1 . an
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and convarted into Fume and Vapout: which
Vapour,. by the violence of that w&ion, ba-
coming {0 hat as to fhine, .appears in the form of
Flame.

Qu. 11. Do not great Bodies Con&twe tlnr
heat the longeft, their parts heiting ane ano-
ther, -and may not: grat denfo. sad: fix'd Bo-
dies, when heated beyand 2 certain
mit Light fo copiorfly, a8 by the; Elmﬂmud
Re-a@ion of .its Light,. and she Réficxions amd
Refractions of izs Rays within its Pores to grow
fill hoer, €ill itcomes to a cermin period .of
beat, fuch as is thar of the Sun? :And are ot
the Sun and fix'd Seass Earths velemencly
hot, whofe heat is ¢ by the greatnield
of the Bodies, and the mumal AGion and Re-
adtion. between them, -and the Light which they
ermt, and whofe parts are kept as

, not only by their ftity, bue allo by the
va wcxght and denfity of the A:mo(plnw ine
cumbent upon them; and very ftromgly commas
mﬂ'mg them, ahnd coddanfing the Vapours and

tions which drife. froms ;them? For if
Water be made warm in any peliucid Voflel
cmptied of Air, that Water in the Vacaum will
bubble and boil .as. vehemently as it would in
the open Air in & Vieflth fet upbutthire ull
it conceives 2 much greaser heat. - For the
weighs of . the incumbent Atmofphese : keops
dawn the V uFoum, and hinders the Warer froih
boiling, until it grow much hotwer. than is-re-
quifite to niake xrbmi in vacwo. ‘AMo.a maix.
ture of Tin and-Lead being put upon-a red-boe
Iron s8 vgeso: emmai?nme msﬁume, bu;a&n
. me
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fame Mixture in the open Air, by reafoh of the
incumbent Atmofphere,-does not fo much as e
mitany Fome which can be perceived by Sight.
In like manner the great weight. of the Auno-
{phere which liés. upon.ithe Globe of tho Sun
may hinder Bodies there .from rifing wp and
going away from' the 'Sun in. the forth of Va-
pours. sud: Fumes, .. unlefs by ntesns of a far
greater . heat :than that which on the Surface of
our Earth would very eafily. turn chem inte Va-
_pours and Fumes. And the fune grear weight
may. condenfethofe Vapours and Exhalations as
foon a5 they fhall at any time begin to-afcend
“from the San, -and: mealesthem prefently fall
‘back #gain:into him,; and by char a&ion increate
his Heat much’ after the manner that ‘in our
‘Earth the ‘Air increafes.the'Heat of 2 culinary
Fire. And the fame woight may hinder the
Globe of the Sun from béing diminith’d, unlefs
"by the Emithon‘of Light,, snd a very fmall quan-
tity of Vapoursand lixhalations. -

- Qy. 12. Do not -the.RsEs of Light infalling -
upon the boctom of the Eye. exeite Vibrations
in the Tumica Retina?. Which Vibrations, be-
ing propagated along the folid Fibres of the op- |
xicgkl-’Ne;’P?vgcs hno_bt?)‘; Brain, caufe the Senfe g;'
feeing. Far becaufe desife. Bodies conferve " their
Heat a long time, and the denfeft Bodies con-
-ferve theis. Heat the:lougeft, the Vibratiens of
their parts'are -of a.lafling nature, and there-
-fore may :be. propagated along folid -Fibres of
uniform donfe Macter.ta- a’ grear ditance, “for
conveying into the Brain: the impreffibns nrade
upon all the Ogans of : Sente. -i. For that Mo}tlion
S which

-
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which éan continue long in one and the fame part
of a Body, can be propagated a long way from
one part to another, {uppofing the Body homo-

* geneal, fo that the Motion may not be refle@ed,
refraled, ingerrupted -or diforder’d by any un-
evennefs of the Body.

Qy. 13. Do not feveral forts of Rays make

Vibrations of feveral bignefles, which according

"to their bignefles excite Senfations of feveral Co-
lours, ‘much after the manner that the Vibrations
of the Air, according to their feveral bigneffcs

_ excite Senfations of Fevcral Sounds? And parti-
cularly do not the moft refrangible Rays excite
.the fhorteft Vibrations for making a Senfation of

~ deep violet, the leaft refrangible. the largeft for
-making a Senfation of deep red, and the feveral
intermediate forts of Rays, ¥ibrations of feveral
-intermediate bignefles to make Senfations of the
feveral intermediate Colours?

Qy. 14. Ma‘y not the harmony and difcord of
Colours arife from the proportions of the Vibra-

- tions propagated through the Fibres of the op-
.tick Nerves into the Brain, as the harmony and ‘
difcord of Sounds arife from the proportions of
the Vibrations of the Air? For fome Colours, if
"they be view'd together, arc agrecable to one
another, as thofe of Gold and Indigo, and othets
difagree.

" Qu.15. Are not the Species of Objeds 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 ﬁdcd:f |
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the Head, and the Fibres on the left fide of
both Nerves uniting in’ the fame place, and af-
ter union going into the Brain in  the Nerve
which is on the left fide of the Head, and thefe
two Nerves meeting in the Brain in fuch a mans$
net that their Fibres make but one entire Spe~
cies or Piure, half of which on’the right fide .
of the Senforium comes from the right fidé of
both Eyes through the' right fide 'of both op- .
tick Nerves to the place where the Nerves meer,
and from thence on .the right fide of the Head
into the Brain, and the other half an the left
fide of the Senforiim comes in Iike manner from
the left fide of both Eyes. For the optick
" Nerves of fuch Animals as look the fame way
with both Eyes (as of Men, Dogs, Sheep, Oxen,
&¢.) meet before they come into the Brain, buc
the optick Nerves of fuch Animals as do not
look the fame way with both Eyes (as of Fithes,
and of the Chameleon,) do not meet, if Iam
rightly inform'd. ‘ | ~

" Qu. 16. When a Man in the dark prefles either
corner of his Eye with his Finger, and turns his
Eye away from his Finger, he will fcc a Circle
o!y Colours like' thofe in the Feather of a Pea-
cock’s Tail. If the Eye and the Finger remain

uiet thefe Colours vanifh in a fecond Minute of

ime, 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 caufiag Vifion? And do not

the Motions once excited continue abouta Ses
. . . . - ¢ . Y: . s . . cona .
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cond of Time before they ceafe? And when a
Man by a ftroke upon his Eye fees a flafh :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 Cireleé of Fire; is it not becaufe the Motions
excited i the botcom of the Eye by the Rays
.of Light are of a laftirig nature, and continge
till the Coal of Fire in going round returns to
_uts former place? And confidering the lafting-
nefs of the Motions excited in the botvom of
the Eye by Light, are they not of a vibrating
nature ? .
Ru. 17. If a Stone be thrown into ftagnating
Water, the Waves excited thereby comtinue
fome time to arife in the place where the Stone
fell into the Water, and are propagated from
thence in cgncenerick Circles upon the Surface
of the Water to grear diftances. And the Vi-
brations ot Tremors excited in the Air by per-
cuffion, continue a little time to move from the
- place of percuffion in -concentrick Spheres to
great diftances. And in like manner, when a Ray
of Light falls upon the Surface of any pellucid \
Body, and is there refrated or rcﬂe&edy, may not
‘Waves of Vibrations, or Tremors, be
excited in the refracting or refle@ting Medium at
the point of Incidence, and continue to arife
there, and to be propagated from thence as long
+ as they continue to arife and be propagared, when
they are excited in the bottom of the Eye by the
Preffure or Motion of the Finger, or by the Light
-which comes from the Coal of Fire in the Ex-
T . periments
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riments abovemention’d? ‘and are not thefo

ibrations propagated from the point of Inci-
dence to great diftances? And do they not over<
take the Rays of Light, and by overtaking them
fueceflively, do they not. put them into the Fitg
of eafy Reflexion and eai} Tranfmiffion defcribed
above? For if the Rays endeavour to recede from
the denfeft part of the Vibration, they may be
alternately aceelerated and retarded by the Vi-
brations overtaking them: o '
. 2 18. If in two large tall cylindrical Vef~
fels of Glafs inverted, two lictde Thermometers
be fulpended {6 as not to touch the Veflels, and
. the Air be drawn out of one of thefe Veflels,
. and thefe Veffels thus prepared be: carried out
of a cold place into a warm one; the Thermo-
snieter #x vecuo will grow warm as much, and
slmoft as food as the Thermometer which is
not ¢n vacuo. - And when the Veflels are carri-
ed back into the cold place, the Thermometer
in vacwo will grow cold almoft as foon as. the
other Thermometer. Is not the Hear 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~
od in the Vecuum € And is not this Medium the
fame with that Medium by which Light is re-
fracted and refleéted, and by whofe Vibrations
Light communicates Heat to Bodies, and is
put imo Firs of eafy Reflexion and eafy Tran{-
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 hat
"Bodies communicate their Heat-to contiguous
- Y 2 cold
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cold ones, by the Vibrations of this Medium
ropagated from them into the cold ones? Arnd
1s not this Medium exceedingly more rare and
fubtile than the Air,. and exceedingly more ela-
ftick and a&ive? And doth it not readily pér-
vade all Bodies? And is it not ( by its elaftick
force) expanded through all the Heavens ?

Qu. 19. Doth not the Refraltion of Light
proceed from the different denfity of this &
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 op2n Spaces -void of Air and other
grofier Bodies, than within the Pores of Wa-
ter, Glafs, Cryftal, .Gems, and other compa&
Bodies? For ‘when Light pafies through Glafs
or Cryftal, and falling very obliquely upon the
farther Surface thereof is totally reflected, 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 weak-
nefs thereof. *

4. 20. Doth not this AEthereal Meédium in
pafiing.out of Water, Glafs; Cryftal, and other
compa& and denfe Bodies into empty Spaces,
grow denfer and denfer by degrees, and by that
means refract the Rays of Light not in a_point,
but by bending them gradually in curve Lines?
And doth not the gradual condenfation of this
~ Medium extend to fome diftance from the Bo-
dies, and thereby caufe the Inflexions of the
. Raysof Light, which pafs by the edges of denfe

Bodies, at fome diftance from the Bodies ?

- . 2.

1
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. -Qu. 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 demfer and
denfer perpetually, and thereby caufe the gra-
vity of thofe great Bodics towards one another,
and of their parts towards the Bodies; every
Body endeavauring to go from the denfer parts
of the Medium 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 Body, and ra-
rer there.than at the fiftieth part of an Inch from
its Body,, and rarer there than at the Orb of
Saturn; 1 fee no reafon why the Increafe of
denfity fhould ftop 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 elattick
force of this Medium is exceeding great, may
be gather’d from ‘the fwiftnefs of its Vibrations.
Sounds move about 1140 Englifb Feet in a fe-
cond Minute of Time, and in feven.or eight
Minutes 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 Englifb Miles,
fuppofing the horizontal Parallax of the Sun ;:o

Y 3 e
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be about 12”. And the Vibrations or Pulfes of
this Medium, that they may caufe the alternate
Fits of ;.af Tmnfnﬁiﬁ;l anddgy B.‘gﬂexion,
muft be fwitter Light,” and by confequence
above 700000 times {wifter than Sounds. And
therefore the elaftick force of this Medium, in
proportion to its denfity, muft be above 700000
X 4700000 {( that is, abave 490000000000 ) titmies
greater than the elaftick farce of the Air is in
roportion to its denfity. For the Velocites of
the Pulfes of elaftick Mediums are in a fubdupli~
cate Ratie of the Elafticities and the Rarities of
the Mediums taken together. :
. As Attra&ion is ftronger in fmall Magnets
than in great ones in proportion to their Bulk,
and Gravity is greater in the Surfaces of fmall
Planets than in thofe of great ones in propor-.
tion to their bulk, and {mall Bodies are agita-
ted much more by ele@ric aurattion than great -
oness -fo the fmalinefs of the Rays of Light
may contribute much ro tg: power of -
the Agent by which they are refrated. And
fo if any onc fhould fuppofe that Asher (like
our Air) may conuin Particles which endeavour
to recede from onc another (for I.do not know
what this Zrber is) and that its Particles are
cxceedingly fmaller than thoft of Air, or even
than thofe of Light: The exceeding fimalinefs
of its Particles may contribute to the greatneft
of the force by which thofe Pgrticles may re-
cede from one another, and thereby make dit
Medium exceedingly more ‘rare ‘and elaftick
than Air, and by confequence exceedingly lefs
able to refift the motions. of Prajectiles, aad .
: exceed-
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exceedingly more able to prefs ufpon grofs Bodies,
by endeavouring to expand icfelt.

