


GRACE K. BABSON ©
COLLECTION OF THE WORKS
OF SIR ISAAC NEWTON




OR, A
TREATISE
OF THI
Reflections , Refradfions
[nfle tions and Coloris

LI1IGH

The Third Iiditton, Corselfed.

By Sir Isaac Newrox, Knt.

ILONDON:

Printed for Winpiam and Joun Innvs at the
Welt Yind of St, Paunl's, 1721,




 ADVERTISEMENT L.

= ART of the enfuing Dif-
| courfe abour Light was
Bt gpritten at the defive of
Jome Gentlemen of the Royal So-
ciety, in-the Tear 1675, and
then fent to their Secretary, and
read at ther Meetings, and the
reft was added about twelve Years
after to complete the Theory; ex-
cept the third Book, and the [aft
Propofition of the Second, which
were fmce put together out of
featter'd Papers. To avoid: be--
ang engaged in Difputes about
oo 2 thef




Advertifement.
thefe Matters, I have bitherto de-
layed the printing, and fhould

{L.77 74 ATV /7/)7/141A/‘7 4.'1‘ 74/1/7 At 447/‘-/"
]llLL [/ VU QUELL UL Ly (JUW FLUL LI

Tportunity of Friends prevailed
upon we.  If any other Papers
crit on this Subjelt are got out
of my Hands they are imperfedt,
and were perbaps written before
I bad tried all the Experiments
bere fer down, and fully [atisfi-
ed iy [elf about the Laws of Ke-
fraftions and Compofition of Cos
lours—Thave bere publiyfb'd what
I think /]}ropar to come abroad,
cerfbing that 1t may not be tranfla-
ted into another Language with-
out my Confent. .
The Crowns of Colours, which
SJometizmes appear about the Sun
and Moon, I bave endeavoured
to give an Account of ; but for
- . want



Advertifement.

want of  fufficient Obfervations
leave that Matter to be farther
exammed.  The Subjelt of ihe
Third Book I bave alfo left im-
perfect, not baving tried all the
Experiments which I intended
when I was about thefe Matters,
nor repeated fome of thofe which
I did try, until I had fatisfied
my felf about all therr Circum-
Jtances. Lo commummicate what
I bave tried, and leave the reff
to others for faviher ngury,
s all my Defign i publifbing
thefe Papers. | |
Inalctierewritiento Mr. Leib.
nitz. in the Tear 1679, and pub-
Uiflied by Dy Wallis, I wmention'd
a Method by which I had found
Some  general  Theorcins  about
Squaring  Curvilinear  Figiures,
or
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Advertifement.

or Comparing them with the Co-
nic Seltions, or other the fimpleft
Figures with which they may be
compared.  And fome Tears ago.
I Ient out a Manufcript contain-
ing fuch Theorems, and baving
fince met with fome Things copi-
ed out of it, I bave on this Occa-
fion made 1t publick, prefixing to
2t an Introduction, and fubjoin-
mg o Scholium concerning that
Method.  And I bave joined with
1t anotber—fiall Tract concerning
the Curvilinear Figures of the
Second Kind, which was™ alfo -
written many Tears ago, and
made known to fome Friends,
who bave folicited the making it
publick. , -
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ApvERTISEMENT 1L

AN this Second Edition of

,.{ bl thefe Opticks I have o-

el ysitted the Mathematical
Traéls publifpd at the End of
the former Edition, as not be-
longing to the Subject. And at
the End of the Third Book I
have added fome Queftions. And
to fhew that I do not take Grg-
vity for an-Effential Property of
Bodies, I bave added one Q-
Jton concerning its Caufe, chu-

- Jmg to propofe it by way of 4
Queftion, becaufe 1 am not yct
Satistied about it for want of
Experiments.
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o PART L

1Y Defign in this Book is not to ex~
plain the Properties of Light by Hy-
pothefes, but to propofe and prove
1EdGa) chemn by Reafon and Experiments: Tl
order to which 1 fhall premife the following
Definitions and Axioms:. ™ R
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DEFINITIONS.
DEFIN L ‘

i Y 2 the Rays of Light I underftand its leaft
\ Y Parts, and thofe as well Succeffive in the
]r;ze lines as Contemporary in feveral lines.
For it is manifeft that Light confifts of parts
both Succeflive and Contemporary ; becaufe in
the fame place you may {top 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 pals in any
other. For that part of Light which is ftopt
cannot be the fame with that which is let pafs.
The leaft Light or part of Light, which may
be {topt alone without the reft of the Light, or
propagated alone, or do or {uffer any thing alone
which the reft of the Light doth not or {uffers
not, Teall a Ray of Light, ™ AL
o DEFIN IL o

Refrangibility of the Rays of Light, is their
Difpofirion to be vefracted or turned out of their
Way in paffing out of one tranfparent Body vr
Mediuwm into another. And a greater or lefs Re-
Jrangibility of Rays, is their Difpofition to be
turned more or lofs.ont of their Way in like Inr
cidences an the fame Medium,  Mathematicians
ufually confider the. Rays of. Light to bé [.ines
reaching from.the luminous Body to the ‘Body
illaminated, and the refra&ion of thofe Rays to
be the bending or breaking of thofe lines in
- - their
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their pafling out of one Medium into anothet.
And thus may Rays and Retractions be confi-
dered, i Light be propagated in an mﬂ.mi
But l)y an /\xu,umun taken from the UL
tions of the times of the Iclipfes of /t!/'”/(? g
Satellites it feems that Light i propagated in
time, fpending: inits palage from the Sun to uﬂj
about {even Minutes of time: And the u fore
have chofen to define Rays and Refractions i[ﬁ
fuch general tering as may agree to Light in botls
cafces,
DEFIN I

Reflexibility of Ravs, 15 their “Difpeferion to be
70//!6/1 dor tursed back mraz‘/u' Sfeeinie Medizen (b
any other Medinm npon whofe Seifuce they fall.
And Rays are move or lefi veflexible, « which are
turned back wmore or lofi eafily. f’xs-; o Laghe
pals out of Glafs into Air, and lw I)c,mg, inclined
morce and more o the common Surface of the
Glafs and Adr, begins at length o be totally re-
fleeted by that Surlace 3 thofe forts ot Rays
which at like Incidences are reflected mofl co-
pioufly, or by inclining the Rays bepin foonelk
to be totally relleeted, are moft retlexible,

DEFIN IV
The Angle of Incidence iv that cagle, ebich
the Line dv feribed by the tncideint Ry contanns
with the Perpendicular 1o the reflotiine or re-
[fratting ém/(zw at the ‘Point of lucidviee.

5o [ T
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DEFIN V.

The Aungle of Reflexion or Refraftion, is the
Angle which the line doferibod by the reflefted
or refraited Ray containeth with the Perpendi-
cular to the rofleéting or refradling Surface at
the Point of Incidence.

DEFIN VL

The Sines of Incidence, Reflexion, and Refra-
éliony are the Sines of the Angles of Incidence,

Reflexion, and Refraltion.

DEFIN VI

The Light whofé Rays are all alike Refrans
gible, I call Simple, Homogeneal and Similar
and that whofe Rays are fome more Refrangible
than cthersy I call componnd, Heterogeneal and
Difimiler. The former Light I call Homoge-
neal, not becaufe I would affirm it {o in all re-
fpedts; burbecaufe the Rays which agree in Re«
frangibility, agree at leaft in all thofe their other
Properties which I confider in the following
Difcourfe.

DEFIN VIIL
The Colours of Homageneal Lights, I call Pri-
mary, Homogeneal and Simple; and thofe of
Heterogeneal Lights, Heterogencal and ~“Com-
pornd.  For thefe are always compounded of
the colours of Homogeneal Lights ; as will ap-
pear in the following Difcourfe.

AXITOMS.
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A X I 0 M §.
AX L
K HE Angles of Reflexion, and Refraltion,

“lie in one and the fame Plane with the
Augle of Incidence. '

AX IL

The Angle of Reflexcion is cqual to the dngle
of Incidence. |

A X IL
If the Refraied Ray be rveturned direltly
back to the Pomt of Incidence, it fhall be re-
Sfratted into the Line before deféribed by the in-
¢cident Rggy. -
A X 1V,

Refraction out of the vaver Medinm into the
denfery is made towards the Perpendicular, thas
25, [0 that the Angle of Refratfion be lefs than
the Angle of Incidence.

AX W

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

Whence if that Proportion be known in any
one Inclination of the incident Ray, ’tis known
in all the Inclinations, and thereby the Refra-
¢tion in all cafes of Incidence on the fame refra-
ling Body may be determined. Thus if the

o B3  Refra:
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Refra@ion be made out of Air into Water, the
Sine of Incidence of the red Light is to the Sine
of its Refrattion as 4 to 3. If out of Air into Glafs,
the Sines are as 17 to 11. In Light of other
Colours the Sines have other Proportions: but
the difference is {o little that it need {cldom be
confidered. ' ‘
Suppofe therefore, that RS [in Fig. 1.] repre-
fents the Surface of ftagnating Water, and that G
js the point of Incidence in which any Ray coming
in the Air from A in the Line A C is refle¢ted or
refra®ed, and I would know whither this Ray
fhall go after Reflexion or Refraction: I erett
upon the Surface of the Water from the point
of Incidence the Perpendicular C P and produce
it downwards to Q, and conclude by the firft
Axiom, that the Ray after Reflexion and Re-
fra¢tion, thall be found {omewhere in the Plane
of the Angle of Incidence A C P produced. I let
fall therefore upon the Perpendicular CP the
Sine of Ticidence A D; and if the refle¢ted
Ray be defired, I produce AD to B fo-that
PE be equal to AD, and draw C B. For this
Line CB fhall be the reflefted Ray; the Angle
of Reflexion BCP and its Sine BD being e-
qual to the Angle and Sine of Incidence, as they
ought to be by the fecond Axiom. But if the
refracted Ray be defired, I produce A D to H,
{o that D H may be to A D as the Sine of Re-
frattion to the Sine of Incidence, that is (if the
I:lghtb_e red) as 3 to 4; and about the Center
Cand in the Plane A CP with the Radius CA
deferibing a Circle A BE, 1 draw Parallel to the
Perpendicular CPQ, the Line HE cutting the
S R Circum-
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Circumference in E, and joyning CE, this Line
C E fhall be the Line of the refrafted Ray.
For if EF be let fall perpendicularly on the
Line P Q, this Line E F fh:]l. be the Sine of Re-
fraétion of the Ray CE, the Anzle of [ efraction
being E.CQ; and this Sine EF.is equal to D H,
and confequently in Proportion to the Sine of
Incidence A D as '3 to 4. ,
~ In like manner, if there be a Prifm of Glafs
(that is a Glafs bounded with two Equal and
Parallel Triangular ends, and three plain and
well polithed Sides, which meet in three Parallel
Lines running from the three Angles of one
end to the three Angles of the other end) and
if the Refraétion of the Light in pafling crofs this
Prifmbedefired: Let ACB [in Fig. 2. reprefent
a Plane cutting this Prifm tranverdly to its three
Parallel lines or edges there where the Light
pafleth through it, and let D E be the Ray inci-
dent upon the fir{t fideofthe Prifm A C where
the Light goes into the Glafs; and by putting
the Proportion of the Sine of Incidence to the
Sine of Refra&ion as 17 to 11 find E F the firil
vefratted Ray. Then taking this Ray for the
Incident Ray upon the fecond fide of the Glafs
B C where the Light goes out, find the next
refraéted Ray ¥ G by putting the Proportion
of the. Sine of Incidence to the Sine of Re-
fraltion as rr to 17. For if the Sine of Inci-
dence out of Air into Glafs be to the Sine of
Refradtion as 17 to 11, the Sine of Incidencé out
of Glafs into Air muft on the contrary be to the
Sine of Refration as 11 to 17, by the third
Axiom. - | e L
- B 4 | Much
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Much after the fame manner, if AC BD {in
Fig.3.] reprefent a Glafs fpherically (,,gmw,;x on
both fides (ufually called a L(:m, fuchasisa t urn-
ing-glafs, or Spe&gml&glais, ar an Qbject glats of
a Telefcope) and it be required to know how
Light falling ppon it from any lucid point Q
fhall be refrafted, let Q M reprefent a Ray
falling upon any point M of its firfl fpherical
Surface A CB, and by crefling a Perpendicular
to the Glafs at the point M, find the firfl ye-
fraed Ray. M N by the Proportion of the
Sines 17 to 1x.  Let that Ray in going out of
the Glafs be incident upon N, and then find
the fecond refraéted Ray N ¢ by the Proporti-
on of the Sines 11 to r7.  And after the fame
manner may the Refraé¢tion be found when the
Lens is Convex on one {ide and Plance or Con-
cave on the other, or Concave on both fides.

A X VL

Fomogemend—Rays which flow from ferveral
Points of any Object, and fall perpendicularly or
alnofl perpendicularly om any refleiling orvofiall-
ang Plane or fpherical Surface, fhall aftorivards
drverge from [0 many other Points, or be Larallel
Lo fomany other Lines, or converge to fo many ot her
: ﬂfaz'nf.r? either accurarely or without any Lo fible
Brror. dndthe fume thing will bappen, if the
Rays be veflected or vefratled fucceffively by two

or three or more Plane or Spherical Surfuces.
~ The Point from which Rays diverge or (a
which they converge may be called their Focus.
And the Fotus of the incident Rays being gi-
ven, that of the refleted or refracted ongs x‘uﬁy
. be
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be found by finding the Refraltion of any twa
Rays, as above; or more readily thus.