. 22. May not Planets and Comets, and all
grofs Bodies, perform their Motions more freely,
and with lefs refiftance in this Athereal Medium
than in any Fluid; which fills all Space ade-
quately without leaving any Pores, and by confe-
quence is much denfer than Quick-filver or Geld?
And may not its refiftance be fo fmall, as to bhe
inconfiderable ? Far inftance; If this Zzker ( fot
fo I will call it) fhould be fuppofed 700000
times more elaftick than our Air, and above
g:oooo times more rare; its refiftance would

above 660000000 times lefs than that of Wa-
ter. And fo fmall a refiftance would fcarce
make any fenfible alteration in the Motiohs of
the Planets in ten thoufand Years. If any one
would ask how 3 Medium can be fo rare, leg
him tell me how the Air, in the upper parts of
the Atmof"phcre, can be above an hundred thou-
fand thoufand times rarer than Gold. Let him
- alfo tell me, how an ele@rick Body can by Fri-
&iaon emitan Exhalation fo rare and fubtile, and
yet fo potent, as by its Emiffion to caufe no:
fenfible Diminution of the weight of the ele-
&rick Body, and to be expanded ‘through a
Sphere, whofe Diameter is above two Feet, and
yet to be able to agitate and carry up Leaf Cop-
P.et, or Leaf Gold, at the diftance of above a
oot from the ele@rick Body? And how the
Effluyia of a Magnet can be fo rareand fubtile, as
to pafs through a Plate of Glafs without any Refi-
ftance or Diminution of their Force, and yet fo
g)tcnt as to turn a magnetick Needle beyond the
hafs? - Y 4 .
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Qu, 23. Is pot Vifion perform’d chiefly by the
Vibrations of this Medium, excited in the bot-
tom of the Eye by the Rays of Light, and pro-
pagated through the falid, pellucid and uniform
Capillamenta of theoptick Nerves into the place
of Senfation? And is not Hearing perform’d by
the Vibrations either of this or fome other Medi-
um, excited in the auditory Nerves by the Tre-

-morsof the Air, and propagated through the fo-

lid, pellucid and uniform Capillamenta of thofe
Nerves into the place of Senfation? And fo of
the other Senfes,

" Qu.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
Mufcles, for contraling and dilating them? I
fupﬁofe that the Capillamenta of the iferv& are
each of them folid and uniform, that the vibra-
ting Motion of .the Athereal Medium may be

uniformly, and without interruption: For Ob-
ftru@ions in the Nerves create Palfies. And that
they may be fufficiently uniform, 1 fuppofe
them to be pellucid when view’d fingly, tho’ the
Reflexions in their cylindrical Surfaces may make
the whole Nerve (compofed of many Capilla-
menta ) appear opake and whice. Far apacity
arifes from reflecting Surfaces, fuch 4s may di-
fturb and interrugt the Motions of this Medium.

Ry. 25. Are there not other original Proper-
ties of the Rays of Light, befides thofe alrea-
dy defcribed? * An inftance of another origlfq_ﬂ

prc};agated along them from one end to the ather .
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§  Property we have in the Refraction of Ifland

i
L.

i
-

Cryftal, defcribed firft by Erafmus- Bartholine,
and afterwards more exactly by Hugemius, in his
Book D2 /a Lumiere. This Cryftal is a pel-
lucid fiffile Stone, clear as Water or Cryftal of

- the Rock, and without Coloyr; 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 on Cloth, it attra&ts
pieces of Straws and other light things, like Am-
bar or Glafs; and with Agua fortis it makes an
Ebullicion. It feems to be a fort of Talk, and
is found in form of an oblique Parallelopiped,

- “with fix parallelogram Sides and'eight folid An=

gles. The obtufe Angles of the Parallelograms

are each of them 101 Degrees and 52 Minytes;

the acute ones 78 Degrees and 8 Minutes, Two
of the folid Angles oppofite to one another, as.
C and E, are compafled each’ of

them with ghree of thefe obtufe i”}f‘b{::"'
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 perfectly plane,
but with fome little unevenpefs. : It is eafily
fcratch’d, and by reafon of its foftnefs it takes a
Polith very difficultly. It polithes hetter upon

- polifh’d Looking-glafs than upon Metal, and
" perhaps better upon Pitch, Leather or Parch-

ment. Afterwards it muft be: rubb’d with a lit-
tle Oil or white of an Egg, to fill up its Scratches;
whereby it will become very tranfparent and lxio,‘-

. te.
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lice. But for feveral Experiments, it is not necef~
fary to polith it. If a picce of this cryftalline
Stone be ldid upon a Book, every Letter of dhe
Book feen through it will appear double, by
means of a double Refra@ion. And if any beam
of Light falls either perpendicularly, or in any
oblique Angle upon any Surface of this Cryftal,
it becomes divided into two beams by means of
the fame double Refra&tion. Which 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

" Refraétions is perform’d by the ufual Rule of Op-
ticks, the Sine of Incidence out of Air into this
Cryftal being to the Sine of Refra&tion, as five to
three. The other Refraition, which may be cal-
led the unufual Refraétion, is perform’d by the
following Rule, :

s\.

Let ADBC reprefént the refracting Surfac;
‘ ' L.

.k'd
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of the Cryftal, C the biggeft {olid Angle at that
Surface%EHF the oppofite Surface, and CK
a perpendicular on that Surface. This perpen-
_dicular makes with the edge of the .Cry{ﬁl CF,

an Angle of 19 Degr. 3.- Join KF, -and in it
take KL, fo that-the Angle KCL be 6 Degr.
40" and the Angle L.CF 12 Degr. 23" * And if
8T reprefent any beam of Light incifent at T
in any Angle upon the refracting Surface ADBC,
let TV be the refratted beam determin’d by the
- given Portion of the Sines 5 to 3, according to
the ufual Rule of -Opticks. Draw VX parallel
and equal to KL. Draw it the fame way from
V in which L lieth from K; and joining T X,
this line T X fhall be the other refratted beam
carried from T to X, by the unufual Refra-
&ion. ’ R

If therefore the incident beam ST be perpen-
dicular to the refraing Surface, the two beams
TV and TX, into which it fhall become di-
vided, fhall be parallel to the lines CK and CL
one of thofe beams going through the Cryf::}

pendicularly, as it ought to do by the ufi

ws of Opticks, and the other T X by an unu-
fual Refraction diverging from the perpendicular,
and making with it an Angle VT'X of about 63
Degrees, as is found by Experience. And
hence, the Plane VTX, and fuch like Planes
. which are parallel to the Plane CFK, may be
called the Planes of perpendicular Refraction.
And the Coaft towards which the lines KL and
VX are drawn, may be call'd the Coaft of unu-
fual Refraction. : ‘

In like manner Cryftal of the Rock las a

3. double



/

332 OPTICKS.

double Refra@ion: But the differerice of the two
Refractions is not fo great and manifeft as in
Ifland Cryftal. o )
When the beam ST incident on Ifland Cry-
ftal is divided into- two beams T V and T X,
apd thefe two beams arrive at the farther Surface
of the Glafs; the beam TV, which was refra-
&ed at the firft Surface after the ufual manner,
fhall be- again refracted entirely after the ufual
manner at the fecond Surface ; and the beam TX,
which was refracted after the unufual 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 out of the
* fecond Surface in lines parallel to the firft incident,
beam §T. o
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 refracted after the ufual map-
per in the firft Surface of the firft Cryftal, fhall
be fefracted after the ufual manper in all the
following Surfaces; and the Rays which are re-
fracted after the unufual manner in the firft Sur-
face, thall be refraéted after the unufual manper
in all the following Surfaces. And the fame thing
happens, though the Surfaces of the Cryftals be
#ny ways incliped to one another, provided that
‘their Pladdes of perpendicular Refration be pa-
“Tallel to one another. .
» "And therefore there is an original difference
in the Rays of Light, by means of which fome
“‘Rays-are 1 this Experiment conftantly refraécté
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ed after the ufual manner, and others conftant- -

ly after the umifual manner: For if the diffe-
* rence be fot original, ‘but arifes from new Mo«
. difications inprefs'd on the Rays at their firft
- Refraétion, it would be alter’d by new Modi-

fications in the three following Refractions;
whereas it fuffers no alteration, but is conftant,
and has the fame effe upon the Rays in all the
Refracions. The unufual Refraction is there-
fore perform’d by an’original property of the.
Rays. And it remains to be enquired, whether
the Rays have not more original Properties than
are yet difcover’d. ‘ ‘

Qu. 26. Have not the Rays of Light feveral
fides, endued with feveral original Properties?
For if the Planes of perpendicular Refraction
of the fecond Cryftal be at right Angles with
the Planes of perpendicular Refra@ion of the
firft Cryftal, the Rays which are reftated after
the ufual manner in paffing through the firft
Cryftal, will be all of them’ refratted after the
unufual manner in paffing through the fecond
Cryftal; ‘and the Rays which are refraQed af-
ter the unufual manner in paffing through the
firft Cryftal, will be all of, them refra@ed after -
the ufual manner in paffing 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 ajl Po-
fitions refracted after the ufual manner, and the
- other conftantly and in all Pofitions after the

unufual manner. °The difference berween the
two forts of Rays in the Experiment mention’d

- in the 25th Queftion, was only in the Poﬁtionz
: 1 o
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of the Sides of the Rays to the Planes of per-

ndicular Refraétion. For one and the fame
ay is here refratted fometimes after the ufual,
and fometimes after the umwnfusl manner, ac-
" cording to the Pofition which its Sides have to
the Cryftals. If the Sides of the Ray are pofi-
ted the fame way to both ‘Cryftals, it is refra~
&ed after the fame manner in them both: But
. if that fide of the Ray which looks towards
the Coaft of the unufual Refra@tion of the firft
Cryftal, be go Degrees from that fide of the
- fame Ray which looks toward the Coaft of the
unufudl Refraction of the fecond Cryftal, (which
may be effeéted. by varying the Pofition of the
fecond Cryftal to the firft, and by confequence
to the Rays of Light,) the Ray fhall be retracted
after feveral manners in the feveral Cryflals,
There is nothing more required to determing
whether the Rays of Light which fall upon the
fecond Cryftal fhall, be refracted after the ufua]
or after the unufual manner, but ta wrn abous
this -Cryftal, fo that the Coalt of this Cryftal’s
vnufual Refraction may be on this or on that
* fide of the Ray. And therefore every Ray may
be confider'd as having four Sides or Quarters,
two of which oppéfite to one another incline
the Ray to be refratted after the unnfual man-
ner, as often as either of them are turn’'d to-
wards the Coaft of unufual Refradtion; and the
other two, whenever either of them are mmn'd
towards the Coaft of unufual Refraction, do hot
incline it to be otherwife fefracted than after
the ufual manner. The two firft may there-
fore be call'd the Sides of unyfual Rcﬁa&:on.Ana
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And fince thefe Difpofitions were in_the Rays
before their Incidence on the fecond, third, and
fourth Surfices of the two Cryftals, and fuffer-
ed no alteration ( fo far as appears, ) by the Re-
fra@ion of the Rays in their piffage through
thofe Surfaces, and the Rays were refracted by

the fame Laws in all the four Surfaces; it ap-

pears thac thofe Difpofitions were in the Rays
originally, and fuffer’d no alteration by the firft
Refra&ion, and that by means of thofe Difpofi-
tions the Rays were refracted at their Inci