Ca/> 1. Let ACB [in Fig. 4.] be a refletting or
refracting 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 Q G, the point g, fhall
be the Focus of the refletted Rays. Or if 4G
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 Refraétion, the point ¢
fhall be the Focus of the refracted Rays.

Caf 2. Let ACB [in Fig. 5.] be the refleéting
Surface of any Sphere whofe Center is E.  Bi-
fet any Radius thereof (fuppofe K C) in T,
and if in that Radius on the {ame fide the point
T %OU take the Points Q and ¢, fo that T'Q,
TE, and T ¢, be continual Proportionals, and
the point Q be the Focys of the incident Rays,
the point ¢ fhall bethe-Focus of the refleéted
ones.

Caf’ 3. Let ACB [in Fig. 6.]be the refra@ling
Burface of any Sphere whofe Center is E. In
any Radius thereof E C produced both ways
take E. T'and C# equal to one another and fe-
verally in fuch Proportion to that Radius as
the lefler of the Sines of Incidence and Re-
fraction hath to the difference of thofe Sines.
And then if in the fame Line you find any two .
Points Q and ¢, fo that TQbe to ET as E ¢
to ¢ ¢4, taking ¢ 4 the contrary way from # which
T Q lieth from T, and if the Point Q be the
Focus of any incident Rays, the Point ¢ fhallbe
the Focus of the refradted ones. - A kdi

| \n

3
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And by the fame means the Focus of the
Rays after two or more Reflexions or Refrac-
tions may be found. i

Caf 4. Let ACBD [in Fig.7.] be any rclrac.
ting Lens, fpherically Convex or ()onc;n\'c or
Plane on either fide, and let GI be its Axis
(that is the Line which cuts both its Surfaces
perpendicularly, and pafles through the Centers
of the Sphercs,) and in this Axis produced let
F and f'be the Foci of the refracted Rays tound as
above, when the incident Rays on both tides the
Lensare Parallel to the fame Axis; and upon the
Diameter I # bifected in I, deferibe a Circle,
Suppofe now that any Point Q be the Focus ot
any incident Rays.  Draw Q It cutting the faid
Circlein T and %, and therein take # ¢ in fuch
Proportion to # ¥ as # I or TIN hath 101" Q.
Let ¢ g lye the contrary way from # which 1'QQ
doth from T, and ¢ fhall be the Focus of the
refracted Rays without any fenfible Krror, pro-
vided the-Point Q be not {o remote from the
Axis, por 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 refleéting
or refracting Surfaces be found when the two
Foci are given, and thereby a Lens be formed,
which fhall make the Rays flow towards or from
what place you pleafe.

_So then the meaning of this Axiom iy, that
if Rays fall upon any Planc or Spherical Surface
or Lens, and before their Incidence flow from
or towards any Point Q, they fhall aficr Re-
flexion or Refraltion flow from or towards the

Point
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Point ¢ 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 reflect-
~ed and refraéted 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 refle@ing or refracing Surface or Lens
with the Point Q, and the incident Rays flow
from the Point Q, the refleéted tlow towards
the Point ¢ and the refraéted from it; and if the
incident Rays flow towards Q, the reflected
flow from ¢, and the refraéted towardsic. And
the contrary happens when ¢ is on the other
fide of that Surface.

A X. VIL

Wherever the Rays which come from all the
Points of any Objelt “meet again in [0 many
Points after they bave been made to converge
by Reflexcion or Refrastion, there they will make
a Pitture of the Object upon any white Body on
which they fall.. :

Soif PR [in Fzg. 3.7 reprefent any Objeét with-
out Doors, and A B 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 of
that Objeét are made to converge and meet a-
gain in the Point 95 and if a Sheet of white Pa-
per be held at ¢ for the Light there to fall up-
on it: the Picture of that Object PR will ap-
pear upen the Paper in its proper fhape and Co-
: ' : ‘ lours,

3
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fours. For as the Light which comes from the
Point Q goes to the Point ¢, fo the Light which
comes from other Points P and R of the Object,
will go to fo many other correfpondent Points
pand 7 (asis manifeft by the {ixth Amom ;) {o
that every Point of the bjeét fhall illummate a
correfpondent Point of the Pi&urc_, apd there-
by make a Pi¢ture like the Object in Shape and
Colour, this only excepted, that the Picture
fhall be inverted. = And this is the reafon of that
vulgar Experiment of cafting the Specics of Ob-
je€ts from abroad upon a Wall or Sheet of white
Paper ina dark Room.

In like manner, when a Man views any Obje@
PQR, [in #7¢.8.] the Light which comes from
the feveral Poinis of the Objeét is fo refracted
by the tranfparent skins and humours of the
Eye, (thatis by the outward coat INl" (v called
the Zunica Cornea, and by the cryflalline hu-
mour A B which is beyond the Pupil m £) as to
converge and-meet again at {fo many Points in
the bottom of the Yye, and there to paint the
Picture of the Object upon that skin (called the
IZ: unica Retina) with which the bottom of the
tyeis covered. For Anatomifts when they have
taken off from the bottom of the Eyc that out-
ward and moft thick Coat called the Dura Ma-
Zer, can then fee through the thinner Coats,
the Pi¢tures of Objeéls lively painted there-
on.  And thefe Picures propagated by’ Mo-
tion along the Fibres of the Optick Nerves in-
to the Brain, are the caufe of Vifion, JFor ac-
cordingly as thefe Piftures are perfecl or i

fofl the Obiody 1 res are perfeft or im-
Feriect the Object is feen perfectly or imperfect-

| ly.
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ly. If the Eye be tinged with any colour (as iri
the Difeafe of the Faundife) {o as to tinge the
Pi@ures in the bottom of the Eye with that
Colour, then all Objeéts appear tinged with the
fame Colour. If the humours of the Eye by
old Age decay, {o as by fhrinking to make the
Cornea and Coat of the Cryflalline humonr grow
flatter than before, the Light will not be re-
frated enough, and for want of a fuflicient Re-
fraftion will not converge to the bottom of the
Eye but to fome place beyond it, and by con-~
fequence paint in the bottom of the Eye a con-
fuled Pi&ture, and according to the indiftinét-
nefs of this Pi€ture the Objeét will appear con-
fufed. This is the reafon of the decay of fight
in old Men, and fhews why their Sight is mend~
ed by Speflacles. For thofe Convex glafles fup-
ply the defect of plumpnefs in the Eye, and by
encreafing the Refraltion make the Rays con-
verge fooner fo as to convene diftinétly at the
bottom of the Eye if the Glafs have a due de-
gree of convexity. And the contrary happens
in fhort-fighted Men whofe Eyes are too plump.
For the Refraltion being now too great, the
Rays converge and convene in the Eyes before
they come at the bottom; and therefore the
Piéture made in the bottom and the Vifion
caufed thereby will not be diftinét, unlefs the
Objett be brought fo near the Eye as that the
place where the converging Rays convene may
be removed to the bottom, or that the plump-
nefs of the Eye be taken off and the Refraéti=
ons diminithed by a Concave-glafs of a due de-
gree of Concavity, or laflly that by Age the

Eye
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‘ flatter till it to-a due Figure;
Eye grow flatter till it comc duc Fig
Fc})]r {%ort—ﬁghted Men fee remote Objetts beft
in Old Age, and thercfore they arc accounted
to have the moft lafting Eycs.

A X. VIL

An Object feen by Reflexcion or ]8¢:/f~fzf7i(1;z_,
appears in that place from whence the Ravs af-
ter their loff Reflexion or Refraction diverge in
fabling on the Spectaror's Bye.

- Ifthe Objeét A [in Fig. 9.] be feen by Redlexion
of a Looking-glafs # #, it thall appcar, notin it
proper place A, but behind the Glats at «, from
whenceany Rays AB, AC, AD, which flow from
one and the fame Point of the Object, do after
their Reflexion made in the Points B, €, ‘l“)', di-
verge in going from the Glafs to I, I, G,
where they are incident on the Speclator’s Fyes.
For thefe Rays do make the fame Pitlure in the
bottom of theEyes as -if they had come from
the Objedt really placed at @ without the inter-
pofition of the Looking glafs; and all Vifion is
made according to the place and fhape of that
Picture.

In like manner the Objeét D [in Z77g. 2] {cen
through a Prifm, appears not inits proper place
D, but is thence tranflated to fome other plice
d fituated in the laft refraéled Ray I' G- drawn
backward from I to 4.

And fo the Objeét Q [in Fig, 10.]{een through
the Lens AB, appears at the place ¢ from whenee
the Rays diverge in pafling from the Lens to the
“ye. Now it is to be noted, that the Image of

the



L1s ]

the Object at ¢ is fo much bigger or lefler than
thcz()tﬂcét ic felf at Q, as the diftance of the
Image at ¢ from the Lens A B is bigger or lefs
than the diftance of the Objeét at Q from the
fame Liens. And if the Objeét be feen through
two or more {uch Convex or Concave-glafles,
cvery Glafls fhall make a new Image, and the
Object fhall appear in the place and of" the big-
nefs of the Iaft Image. Which confideration un-
folds the Theory of Microfcopes and Telefeopes.
For that "Fhcory confifls in alinoft nothing clfe
than the deferibing fuch Glafles as fhall make
the laft Image of any Objeét as diftin¢t and
large and luminous as it can conveniently be
made, :

I have now given in Axioms and their V-
plications the fumm of what hath hitherto been
treated of in Opticks.  For what hath been ge-
nerally agreed on I content my {elf to aflume
under the notion of Principles, in order to what
I have farther to write. And this may {uflice
for an Introduttion to Readers of quick Wi
and good Underftanding not yet verfed in Op-
ticks: Although thofe who are already acquain-
ted with this Scienee, and have handled Glafles,

»

will more readily apprehend what followeth.

PRODO-
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PROPOSITION.S.
PROP. 1 Tieor. L

TIGHTS which differ in. Colonrs differ alfs
L in Degrees of Refrangibilitys

~ The Proof by Experiments:

Exper. 1. 1 took a black oblong ﬁiﬁ’ Paper
terminated by Parallel Sides, dnd with a Per-
pendicular right Line drawn crofs from one
Side to the other, diftinguifhed it into two e-
qual Parts. One of thiefe parts I painted with
a red colour and' the other with a blew: "The
Paper was very black, and the Colours intenfe
and thickly laid on, thit the Phenomenon
might be mote confpicuous. This Paper I
view'd through a Prifim of folid Glafs, whofe
two Sides through which the Light pafled to the
Eye were plane and well polithed, and contained
an Angle of about fixty degrees: which Angle
I call the refrafting. Angle: of the Prifm. = And
whilft [ view’d it, I held it and the Prifm before -
a4 Window in {fuch manner that the Sides of the
Paper were parallel to the Prifm, and both thofe
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 fame

" Papd¥

ity
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Paper by the Light refle¢ted 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 refle¢ted from thence;
which in pafling by the edges of the Paper td
the Eye, might mingle it felf with the Light of
~ the Paper, and obfcure the Phanomenon there-
of. Thefe things being thus ordered, I found
that' if the refraéling Angle of the Prifm be
turned upwards, {o that the Paper may feem to
© be lifted upwards by the Refraction, its blue
half will be lifted higher by the Refra¢tion than
its red half. But if the refradling Angle of the
Prifm be turned downward, fo that the Paper
may {eem to be carried lower by the Refra-
{tion, its blue half will be carried {fomething
lower thereby than its red half. Wherefore ir
both cafes the Light which comes from the
blue half of the Paper through the Prifm to
the Eye, does in like Circumitances fuffer a
greater Refraftion than the Light which comes -
from the red half, and by confequence is more
refrangible. _ .
Illuflration. In the cleventh Figure, M N
reprefents the Window, and D¥ the Paper
terminated with parallel Sides D] and HE,
and. by the tranfverfe Line FG diftinguithed
into two halfs; the one DG of an intenfely
blue Colour, the other FI of an intenfely
red. And BACczé reprefents the Prifm
whofe refra&ting Planes AB 4z and ACca
meet in the edge of the refralling Angle A a.
This edge A « being U}%L;Vdrd,w is parallel both go
. & tne
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the Horizon and to the parallel edges of the
Paper D] and H E, and the tranfverfe 1;1 ne I (¥
is perpendicular to the Plane of the )‘\- 1‘n’dg)x'v.
And 4 ¢ reprefents the _]ma_gc of the I apet {een
by Refraftion upwards in fuch manner 1}1;11 the
blue half DG is carried higher to & ¢ than the
red half F E is to fe, and therefore mfi‘a_:r:;!‘ a
greater Refraction.  If the edge of the ’u'f‘r :uh“
ing Angle be turned downward, the Image of
the Paper will be refracted downward, fuppofe
to d¢, and the blue half will be refracted lower
to &y than the red half is to @& ]
Exper. 2. About the aforctaid Paper, whofe
two halfs were painted over with red and blue,
and which was iiff like thin Paftboard, T lapped
feveral 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 {lender dark Shadows caft upon them.,
I might have drawn black Lincs with a Pen,
but the threds were fmaller and better detined.
This Paper thus colourcd and lined et againtt
a Wall perpendicularly to the Horizon, fo that