. 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
pnufual Refra@tion were then turn’d towards the

Coaft of the unufual Refradion of that Cryftal, -

or fideways fro?a ic. b t.hc cfore

Eve y of Light r two o
fite Sidrcys, orig'inall‘)le:mdued with a Propm!;ﬁ();
which the unufual Refra&tion depends, and the
other two oppofite Sidas not enducd with that
Property. And it remains to be enquired, whe-
ther there are not more Properties of :Light by
which the Sides of the Rays differ, and are di-
ftinguifh’d from one another. =

In explaining the difference of the. Sides of

the Rays above mention’d, I have fuppofed thatr
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 refras

&ed after the ufual manner 'in the firft Cryftal,

will be refracted after the unufual manner in the

fecond Cryftal, fuppofing the Planes of pg;;cnh;
, dic
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dicular Refraction to be at right Angles Wwith one
another, as above; and on the contrary.

If the Planes of the perpendicular Refra&ion
of the two Cryftals be néichet parallel nor per-
pendicular to one another, but contain an acute
Angle: The two beams of Light which emerge

" out of the fitft Cryftal, will be each of them di-
vided into two'more at their Incidence on the fe-
cond Cryftal. For in this cafe the Rays in each
of the two beams will fome of them have their
Sides of unufual Refraction, and fome of. them
their other Sides turn’d towards the Coaft of the
unufual Refra@ion of the fecond Cryftal.

Qu. 27. Are not all Hypothefes erroneous
which have hitherto been invented for explain-
ing the Phznomena of Light, by new Modifica-

, tions of the Rays? For thofe Phznomena de-

pend not upon -new Modifications, as has been
fuppofed, but upon the original and unchange-

‘abs)c Progcr(ies of the Rays.

. Qy. 28. Are not all Hypothefes erroneous,
in which Light is fuppofed to confift in Pref-
fion or Motion, {)ropagated through a fluid Me-

-dium? For in all thefe Hypothefes the Phzno-
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 Preflion propaga-
ted without a&ual Motion, it would not be a-
ble to agitate and heat the Bodies which refra&
and reflect it. If it confifted in Motion propa-
.gated to all diftances in an inftant, it wowld re-
quire an infinite force every moment, in every

‘ thining
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~ fhining Particle, to generate that Motlon. And
if it confifted in Preffion or Motion,. propaga-
ted either in an inftant or in time, it would bend

into the Shadow. For Preflion or -Motion -

cannot be propagated in 2 Fluid' in right Lines,
beyond an Obftacle which ftops part of the Mo-
tion, but will bend and fpread 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 as
downwards, "and through crooked paifages ‘ab
through ftaait ones. The Waves on the Surface
of ftagnating Water, paffing by the fidés of a
broad Obftacle which ftops part of them, bend

— e e ———

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 Cannon inay be heard beyond a Hill ‘which
intercepts the fight of the founding Body, and

Sounds are propagated as readily through crook-

ed Pipes as-through ftreighit ones. But Eight
is never known to follow crooked Paffages nor
to bend into:the Shadoiv. -.For the fix’'d Stars
by the Interpofition of any of the Plarictsceafe
to be feen. .And fo 'do the Parts of the Sun
by the Interpofition of the Moon, Mercury or
Fenus. The Rays which pafs very near to the
edges of any Body, are bent litcle by the action
‘of the Body, as we fhew'd above; but this
bending is not towards bdt from the Shadm:i
' Z an
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and is perform’d only in the of the Ray
by the Body, and at a very {mall diftance from
it. So foon as the Ray i is paft the Body, it goes
right on.

To explain. the unufual Refri@ion of Ifland
Cryftal by Preffion 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 Refra&ions in two
fucceflive pieces of that Cryftal, and found
them fuch as is mention'd abovc, he confef~
fed himfclf at 2 lofs for explaining them. For
Preflions or Motians, propagated from a fhining
Body through an uniform Medium, muﬂ: be

all ﬁdes slike; whereas by thofe 1-
mcnts iv appears, that the Ra £
dlﬁ'erent Properties in their different Si He

cd that thePulfes of Ather in pafling

tbqou Cryftal might receive certain
%V! nﬁcmons,

which might determine
themw be propagated in this or that Medium
wahm the fecond Cryftal, wccording to the

Poﬁnon of that Cryflal
m:mdinm But what Modifications |

s fofw.';’:""!"": thofe might be he could

-ﬂ%u. d e e - Dot fay, nor think of any

e”-c'} X108 _ thing farisfa in that

. Point.  And if he had
known that the unufual Refra&tion depends not
on new Modifications, but on thcon inal and

“unchangesble Difpofitions of the Rays, he would
have found it as difficult to explain how thofe
Difpofirions which he fuppefed to0.be imprefs'd

on
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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 nothin

elfe than Preflion or Mation propagated througﬁ

. Mther. - .

And'it is 35 difficult to explain by thefe Hy-.
. pothefes, how Rays can be alterpately in Fites
of cafy Reflexion and eafy Tranfmiffion; unlefs

haps one mighe fuppode that there are in all
: twa A vibrating Mediums, and

t the Vibrations of aone.of them conftitute
Light, and the Vibrations of the other are fwift-
er, and as-offen as they overtake the Vibrations
of thefirft, put them into thofe Fits, But how
two Athers can be diffufed through all Space,
one of which a@s upon the ether, and by con-
fequence is re-acted upon, .without retarding,
fhattering, difperfing and confounding one-an-
others Motjons, is inconceivable, And againﬂ:
filling the Heavens with fluid Mediums, ynlefs
they be exceeding rare, a great Qbjection arifes
from the regular and very lafting” Motions of
the Plancts and Comets in all manner of Courfes
through the Heavens. For thence it is manj-
feft, Exu the Heavens are void of aj] fenfible
Refiftance, and by confequence of all fepfible
Matter. = - ) . .

For the refifting Power of fluid Mediums g-
rifes partly from the Aurition of the Parts of
the Medium, and pardy from the 77is iﬂe"f"t?
of. the Matter. That of the Refiftance

. 2 a {phe-
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a fpherical Body which arifes from the Acerition
of the Parts of the Medium is very nearly as the
Diameter, or, at the moft, “as the Faifum of the
Diameter, and the Velocity of the fpherical Bo-
dy togethér. "And that part of the Refiftance
which arifes from the Vis inertiz of the Matter,
is as the Square of that Faifum. And b{ethis‘
difference the two forts of Refiftance m di-
ftinguifh’d from one. another in an edium;
and thefe being diftinguith’d, it will be found
that almoft all the Refiftance of Bodies.of a' com-
. petént Magnitude moving in Air, Water, Quick-
E;:rcr, and fuch like Fluids with a competent Ve-
locity, arifes from the Vis inertie of the Parts of
the Fluid. L . -
" Now that part of the refifting Power of any
Medium which arifes from the Tenacity, Fri-
. ‘Gion or Attrition of the Parts of the Medium,
‘may be diminifh’d by dividing the Matter into
Ymaller Parts, and making the Parts more fmooth
and flippery: But that part of . the Refiftance
“which arifes from the Vs iertie, is propottio-
‘nal to the Denfity of the Matter; and cannot be
.diminifh’d by djviding the Matter into fmaller
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 jn Denfity, as Wa-
ter, Spirit of Wine, SPirit of Turpentine, hot
“0il, differ not much in Refiftance. Water is
‘thirteen or fourteen times lighter than Quick-
‘filver, and by confequence thirteen or fourteen
“times rarer, and its Refiftance is lefs than thatt~
- 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 Refi-
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 ratifying the Air, becomes infenfi-
ble. For fmall Feathers falling in the oper Air
meet with great Refiftance, but in a tl] Glafs
well emptied of Air, they fall as faft as Lead or
"Gold, asI have feen tried feveral times. Whence
the Refiftance feems ftill to decreafe in "propor-
tion to the Denfity of the Fluid. For I do not
find by any Experiments, thar Bodies moving
ip Quick-filver, Water or Air, meet with any
osher 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. ‘Bue it feems to be much lefs in
fuch a Veflel, and ftill much lefs in the Hea-
vens, at the height of threg ar 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
Heayeps are much emptier of Air than any Va-
" Z3 cuum
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cuum we can make below. For fince the Ajlr
is comprefs'd by the Weight of the incumbente
Awmofphere, and the Denfity of Air is propor-

tional to the Force compreffing it, it follows by
Computation, that at the height of aboutr fe-
ven and a half Englifh Miles from the Earth, the
Air is four times rater than at the Surface of the
Earth; and at ghé height of 15 Miles it is fix—
teen times rarer than that at the Surface of the
Earth; and at the height of 224, 30, or 38 Miles,
it is refpeively 64, 256, or 1024 times rarer,
or thereabouts; and at the height of 76, 152,
228 Miles, it is about rooooo0, 1000000000bOO,
Or 1000000000000000000 times rarer; and fo

on. ~
Heat promotes Fluidity, much, by dimi-
nithin Sxe Tenacity of %o:?s It ma.ll,:yéa ma-
ny Bodies fluid which are not fluid in cold, amd
increafes the Flui’di? of teracious Liquids, as
of Oil, Balfam, and Honey, and thereby .de-
treafes their Refiftance. But it detreafes not :

. the Refiftance of Water confiderably, as it would

-do if any confiderable part of the Refiftance of
Water arofe from the Attrition or Tenacity of

- " its Parts. * And therefore the Refiftance of Wa-

_ ter arifes principally and alrhoft entirely from
the Vis inertie of its Matter; and by confé-
quence, if the Heavens were as'denfe us “Wa-
ter, they would pot have much lefs Refiftance
than Water; if as denfe as Quick-filver,. they
would not have much lefs Refiftance than Quagk-
filver; if abfolutely denfe, or full of Matter
without any Puacuum, let the Mutrer. be never
fo fubsil and fluid, they would .have a- greseer
; Refiftance




" BOOK III. 343

Refiftance than Quick-filver. A folid Globe i

fuch a Medium would lofe above hdf its Mo-
tion in moving three times the length of its
Diameter, and aeGlobe not folid (fuch as are
the Planets, ) would be retarded fooner. - And
therefore to make for the regular and laft-
inig Motions of th:%{ancts and Comets, it’s ne-

ceflary o emp?' the Heavens of all Matter, ex-
o

cept perhaps fome very thin Vapours, Steams,
or Effluvia, arifing from the Atmofpheres of the
Earth, Planets, and Corpets, and from fuch an
exceedingly rare Athereal Medium as we de-

>

fcribed above. A denfe Fluid can be of no ufe

for explaining the Phznomena of Nature, the
Motions of the Planets and Comets being better.
explain’d without it. It ferves omly 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 A&ivity confifts. And as it is
of no ufe, and hinders the Operations of Na-
ture, and makes her languifh, fo there is no e-
vidence for its Exiftence, and therefore it ought
to be rejeed. And if it be reje@ed, the Hy-
pothefes that Light confifts in Preflion or Mo-
tion, propagated through fuch a Medium, are
rejeted with it. -
. And for rejecting fuch a Medium, we have
the ‘Authority of thofe the oldeft and' moft ¢e-
lebrated Phifofophers of Greece and Phanicia,
who_made g Pacuum, and Atoms,-and .the Gra-
vity of Atoms, the firft Principles’of their Phi-
lofophy; tacitly attributing Gravity to fome o-
' Z 4 ther
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ther Caufe than denfe: Matter. Later Philefo-
phers banith the Confideration of fuch a Caufe
out of natural Philofophy, feigning Hypothefes
for explaining all things mechanically, and re-
ferring other Caufes to Metaphyficks: Whereas
the mgin Bufinefs of natural Philofophy is to
argue from Phznomena without feigning Hy—
pothefes, and to deduce Caufes from Effetts,
" till we come to the very firft 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 that Or-
der and Beauty which we fee in the World ?
To what end are Comets, and whence 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 ; arfd what hinders
the fix’d Stars from falling upont one another ?
How came the Bodies of Animals to be contri~
ved with fo much Art, and for what ends were
their feveral Parts? 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 Inftin& in Animals? Is not the Senfory of
Animals that place to which the fenfitive Sub-
ftance is prefent; and into which the fenfible
$pecies.of Things are carried through the Nerves.
and Brain, that there they may be perceived
. . . . . . " . ‘by .

.
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by their immediate prefence to that Subftance?
And thefe things being rightly difpatch’d, does,
it not appear from ‘Ph®nomena that there is a-
Being incorporeal, living, intelligent; omnipre-
_fent, who in jnfinite Space, as it, were in his g _

fory, fees the things themfelves intimately, and
throughly * perceives- them, and comprehends
them wholly by their immediate prefence to
him{elf: Of which things the Images only car-
ried . through the Organs of Senfe into our litte
Senforiums, are*there feen” and beheld by that
which in us perceives. and thinks. And thqugh
every true Step, made in this Philofophy brings us
not immediately to.the Knowledge of the firft
Caufe,. yeu it bring_s“ us nearer to it, and on thag

“account is to be highly valued. .
Ry.29. Are not the Rays of Light very
fmall Bodiés 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’ conﬁ:rvc their Pro-
’Kzrti_cs unghanged in pading through -feveral
ediums, which-is another Condition of the
Rays of Light. Pellucid -Subftances a&t’ upon
the Rays of Light at a diftance in refracting, re-
fletting, and infleting them, and the Rays mu-
tually agitate the Parts of thofe Subftances at a
diftance for heating them; and this Action and
Re-altion ap a diftance very much refembles an
attraltjve Force between Bodies. If Refraction
be perform'd by Atrattion of the Rays, the
Sings of Incidence muft be to the Sines of. Re-
‘ {ration
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fraftion in a given Proportion, as we thew'd in
.our Principles of Philofophy: And this Rule is
true by rience. The Rays of Light in .
g‘oi:g out of Glafs into a ¥acuum, are bent to-
wards the Glafs; and if they fall too obliquely -
on the Pacuum, they are bent-backwards into
the Glafs, and rotally refle@ed; and this Refle-
xion canmot be afcribed to the Refiftance of an
ibfdlute ¥acuum, but muft be caufed by the
Power of the Glafs attra@ing the Rays at their
going out of it into the Vacwum, and bringing
them back. For if the farcher Surface of the
Glafs be moiften’d with Water or. clear Qil, or
liquid and clear Honey, the Rays which would
otherwife be reflected will go into the Water,
Oil, or Honey; and therefore.are not refle@ted
.before they arrive at the farther Surface of the
Glafs, .and begin to go outof'it. If they go out
of it into ‘the Water, Oil, or Honey, they
go on, becaufe the Attra&ion of the Glafs s
~almoft balanced and rendered ineffeGuml by
the contrary ‘Attraition of the Liquor. But if
they go out of it into a Pacuum which has no,
-AttraQion to balance that of the Glafs, the At~
traction of the Glafs either' bends and refralts
them, or brings them back and refle@s them.
And this is ftill more evident by laying together
two Prifins of Glafs, or two Obje@-glaffes of
very long Telefcopes, the one plahe, the o-
ther'a little convex, and fo compreffing them
that they.do not fully touch, nor are too far a-
fundet.. 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, 28 was explain’d in the firft, fourth,
and eighth Obfervations of the fitft Pare of the
fecond Book. But, if the fecond Glafs be taken -
*away, the Light which goes out of the ferond
Surface of the firft Glafs into the Mir ‘or Va-
cuum, will not go on forwards, but turns back’

_into the firft Glafs, and is refle@ed; and there-
fore it is drawn back by the Power. of the firft -

. Glafs, thete being nothing clfe. to turn it back.
Nothing. mhore 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 lgaft of which may ke
viplet the weakeft and darkeft of the Colours, |
and be more eafily diverted by refracting .Sur-
faces from the right Cousfe; 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 diffi-
cultly diverted. Nothing more is requifite for

utting the Rays of Light into Fits of eafy Re-

- flexion and eafy Tran{miffion, thdn that they be
fmall Bodies which by their atera@ive Powers,
or fome other Force, ftir up Vibrations in what
they a&t upoa, which Vibrations being fwifter
than the Rays, gvertake them fueceffively, and °.
agitate them fo 45 by tusns to increafe and de-
creafe - their Velocities, and thereby put’ them
into thofe Fits. And laftly, the unufual Refra-
&ion of Ifland-Cryftal looks very much as if it

,were perforn’d by fonte kind of attractive vir-

‘ ' tue
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we 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
Cryftal, .and not in their other Sides, and which
inclines and bends the Rays towards the Coaft
of unufual Refraction, the Rays which fall per-°
gendicularly on the Cryftal, would not be re-

* fralted towards that Coaft rather than towards

any other Coaft, both at their Incidence and at
their Emeérgence, fo as to gmerge perpendicu-
larly by a contraty Situarion-cf- the Coaft .of
unufual RefraGtion at the fecond Surface; the
Cryftal aéting upon the Rays after they have
pafs'd through it, and. are emerging into the
Air; or, if you pleafs, into a Vacuum- And
fince the Cryftal by this' Difpofition or Vircue
does not a& upon ‘the Rays, unlefs when one
of their Sides .of unufugl Refracion looks’to-
wards that Coaft, this argues a Virtue or Difpo-
fiion in thofe. Sides of the Rays, which an-
fwers 10, 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 remitted, and -is
found only in the Magpet and in Iron: So this
Virtue ofy refralting the perpendicular Rays is
greater in Ifland-Cryftal, lefs in Cryftal of the
Rock, and is not yet foynd in other Bodies. 1
do not fay that this Vistue is magnetical: It
feems to be of another kind. I only fay, that
whatever it be, it’s difficult to conceive how
the. Rays of Light, unlefs they be Bodies, ¢an
have a permanent Virtue in two of their Sgile;.
1 ‘ . whic

|
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which is not in their other Sides, and this without
any regard to their Pofitioh to the Space or Me-,
dium through which they pafs. ., =

What I mean in this Queftion by a Vacuum,
and by the Attractions of the Rays of Light to-
wards Glafs or ‘Cryftal, may be underftood by.
what was faid in the 18th, 19th, and 20th Que-
ftions. ' A R

Qyz{f 30. Ate not grofs Bodies and Light con-
vertible into oné another, and may not Bodies re-
ceive much of their AQivity from' the Particles
.of Lighe which enter their Compofition? For all
fix’d Bodies being heated emit Light fo long as
they continue fuébicntly hqt, and Light mutually
ftops' in Bodies as ‘often as'ifs Rays ftrike upon
their Parts, as Wwe fhew'd above!' I know 'nd
Bodylefs apt to fhine than Witer; ‘and yét ‘Wa-
ter by frequent Diftillations changés into fix'd
Eatth,as Mr. Boyle hastry’d ; and then this Earch
b‘"i'ﬁ enabled to' eéndure a“fufficient Heat, thines
by Heat like other. Bodies, ¢~~~ = ~!

The changing of Bodies into Light, and Light
into Bodies, is ‘very conformable to the Courf¢
of Nawre, which feems delighted with Tran{*
mutationis. * Water, which is a very fluid taftelefs
‘Salt, the changes by Heat into Vapaur; ‘which 1§
a fort of Air, apd by Cold into lce; ‘ which ‘is a
hard, ’ pellucid, brittle, fufible’ Stone’; and this
Stone returns into'Water by Heat,’ and Viapott
returns intg Water by ‘Cold.” Eirth by Heat be-
~comes Fire, dnd by ‘Cold returns mtd Earch.
. Denfe Bodies by Fermientation rdrify into feve-

ral forts of Air; and this Air by Fermentartion,
and ‘fometimes without it, returns into denfe
' ~ Bodies.
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Bodies. Mercury appears fometimes in thieiform.
of a fluid Metal, fometimes in the form of a hiard
trittle Metal, fometimes in the form of a cotro-
five pellucid $alt call'd Sublimate, fometimes in
-the form of a raftelefs, pellucid, volatile white
Earth, call'd Mercurius Dulcisy or in that of a
red opake volatile Earth, call'd Cinnaber ; or in
that of a red or white Precipitate; or in that of
a fluid Salt; apd in Diftillation. it turns into
Vapour, and being sgitated in Pacuo, it fhines
like Fire.* And after all thefe Changes it re-
turns -again -into its- firfk form of Mercury,
FEggs grow from infenfible Magnitudes, and
¢hange into;Animals; Tadpoles into Frogsy
and Worms ‘inte Flles. © All .Birds, Beafts and
Fifhes, Infects, Trees, and other Vi fes,
with their (everal Parts, grow out of Water
d watry, Tinures and Salts, and by Putre-
a:&ion’;emd again into watry Subftances. -And
Water ftanding -2 few Days in the open Aigy
yields a Tin@ure, which (like that of Malt) by
fanding longer- yields & Sediment and a Spis
rit, but before Putrefation is fit Nourithmone
for Animals and Vegetables. And among {uch
various and firange Tranfinutations; ;l‘;y may
not Nawre change Bodies into Light, and Light
jnto Bodies? . . .. +. - |
" Qyeft. 31. Have not the fmall Particles of Bo-
dies.ceruin Powers, Virtues, or Forces, by which
they a& at a diftance, not only upon the Ra
of Light for refleting, refracting, nd inflec¥
ing them, bixt alfo upon one another for pro<
ducing a great Part of the Phenomena of: Na-
wre? For it’s well known, that Bodies: a&

_one




——

BOOK UL  'ggr

one upon another by the Attrattions of. Graviy, . |
Magnetifm, and Ele&ricity ; and thefe Inftances ?
thew the Tenor and Courfe of Nature, and make f
it not improbable but that there may be more at» |
trattive I?owers than thefe. For Nature is very
confonant and conformable to ber felf.- How . .
thefe Attracions may be perform’d, I do not here
confider. 'What I call Aura&tion may.be pers

form’d by irgpulfe, or by fome other means un~
known to me. I ufe that Word hese to fignify
only in general any Force by which Bodies tend
towards.one another, whatfpever. be the Caufe,

For we muft learn.-from the Phenomena of
Nature wiat Bodies, attra® one another, and

what are the Laws and.Properties of the Acs
tra&ion, before we enquire the Caufe by which

the Artraction is perform'd.  The Aura&ions of
Gravity, netifm, and, Ele@ricity, reach twp

very fenfible diftapces, and fo have been obferved

by vulgar Eyes, and there may be others which
reach to fo {mall diftances as hitherto efcape Obs
fervation; and perhaps eledirical Aptradtion may

reach 1o fuch fmall di €s, cven,iv.ithout.being

excited by Fricion. .