- one of the Colours might fland to the right
hand, and the other to the left.  Clofe belore
the Paper at the confine of the Colours below
I'placed 2 Candle to illuminate the Paper ftrong.-
ly: For the Experiment was tried in the Night,
The flame of the Candle reached up o the
lower edge of the Paper, or a very littde hicier,
Then at the diftance of fix Feetand one or two
.lnchf:{; {rom the Paper upon the Ioor 1 erected
a glats Lens four Inches and a quarter biead,
' which
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which might colle& the Rays coming from thé
feveral Points of the Paper, and make them con-
verge towards fo many other Points at the fame
diftance of {ix Feet and one or two Inches on
the ‘other fide of the Lens, and fo form the I-
mage of the colotred Paper upon a white Pa-
per placed there, after the fame manner that a
Lens ata holein a2 Window cafts the Images of
Objeéts abroad upon a Sheet of white Paper in
a dark Room. "The aforefaid white Paper, e-
retted perpendicular to the Horizon and to the
Rays which fell upon it-from the Lens, I moved
fometimes towards the Lens, fometimes frofn
it, to find the places where the Images of the
blue and red parts of the coloured Paper appeat-
ed moft diftin&@. Thofe places I ealily knew by
the Images of the black Lines which I had made
by winding the Silk about the Paper. For the
Images of thofe fine and flendei Lines (which
by reafon of their blacknefs were like Shadows -
on the Colours) were confufed and fcarce vifi=
ble, unlefs when the Colours on either fide of
each Line were terminated moft diftinc¢tly. Nos
ting therefore, as diligently as I could, the
places where the Images of the red and blue
halfs of the coloured Paper appeared moit di-
flin&, I found that where the red half of the
Paper appeared diftinét, the blue half appeared
confufed, fo that the black Lines drawn upon
it’could {carce be feen; and on the contrary;
where the blue half appeared moft diftinét; the
red half appeared confufed, fo that the black
Lines upon it were fcarce vilible. And Between
the two places where thefe Images appeared
‘ “ (P diftinét
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diftiné there was the diftance of an Inch and a
half: the diftance of the white Paper from the |
Lens, when the Image of the red half of the
coloured Paper appearcd mo}.f d?lﬁlnﬂ',ﬂ E)exr]g
greater by an Inch and an half than the diftance
of the fame white Paper frorh the Lens, when
the Image of the blue half appeared moil di-
fin&. In like Incidences therefore of the blue
and red upon the Lens, the blue was refraéted
more by the Lens than the red, fo.as to con-
verge fooner by an Inch and a half; and there-
fore is more refrangible. ]

Tilnftration. In the twelfth Figure, DE fig-
nifies the coloured Paper, DG the blue half;
FE the red half, MN the Lens, H]J the white
Paper in that place where the red half with its
black Lines appeared diftinét, and 47 the fame
Paper in that place where the blue half appear-
ed diftin&. The place 4/ was nearer to the
Lens MN than the place HJ by an Inch and
an half.- = . ‘

Scholium. The fame things fucceed, notwith-
ftanding that fome of the Circumitances be va-
ried : as in the firlt Experiment when the Prifm
and Paper are any ways inclined to the Hori-
zon, and in both when coloured Lines are
drawn upon very black Puper. But in the De-
{criprion of thefe Experiments, I have {fet down
fuch Circumftances by which either the Phee-
nomenon might be render’d more confpicuous,
or a Novice might more calily try them, or by
which I did try them only. The fame thing T
have often done in the following Experiments :
@011061'1111'1g all which this one Admonition may
) | fuflice,
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fuffice.  Now from thefe Fxperiments it fol-

lows not that all the Light of the blue is more
Refrangible than all the Light of the red: For
both 1.ights are mixed of Rays diflerently Re-
frangible, fo thar inthe red there are fome Rays
not lefs Refrangible than thofe of the blue, and
in the blue there are fome Rays not more Re-
frangible than thoft of the red @ But thefe Rays
in proportion to the whole Light are but few,
and ferve ro diminifh the Event of the Fxpe-
viment, but are not able to dettroy e Tor if
the red and blue Colours were more ditute and
wealk, the diflance of the Tmages would be lets
than an Inch and a halt's and if they were more
intenfe and full, that diftance would be graater,
as will appear hereafier. "Phefe Fxperiments
may fuftice for the Colours of Natural Bodics,
For in the Colours made by the Refraclion of
Prifms this Propofition will appear by the -
periments which are now to follow in the next
Propotition.
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The Light of the Sui confifls of Kays diffcrently
Refrangible.
The Proof” by Fxperiments.

T N a very dark Chamber at a round
. hole about one third part of an
Inch broad, made in the Shut of a Window 1
plced a Glafs Prifin, whereby the Beam of the
Sun’s Light which came in at that hole might

C oz b
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be refraéted upwards toward the oppofite Wall
of the Chamber, and there form a colourd I-
mage of the Sun. The Axis of the Prifm (that
is the Line pafling through the middle of the
Prifm from one end of it to the other end pa-
rallel to the edge of the Refracting Angle) was
in this and the following Experiments perpen-
dicular to the incident Rays.  About this Axis
1 turned the Prifm {lowly, and faw the refra-
&ed Light on the Wall or coloured Image of
the Sun firlt to defcend, and then to alcend.
Between the Defcent and Afcent when the I-
mage {eemed Stationary, I flopp’d the Prifm,
and fix'd it in that pofture, that it fhould be
moved no more. For in that pofture the Re-
fraltions of the Light at the two fides of the
refraéting Angle, that is at the entrsnce of the
Rays into the Prifm, and at their going out of
it, were equal to one anather. So alfo in other
Fxperiments, as often as I would have the Re-
frattions on both fides the Prifm to beequal to
one another, I noted the place where the Image
of the Sun formed by the refracted Light ftood
{till berween its two contrary Motions, in the
common Period of its progref(s and regrefs; and
when the Iinage fell upon that place, I made
faft the Prifin. And in this Pofture, as the moft
convenient, it 1s to be underfiood that all the
Prifins are placed in the following Experiments,
unlefs where fome other pofture is deferibed.
The Prifm therefore being placed in this po-
fture, I let the refratted Light fall perpendicu-
farly upon a Sheet of white Paper at the oppo-
fite Wall of the Chamber, and obferved the Fi-

T v v " gure
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gure and Dimenfions of the Solar Image form-
ed on the Paper by that Light. This Image
was Oblong and not Oval, but terminated with
two Reétilinear and Parallel Sides, and two Se-
micircular Ends. On its Sides it was bounded
pretty diftinétly, but on its Ends very confufed-
ly and indiftin@lly, 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 diltant from the
Prifm, and at this diftance that breadth if di-
minithed by the Diameter of the hole in the
Window-fhut, that is by a quarter of an Inch,
fubtended an Angle at the Prifm of about half
a Degree, which is the Sun’s apparent Diame-
ter. DBut the length of the Image was about ten
Inches and a quarter, and the length of the Re-
¢tilinear Sides about eight Inches; and the re-
fracting Angle of the Prifm whereby {o great a
length was made, was 64 degrees. With a lefs
Angle the length of the Image was lefs, the
breadth remaining the fame. If the Prifm was
turned about its Axis that way which made the
Rays emerge more obliquely out of the fecond
refra@ling Surface of the Prifm, the Image foon
became an Inch or two longer, or more; and
if the Prifm was turned about the contrary
way, {o as to make the Rays fall more oblique-
ly on the firft refralting Surface, the Image foon
became an Inch or two fhorter. And there-
fore in trying this Experiment, I was as curi-
ous as I could be in placing the Prifm by the

C 4 above-
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above-mention’d Rule exaétly in fuch a poflure
that the Refractions of the Rays at their emer-
gence out of the Prifm might be cqual to that
at their incidence on it. 'This Prifin had fome
Veins running along within the Glafs from one
end to the other, which {cattered {fome of the
Sun’s Light irregularly, but had no {enfible ef-
fet in increafing the length of the coloured
Spectrum.  For I tried the fame Fxperiment
with other Prifims with the fame Succefs. And
particularly with a Prifm which feemed frec
from fuch Veins, and whofe refradting Angle
was 62+ Degrees, I found the length of the
{mage o3 or 1o Inches at the diftance of 18 %
Feet from the Prifm, the breadch of the hole
in the Window-fhut being + of an Inch, asbe-
sore. And becaufe it is eafy to commit a mi-
ftakke in placing the Prifim in its due poiture, 1
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 refratting Angle
was 63+ Degrees, the length of this Image at
the fame diftance of 18+ Feet was alfo about 10
fnches, or 10+, Beyond thefc Meafures for
about a  or+ of an Inch at either end of the Spe-
¢trum the Light of the Clouds feemed to be a
little tinged with red and violet, but {fo very
faintly, that I fufpeéted that tinGure might ei-
ther wholly or in great meafure arife from fome
Rays of the Speftrum fcattered irregularly by
fome inequalities in the Subftance and polith of
the Glals, and therefere I did nor include it in
e e thefc



| 25 |

thefe Maeafures. Now the difierent Magniiude
of the hole in the Window that, and diticrent
thicknels of the Prifm where the Roys pafled
through it, and ditlerent inclinations of  the
Pritm to the Horzon, made no fenfible chan-
ees in the lenoth of the Tmage. Netther did
the different mateer of the Potins make any:
for in a Vet made of polithed Plaes of Glafs
cemented together in the flape of a Prifim and
filled with VWarer, there is the like Succefs of
the Experiment according to the quantity of
the Refraction. e s fartdier to be obfcerved,

that the Rays went onin vight ines from t}u:
Prifim to the Image, and therefore at their ve-
ry going oul of the Pn fim had all thar Inclina-
tion to one another from which the length of
the Image procecded, that is the Inelination of
more than two degrees and an half. And yet

according to the Laws of Opticks vulgarly re-

cerved, they could not potlibly be fo much imeli-
ned to one another. For ler ot bin Ao i | re-
yrefent the Window-thut, Pihe hole nuade there-
i through which a beame of the Sun’s Lighe
u.*\sn.mhmuui into the darkned Chamber, and
ADBC a'Priangular Inaginary l’lam M\ucwt]w,
Prifmy 1 feigned 1o be cut tranfverily through

the middle of the Laghi. Orif” you pleafe, let

A BC reprefent the Prifin it {clf, looking di-
rectly towards the ““xp( ctator’s Fye with its near-
er end s And ler XY be the Sun, MN the Pa-
per upon which the Solar fmage or mpc‘tltum I

cafl, and P the Image iv felf whofe fides to-
wards @ and 5 are Reclilinear and Parallel, and

ends towards B oand 1 Sewdcivealar. YK P

aud




[ 26 ]

and X L] T are two Rays, the firlt 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 refra¢ted at L and ]. Since
the Refractions on both fides the Priim are e-
qual to one another, that is the Refradtion at
K cqual to the Refradtion at ], and the Refra-
&ion at L. equal to the Refraction at H, fo that
the Refractions of the incident Raysat Kand L
taken together are equal to the Refractions of
the emergent Rays at H and J raken together:
it follows by adding equal things to equal things,
that the Refradtions a5 K and H raken together,
are equal to the Refraftions at J and L. taken
together, and therefore the two Rays being e-
qually refratted have the fame Inclination to
one another after Refraction which they had
before, that is the Inclination of half 2 Degree
anfwering to the Sun’s Diameter. For fo great
was the Inclination of the Rays to one another
hefore Refraction. So then, the length of the
Image P'T" would by the Rules of Vulgar Op-
tickg fubtend an Angle of half a Degree at the
Prifm, and by confequence be equal to the
breadsh v w; and therefore the Image would
be round. ~ Thus it would be were the two
Rays X L] Tand YKHP, and all the reft which
form the Image P w T o, alike refrangible.
And therefore feeing by Experience it is found
that the Image is not round but about five
times longer than broad, the Rays which go-
ing to the upper end P of the Image fuffer the

' © 7 greateft
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- greatelt Refradtion, muft be more refrangible
than thofe which go to the lower end T, un-
Iefs the incquality of Refraction be cafual.

‘T'his Image or Speétrum P 'T' was coloured,
being red ac its Ieafl refraéted end T, and vio-
Iee ac its molt refradted end P, and yellow
green and  blue in the intermediate Spaces.
Which agrees with the firft Propofition, that
Fights which differ in Colour do alfo differ in
Refrangibility. - 'T'he length of the Image in the
foregoing  Kxperiments 1 meafured from the
fainteft and outmoft red at once c¢nd, to the
fainteft and outmoft blue at the other end, ex-
cepting only a little Penumbra, whofe breadth
fecarce exceeded a quarter of an Inch, as was
faid above.

Liwper. 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, T held the Prifm in fuch a po-
flure that 1ts Axis might be perpendicular to
that beam.  Then Tlooked through the Prifm
upon the hole, and turning the Prifm to and
fro about 1its Axis to malke the Image of the
hole afcend and defecend, when between its
two contrary Motions it feemed Stationary, I
ftopp’d the Prifin that the Refraélions of both
fides of the refradting Angle might be equal to
cach other, as in the former Kxperiment. In
this bituation of the Prifim viewing through it
the faid hole, T obferved the length of its re-
fracted Image to be many times greater than
.iu; breadth, and that the mofl refradted pare
thereof appeared violet, the leafl refradted reld,

the
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the middle parts blue green and yellow in or-
der. "The fame thing happen’d when I remo-
ved the Prifin 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 1f the
Refraétion were done regularly according to
one cerrain Proportion of the Sines of  Inci-
dence and Refraction as is vulgarly fuppofed,
the refra¢ted Image ought to have appeared
round.