* For when Salt of: 'Tartar runs. per Deliguium,
* 38 not this done by an ArraGtiom. between the
Particles of the Salt of Tartar, and. the Parsir
“cles -of the Water which float in the Air.in the

form of Vapours? And why docs not common

Sale, or Sale-perre, -or Vitriol, ra per Deliguiuen,

but for want of fuch an Arralion? Or. why

docs not Sals of Tarfar. draw moxe Water qu

of the Air than in g gertain Propertion to im
quantity, but for want of an atra&ive F:fgce

2 ter
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‘after it is fatiated with Water? And whence

is it but from ‘this attra@ive Power that Water

which alone diftils' with a ‘gentle luke-warm

Heat, will not diftil from Saﬂ% .of Tartar with-

outa great Heat? And is it not from' the like

. attra@ive Power between the Particles of Oil of -
Vitriol apd the Particles.of Water, that Ofl of
¥icriol draws to it a gdod’ quantity of Water

out of the Air, and after it #s fatiated ‘draws no

more, and in Diftillation lets'go, the Water very

Bifficaldy ? And whep Water and Oil of Vi-
ol ‘pouted’ fucceflively wiro- the farhé’ Veflél

row very hot in the“mixing, does:not this

E{eat argite a great Moion" in"the Parts of -the

" Liquors?: Ad does not this Motion argue, that

the Parts of the two Liqyors in- mitxing’, coa-

Tefce with Violence, atid’by tohfequen nith to-

yvards émedx :.:hothe%:n.}; ;n ac_:c:elcramd'lri ‘ fM(;-

tion ? And’when Aguz “fortss> or Sg;&t*é Vi-

friol  poured upon Filings 'of 1ron, - ”ols"ei' the

Filings with 2’ Emt Heat'atid Ebpllitfory) 15 not
- this Heat and Ebullition ‘effe@ed by:a violent

Motion of the Parts, and does not tZgg,M{)tiqn
argue thar the acid Parts of .the Liquox ‘riifh to?
wards the Parts of - the Metal with violence,
and 'run forcibly into: it§ Pores till they ger be-
tween ‘irs. outmoft Partitles; and' the maiir Mafs
of the Metat, “apd ‘fufrofinling thofe’ Pitricled
Moofen them from ‘the majn Mafs, and fet theip
at liberty to float off into’ the ‘Watér{ -Afd
‘when the acid Particles; which alone¢’ would
diftil with an eafy Heat, will not fepagate from-
‘the Particles. of the Metal without a very vlrio-
. . SoD e U a . .:' [ eﬁ't

-
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lent Heat, does not this confirm the Attra@ion
between them? - - o
When Spirit of Vitriol poured upon come
mon Salt or Salt-petre makes-an Ebullition ‘with:
the Salt, and unites with it, and in Diftillation.
the Spirit of the ¢ommon Salt or Salt-petre’
comes over much eafier than 4t would do- be~
fore, and the acid part of the Spirivof Vitriol
ftays behind ; doés not this argue that the fix'd
Alcaly of the Salt attra@s 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 this Spirit are poufed on
oné part of Oil of Cloves or Carraway Seeds, lorip
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 {o
very hot in mixing, as prefently to fend up.a burn-
ing Flame; does not this very great and fuddden
Heat argue that the two Liquors mix with vio-
lence, and, that their Parts' in mixing run to-
ward$ one another with an accelerated Motmn,
and clath with the greateft Force? And is it
not for the fame reafon that well reétified Spi- -
rit of Wine poured on the fame compound Spi-
rit flathes; 4nd that the Pulvis fulminans, com-
pofed of Sulphur, Nitre, and Salt of Tarur,
goes off with a more fudden and violent Ex-
plofion than Gun-powder, the 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 theck to” turn che
whole at ‘once ihto Vapour and Flame? Where
the Diffolution is flow, ‘it makes a flow Ebulli-
tion and a gentle Heat; and whete iv is quick-
er, it makes a greater Ebullition- wich more
heat; and where it is done at -once, the Ebul-
lition is contra&ed into a fudden Blaft or vio-
¥ent Explofion, with a heat equal to that of
Fire and Flame. So when a Drachm of the a-
bove-mention’d compound Spitir of Nitre was
poured upon half a Drachm of Qil of Carraway
Seeds 77 wvgcuo, the Mixture immediarely made
a flath like Gun-powder, and burft 3he', ex-
haufted Receiver, which was a Glafs ﬁxlaf;lhes
wide, and eight Inches-decp. And everfiche
- groft Body of Sulphur powder'd, and with an
equal wetght of Iron Filings and & little Water
made into Pafte, alts upon the Iron, and in five’
or fix hours grows too hot to be touch'd, and
emits a Flame. And by thefc Bxperiments com-
pared with the ircat 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-
neml Corufcations, Earthquakes, hot fuffoca-
ting Exhalations, Hurricanes, and Spouts; we
may learn that fulphureous Secams abound in
the Bowels of the Earth 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
reat fhaking of -the Earth, as in fpringing of 2
ine. And then the Vapour generated by the
Explofion, expiring through the Pores of the
: . 3 Earth,

!
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Earth, .feels hot and fuffocates, and makes Tem«
pefts and Hurricanes, and fometimes caufes the
Land 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 Easth
is dry, afcending into the Air, ferment there
with. nitrous Acids, and fometimes taking fire
caufe Lightning and Thunder, and fiery Me-
teors. For the Air abounds with acid Vapours
fit to promote Fermentations, as appears by the
rufting of Iron and Copper in it, the kindling
of FEire by blowing, and the beating of the
Heart by means of Refpiration. . Now the a-
bove-mention’d Motions are fo great and violent
as to fhew that in Fermentations the Particles of
Bodies which almoft reft, are put into new-Mo-
tions by a véry potent Principle, which ads up-
on them only when they approach one another,
.and caufes them to meet and clath with great. vi-’
olencg, and grow hot with the motion; -and dath
one another into pieces, and vanithinte Air, and
Vapour, and Flame. :

When. 8alc of Tartar per- deliguium, being
poured into the Solution of any Mewl, 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
attraéted more ftrongly by the Sale of Tartar
than by the Metal, and by the ftronger Attra-
¢tion go from the Metal to the Salt of Tartar?
And fo when a Solution of Iron in Aqua fortis
diffolves the Lapis Calaminaris, and lets go the
Iren, or a Solution of Copper diffolves Iron im-
Ca Aa-g » merfed -
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merfed in it and lets go the Copper, or a So-
lution of Silver diffolves Copper and lets go the
Silver, or a Solution of Mercury in Adgua 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 Aqua fortis are attraGed more ftrongly. by
the Lapis Calaminaris than by.Iron, and more
ftrongly by Iron than by Copper, and more
ftrongly by Copper than by Silver, and more
ftrongly by Iron, Copper, Tin, and Lead, than
by Mercury ? And is it not for the fame reafon
that Iron requires more Aqua fortis to diffolve
it than Copper, and Copper more than the other
Merals; and that of all Metals, Iron is diffolved
moft eafily, and is moft apt to ruft; and nextaf-
ter Iron, Copper?

When Oil of Vitriol is mix'd with a little
Water, or is run per deliguium, and in Diftil-
lation the Water afcends iiﬁicultly, and ‘brings
over with it fome part of the Oil of Vityiel in
the form of Spirit of Vitriol, and this Spirit be-
ing poured upon Iron, Copper, or Salt of Tar-
tar, unites with the Bedy and lets go the Wa-
ter ; doth not this thew J;at the acid Spirit is at-
tra&ted by the Water, and more attracted by
the fix'd Body than by the Water, and there-
fore lets go the Water to clofe with the fix'd
Body? And is it not for the fame reafon that
the Water and acid Spirits which are mix’'d to-
gether in Vinegar, Agua fortis, ‘and - Spirit of
Salt, cohere and rife together in Diftillation ;
but if the Menfiruum be poured on Salt of Tar-
tar, or on Lead, or Iron, or any fix'd Body

' - ‘ » which
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which it can diffolve, the Acid by a ftronger At-
traction adheres tq thé Body, and lets go ths
‘Water? And is it not ‘alfo from a-mutual At-
trattion that the Spirits of Scot and Sea-Salt
urgite and compofe the Particles of Sal-armo-
niac, - which are lefs volatile than before, be-
caufe grofler and freer from Water; and that
the Particles of Sal-armoniac in Sublimation car-
ry up the Particles of Antimony, which will not
fublime alone; and that the Particles of Mer-
cury uniting with the acid Particles of Spirit
- of Salt contpofe Mercury fublimate, and with
the Partigles of Sulphur, compofe Cinnaber;
and that the Particles of Spirit of Wine and
Spirit of Urine well retified unite, and letting
go the Water which diffolved them, compofe a
confiftent Body; and that in fubliming Cinna-
ber from Salt of "Tartat, or from quick Lime,
the Sulphur by a ftronger Attracion of the Sale
or Lime lets” gq the Mercury, and ftays with
the fix’d Body; and that when Mercury fubli-
mate is fublimed from Antimony, or from Re-
gulus of Antimony, the Spirit of Salt lets go the
Mercury, and unites with the antimonial Me-
tal which aftra&ts it more ftrongly, and ftays
with it till the Heat be great enough to make
them both’ aftend toget-ier, and then carries
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 Agia fortis diffolves Silver and not
Gold, and Agqua regia difflolves Gold and not
. Aa 3 Silver,
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Silver, may it not be faid that Agua fartis is
fubtil’cno?;h to penetrate Gold as wellfas Sil-
ver, but wants the atractive Force to give it
Entrance ; and that Aqua regia is {ubtil enough
to penetrate Silver as well as Gold, but wants
the a:traétivc_Forc:«}a to gilv[e i:h Entrance? For
Agua regia is nothing elfe than a g5
m'?;’d w%th fome Spirit of Saly, or Vf?sl S{l‘o-ﬂat-
maniac ; and even common Salt diffolved in A-
qua fortis, enables the Menfiruym to diffolve
Gold, though the Salt be a grofs Bodg When

+ therefore Spirit of -Salt precipitates Silver out
of Aqua fortis, is it not done by attracing and
mixing with the Aqua fortis, and not attra@-
ing, or perhaps repelling Silver? And when
Water 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.
srmoniac or Spirit of Salt, and its not attrad.
ing, or 'perhaps repelling the Antimony? And
is 1t not for want of ‘an attraive 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
Autraction, that Quick-filver and Copper mix
diﬁicultly ; 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
homogencal Bodies, and feparates heterogeneal
anes? . : :
When Arfenick with Soap gives a Regulus,
and with Mercury fublimate a' volatile fuﬁ:lle
: S t,

\
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Salt, like Butter of Aatimony, doth not thix
thew that Asfenick, which is-a‘Subftance totally
volatile, is compounded' of ‘fix'd and \volatile
Pasts, ftrongly cohering by a murual Atradtion,
fo 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 Viurio}
are digefted together, ‘and in Diftillation yield
two fragrant and volatile Spirits- which will noe
mix with one another, and a fi¥’d black .Earcth
remains behind ; doth not this thew that Oit of
Virriol is compofed of volatile and fix'd Parts
frongly united by Attralion, fo as to-afcend to-
gether in form of a volatile, -acid, fluid Saley
until -the Spirit of Wine attra@s and fepatates
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 nos
be inferred, that Sulphur is alfo 2 mixture of
volatile and fix'd Parts fo ftrongly cohering by
AutraCtion, as to afcend together in Sublfmha-
ton. By diflolving 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
very fix’d Earth, and a little Metal. The three
firft were found not much unequal to one
another, the fourth in fo fmall a quantity as
fearce to be worth confidering. The acid Salt
diffolved in Water,. is the fame with Qil of Sul.
phur per Campanam, and abounding much in
the Bowels of the Earth, and particularly ia
Markafites, unites it felf to the other Ingredi-
- ents of the Markafite, which are, Bitumen, I-
' Aag : ron,
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ron, Copper, and Earth, and with them com-
_pounds Allum,. Vitriol, ind Sulphur, . With the
Barth alone it compounds Allum ;. with. the Me-
tat alone, of Meral and Earth together, .it- com-

ounds Vitriol; and with theBitumen and Earth.

t compounds Sulphur. Whence it cames to
pafsthat Markafizes abound with thofe three Mi-
erals.. -And is it not from the mutyal AttraGion
of thE Ingrédients that they ftick tagether far
dompounding thefe Minerals, and that the Biw-
men carries up the other In Fredicms of the Sul-
phu?, which without it would not fublime? Apd
the fame Queftion may be put concerning all,
or almoft a]l the grofs Bodies in Nature. For
. all the-Parts of Animals and Vegetables are com-
pofed of Subftances volatile and fix'd, fluid and
folid, - as' appears by their Analyfis; and fo
ace Silts and Minerals, {o far as Chymifts have
been hitherto able to examipe their Compofi-
twn, .