So then, bythele two Experiments it appears
that in equal lacidences there is a confiderable
inequality of Refractions. But whence this in-
cquality arifes, whether it be that {fome of the
incident Rays are refradted more and otherslefs,
conftantly, or by chance, or that one and the
fame Ray is by Refraction difturbed, fhatter’d,
dilated , and as it were {plit and {pread into
many diverging Rays, as Grimalds fuppofes,
docs not yet appear by thefe Experiments, but
will appear by thofe that follow.

Lxper. 5. 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 Refractions, the
fame oblong Image would by a {econd Refra-
&tion made {ideways be drawn out as much in
breadth by the like Dilatarion of the Rays, or o«
ther cafual inequality of the Refraftions fide-
ways, I tried what would be the effeéts of fuch
a fecond Refraction. For this end I ordered
all things asin the third Experiment, and then
placed a fecond Prifm immediately after ftih{e%
‘ I
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firlt in a crofs Pofition to it, that it might again
Crefraét the beam of the Sun’s Light which came -
to it through the firlt Prifm. In the firlt Prifm
this beam was refratted upwards, and in the
fecond fideways. And I found that by the Re-
fraftion of the fecond Prifim the breadth of the
Image was not increafed, but its fuperior part
which in the firft Prifm fuffered the greater
Refradtion and appeared violet and blue, did
again in the fecond Prifm fufler a greater Re-
fraction than its inferior part, which appeared
red and yellow, and this without any Dilatation

of the Image in breadth. .
Ilnfiration. Let 8 [in Fig. 14.] reprefent
the Sun, ¥ the hole in the Window, A B C the
firft Prifm, D H the fecond Prifim, Y the round
Image of the Sun made by a dire¢t beam of
Light when the Prifims are taken away, P T
the oblong Image of the Sun made by that beam
pafling through the firft Prifm alone when the
fecond Prifm is taken away, and p # the Tmage
made by the crofs Refractions of both Prifms
together. Now if the Rays which tend to-
wards the feveral Points of the round Image Y
were dilated and {pread by the Refra&ion of
the firft Prifm, {o that they fhould not any lon-
ger go in fingle Lines to {ingle Points, but that
every Ray being {plit, fhattered, and changed
from a Linear Ray to a Superficies of Rays di-
verging from the Point of Refrattion, and ly-
ing in the Plane of the Angles of Incidence and
Refraction, they fhould go in thofe, Planes to
fo many Lines reaching almoft from one end of
the Image P'T' to the other, and if that Image
‘ ° {hould

i
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fhould thence become oblong: thofe Rays and
their feveral parts tending towards the feveral
Points of the Image P T ought to be again di-
lated and fpread fideways by the tranfverfe
Refraétion of the fecond Prifm, fo as to com-
pofe a four fquare Image, fuch 4s is reprefent-
ed at #7. For the better underftanding of which,
let the Image P T be diftinguithed into five e=
qual parts PQK, KQRL, LRSM, MSVN, .
NVT. And by the fame irregularity that the
orbicular Light Y is by the Refration of the
fir{t Prifm dilated and drawn out into a long
Image P T, the Light PQK which takes up a
fpace of the fame length and breadth with the
Light Y ought to be by the Refraction of the
fecond Prifm dilated and drawn out into the
long Image # ¢ £ p, and the Light KQR L. ins
to the longImage # ¢ 7 4, and the Lights LRSM;
MSVN, NVT, imto fo many other long I+
mages Lrsm, msvn, nvi]; and all thefe long
Images vrould compofe the four fquare Image
#7. Thus it ought to be were every Ray dila-
‘ted by Refraltion, and fpread into a triangular
Superficies of Rays diverging from the Point
of Refraftion. For the {econd Refraétion
would {pread the Rays one way as miuch 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, weré
fome Rays cafually rcfraéted more than others,
But the Event is otherwife. The Jmage P T
was not made broader by the Refraétion of the
fecond Prifm, but only became oblique, as ’tis
reprefented at p 4, its upper end P being by

- the
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the Refraltion tranflated to a greater diftance
than its lower end ‘I, So then the Light which
went towards the upper end P of the Image,
was (at equal Incidences) more refrafted in
the fecond Prifin than the Light which tended
towards the lower end T, that is the blue and
violet, than the red and yellow; and therefore
was more refrangible. The fame Light was by
the Refraction of the firft Prifm tranflated far-
ther from the place Y to which it tended before
Refraction; and therefore fuffered as well n
the firft Prifm as in the fecond a greater Refra-
¢tion than the reft of the Light, and by con-
fequence was more refrangible than the reft,

even before its incidence on the firft Prifm.
Sometimes I placed a third Prifm after the
fecond, and fometimes alfo a fourth after the
third, by all which the Image might be often
refracted fideways: but the Rays which were
more refrafed than the reft in the firlt Prifm
were alfo more refracted in all the refl, and that
without any Dilatation of the Image fideways:
and therefore thofe Rays for their conftancy of
a greater Refraétion are defervedly reputed
more refrangible. . 2 .

.But that the meaning of this Experiment may

more clearly appear, it is to be confidered that
the Rays which are equally refrangible do fall
upon a circle anfwering to the Sun’s Difque.
For this was proved in the third Experiment.
By a Circle I underftand not here a perfeét geo-
metrical Circle, but any orbicular Figure whofe
length is equal to its breadth, and which, as
to {enfe, may feem circular. Let therefore AG
6 [in
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lin Fig. 15 veprefent the Circie which all the
moft refrangible Rays propagated from the
whole Difque of the Sun, would illuminate and
paint upon the oppofite Wall if they were a-
fone; I L. the Circle which all the leaft refran-
gible Rays would in like manner illuminate and
paint if they werc alone; B H, C J, DX, the
Circles which {fo many intermediate forts of
Rays would fucceflively paint upon the Wall,
if they were fingly propagated from- the Sun
in fucceflive order, the reft being always in-
tercepted ; and conceive that there are other
intermediate Circles without number, which
innumerable other intermediate forts of Rays
would fucceflively paint upon the Wall if the
Sun fhould fuccellively emit every fort apart.
And feeing the Sun emits all thefe {orts at once,
they muit all together illuminate and paint 1n-
numerable equal Circles, of all which, being
according to their degrees of Refrangibility
placed in order in a continual Series, that ob-
long Speftrum PT is compofed which I de-
feribed in the third Experiment. Now if the
Sun’s circular Iimage Y [in Fig. 14, 15.] which
i1s made by an unrefradted beam of Light was
by any Dilatation of the fingle Rays; or by any
other irregularity in the Refraftion of the firit
Prifm, converted into the oblong Speftium,
PT: then ought every Circle AG, BH; CJ,
e, in thar Speétrum, by the crofs Refraétion
of the fecond Prifim again dilating or otherwife
fcattering the Rays as before, to bein like man-
ner drawn out and transformed into an oblong
Figure, and thereby the breadth of the Imlggg
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P T would be now as much augmented as the
length of the Image Y was before by the Refra-
Ction of the firft Prifm; and thus by the Refra-
&ons of both Prifms together would be form-
ed a four fquare Figure p # 27, as I defcribed a-
bove. Wherefore fince the breadth of the Spe-
¢trum P T is not increafed by the Refraction
fideways, it is certain that the Rays are not
fplic or dilated, or otherways irregularly {cat-
ter’d by that Refraétion, but that every Circle
is by a regular and uniform Refraction tranfla-
ted entire into another place, as the Circle A
G by the greateft Refraction into the place 2 g,
the Circle B H by a lefs Refration into the
place 4 b, the Circle CJ by a Refraction flill
tefs into the place ¢ 7z, and {o of the reft; by
which means a new Speftrum p £ inclined to
the former PT is in like manner compofed of
- Circles lying in a right Line; and thefe Circles
muit be of the {ame bignefs with the former,
becaufe the breadths of all the Speétrums Y,
PT and p £ at equal diftances from the Prifms
are equal. ‘. ;

I confidered farther, that by the breadth of
the hole I through which the Light enters in-
to the dark Chamber, there is a Penumbra
made in the circuit of the Speétrum Y, and
that Penumbra remains in the re&ilinear Sides
of the Speétrums P T and p# I placed there-
fore at that hole a Lens or Objeét-glafs of a Te-
lefcope which might caft the Tmage of the Sun
diftinétly on Y without any Penumbra at all,
and found that the Penumbra of the reilinear
Sides of the oblong Spe&glms PTandpt w?s

| ' alfo
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allo thereby taken away, fo that thofe Sides ap-
peared as diftinétly defined as dl‘d the Gircum-
ference of the firft Image Y. Thus it happens
if the Glafs of the Prifms be free from Vcins,
and their Sides be accurately plane and well
polifhed without thofe numberlefs Waves or
Curles which ufually arife from Sand-holes a
tittle fmoothed in polithing with Putty. If the
Glafs be only well polifhed and free from Veins
and the Sides not accurately plane but a lictle
Convex or Concave, as it frequently happens;
. ' A XA % i
yet may the three Spectrums ¥, P 1" and p 7
want Penumbras; but not in equal diftances
* from the Prifms. Now from this want of Pen-
umbras, 1 knew more certainly that every one
of the Circles was refracted according to fome
moft regular, uniform, and conftant law. For
if there were any itregularity in the Refraclion,
the right Lines A E and G L, which all the Cir-
cles'in the Speétrum P T do touch, could not
by that Refraction be tranflated into the Lines
aeand g las diftin¢t and {lraight as they were
before, but there would arife in thofe tranflated
Lines fome Penumbra or Crookednefs or Un-
dulation, or other fenfible Perturbation con-
trary to what is foind by Experience. What-
foever Penumbra or Perturbation fhould be
made in the Circles by the crofs Refradtion of
the fecond Prifin, all that Penumbra or Pertur-
bation would be confpicuous in the right Lines
@ ¢ and g / which touch thofe Circles. And
“therefore fince thete is no fuch Penumbra or
- Perturbation in thofe right Lines there muft be
none in the Circles. Since the diftance betwecain
. | ~ thofe
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thofe Tangents or breadth of the Speérum is
not increafed by the Refractions, the Diameters
of the Circles are not increafed thereby. Since
thofe Tangents continue to be right Lines, e-
very Circle which in the firft Prifm is more or
lefs refraéted, is exallly in the fame propor-
tion more or lefs refraéted in the {fecond. And
fecing all thefe things continue to f{ucceed af-
ter the fame manner when the Rays are again
in a third Prifm, and again in a fourth refraét-
ed fideways, it is evident that the Rays of one
and the fame Circle, as to their degree of Re-
frangibility continue always uniform and ho-
mogeneal to one another, and that thofe of fe-
veral Circles do differ in degree of Refrangibi-.
lity, and that in {fome certain and conftant pro- .
portion. Which is the thing I was to prove.
. There is yet another Circumitance of two
of this FExperiment by which it becomes {iill
more plain and convincing. Let the fecond
Priim D H [in F7g. 16.] be placed not im-
mediately after the firft, but at fome diftance
from it ; fuppofe in the mid-way between it:
and the Wall on which the oblong Spe¢trum
P T is caft, fo that the Light from the firft
Prifm may fall upon it in the form of an oblong
- Speétrum 77 parallel to this {fecond Prifm, and
be refraéted fideways to form the oblong
Speétrum p ¢ upon the Wall.  And you will
find as before, that-this Spe@trum p # is inclined
to that SpeCtrum P T, which the firft Prifm
forms alone without the fecond ; the blue énds
P and p being farther diftant from ore another
than the red onésT' and #, and.by confequence
o D 2 that

A
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¢hat the Rays which go to the blue end « of
the Image =7 and which therefore {utfer the
greateft Refra&tion in the firft Prifm, are again
in the fecond Prifm more refradted than the
reft.
The fame thing 1 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 « By placed at thofe holes (one at
each) refralting thofe two beams of Light to:
the oppofite Wall of the Chamber, in fuch man-
ner that the two colour’d Images P'T and MN .
which they there painted were joined end to
end and lay in one {traight Line, the red end T’
of the one touching the bluc cnd M of the o-
ther. For if thefe two refratted Beams were
again by a third Prifm DH placed crofs to the
two firfl, refradted fideways, and the Speltrums
thereby tranflated to fome other part of the
Wall of the Chamber, fuppofe the Speétrum
PT to p¢ and the Speltrum MN tomn, thefe
tranflated Speftrums p# and me would not lie .
in one ftraight Line with their ends contiguous
as before, but be broken off from one another
and. become parallel, the blue end # of the [-
mage m#. being by a greater Refra&ion 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 Propofition
paft difpute. And 'this happens whether the
third Prifm D H be placed immediately after
the two firft, or .at a great -diftance from
them, fo that the Light refrafted in the twcif
B | o fird
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fir{t Prifms be either white and circular, ofr co-
loured 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 Inch in
diameter, and in the Window-fhut a much
broader hole being made to let into my dark-
ned Chamber a large Beam of the Sun’s-Light;
I placed a Prifm behind the Shut in that beam
to refraét it towards the oppofite Wall, and
clofe behind the Prifm I fixed one of the 3oards,
in {uch manner that the middle of the refracted
Light might pafs through the. hole made in i,
and the reft be intercepted by the Board. "Then
at the diftance of about twelve Feet from the
firft Board I fixed the other Board in fuch man-
ner that the middle of the refraéted Light which
came through the hole in the firft Board and
fell upon the oppofite Wall might pafs through
the hole in this other Board, and the reft being
intercepted by the Board might paint upon it
the coloured Speétrum of the Sun. And clofe
behind this Board [ fixed another Prifm to re-
fra¢t the Light which came through the hole.
Then I returned {peedily to the firft Prifm, and
by turning it flowly to and fro about its Axis,
I caufed the Image which fell upon the fecond
Board to move up and down upon that Board,
that all its parts might fucceflively pafs through
the hole in that Board and fall upon the Prifm
behind it. 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 refradted in the
S D3 firk
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firlt Prifin did go to the blue end of the Image,
was again more refratted in the fecond Prifm
than the Light which went to the red end of
that Image, which proves as well the firft Pro-
pofition as the fecond. And this happened
whether the Axis of the two Priflms were pa-
rallel, or inclined to one another and to the

Horizon in any given Angles. _
Tlnftrarion.” Let F [in Fig. 18.] be the wide
hole in the Window fhut, through which the
Sun fhines upon the firft Prifm ABG, and let
the refralled Light fall upon the middle of the
Board DE, and the middle part -of that Light
upon the hole G made in the middle of that
Board. Let this trajeéted part of the Light
fall again upon the middle of the fecond Board
d e and there paint {uch an oblong coloured I-
mage of the Sun as was defcribed in the third
Bxperiment. By turning the Prifm A BC {low-
ly to and fro about its Axis this Image will be
made to move up and down the Board 4 ¢,
and by this means all its parts from onc end to
the other may be made to pafs fucceflively
through the hole ¢ which is made in the mid-
dle of that Board.  In the mean while another
Prifm 2 4 ¢ is to be fixed next after that hole g
to refract the trajeled 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 fell, and found that
whilft the two Boards and fecond Prifm re-
maincd unmoved, thofe places by turning the
firft Prifim about’ its Axis were changed perpe-
tually. For when the lower part of the Light
, T which
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which full upon the fecond Board & ¢ was caft
through the hole ¢ 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 woent
to a higher place Non the Wall, and when a-
ny intermediace part of the Light was caft
through that hole it went to fome place on the
Wall between M oand N The unchanged Po-
fition of the Holes in the Boards, made the In-
cidence of the Rays upon the fecond Prifm to
be the fame in all cafes. And yet in that com-
mon Incidence fome of the Rays were more re-
fracted and others lefs. And thofe were more
refracted o this Prifin which by a greater Re-
frattion in the firft Prifin were more tarned
out of the way, and therefore for their con-
flancy of being more refracted are defervedly
called more refrangible.

Livper. 7. At two holes made near one ano-
ther inomy Window thut I placed two Prifms,
onc at cach, which might cafl upon the oppo-
fire Wall (after the manner of the third Bxpe-
riment ) two oblong coloured Images of the
sun. Andaca linle diftance from the Wall I
placed a long lender Paper with flraight and
parallel edges, and ordered the Prifms and Pa~

13

per fo, that the red Colour of one Tmage might

fall direétly upon one halt of the Paper, and the
violet Colour of the other Image upon the o-
ther halt’ of the fame Papers fo that the Pa-
per appearcd of two Colours, red and violet,
much after the manner of the painted Paper
in the firft and fecond Fxperiments.  Uhen
with a Dlack Cloth 1 covered the Wall behind
Dy the
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the Paper; that no Light might be reflected .
from it to difturb the Experiment, and view-
ing the Paper through a third Prifm held pa-
rallel to it, 1 faw that half of it which was il-
luminated by the violet Light to be divided
from the other half by a greater Refraction, e-
fpecially when I went a good way off from the
Paper.” For when [ viewed it too near at hand,
the two halfs of the Paper did not appear fully
divided from .one another, but feemed conti-
guous at one 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 Iufed a white
Thred, and this appeared through the Priim
divided into two parallel Threds as is repre-
fented in the nineteenth Figure, where D G
denotes the Thred illuminated with violet Light
from D to E and with red Light from F to G,
and ¢ 4 £ ¢ are the parts of the Thred feen by
Refraltion. If one half of the'Thred be con-
ftantly illuminated with red, and the other half
be illuminated with all the Colours fucceflively,
(which may be done by cauling onec of the
Prifms to be turned about its Axis whilft the
other remains unmoved) this other half in view-
ing the Thred through the Prifm, will appear
in a continued right Line with the firft half when
illuminated with red, and begin to be a little
divided from it when illuminated with orange,
and remove farther from it when illuminated
with yellow, and flill farther when with green,
and farther when with blue, and go yet farther
off when illuminated with indigo, and farthefk
| - when .



[ 41 ]

when with deep violet. Which plainly thews,

that the Lights of feveral Colours are more and

more refrangible one than another, in this or-

der of their Colours, red, orange, yellow, green,
blue, indigo, deep violet; and fo proves as well

the firft Propofition as the fecond.

I caufed alfo the coloured Speétrums P T
[in Fig. 17.] and MN made in a dark Cham-
ber by the Refradtions of two Prifims to lye in
a right Line end to end, as was defcribed above
in the fifth Experiment, and viewing them
through a third Prifm held parallel to their
length, they appeared no longer in aright Line,
but became broken from one another, as they
are reprefented at p £ and m#, the violet end
of the Spetrum m# being by a greater Refra-
“&ion tranflated farther from its former place
M T than the red end # of the other Speéirum

L. ' .
d I farther caufed thofe two Spefirums P T
[in Fig. 20.] and M N to become co-incident
in an inverted 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 P'T'MN; and then viewing them through
a Prifm DH held parallel to their length, they
appeared not co-incident as when view'd with
the naked Eye, but in the form of two diftin&t
Speétrums p z and m # crofling one another in
- the middle after the manner of the letter X.
Which thews that the red of the one Speétrum
and violet of the other, which were co-incident
at PN and M T, being parted from one another
by a greater Refraction of the violet top ancli1 "

tnan
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then of the red to # and #, do differ in degrees
of Refrangibility.

I illuminated alfo a little circular piece of
white Paper all over with the Lights of both
Prifms intermixed, and when it was illumina-
ted with the red of one Speétrum and deep
violet of the other, fo as by the mixture of
thofe Colours to appear all over purple, 1 view-
ed the Paper, firft at a lefs diftance, and then
at a greater, through a third Prifin; and as I
went from the Paper, the refra¢ted Image there-
of became more and more divided by the une-
qual Refraftion of the two mixed Colours, and
at length parted into two diftinét 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 Window which caft the violet on the Pa-
per was raken away, the violet Image difap-
peared ; but when the other Prifm was taken
away the red vanithed: which fhews that thefe,
two Images were nothing elle than the Lights
of the two Prifms which had been intermixed
on the purple Paper, but were parted again by
their unequal Refraétions made in the third
Prifm 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 Prifm,
the violet Image changed Colour accordingly,
turning fucceflively to indigo, blue, green, gle'l—

ow
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low and red, and 10 changing Colowr came
nearer and nearer to the red Timage made by
the other Prifm, until when e was alfo red hmh
Images became fully co-incident.

J P[u((({ alfo two Paper Circles very near one
another, the oncein the red Light of one Prifm,
and the other i the vielet l,lg.’,lu of the other.
T'he Cireles were cach ol them an Inch in dia-
meter, and hehimd them the Wall was dmk that
the Fxpertment might not be difturbed by any
Light coming from thence. "Thefe Civeles chus
illuminated, I vicwed through a Pritm {o held
Ih'u the Rchadlmn might be macit. towards the
red Cirele, and as T went from them they came
nearer and nearer together, and at length be-
came co-incident ; and afterwards when 1 went
il farther oﬂ, Lhcy parted again in a contrary
order, the violet by a greater Refraction being
carricd beyond the red.

Lixper. 8o In Summer when the Sun’s Tlight
ufes to be flongefl, T placed a Pritm ac te
hole of the Window: fhut, asin the third i'.\pu
riment, yet {o that its Axis might be parallel o
the Axis of the Warld, and at the oppofice
Wall in the Suns refracled l,lg*m, [ placged an
()p( n Book. ‘Then going fix Feet and l,\’\ﬁ% In-

hes from the Book, 1 plac ed there the above-
mentioned fens, l)y which the Tight refleéted
from the Book might be made o converge and
meet again at the diflance of fix Feet and two
Inches behind the Tens, and Lluu, paint the
opecies of the Book upon a {heee of white Pa-
per much afier the manner of the fecond  Fx-
periment. The Book and Lens being made fafl,

I 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 folar Image falling up-
on it, did cait their Species on that Paper moit
diftinétly: And then I ftay’'d till by the Motion
of the Sun and confequent Motion of hisImage
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 lalt place of the
Paper was nearer fo the Lens than its former
place by ahout two Inches and an half, or two
and three quarters. So much fooner therefore
did the Light in the violet end of the Image
by a greater Refration converge and meet,
than the Light in the red end. But in trying
this the Chamber was as dark as I could make
it. For if thefe Colours be diluted and weak-
ned by the mixture of any adventitious Light,
the diftance between the Places of the Paper
will not be fo great. This diftance in the fe-
cond Experiment where the Colours of natural
Bodies were made ufe of, was but an Inch and
an half, by reafon of the imperfeftion of thofe
Colours. Here in the Colours of the Prifm,
which are manifeftly more full, intenfe, and live-
ly than thofe of natural Bodies, the diftance is
two Inches and three quarters.  And were the
Colours ftill more full, I queftion not but that
the diffance would be confiderably greater. For
the coloured Light of the Prifm, by the inter-
fering of the Circles defcribed in the fecond

Figure
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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 {o very much com-
pounded, that the Species which thofe faint and
dark Colours, the indigo and violet, caft upon
the Paper were not diftin¢t enough to be well

obferved. b -
Exper. 9. A Prifm, whofe two Angles at its
Bafe were equal to one another and half right
ones, -and the third a right one, I placed in a
beam of the Sun’s Light let into a dark Cham.
ber through a hole in the Window-fhut as in
the third Experiment. And turning the Prifm
flowly about its Axis until all the Light which
went through one of its Angles and was refra-
éed by it began to be reflected 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 refleéted than
the reft. I conceived therefore that thofe Rays
of the refleéted Light, which were moft re-
frangible, did firft of all by a total Reflexion
become more copious in that Light than the
reft, and that afterwards the reft alfo, by a to-
tal Reflexion, became as copious as thefe. To:
try this, I made the refleted Light pafs through
another Prifm, and being refracted by it" to fall’
afterwards upon a ‘dheet of white Paper placed
at fome diftance behind it, and there by that
Refraction to paint the ufual Colours of the
Prifm. "And then caufing the firft Prifin to be.
turned about its Axis as above, I obferved that
: when
3‘
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when thole Rays which in this Prifm had fuf-
fered the greateit Refraétion and appeared of a
blue and violet Colour began to be totally re-
flected, the blue and violet Light on the Paper
which was moit refratted in the fecond Prifm
received a fenfible increafe above that of the
red and yellow, which was lealt refralted; and
afterwards when the reft of the Light which
was green, yellow and red began to be totally
refleCted 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, thar the beam of Light
refleéted by the Bafe of the Prifm, being aug-
mented firft by the more refrangible Rays and
afterwards by the lefs refrangible ones, is com-
pounded of Rays differently refrangible. And
that all fuch refleéted L.ight is of the fame na-
ture with the Sun’s Light before its Incidence
on the Bafe of the Priiimm, no Man ever doubt-
ed: it being genecrally allowed, that Light by
fuch Reflexions fufters no alteration in its Mo-.
difications and Properties. 1 do not here take
notice of any Refrattions made in the - fides of
the fir{t Prifm, becaufe the Light enters it per-
pendicularly at the firft fide, and goés out per-
pendicularly at the fecond fide, and therefote
{uffers none. . Sothen, the Sun’s incident Light
being of the fame Temper and Conflitution
with his emergent Light, and the li{t being
compounded of Rays differently refrangible; the:
firdk muit be in like manner compounded. ,
- dluftration. In the twenty firlt Figure, ABC
is the firft Prifm, B C its Bafe, B and C its

equat
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cqual Angles at the Bafe, cach of 45 Degrees,
A its reclangular Vertex, 1M a beam of the
Sun’s Fight let into a dark Room  through a
hole T one third part of an Inch broad, M ity
Tncidence on the Bale of the Prifin, MG a lefs
refracted Ray, ML a more refracted Ray, MN
the beam of Light refleéted from the Dale,
V XY the fecond Prifm by which this beam in
pafling through it is refraéted, N # the lefs re-
fracted Light of this beam, and N p the more
refracted part thereof.  When the firft Prifin
ABC is turned about its, Axis according to the
order of the Letters A DG, the Rays MI e-
merge more and more obliquely out of that
Pritm, and at length after their mofl oblique
IFmergence are reflected towards N, and going
on to p do increafe the number of the Rays
N p. Afterwards by continuing the Motion of
the firft Prifm, the {{ﬁys M G arealfo refletled
to N and increafe the number of the Rays Ne.
Aund therefore the Light MN admits o it
Compolition, firft the more refrangible Rays,
and then the lefs refrangible Rays, and yet af-
ter this Compofidon is of the fame nature with
the Sun’s immediate Light I'M, the Reflexion
of the {pecular Bafe Ix O cauling no alteration
therein.