. When Mercury fublimate_is re-fublimed with
frefh Mercury, and becomes Mercugius Duleis,
which is a2 white taftelefs Earth f{carce - diffolva-,
ble in Water, and Mercurius Dulcis re-fublimed:
with Spirit of Salt returns intq Mercury fubli-
mate; -and when Metals corroded with a litde
ecid turn into ruft, which is an Earth taftelefs.
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 became Salts ;
do not thefe things fhew that Salts are dry Earth
and watry Acid united by Attraction, and that
 the Earth will ot become a Salt without fo

much
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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 Artration whereby the

acid Parricles ruth upon and agitate the Par-

ricles.of the Tongue? -Apd. when-Metals are dif~

folved in acid Menfiruums, and the Acids in
conjun@ion with the Metal .a& after a. different.
mannet, fo that the Campound has a different
Tafte .much milder than before, and fometimes
a fweet one; is it not becaufe the Acids ad-
here to the “metallick Particles, and thereby
lofe mych of their A&ivity ? And if the Acid
be in too fmall a Proportion to make the Com-~
ound diflolvable in Water, will it not by ad-
ﬁering ftrongly to the Metal become una&ive and
lofe its Tafte, and the Compound be a taftelefs
Earth? For fuch things as are not diffolvable by:
the Moifture of the Tongue, a& not upon the
Tafte, - .
. As Gravity makes the Sea flow round the
denfer and wieightier Parts of the Globe of the
Earth, fo:the Attrattion may make the watry
Acid flow round the denfer and compacter Par-
ticles of Earth for compofing the Particles of
Salt. For otherwife the Acid would not do:
the Office of 2 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 diflfolved Metals, nor
Merals.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 endeadour to go towards the Cen-
ter of the Globe; fo in Particles of Salt, the
\ : : denfeft

e
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denféft Master may always endeavour to approach
the Center of the Particle3 So thar a Particle of
Salt mdy.he compared 1o a Chdos ;.. being - denfe,
hard, dry, and earthy im¢he Center; and rare,
foft, meift,"- and -watry:in the Qircuméerence.
And hence. it feems to be that Balts ate of a
lafting Nature, being {carce deftroy’d, unlefs by
drawing away. their ;watry Pares. by: violence,
or by letting them foak into. the -Pores of she
central Earth by- a -gentle Heat: in- Putrefa-
&ion, mntil the be diffolved -by the Wa-
tes, and feparated into. fimaller Parsicles, which
by reafon of their Smallnefs make the rotten
Campound. appear of-a black Colour. Hence
alfo it may be, thac the Parts.of Animalsand
Vegetables - preferve their feveral Forms, and
affimilaté their Nourifbment; the foft and moift
Nourithment eafily -changing its ‘Texwre by a
gentle Heat and Mation, till it becomes like the
denfe, hard, dry, and durable Earth. in‘the Cen-
- ter of each Particle. But when ¢he Nourith-
ment grows unfit to be aflimilated,. or the cen-
tral Earth grows wwo. fecble to affimilate it, the
Motiosy entds in Confufion, Putrefaction, - and
Death, - - ..+ . -

If a-wry {mall quanticy of any'Salt ee Vitriol
be difiolved in: a .great quantity’ of "‘Water,: the
Particles of the Salc or Vitriol will not fink o
the- battom, - though  they be heavier in Specie
than the Waner, but will evenly d&ﬁx&tgcclcn—
felves into all the Water, {o 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
secede from-one apother, and endeavour to .w&

. ‘ . Pan
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pand themfelves, and get as “far afunder as the
quantity of Watér in which ghey float, will al-
low? And dees not this Eddeavour imply that
they have. ¢ repulfive Force by which they fly
from one anether, or at leat, that they asra&
the Water more ftrongly than they do one ano-
- ther? For as all -things afgend in Water which
are lefs attradied than Water, ! by the grayitating
Power of the Earth; fo‘all the Particles of Salt
which float in Water, and, 4re lefs .attracved than
Water by any -one Particle of  Salt, -muft recede
from that Particle, and give wey to the moreat-
tratted Water, . : o
When any faline Liquor is evaporated toa Cu- -
ticle and levcool, the Selt-coneretes in regylar
Figures ; which argues, ‘that the Particles of the
‘Sale,before they.concreted; floated in the Liquer
at equal diftanges in renk-and file, and byiconfe-
. quence ¢hat they acted upen:prie another by fome
. Power which-at equal diffances is equal; ac une-
qua] diftantes.ninequal. . .For by fuck 3 Power
they will.rangei thetrifelves uniformly, and with~
out it they will float irgegularly, and come to-
gether as irregularly. - And fince-the Particles
of IMand-Cryflal a& all the fame.way w
the Rays of:Light for caufing..the: Mﬂl or
~ {ractian, .ma}- it not be fupipofed that in the For-
mation of this Cryftal, the Rarticlés: nat only
ranged themfelves.in rank-and file for conereting
in regular Figures, butalfo by fome kind of po-
lar Virtue turned their homogeneal Sides the
. fame way, - o T
- The Parts of all homogeneal hard Bodies
which fully touch one another, ftick togéther
. verv
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very -ftrongly. And for  explaining -how this
meg' be?égie have ihvcntig hoékged Atoms,
which is begging ‘the %A,eﬁion ; and others tell
“us that Bodies are glued together by -reft, that
is, by an occult Quality, or rather by nothing;
and others, that they ftick :togethier by confpi-
ring Motions, that is,- by relanve reft' amongft
themfelves.- .I had. rather infer- from' their Co-
hefion, that their Particles artrac oné:anotherby
fome -Foree, which-in immediafe Conta& is exw
ceeding firong, - at fimall’ diffances performs the
chyntical - . Opegations . above-mention’d, and
reaches not far from the Particles with any fenfi-
" ble Effed.” va.t e
. All -Bodies feem to.becompdfed of hard Par-
ticles; Fot otherwife Fluids would not congeal ;
as Water, Oils, Vinegar, and Spirit or Oil of
“Vitriol do by freezing ; Mercury. by Fumés of
Lead; Spisit of Niwepnd Mercuty,.by-diffol-
ving' the. Mercury. and evaporating: .che: Flegm ;
Spiric.of Wine and Spiritiof Urine; by.deflegm-
ing and . mixing them;. and Spirit.of. Urine and
Spiritiof Salt, by fubliming them together to
make; Sal-armeniac. - “Even the Rays of Light
feem t0 be hard Bodies; for. otherwife ‘they
would nwu: retain’. different Properties <in their
diffarent + Sides.” | Angd, therefore. Hardnefs may
be reckon'd the:Broperty.of all uncompounded
Matier. . Avledft,” duis. feems to. be as evident
as the univérfal Impenexrability of Matter.. Fot
all Bodies, fo: far as Experience:reaches, are ei-
ther hard, or may be harden’d; and we have .
no'other Evidence of -univerfal ‘Fmpenetrability,
befides a large Experience without:an experi-
o mental
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mental Exception. Now if compound Bodies
are fo very hard as we find fome of them to
be, and yet are-very porous, 'and confift of ‘Parts
which -are only laid. together; the!*imple Par-
ticles which are.void of Pores, and ~wére never
yet divided, moft’ be much harder. * For fuch
hard Particles being heaptd up together, can!
fcarce touch ome another in more than a few!
Points, and -therefore . .muft- be 'feparable by
much lefs Force than is requifite to'breakia fo1 -
1id Particle, .whofe Parts touch in all the "Spaeé!
_between them, without any*Pores or Interftives’
to weaken their Cohefion.” And how fuch veb
ry hard Particles which ate only laid -together
and touch only in a few Points, can ftick ¢
ther, and that o firmly as they do, “without tirs
affiftance of fomething which caufes: them to
be attralted or prefs'd towards one another, is

very difficult to conceive. S
The fame 'thing, I ' infer alfo froin the cohes
ring of two polifh’d Marbles 1z vacuo; and from'
the ftanding of Quick-filver in the Baroimeter at.
the height of 5o, 60 or 70 Inches, ‘or above,
" when ever it is well-purged of Air' dnd careful-
ly poured 'iny fo that its Parts be &very where
contiguous both to one another 4nd to the
Glafs. The Atmofphere by its weifht prefles
the Quick-filver into the Glafs, to the Héight of
2g or 30 Inches. And fome other Agent raifes
it higher, not by preffing it irft6" the' Glafs; ‘buc
by making its Parts ftick to the'Glafs; and to
one another. For upon any ditontimuation of
Parts, made cither by Bubbles or by fhaking the
. . ' Glafs,
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Glafs, the whole Mercury falls down to
height of 29 or 30 Inghes. ~~ .. .