Lixper. to. Two Prifms, which were alike
in fhape, Lied fo together, that their Axes and
oppotite Sides being parallel, they compofed a
Parallelopiped.  And, the Sun fhining into my
dark Chamber through a lictle hole in the Win-
dow-thut, I plced that Parallclopiped in his
beam at fome didlance {rom the hole, in {uch a

' pofture
3
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pofture that the Axes of the Prifms might be
perpendicular to the incident Rays, and that
thote Ravs being incident upon the firft Side
of onc Pritm, wmizht go on through the two
contignous dides of both Prifms, and emerge
out of the laft bide of the fecond Prifm. This
Side being parallel to the firft Side of the firlt
Pritm, canfed the emerging Light to be paral-
lel to the incident. Then, beyond thefe two
Pritims 1 placed a third, which might refract
that emergent Light, and by that Refrattion
caft the ufual Celours of the Prifm upon the
oppofite Wall, or upon a theet of white Paper
held at a convenient diftance behind the Prifim
for that refratted Light to fail upon it. After
this I turned the Paralielopiped abourt 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 reflected, thofe Rays which in the third
Prifm had {uffered the greateit Refraétion and
painted the Paper with violet and blue, were
firtt of all by a roral Reflexion taken out of the
tranfinitted 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
vanithed in order, according to their degrees
of Refrangibility. The L.ight therefore which
emerged out of the two Prifms is compound-
ed of Rays differently refrangible, feeing the
more refrangible Rays may be taken out of it
while the lefs refrangible remain. But this
’ : Light
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Light being traje¢ted only through the parallet
Superficies of the two Prifms, if it fuffer’d any
~change by the Refra@ion of one Superficies it
loft that impreflion by the contrary Refraction
of the other Superficies, and fo being reftord
to its priftine Conflitution became of the fame
nature and condition as at firit before its Inci-
dence on thofe Prifms; and therefore, before
its Incidence; was as much compounded of

Rays differently refrangible, as afterwards.
Lllufiration. In the twenty fecond Figure
ABC and BCD are the two Prifms tied toge-
ther in the form of a Parallelopiped, their Sides
B Cand CB being contiguous, and their Sides
ABand CD parallel. And HJ K is the third
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, CB and CD, is refratted at O to
the white Paper P T, falling there partly upon
P by a greater Refraction, partly upon 1 bya
lefs Refraétion, and partly upon R and other in-
termediate places by intermediate Refrattions.
By turning the Parallelopiped ACBD about its
Axis, according to the order,of the Letters A,
C, D, B, at length when the contiguous Planes
B Cand C B become {ufficiently oblique to the
Rays ' M, which are incident upon them at M,
there will vanifli totally out of the refracted
Light OPT, firft of all the moft refracted Rays
O P, (the relt OR and © T remaining as be-
fore) then the Rays O R and other intermedi-
ate ones,and laftly, the leaft refraéted Rays O'T.
For when the Plane B C becomes fufhiciently
E oblique
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obligue to the Rays incident upon it, thofe
Rays will begin to be totally reflected by it to-
wards N; and ficft the mofl refrangible Rays
will be totally refleéted (as was  explained
the preceding Experiment) and by confequence
muit firlt difappear.at P, and afterwards the
reft as they are in order totally refleéted to N,
they muft difappear in the farhe order at 'R
and T. So then the Rays which at O fuf-
fer the greatelt Refraction, may be taken out
of the Light M O whilft the reft of the Rays
remain in it, and therefore that Light M O
is compounded of Rays differently refrangi-
ble. And becaufe the Planes A B and C D
are parallel, and therefore by equal and con-
wary Refrattions deftroy one anothers If-
feéts, the incident Light I M muft be of the
fame kind and nature with the emergent Light
M O, and thercfore doth allo confilt of Rays
diffevently refrangible. "Thefe two Lights F M
and M O, before the moft refrangible Rays are
feparated out of the emergent Light M O, a-
gree in colour, and in all other propertics fo
far as my obfervation reaches, and therefore
are defervedly reputed of the fame nature and
conflitution, and by confequence the one is
compounded as well as the other. But after
the moft refrangible Rays begin to be totally
refleéted, and thereby feparated out of. the ¢-
mergent Light MO, that Light changes its co-
four from white to a dilute and faint yellow,
a2 pretty good orange, a very full sed fuccefl-
fively and then totally*vanithes, For after the
moft refrangible Rays which paint the Paper at

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 n the Light M O
compound there a faint yellow, and after the
blue and part of the green which appear on the
Paper between Pand R arc taken away, the reft
which appear between R and T (that 1s the yel-
low, orange, red and a little green) being mix-
ed in the beam M O compound theréan orange ;
and when all the Rays are by Retlexion 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 Refradtion of the Prifm HJ K
ferving only to {eparate the differently refran-
gible Rays, without making any alteration in
their Colours, as fhall be more fully proved
hereafter. All which confirms as well the firft
Propofition ag the fecond. o

Scholium. 1f this Experiment and the former
be conjoined and made one by applying a fourth
Prifm VXY [in Fig. 22.] to refralt the reflect-
ed beam M N towards 7 p, the conclufion will
be clearer. For then the Light N p whichin
the fourth Prifm is more refracted, will become
fuller and ftronger when the Light O P, which
in the third Prifm H]J K is more refra&ted,. va-
nithes at P; and afterwards when the lefs re-
fracted Light O T wvanithes at T, the lefs re-
fracted Light N # will become encreifed whilt
the more refraéted Light at p receives no-far-
ther encreafe. And as the trajefted beam M O
in vanifhing is always of fu%l a Colour gs ought
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to refult from the mixture of the Colours which
fall upon the Paper P T, fo is the reflected
beam M M always of {uch a Colour as ought to
refult from the mixture of the Colours which
fali upon the Paper pz. For when the moit
refrangible fAays are by a total Reflexion taken
out of rhe beam MO, and leave that beam of
an orange Colour, the Excefs of thofe Rays in
the reflecied Light, does not only make the
violet, indigo and blue at p more full, but alfo
‘makes the beam MN change from the yellowith
Colour of the Sun’s Light, to a pale white in-
clining to blue, and afterward recover its yel-
lowiflh Colour again, {o foon as all the reft of the
tranimitted Light MOT is reflected.

Now feeing that in all this variety of Expe-
siments,” whether the Trial be made in Light
refleéted, and that either from natural Bodies,
as in the firlt and {fecond Experiment, or {pe-
cular, as in the ninth; or in Light refracted,
and that either before the unequally refralted
Rays are by diverging feparated from one an-
other, and lofing their whitenefs which -they
have altogether, appear feverally of {everal Co-
lours, as m the fifth Experiment ; or after they
arc feparated from one another, and appear co-
lour’d as in the f{ixth, {feventh, and eighth Ex-
periments; or in Light traje¢ted through paral.
lel Superficies, deftroying each others Fifelts,
as in the tenth Experiment; there are always
found Rays, which at equal Incidences on'the
fame Medium {uffer unequal Refradtions, and
that without any {plitting or dilating of {ingle
Rays, or contingence in the inequality of the

. : k ’ RCﬁ'EL!f
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Refractions, as is proved in the fifth and fixth
Experiments. And feeing the Rays which dit-
fer in ‘Refrangibility may be parted and forted
from one another, and that either by Refra-
&ion as in the third Experiment, or by Re-
flexion as in the tenth, and then the {everal
forts apart at equal Incidences fuffer unequal
Refraftions, and thofe forts are more refraéied.
than others after {eparation, which were more
refraéted before it, as in the fixth and follow-
ing Experiments, and if the Sun’s Light be tra-
jeéted through three or more crofs Prifis fuc-
ceflively, thofe Rays which in the firft Prifm
are refralted more than others, are in all the
following Prifms refraéted more than others in
the fame rate and proportion, as appears by
the fifth Experiment; it’s manifeft that the
Sun’s Light is an heterogeneous mixture of
Rays, fome of which are conftantly more re-
frangible than others, as was propofed.

Sealisabalab o Dol siatala s vialiiniiy G aiiath
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The Suw’s Light confiffs of Rays differing in Re-
Sexibility, and thofe Rays ave more veflziible
than others which are move refrangible.

| HIS is manifeft by the ninth and tenth
Experiments: For in the ninth Experi-
ment, by turning the Prifm abour its Axis, un-
til the Rays within it which in going out into
the Air were refralted by its Bafe, became fo
oblique to that Bafe, as to begin to be torally
' A B o3 ‘ vefle¢ted

~
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refleéted thereby; thofe Rays became firft of
Al totallv refledicd, which  before at equal In-
cidences with the reft had {uffered the gteateft
Refraftion. And the fame thing happens in the
Rettevion made by the common Bafe of the

two Prifins in the tenth Experiment.
GBS A A SRR L AR S EhEd b B il sk ok

PROPIV. Pros. L
Ta feparate frown one another the beterogeneons
Rays of compound Light.
(I F heterogeneous Rays are in fome mea-
il {ure feparated from one another jby the
Coiradtion of the Prifm in the chird Experi-
5, and in the fifth Experiment by taking a-
o the Penumbra from the re@ilinear fides of
the coloured Image, that feparation in thofe ve-
ry vectilinear fides or ftraight edges of the I-
mage becomes perfe@. But in all places be-

vween thofe recalinear edges, thofe innumera-
ble Cireles there deferibed, which are feveral-
Iy illuminated by homogencal Rays, by interfe-
ring with one another, and being every where
commix'd, do render the Light f{ufficiently
compourd. But if thefe Circles, whilit their
centers lieep 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
et AG, BH, CJ, DK, EL, F'M be the Cir-
cles which fo many forts of Rays flowing from

T the
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the fame difque of the Sun, do in the third’
Fxperiment illuminate; of all which and in-
numerable other intermediate ones lying in a
continual Series between the two rectilinear
and parallel edges of the Sun’s oblang Image
P T, thit Tmage is compos’d as was explained
in the fifth Fxperiment. Andletag, 65, ¢ 4
d k, ¢l fm be fo many lefs Circles lying in a
like continual Series between two parallel right
Lines 2 fand g 7 with the fame diftances be-
tween their centers, and illuminated by the
{ame forts of Rays, that is the Circle # g with
the fame fort by which the correfponding Cir-
cle A G was illuminated, and the Circle 4 4
with the fame fort by which the correfponding
Circle BH was illuminated, and the reft of the
Circles ¢ 7, d £, ¢ 4, f m refpe@ively, with the
{ame forts of Rays by which the feveral corre-
{ponding Circles C], DK, ¥ 1L, F M were il-
luminated. In che Figure P T compofed of the
greater Circles, three of thofe Circies A G, B H,
CJ, are fo expanded into onc another, that the
three forts of Rays by which thofe Circles aie
illuminated, together with other innumerable
{orts of intermediate Rays, are mixed at Q K
in the middle of the Circle I3 H.  And the like
mixture happens throughout almoft the whole
length of the Figure P 'T. But in the Figure
P t compofed of the lefs Circles, the three lefs
Circles @ g, 65, ¢, which anfwer tothole three
greater, do not extend into one another; nor
are there any where mingled fo much as any
two of the three forts of Rays by which thofe

E 4 ' Circles

]
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Circles are illuminated, and which in the Figure

P T are all of them intermingled at B H. ~
MNow he that fhall thus confider it, will eafily
underftand that the mixture is diminifhed in
the fame proportion with the Diameters of the
Circles. [If the Diameters of the Circles whilit
their Centers remain the fame, be made three
times lefs than before, the mixture will be alfp
three times lefs; if ten times lefs, the mixture
will be ten times lefs, and fo of other propor-
tions. That is, the mixture of the Rays in the
greater Figure PT will be to their mixture in
the lefs p 7z, as.the Latitude of the greater I'j-
gure is to the Latitude of the lefs. Ior the
Latitudes of thefe Figures are equal to the Di-
ameters of their Circles. And hence it eafily
follows, that the mixture of the Rays in the re-
frafted Speétrum p ¢ is to the mixture of the
Rays in the direét and immediate Light of the
Sun, as the breadth of that Speérum is to the
difference between the length and breadth of
the fame Speétrum. | |
So then, if we would diminifh the mixture
of the Rays, we are to diminifh the Diameters
of the Circles. Now thefle would be diminifh-
ed if the Sun’s Diameter ta which they anfwer
could be made lefs than it is, or (which comes
to the fame purpofe) if without doors, at a
great diftance from the Prifm 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 through
T
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that hole tothe Prifm. For {o the Circles A G,
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 {een from the
Prifm through that hole, that itis to the appa-
rent magnitude of that hole view’d from the
Prifm. But that thefe Circles may anfwer more
~ diftinétly to that hole, a Lens is to be placed by
the Prifm to caft the Image of the hole, (that
is, every one of the Circles A G, B H, &¢.) di-
flin€tly upon the Paper at P 'L, after fuch a
manner as by a Lens placed at 2 Window the
Species of Objects abroad are caft diftinétly up-
on a Paper within the Room, and the re&ili-
near Sides of the oblong folar Image in the fifth
Experiment became diftinét without any Pen--
umbra. If this be done it will not be necefla-
1y to place that hole very far off;, no not beyond
the Window. And therefore inftead of that
hole, Tufed the hole in the Window-thut as
follows.

Exper. 11, In the Sun’s Light let into my
darkned Chamber through a {mall round hole
in my Window-fhut, at about ten or twelve
Feet from the Window, 1 placed a Lens, by
which the Image of the hole might be diftinét-
ly cafl upon a Sheet of white Paper, placed at
the diftance of fix, eight, ten or twelve Feet
from the Lens. For according to the diffe-
rence of the Lenfes I ufed various diflances,
which I think not worth the while to! defcribe.
Then immediately after the Lens [ placed a
Prifm, by which the trajefted Light might be
sefraéted either upwards or fideways, and there-

by
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by the round Image which the Lens alone did
caft upon the Paper mlght be d'rawn out into a
long one with parallel Sides, as in the third Ex- -
periment. This oblong Image I lget 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 r.c&ilinear 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 2 g, b b, ¢ i, &c. do the Figure p ¢ [in Fig.
23.] were terminated moil diftinétly without
any Penumbra, and therefore extended into
one another the leaft that they could, and by
confequence the mixture of the heterogencous
Rays was now the leaft of all. By this means
I ufed to form an oblong Image (fuch as is p #)
[in Fég. 23, and 24.] of circular Images of the
hole (fuch as are 2 g, 6 &, ¢ i, &c.) and by u-
{fing a greater or lefs hole in the Window-ihut,
I made the circular Images 2 g, & 5, ¢ 4, &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 | defired.

Liluftration. In the twenty fourth Figure, If
reprefents the circular hole in the Window-
fhut, MIN the Lens whereby the Image or Spe-
cies of that hole is caft diftinétly upon a Paper
at J, ABC the Prifm whereby the Rays are at
their emerging out of the Lens refratfed from
§ towards another Paper at p 2, and the round
fmage at | is turned into an oblong Image 2 #
, A falling
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failing on that other Paper. This Image p # con.
fifts of Circles placed one after another'in a re-
tilinear order, as was fufficiently explained in
the fifth Experiment; and thefe Circles are e-
qual to the Gircle J, and confequently anfwer
in magnitude to the hole F; and therefore by
diminithing that hole they may be at pleafure
diminifhed, whilft their Centers remain in théir
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 hole ¥ be one tenth
of an Inch, and MF the diftance of the Lensfrom
the hole be 12 Feet; and if p B or p M the di-
ftance of the Image p # from the Prifm or Lens
be 10 Feet, and the refralling Angle of the
Prifm be 62 Degrees, the breadth of the I-
mage 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 confe-
quence the Light of this Image 71 times lefs
compound than the Sun’s dire¢t Light. And
Light thus far fimple and homogeneal, is fuffi-
cient for trying all the Experimentsin this Book
about fimple Light. For the compofition of
- heterogeneal Rays is in this Light {o little that
it is fcarce to be difcovered and perceiv’d. by
Senfe, except perhaps in the indigo and vio-
let. For thefe being dark Colours, do eafily
{uffer a fenfible allay by that little {fcartering
Light which ufes to be refraéted irregularly by

the inequalities of the Prifm. ' '
Yet inftead of the circular hole F, ’tis better
to fubflitute an oblong hole fhaped like a long
' ' Paral-
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Parallelogram  with its length parallel to the
Prifm A B C. For if this hole be an Inch or
two long, and but a tenth or twentieth part of
an Inch broad, or narrower: the Light of the
Image p ¢ will be_gs-ﬁmple as befprge, or {impler,
and the Image will become much broader, and
therefore more fit to have Fxperiments tried in
itg Light than before. ,
Inftead of this parallelogram hole may be {ub-
ftituted a triangular one of equal Sides, whofe
Bafe for inftance is about the tenth part of an
Inch, and its height an Inch or more. For by
this means, if the Axis of the Prifin be parallel
to the Perpendicular of the Triangle, the Image
. pt [in Fig. 25.] will now be form’d of equi-
crural Triangles @ g, &b, ¢, d&; e/, fm, &c.
and innumerable other intermediate ones an-
{wering to the triangular hole in fhape and big-
nefs, and lying one after another in a continual
Series between two parallel Lines 2 f and g #.
Thefe Triangles are a little intermingled at their
Bafes but not at their Vertices, and therefore
the Light on the brighter fide «zf of the Image
where the Bafes of the Triangles are, is a lictle
compounded, but on the darker fide g » is al-
together uncompounded, and in all places be-
tween the fides the Compofition is proportio-
nal to the diftances of the places from that ob-
fcurer fide g m. And having a Speftrum p #
of fuch a Compofition, we may try Experiments
either in its {tronger and lefs fimple Light near
the fide a £, or in its weaker and fimpler Light
near the other fide g 7, as it {hall feem moft

convenient, ' .
But
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But in making Fxperiments of this kind the

b Chamber ought to be made as dark as can be,
U Jeft any foreign Light mingle it {elf with the
* Light of the Speéirum p#, and render it com-
' pound ; efpecially.if we would try Experiments
: 1n the more fimple Light next the fide g » of
' the Spe@rum ; which being fainter, will have
a lefs proportion to the foreign Light, and fo
by the mixture of that Light be more troubled
and made more compound. The Lens alfo
. ought to be good, {uch as may ferve for opti-
cal ufes, and the Prifm ought to have a large
Angle, fuppofe of 65 or 70 Degrees, and to be.
well wrought, being made of Glafs free from
bubbles and veins, with its Sides not a little
convex or concave, as ufually happens, but truly
plane, and its Polith elaborate, as in working
Optick-glaffes, and not fuch as isufually wrought
with Putty, whereby the edges of the Sand-
holes being worn away, there are left all over
the Glafs a numberlefs company of very little
convex polite Rifings like Waves, The edges
allo of the Prifm and Lens {o far as they may
make any irregular Refra¢tion, muit be covered
with, a black Paper glewed on. And all the
‘Light of the Sun’s beam let into the Chamber
« Which 1s ufelefs and unprofitable to the Experi-
ment, ought to be intercepted with black Pa-
per or other black Obftacles. For otherwife
the ufelefs Light being reflefted every way in
the Chamber, will ‘mix with. the oblong Spe-
¢trum and help to difturb it. In trying thefe
things fo much diligence is not altogether ne-
ceflary, but it will promote the fuccefs of the
o Fxpe-
i
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Fxperiments, and by a very fcrupulous Egamip.
er of things deferves to be applied.  It’s difficule
to get Glafs Prifins fit for this purpofe, and
thercfore I ufed fometimes prifmatick Veflels
made with pieces of broken Looking-glafles,
and filled with Rain Water. And to increafle
the Refraction, 1 {ometimes impregnated the
Water ftrongly with Seccharum Sarnruz. !
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PROP. V. Tueor.IV.

Hymogeneal Light is refratted regularly with.
ont any Dilatarion fplitting or fbattering ‘of
the Rays, and the coufufed Vifion of Obyelts
feen through refracting Bodies by heterogeneal
Light arifes from the diffevens Refrangioility
of foveral forts of Rays.

B HFE firft part of this Propofition has been

already {ufliciently proved in the fifth Fx-

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 Speftrum of homogenecal Light defcribed
in the former Propofition, {o to fall, thar {fome
part of the Light might pals through the hole
of the Paper. This tranimitted part of the
Light I refraed with a Prifm placed behind
the Paper, and letting this refraéted Light fall
perpendicularly upon a white Paper two or
three Feer diftant from the Prifm, I found that

' the
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the Spedlrum formed on the Paper by this Lighe
was not oblong, as when tis made (in the third
Fxperiment) by refradting the Sun’s compound
Light, but was (fo far as I could judge by my
Eye) perfedtly circular, the length being no
greater than the breadth.  Which fhews that
this Light is rcefradted regularly without any Di-
latation of the Rays. ,
Lixpero1i. In the homogeneal Light I placed
a Paper Circle of a quarter of an Inch in diameter,
and 1n the Sun’s unrelracted heterogencal white
Light I placed another Paper Circle of the fame
bignefs.  And going from the Papers 1o the
diftance of fome Feet, | viewed both Circles
through a Prifm. 'T'he Cirele illuminated by
the Sun’s heterogencal Taight appeared very ab-
long as in the fourth Experiment, the length
being many times greater than the breadih; bue
the other Circle flluminated with homogenceal
Light appcared circular and diftinetly defined
as  when s oview'd wich the maked  Eye.
Which proves the whole Propofition.
Loxper.vq. In the homogeneal ight T placed
Flies and fuch like minute Objects, and view-
ing them through a Prifm, I faw their parts as
diflin¢lly defined as it 1 had viewed them with
the naked Fyeo "The fame Objects plwced in
the Sun’s unrefraéled heterogeneal Light which
was white I viewed alfo through a Prifm, and
faw them mofl confuledly defined, fo that 1
could not diflinguith their fmaller parts from
onc another. I pheed alfo the Teters of a
fimall print onc while in the homogereal Light
~and then in the heterogeneal, and viewing them
through

1
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¢hrough a Prifin, they appeared in the latter
cafe {o confufed and indiftinét that I could not
tead them; but in the former they appeared fo
diftiné that I could read readily, and thought
I faw them as diftiniét as when I view’d them
with my naked Eye. In both cafes I view’d
the famme Objeéts through the {fame Prifm at the
fame diftance from me and in the fame fitua-
tion. There was no difference but in the Light
by which the Objeéts were illuminated, and
which in one cafe was {imple and in the other
compound, and therefore the diftinét Vifion in
the former cafe and confufed in the latter could
arife from ncthing elfe than from that difference
of the Lights. Which proves the whole Pro-
pofition. ~ |

And in thele three Experiments it is farther
very remarkable, that the Colour of homoge-
zgtcjal Light was never changed by the Refra-
¢tion.
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PROP VI Turor.V.

The Siize of Incidence of every Ray confidered a-<
part, is to its Siue of Refraition in a giver
Razio, 5

| H AT every Ray confider’d apart is con-
ftant to it felf in fome degree of Refran-
gibility, 1s fufficiently manifeft out of what has

been faid. Thofe Rays which in the firlt Re-
fraction are at equal Incidences moft refraéted;
are alfo in the following Refraltions at equal
: Inci-
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Incidences moft refracted; and fo of the leaft
refrangible, and the reft which have any mean
degree of Refrangibility, as is manifeft by the
fifth, fixth, feventh, and eighth, and ninth Ex-
periments. And thofe which the firft time at
like Incidences are equally refracted, are again
at like Incidences equally and uniformly refra-
¢ted, and that whether they be refratted be-
fore they be feparated from one another asin
the fifth Experiment, or whether they be re-
fralted apart, as in the twelfth, thirteenth and
fourteenth Experiments. The Refraction there-
fore of every Ray apart is regular, and what
Rule that Refraétion obferves we are now to
thew. ,

The latc Writers in Opticks teach, that the
Sines of Incidence are in a given Proportion
to the Sines of Refraction, as was explained in
the fifth Axiom: and fome by Inftruments fit-
ted for meafuring of Refraétions, or otherwife
experimentally examining this Proportion, do
acquaint us that they have found it accurate.
But whillt they, not underftanding the diffe-
rent Refrangibility of feveral Rays, conceived
them all to be refra®ed according to oneand
the fame Proportion, ’tis to be .prefumed that
they adapted their meafures only to the middle
of the refra@ted Light; fo that from their mea-
fures we may conclude only that the Rays
which have a2 mean degree of Refrangibility,
that is thofe which when feparated from the
reft appear green, are refraéted according to a
given Proportion of their Sines. And there-

fore we are now to fhew that the like gi)ven
ro-
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Proportions obtain in all the reft. That it
fhould be fo is very reafonable, Nature being
ever conformdble to her felf: but an experi-
mental Proof is defired. And fuch a Proof
will be had if we can fhew that the Sines of
Refraction of Rays differently refrangible are
one to another in a given Proportion when
their Sines of Incidence are equal. For if the
Sines of Refraction of all the Rays are in given:
Proportions to the Sine of Refraltion of a Ray
which has a mean degree of Refrangibility, and
this Sine is in a given Proportion to the equal
Sines of Incidence, thofe other Sines of Refra-
¢tion will alfo be in given Proportions to the
equal Sines of Incidence. Now when the Sines
of Incidence are equal; it will appear by the
following Experiment that the Sines of Refra-
é}ion are in a given Proportion to one ano-
ther.