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-glaf$ ) be laid together, fo that
their fides be parallel and at a very fmgall 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-
flance 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 seciprocally
~ proportional to the diftance very nearly. For
the atrative Force of the Glafies i the fame,
whether the diftance besween them. be greater
or lefs; and the weight of,the ‘Water. drawn
up is the fame, if the height ofsit be: recipro-
celly propartional to the diftance of the Glafles.
Ang in like manner, Water afcends between
~ two Marbles polifh’d plane, when their polifhed
fides are parallel, and at a very liule diftance
from one another. And if flender 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 rifes will be reciprocally
proportional to .the Diameter of the Caviwy.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 beyween, the Planes, or thero_abtxxtji

' n
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And chefe "Experiments' fucceed after the fame
manner #n vacuo as in the open Air, (a5 hath
been tsied before the Royal Society,) and there-
fore are. not influenced by the Weight or Pref-
fure of the Aumofphere: -~ - -

And. if 2-large Pipe of Glafs be filled with
fifted Athes well prefled together in- the Glafs,
and one end of the Pipe b¢ dipped into ftagna-
ting Warter, the Water will rife up flogwly in
the Afhes, fo as in thefpace of a Week or Fore-
night to reach.up within the Glafs, to-the heighe
o? 30 or 40 Inches above she ftagnating Water.
And the Water rifes up. wo this height by- the
A&ion onlyof - thofe Particles of the Afhes which
are upon the Surface of the elevateds: Warer;
the. Particles which are wichin the Warer; at-
tracting or repelling.it as much downwards as
upwards. ¢ And therefore the Ation of the Par.
ticles is wery ftrong. But the Particles of the
Afhes being’ not {0 denfe and clgle togethér
as thofe of. Glafs, their A&ion is not fo ftrong
as that of Glafs, which keeps Quick-filver fuf-
pended xo-the: height of 60 or -70 Inches, and
thercfore uts with a Fotce which would keep
Water ‘fudpended to the ‘héight of above 6o
Feet. - :

By the fame Principle, 2 Sponge fucks in
Water, and thé¢: Glands in the Bodies of - Ani-
mals, according: to their feveral Natures and
Difpofitions, fuck s various Juices from .the
Blood. ¢ cET

If two plane polifh’d Plates of Gafs ‘three or
four Inches bread, arid tiwenty or twenty five
long, be laid one of them. paralle! to'the Hew

rizon,
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rizon, the other upon’the firft, {o as dt ohe of
their end§ to touch one'another, and contin 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 Turpentine, and a Drop or two of the Qil

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 totouch it at one

" end as above, and to touch the Drop at the other
end, making with the lower GIafs an Angle of
about 10 or 15 Minutes; the Drop will-begin to

move towards the Concourfe of the Glaffes, and

will continue to move with an accelerated Mo-

tion, till it arrives at that Concourfé of the

Glafles. For the two Glafles attta& the Drop,

and make it run that way towards whiech the At~

traltions incline. And if when the Drop is in

motion you lift up that end of the Glaffes where

they meet, and towards which the' Drop moves,

the Drop will afcend berween the Glaffes, and

therefore is attrated. And as you life up the

Glafles more and more, the Drop will afcend

flower and flower, and at length r(c)ﬁ, being then

carried downward by its Weight, asmuch asup-

wards by the Attraction. And by this means

you may know the Force by which:the Drop is

attracted at all diftances from the Concourfe of
the Glaffes. :

Now by fome Experiments of this kind,
(made by Mr. Haiksbee) it has been found that
the Aura&ion is almoft reciprocally in a dt:Eili-
cate Proportion of. the diftance of the middle
of the Drop from the Concourfe of the Glafles,

UZ.
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viz. recipsecally in a2 fimple Proportion, by rea«
fon of the fpreading of the Drop, and its touch<
ing each Glafs in a larger Surface; and again re-
ciprocally, ip a fimple Proportion, by reafon of
the Auraions growing ftronger within the’
fame quantity of atura&ting Surface. The At-
tralion therefore within the fame quantity of
attracting Surface, is reciprocally as 3:: diftance
between the Glaffes. And therefore where the
diftance is gxceeding rmltll’xe the Attra@ion muft
be exceeding greas.. By Table in the fe-
cond Part of the fecond Book, wherein the
thicknefles of colour’d Plates of Water be-
tween two Glafles are fet 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 O-
. ranges betwoen the Glafles is of this thicknefs,

the Attraction colleed by the foregoing Rule,
feems to be fo fkrong, as within a Circle of an
Inch in diameter, to fuffice to hold up a
‘Weight equal to that of a Cylinder of Water
of an Inch in diameter, and two or three Fur.
longs in length. And where it is of a lefs
thicknefs the AtraGion may be proportionally
greater, and continu¢ to increafe, until the
shicknefs do not exceed that of a fingle Par-
ticle of the Oik There are therefore Agents.
in.Natore  able to make the Particles of Bo- -
dies ftick together by, very ftreng Artra&ions,
And ivis the Bufinefs of experimental Philofophy
©0 find them qur. :

Bb .  Now
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Now the fmalleft Particles of Mattgr may co-
here by the ftrongeft Auraltions, and compofe
bigger Particles of weaker Virtue; and many.of
" thefe may cohere and compafe bigger, Parrticles
whofe Virtue is ftill weaker, and'fo on for divers
Succeffions, until the Progreffjon end in the big-.
geft Particles on which theOperations in Chymi-
ftry, and the Colours of natural Bodies depend,
and which by cohering compofe Bodies of a fen-
fible Magnitude. "If the Body is cgmpa&, and
bends or yields inward to. Preflion without any
fliding of .its Parts, it is hard ‘and elaftick, re-
turning to its Figure with a Force rifing from
the mutval Auration of its Parts, If the
Pares flide upon one another, the Body is mal-
leable or foft. If they flip eafily, and are of a
fic Size to be -agitated by Heat, and the Heat is
big enough to keep them in Agitation, the Body
- isfluid; and if it be apt to ftick to things, it is
humid; and the 'Drops of every fluid affe& a
round Figure by the mutual Attraction of their
Parts, as the Globe of the Earth and Sea affects a
round Figure by the’'mutual Attra&tion of itsParts

by Gravity. .
- Since Metals diffolved in Acids attra@ buc.a
fmall quantity of the Acid, their,attractive Force
can reach but to a {mall diftance. frem them.
-And as.in Algebra, where affirmative Quanti-
tics vanith add ceafe, there negative gnes be-
-gin; fo in Mechanicks, where Attra@ion cea-
fes, there a repulfive Virtue. ought to- fucceed.
And that there is fuch a Virtue, feems to.fal-
low from the Reflexions. and Inflexions of the
. . . . ) . . Rays

Y
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Rays of Light: For the Rays are rc‘;:e]lcd by
Bodies in both thefe Cafés, without the imme-~
diate Conta@ of the refle&ing or infle&ing Bo-
dy. It feems alfo to follow from the Emiffion
of Light; the Ray fo foon as it is fhaken off
from a fhining Body by the vibrating Motion of
the' Parts of the Body, and gets beyond the -
reach of Attracion, being driven away with ex-
ceeding great Velocity. For that Force which
is fufficient to turn it back in Reflexion,/ may
be fufficient to emit it. It feems alfo to-fol-
low from the Production of Air and Vapour.
The Particles when ‘they are fhaken off from
Bodies by Heat or Fermentation, 'fo foon as
they are beyond the reach of the Attraction of
the Body, receding from it, and alfo from one
another with great Strength, and keeping at a-
diftance, fo as fometimes to take up above a
Million of Times more fpace than they did be-
fore in the form of a denfe Body. Which vaft
Comntra&tion and Expanfion feems unintelligible,
by feigning the Particles of Ajr wo be fpringy
and ramous, or rolled up like Hoops, or by
any other means than a repulfive Power. The
Particles of Fluids which do not cohere too -
ftrongly, and are of fuch a Smallnefs’ as renders
them moft fufceptible of thofe Agitations which
keep Liquors in a Fluor, are moft eafily fepa-
rated and rarified into Vapoun, and in the Ean-
guage -of the Chymifts, z&ey are volatile, rarj-
fying with an cafy Heat, and condenfing with
Cold. But thofe which are grofler, and fo lefs
fufceptible of Agitation, or cohere by a ftronger
.. Bba - Aura&tiony
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Attralion,, are not feparated without 2 ftronger
Heat, or perhaps not without Fermentation.
And thefe laft are the Bodies which Chymifts
call fix'd, -and being rarified by Fermentation,
‘become true permanent Air; thofe Particles re-
ceding from one ‘another with the - greateft
Force, and being moft difficulsly brought
ther, which upon Contaét cohere moft ftrongly.
And becaufe the Particles of permanent Air are
roffer, .and arife from denfer Subftances than
%hofc 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 repelling Power
it feems to be that Flies walk upon the Wa-
ter withour wetting their Feet; and that the
Obje&t-glafles of long Telefcapes lic upon one
another without touching ; and that dry Pow-
ders are difficultly made to twuch one ano-
ther fo as to ftick together, unlefs by melting
them, or-wetting them with Water, which by
exhaling may bring them together; and that
two polifh’d Marbles, which by immediate Con-
tatt ftick together, are difficultly brought fo
clofe together as o 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
Atraction of Gravity which intercedés thofe
Bodies, and almoft all the fmall ones of their
Particles by fome other attrattive and repelling
Powers which intercede the. Particles. The
Vis inerti@ is a paflive Principle by which Bo-

s dies

(4 -
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dies perfift in their Motion or Reft, receive Mo-
tion in- proportion to the Force imprefling ir,
and refift as much as they are refifted. By-
this Principle alone there never could have been
any Motion in the World. Some other Principle
was neceffary for putting Bodies into Motion }
and now they are in Motion, fome other Prin-
ciple is neceflary for conferving the Motion. -
For from the various Compofition, of two Mo-
tions, ’tis very certain that there is not always
the fame quantity of Motion in the World. For
if twa Globes joined by a flender Rod, revolve
about their common Center of Gravity with
an uniform Motion, while that Center moves
on uniformly 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 Center of Gravity; will be bigger than
.the Sum of thejr Motions, wher they are in a
Line perpendicular to that right Line. By this
Inftance 1t appears that Motion may be got or .
loft. But by reafon of the Tenacity of Fluids, -
and Autrition of their Parts, and the Weaknefs
of Elafticity in Solids, Motion is much more
apt to be loft than got, and is always upon the
cay. For Bodies which are either abfolutely
hard, or {o foft as to be void of Elatticity,
will not rebound from one another. Impene-
trability makes them only ftop. If two equal
Bodies meet directly iz wacuo, they will by the
Laws of Motion ftop where they meet, and
lofé all their Motion, and remain in reft, unlefs
‘Bb 3 they
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they be elaftick, and receive new Motion from
their Spring.. If they have fo much Elafticity
as fuffices to make them re-bound with a quar-
ter, or half, ar three quarters of the Force with
which they come together, they will lofe three
quarters, or half, or a quarter of their Motion.
And this may be try’d, by letting two equal
Pendulums fall againft bne another from equal
heights, If the Pendulums be of Lead or foft
Clay, they will lofe all qr 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 can lofe no Motion but what
they communicate to other Bodies, the canfe-
quence is, that i#z wacuo they can lofe no Mo-
tion, but when they meet they muft go on and
. penetrate one another’s Dimenfions. If three
equal round Veflels be filled, the one with Wa-
ter, the other with Qil, the third with molten
Pitch, and the Liquors be ftirred about alike
to give them a vortical Motion} the Pitch by
s Tenacity will lofe its Motion quickly, the
Oil being lefs tenacious will keep. it longer, and
. the Water being lefs tenacious will keep it long-
cft, but yet wlll lofe it in a thort time. Whence
it is eafy to underftand, that if many contiguops
Vortices of molten Pitch were each of them as
large as thofe which fome fuppofe to revolve
about the Sun and fix'd Stars, yet thefe and all
their Parts would, by their Tenacity and Stiffnefs,
communicate their Motion to one another till
they all refted among themfelves. Vortices of
Qil or Water, or fome fluider Matter, mighs

continug
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. continue longer in Motion; but unlefs the Mat- -
ter were void 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 vatiety of ‘
'Motion which we find in the World is always '
decreafing, there is a neceffity of conferving '
and recruiting-it by aive Principles, fuch as
are the caufe of Gravity, by which ‘Planets and !
Comets keep their ‘Motions in their Qrbs, and
Bodies acquire great Motion in falling ;. A the .
caufe of Fermentation, by which the Heart and |
Blood of Animalsare kept in perpetual Motion .
and Heat; the inward Parts of the -Earth are
conftantly warm’d, and in fome places grow
very hot; Bodies burn and fhine, Mountains
take Fire, the Caverns of the Earth are blown
up, and the Sun continues violently hot and -
lucid, and warths all things by his Light. For
we meet with very little Motion in the World,
. befides what is owing to thefe aétive Principles.

And if it were not for thefe Principles, the Bo-

. dies of the Earth, Planets, Comets, Sun, and
all things in them, would grow cold and freeze,
and become inaGive Mafles; and all Putrefa&i-
on, Generation, Vegetation and Life would ceafe,
and the Planets and Comets would not remain in
their Orbs.

All thefe things being confider'd, it feems pro-
bable to me, that God 'in the Beginning: form’d
Matter in {olid, mafly, hard, impenetrable, move-
able Particles, of fuch Sizes and Figures, and with
fuch other Properties, and in fuch Proportion

. 4 Bb 4 o to
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- ;to Space, as moft. conduced to the .End for
“which he form’d them; apd.chas thefe primi-
‘tive Particles being Solids, arc -incomparably
harder than any parous Bodies compoynded of
them ; even fo very hard, as never to- wear or
‘break in pieces; no ordinary Powgr being able
-to divide what God himfelf made one in the firft
“Creation.”, While the Particles continue entire,
they inay compofc Bedies of onc and the fame
'Nature and Texwre in all Ages: But.fhould
they wear away, or break in picces, the Nature
.of Things depending on them, would be chan~
ed. Water and Earth, compofed of old wom
articles and Fragments of Particles, would not
be of the fame Nature and Texture now, with
Water and Earth compofed of entire Particles
in the Beginning. An therefore,. that Nature
may be lafting, the Changes of corpareal Thinge
are to be placed only in the various Separations
and new Aflociations and Motions of thefe per-
manent Particles; compound Bodies being apt
to break, not in the midft of folid Particles, but

where thofe Particles are laid together, and only

touch in a few Points. L .
+ - It feems.'to me farther, that thefe Particles
hive not only a 7is inertie, accompanied with
fuch paffive Laws of Motion as naturally gefule.
from that Force, but alfo that they are ppoved.
by certain ative Principles, fuch as is that of
‘Gravity, and that which caufes Fermentation,
and the Cohefion.of Bodies. Thefe Principles
I confider, no.2§ occult Qualitics, fuppofed to
refule from the fpecifick Forms of Things, but
P O - . ”
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ag getieral Laws of Nature, by which the Things |
"shemiclves are form'd; their Truth appearing .
to us by Phznomena, though their Caufes be -
not yet difeover’d, For thefe are manifeft Qua-
lities, and their Caules only are occult. And
the Arifiotelians gave the Name of occult Qua-:
lities, net to manifeft Qualities, but to fuch"
gﬁalities only as they fuppofed to lie hid in-
ies, and to be the unknown Caufes of ma-
nifeft Effets: Such .as would be the Caufes of
Gravity, and of magnetick and ’elerick At-
tractions, and of Fermentations, if we fhould
fuppofe that thefe Forces or AQions arofe from
Qualities unknown to us, and uncapable of be-
ing difcovered and made manifeft. Such oc-
eult Qualities put a ftop to the Improvement -
of natural Philofophy, and therefore of late
Years have becn reje®ed. To tell us that e-
very 8pecies of Things is endow’d with an oc-
cult fpecifick Quality by which it a&s and pro-
duces manifeft Effe@s, 1s to tell us nothing: But
to derive-two or three general Principles of Mo-
tion from Phznomena, and afterwards to tell us .
how the Properties and Actions of all corporeal
Things follow from thofe manifeft. Principles;-
would be a very great ftep in Philofophy, though
the Caufes of thofe Princiyla were not yet dif- .
cover'd: And therefore I {cruple not to propofe
the Principles of Motion above-mention’d, they
. being of very general Extent, and “eave their
Caufes to be found dut. . :
Now by the help of thefe Principles, all ma-
terial Things feem to have been compofed do‘:'
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! the hard and folid Particles above-mention’d,

\ varioufly affociated in the firft Creation by the
Counfel of . an intelligent Agent. For it became
‘him who created them to fet them in order.
. And if be did fo, it’s ufphilofophical to feck
© for any othet Origin of the World, or to

. tend that it might arife out of-a Chaos-by the
.~ mere Laws of Nature; though being once
- form’d, it may contigue by thofe. Laws for ma-
i ny Ages. For while Comegs move in very ex-
. centrick Orbs in all manner of Pofitions, blind
" Fate could never make all the Planets move
- one and the fame way in Orbs concentrick,
fome inconfiderable Irregularities excepted,
wifich may have rifen from the mutual A&ions
of Comets and Planets upon one another, and
which will be apt to increafe, till -this Syftem
"wants 2 Reformation. Such a wonderful Uni-
' formity in the Planetary Syftem muft be allow-
: ed the Effe¢t of Choice, And fo muft the
Uniformity in the Bodies of Animals, they ha-
ving generally a right and a left fide fhaped a-
like, and on either fide of their Bodies two
Legs behind, and -either two Arms, or two
Legs, or two Wings before upon their Shoul-
ders, and b&tween their Shoulders 2 Neck run-
ning dowr into a Back-bone, and a Head up-
on it; and in the Head two Ears, two Eyes, a
‘Nofe, 2 Mouth, and a Tongue, alike firuated.
Alfo the: firft : Contrivance of thofe very artifi-
<ial Parts of Animals, the. Eyes, Ears, Brain,
:Mufcles, Heart, Lungs, Midriff, Glands,. La-
rynx, Hands, Wings, fwimming Bladders, n:i
T . tur




BOOK NI ' 379

tural Spe@acles, and other Organs of Senfe and °
Motion; and the Inftin&t of Brutes and InfeQs, .
can be the effe® of nothing elfe than the Wi{-
dom and Skill of a powerful ever-living-Agent,
who being in all Places, is more able by
his Will to move the Bodies within his bound-
lefs uniform Senforium, and thereby to form
and reform the Parts of the Univerfe, than we
%re by our Will to mave the Parts of our.own
Bodies.. And yet we are not to tonfider the
World ds the Body of God, or the feveral 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 ftbfervient to his Will ;; and he is no more
the Soul of them, than the Soul of Man is the
Soul of the-Species of Things carried through
the Organs o?c Senfe into the place of its Sen-
fation, where it ‘perccives them by means -of its
immediate Prefence, without the Intervention
‘of any third thing. The Organs of Senf? 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 bring every where prefent
* to the Things themfelves. And fince Space is
divifible in snfinitum, and Matter is not necef-
farily in all places, it may be alfo allow'd that
Go! is able to create Particles 6f Matter of fe-
veral Sizes and Figures, and in feveral Propor-
. tions to Space, and perhaps of different Denfi-
ties and Forces, and thereby to vary the Laws
of Nature, and make Worlds of fcveral-f?rtsiix

: . everal
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feveral Parts of the Univerfe. At leaft, I fee no-
thing of Contradiétion in all this. . ‘
- As in Mathematicks, fo in Natural Philofo-
hy, the Inveftigation of difficult Things by the
Ricthod 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 admitting of 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-
guing from Experiments and Obfervations by
Indu@ion be no Démonttration of generaf Con-
clufions; yet it is 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 Indu&ion is more general. And if
no Exception occur from Phznomena, the Con-
clufion may be pronounced generally. But if
at any time afterwards any Exception fhall oc-
cur from Experiments, jt may then begin to be
pronounced with fuch Exceptions as occur. By
. this way of Analyfis we may proceed from Com-
ounds to Ingredients, and from Motions.to the -
?‘orces producing them; and in general, from
Effe@ts to their Caufes,.and from particular
Caufes ‘1o ‘tore general ones, till the Argument
end in'the moft general.. This is the Method
of Analyfis: And the Synthefis confifts in af-
fuming ‘the; Caufes difcover'd, and eftablifh’d
as Primciples, 4nd by them explaining the Phz-

nomena
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noréna proceeding from them, and proving the .
Explanations, . ' -
. I the two firft Books of thefc Opticks, 1
proceeded by this Analyfis to difcover and prove
the original Differences of the Rays of Light in
refpec 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 whi
their Reflexions and Colours depend: An
thefe Difcoveries heing proved, may be affumed
in the Method of Compofition for explaining
the Phznomena arifing from them: An In-
ftance of which Method I gave in the End of
the firft Book. In this third Book I have only
begun the Analyfis of what remains to be dif-
cover'd about Light and its Effe¢ts upon the
Frame of Nature, hinting feveral things about
it, and leaving the Hints to be examin’d and
improv’d by the farther Experiments, and Ob-

‘fervations of fuch as are inquifitive. , And if
natural Philofophy in all its Parts, by, purfuing
this Method, fhall at length be perfe&ed, the -
Bounds of Moral Philofophy will be alfo enlar-
ged. For fo far as we can know by natural
Philofophy what is the firft Caufe, what Power
he has over us, and what Benefits we receive
from him, fo far our Duty fowards him; as well
as that towards one another, will appear.to us
by the Light of Nawure. And no doubt, if the:

. Worthip of falfe Gods had nor blinded the. Hea-

then, their moral Philofophy would have gone
farther than to the four Cardinal V;rtuclsl,;& tr;g
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inftead of teaching the Tranfmigration of Souls,
and to worthip the Sun and Moon, and dead
Heroes, they would have taught us to -wosthip
our true Author and Benefalor, as their.Ance-
ftors did under the Government of Noah and his
Sons before they.corrupted themfelves.

.
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Members of the Royal Academy of Sciences in Paris. Together
with Abftra&s of the choiceft Pieces communicated -by them to thae
Tlluftrious Society. To which is added, the Preface of the Ingeni-
ous Monficur Fontenelle, Secretary ind Author of the Hiflwry of
the faid Academy, 8wo. » . ‘

Leonardi Plukenetii. M. D. Opera omnia Botanica in fex Tomos
divifa, viz. I. II. lI]. Phytwographiee. IV. Almagefium Botani-
cum. V. Almagefti Botanici Mantifla. VI. Amaltheum Botanj-

« cum in quibus § illuftriores minus cognite, exotice, Rarioref-
ue novifime detella ad 8hﬁu Chiliadas® defcribantur. Tum
conibus Tabolis Zpeis CCCCLIV. fomma cura depi@tis Figa-

Methodus Incrementarum dire@a & univerfa. Auétore Brook
Taylor, L. L. D. & Reg. Soc. Secr. 4t0. 1717.

The*Pofthumous W of Dr. Rebert Hooke; in which, 1. The
prefent Deficiency of natural Philofophy is difcourfed of, with
the Natare, Motion, and Eecs of Light, paricatity shat of the

. ature, Motion an . ight, } t
$un and Comets. 11 An hypotbeticsl Bxplication ‘of Metzory 5
how the Organs made ufe of by the Mind in its Operation may be
mechanically -tnderflood. IV. An Hypothefis and. Explication of
the Caufe of Gravity, or Gravitation, Magnetifm, &r. V. Dif-
courfes of Earthqnakes, their @aufes and Effe@ts, and Hiftoties of
feveral: To which ar¢ anvex'd, Phyfical E Bag'omoffeven!
of the Fables in Opid’s Metamorphofis, - ifferént .from other
Mythologick Interpreters. VI. Leftures for improving Navi-
gation and Aftronomy, with the Defcriptions of feveral new and
ufeful Infiruments, illuftrated. with Sculptures. .To thefe Dif-
courfes is prefix’d the Author's Life. By Richard Waller, R.S.
Secr.  Folio. -

* Synopfis Univerfe Medicina Prafiice: Sive do&ifimoram vi-
rorum de Morbis corumque Caufis. ac Remediis judicia. Accefle~
runt nune demum cafus nonnulli oppids rari. Authore 7. Ales, M.D,
Editio tertia; prioribus, triente pﬁu. audtior. In 3 Vol. 8es. 1729,
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