Exper. 15. The Sun fhining into a dark
Chamber through a little round hole in the
Window-fhut, let S [in Fig. 26.] reprefent his
round white Image painted on the oppofite
Wall by his direét Light, P T his oblong co-
loured Image made by refra@ing that Light
with a Prifm placed at the Window ; and p#,
orzp 2 £, or 3 p 3t his oblong colour’d Image
made by refratting again the {fame Light fide-
ways with a fecond Prifim placed immediately.
after the firlt in a crofs pofition to it, as was
explained in the fifth Experiment: that is to
fay, p ¢ when the Refrattion of the fecond
Prifin is fimall, 2 p 2 # when its Refra@ion is
greater, and 3 2 3 ¢ when it is greateft. fFc_nlr

uch
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fuch will be the diverfity of the Refractions if
the refraéling Angle of the fecond Prifim be of
various magnitudes ; fuppole of fiftcen or twen-
ty Degrees to make the Image p 7, ol thivty or
forty to make the Image 2 p 2 7, and of fixty to
make the Image 3 p 37, But {for want of folid
Glafs Prifms with Angles of convenient big-
nefles, there may be Vellels made of polifthed
Plates of Glafs cemented together in the form
of Prifms and filled with Water.  "Thefe things
being thus ordered, T obferved dhat all the to-
lar Tmages or coloured Spectrums P, g £, 2 p
27, 3 p 3¢ did very nearly converge to the
place § on which the diveét ight of the Hun
fell and painted his white round Tmage when
the Prifims were taken away.  'T'he Axis of the
Speéctrum L, that is the Tiine drawn through
the middle of it parallel to its reétilinear Sidcs,
did when produced pafs exactly through the
middle of that white round Image 5. And when
the Refraction of the fecond Prifm was equal
to the Refradtion of the firfl, the refracting An-
gles of them both being about 40 Degrees, the
“Axis of the Spectrum 32 3 £ made by that Re-
trattion, did when produced pafs allo through
the middle of the fame white round Iinage S.
- But when the Refradtion of the fecond Prifm
was lefs than that of the firfl, the produced
Axes of the Speétrums 7 p or 2 £ 2 p made by
that Refraftion did cut the produced Axis of
the Spectrum TP in the points # and #, a lit-
tle beyond the center of that whire round I-
mage 5. Whenee the proportion of the Line
3 2T totheLine 3 2 P was a litlle greater Lh;m
<, . the
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the Proportion of 27 T to 2 p P, and this Pro-
portion a lirtle greater thap that of 2 T to p P.
Now when the Light of the Spectrum I? T falls
perpendicularly upon the Wall, thofe Lines
11, ap Dy and s ThapPand 270, 2P, are
the Tanzents of the Refraétions, and therefore
by this Fxperiment the Proportions of the Tan-
gents of the Refractions are obtained, from
whence the Proportions of the Sines being de-
rived, thev come out equal, {o far as by view.-
ing the Spedtrums and ufing fome mathemati-
cal Reafoning I could eftimate. For Idid not
make an accurate Computation. So then the
Propofition holds true in every Ray apart, fo
far as appears by Fxperiment.  And that it s
accurately true, may be demonitrated upon this
Suppotition. That Bodies refract Light by all-
ing wpon its Ravs in Lines perpendicitlar to
their Surfaces. But in order to this Demon-
ftration, | mutt diftinguifh the Motion of every
Rav into two Motions, the one perpendicular
to the refiadling Surface, the other parallel to
it, and concerning the perpendicular Motion
lav down the following Propofition.

If any Motion or moving thing whatfoever be
incident with any velocity on any broad and
thin fpace terminated on both fides by two pa-
rallel Planes, and in its pafiage through that
fpace be urged perpendicularly towards the far-
ther Plane by any force which at given diftances
from the Plane 1s of given quantities; the per-
pendicular velocity of that Motion or Thing;,
at its emerging out of that {pace, fhall be al-
ways equal to the fquare Root of the {fum gf

tne



[ 69 ]

the fquare of the perpendicular velocity of that
Motion or Thing at its Incidence on that fpace ;
and of the fquare of the perpendicular velocity
which that Motion or Thing would have at its
Emergence, if at its Incidence its perpendicu-
lar velocity was infinitely little. -

 And the fame Propolition holds true of any
Motion or Thing perpendicularly retarded in
its paffage through that fpace, if inftead of the
fum of the two Squares you take their diffe-
rence. The demonitration Mathematicians will
eafily find out, and therefore I fhall not trouble
the Reader with it.

Suppofe now that a Ray coming moft oblique-.
1y in the Line M C [in F7g. 1.] be refraéted at
€ by the Plane R S into the Line C M, and if
it be required to find the Line CE, into which
- any other Ray AC fhall be refracted; let MG,
A D, be the Sines of Incidence of the two Rays,
and NG, EF, their Sines of Refraétion, and
et the equal Motions of the incident Rays be
reprefented by the equal Lines M C and AG,
and the Motion M C being confidered as paral-
1el to the refracting Plane, let the other Motion
A C be diftinguithed into two Motions A D
and DC, one of which A D is parallel, and the
other D C perpendicular to the refrating Sur-
face. In like manner, let the Motions of the
emerging Raysbe diftinguifh’d into two, whereof

the perpendiculdr ones are -j“—j—gC Gand 12 CF.

And if the force of the refraéting Plane begins
to aét upon the Rays either in that Plane or at
a certain diftance from it on the cne fide, and
ends at 2 certain diftance from it on the other

K 3, » fide
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fide, and in all places between thofe two limits
aés upon the Rays in Lines perpendicular to
that refrafting Plane, and the A&ions upon the
Rays at equal diftances from the refracting Plane
be ‘equal, and at unequal ones either equal or
unequal according to any rate whatever ; that
Motion of the Ray which is parallel to the re-
fracting Plane will fuffer no Alteration by that
force; and that Motion which is perpendicular
to it will be altered according to the rule of the
foregoing Propofition. If therefore for the per-
pendicular velocity of the emerging Ray C N
you write %4_2 C G as above, then the perpendi-
cular velocity of any other emerging Ray CE

which was -E—?- CF, will be equal ta the fquare

Root of CD g + #1CGg. And by fquaring

thefe Equals, and adding to them the Equals
ADgand MC g — C Dy, and dividing the
Sums by the Equals CF 4 + EF 7and CG ¢

NG g, you will have -;%)——Z- equal to %—5—3 Whence

A D, the Sine of Incidence, is to EF the Sine
of Refra&ion, as MC to NG, thatis, ina given
ratio. And this Demonftration being general,
without determining what Light is, or by what
kind of force it is refraéted, or afluming any
thing farther than that the refra@ling Body
acts upon the Rays in Lines perpendicular to its
Surface ; Itake it to be a very convincing Argus
ment of the full truth of this Propofition. '
_ So then, if the ratio of the Sines of Inci-
dence and Refraltion of any fort of Rays be
' | | tyﬂ,und
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~found in any one cafe, ’tis given in all cafes s
and this may be readily found by the method
in the following Propofition.

£CO0OD0CE 00O POCR00C000CET

P ROPVI Turor VL

The Perfestion of Telcfeopes is impeded by the
- different Refrangibility of the Rays of Light,

HE Imperfection of Telefcopes is vul

‘garly attributed to the fpherical Figures
ot the Glafles, and therefore Mathematicians
have propounded to figure them by the coni-
cal Se@ions. To fhew that they are miftaken,
I have inferted this Propofition; the truth of
which will appear by the meafures of the Re-
fra@ions of the feveral forts of Rays; and thefe
meafures I thus determine.

In the third Experiment of the firlt Book,
where the refracting Angle of the Prifm was
62+ Degrees, the half of that Angle 31 deg. 15
min. is the Angle of Incidence of the Rays at
their going out of the Glafs into the Air; and
the Sine of this Angle is 5188, the Radius being
rooco, When the Axis of this Prifm was pa-
rallel to the Horizon, and the Refraction of
the Rays at their Incidence on this Prifin equal ’
to that at their Emergence out of it, I obferved
with a Quadrant the Angle which the mean re-
frangible Rays (that is, thofe which went to the
middle of the Sun’s coloured Image ) made with
the Horizon, and by this Angle and the Sun’s
altitude obferved at the fame time, I'found the
‘Angle which the etnergent Rays contained with
o F o4 _ the
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the incident to be 44 deg. and 4o min. and the
half of this Angle added to the Angle of Inci-
dence 31 deg. 15 min. makes the Angle of Re-
fraction, which is therefore 53‘_deg. 35 min. and
its Sine 8047. 'Thele are the Sines of Incidence
and Refraétion of the mean 1‘eﬁ‘ang1ble_ Rays,
" and their proportion in round numbers i$ 20 to
31. This Glafs was of a colour inclmlpg to
green. 'The laft of the Prifms mentioned in the
third Experiment was of clear white Glafs. Its
refradting Angle 635 Degrees. 'The Angle which
the emergent Rays contained, with the incident
45 deg. somin. The Sine of half the firlt An-
gle 5262. The Sine of half the fum of the An-
gles 8157,  And their proportion in round num-
bers 20 to 31, as before. .

From the length of the Image, which was
about 92 or 10 Inches, fubducét its breadth, which
was 2 Inches, and the remainder 7? Inches
would be the length of the Image were the Sun
but a point, and therefore {ubtends the Angle
which the moit and lealt refrangible Rays, when
incident on the Prifm in the fame Lines, do
contain with one another after their Emergence.
Whence this Angle is 2 deg. o”. 7. For the
diftance between the Image and the Prifm
-where this Angle is made, was 18! Fect, and
at that diftance the Chord 72 Inches fubtends
an Angle of 2 deg. o’. 7. Now half this Angle
is the Angle which thefe emergent Rays con-
tain with the emergent mean refrangible Rays,
and a quarter thereof, that is 30’. 27, may be
accounted the Angle which they would contain
with the fame emergent mean refrangible Rays,

were
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were they co-incident to them within the Glafs
and fuffered no other Refration than that at
their Emergence. For if two equal Refractions, .
the one at the Incidence of the Rays on the
Prifm, the other at their Emergence, make half
the Angle 2 deg. o’. 7”/. then one of thofe Re-
fractions will make about a quarter of that An-
gle, and this quarter added to and {ubduéted
from the Angle of Refration of the mean re-
frangible Rays, which was 53 deg. 357, gives
the Angles of Refraltion of the moft and leaft
refrangible Rays 54 deg. 57 2"/, and 53 deg. 4" 587,
whofe Sines are 8o9g and 7995, the common
Angle of Incidence being 31 deg. 15 and its
Sine 51883 and thefe Sines in the leaft round
numbers are in proportion to one another, as
78 and 77 to so. o

Now if you fubdu&@ the common Sine of In-
cidence 5o from the Sines of Refraétion 77:and
78, the remainders 27 and 28 fhew that in {mall
Refra&tions the Refraction of the leaft refran~
gible Rays is to the Refraftion of the moit re-
frangible ones as 27 to 28 very nearly, and that
the difference of the Refrattions of the leaft re-
frangible and moft refrangible Rays is about the
27+th part of the whole Refraction of the mean
refrangible Rays. o ,

Whence they that are skilled in Opticks will
eafily underftand, that the breadth of the leaft
circular fpace into which Object-glafles of Te-
lefcopes can colle& all forts of parallel Rays, is
about the-27sth part of half the Aperture of the
(5lafs, or 54th part ‘of the whole Aperture 5 and
that the Focus of the. moft refrangible Rays is

' SR nearer
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nearer to the Object-glafs than the Focus of the
leaft refrangible ones, by about the 27:ith part
of the diftance between the Objeét-glafs and the
Focus of the mean refrangible ones.

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

Now to examine whether the ditference be-
rween the Refra@tions which the mofit refrangi-
ble and the leaft refrangible Rays flowing from
the fame point fuffer in the Objeét-glafles of
Telefcopes and fuch like Glafles, be fo great as
1s here defcribed, Icontrived the following Fx-
periment.

Esxper. 16. The Lens which I ufed in the fe-
cond and eighth Experiments, being placed fix
Feet and an Inch diftant from any Objeét, col-
leéted: the Species of that Object by the mean
refrangible Rays at the diftance of fix Feet and
an-Inch from the Lens on the other fide. And
therefore by the foregoing Rule it ought to col-
leét the Species of that Obje&t by the leaft re-
frangible F{ays at the diftance of fix Feet and
3+ Inches from the Lens, and by the moft re-

" frangible
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frangible ones at 'thc‘.,‘diﬂnmrc of five T'eet and
ro+ Inches from it: So that bhetween the two
places where thefe leaft and moft refrangible
Rays colle¢t the Species, there may be the di-
ftance of about 5 Inches.  IFor by that Rule,
as {ix Feet and an Inch (the diftance of the L.ens
from the lucid Objeét) is o twelve Feet and
two Inches (the diftance of the lucid Objedt
from the Focus of the mean refrangible Rays)
that is, as one is to two, {o is the 27th parc
of fix Feet and an Inch (the diftance between
the Lens and the fame Focus) to the diftance
between the Focus of the mofl refrangible Rays
and the Focus of the leafl refrangible ones,
which is therefore 547 Inches, that is very near-
ly 55 Inches. Now to know whether this mea-
fure was true, Irepeated the fecond and cighth
Experiment with coloured Light, which was
lefs compounded than that I there made ufe
of : For 1 now feparated the heterogencous
Rays from onc another by the method T de-
{fcribed in the cleventh Foxperiment, o asto
make a coloured Speétrum about twelve or fif-
teen times longer than broad. 'This Speétrum
I caft on a printed Book, and placing the above-
~mentioned L.ens at the diftance of fix Feet and
an Inch from this Speétrum 1o colleét the Spe-
“cies of the illuminated Letters at the fame di-
ftance on the other fide, I found that the Spe-
cies of the Letters illuminated with blue were
nearer to the Lens than thofe illuminated with
decp red by about three Inches or three and a
quarter: but the Species of the Letters illumi-
nated with indigo and violet appeared fofc?n;

ufe
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fufed and inditiné, that I could not read them:
‘Whereapon viewing the Prifm, I found it was
full of Veins running from one end of the Glafs
to the other; {o that the Refraétion 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 flroaks of the Let-
ters, and cafting the Colours upon thefe Lines
in fuch mapner that the Lines ran along the
Colours from one end of the Speétrum to the
‘other, I found that the Focus where the indigo,
or confine of this Colour and vielet caft the
Species of the black Lines mofl diftinétly, to
be about four Inches ot 4+ nearer to the Lens
than the Focus where the decpeft red caft the
Species of the fame black Lines moft diftinét-
ly. The violet was fo faint and dark, that I
could not difcern the Species of the Lines di-
ftin¢tly by that Colour; and therefore confi-
dering that the Prifm was made of a dark co-
Toured Glafs inclining to green, I took another
Prifm of clear white Glafs; but the Speétrum
of Colours which this Prifm made had long
white ftreams of faint Light fhooting out from
both ends of the Colours, which made me con-
clude that fomething was amifs ;- and viewing
the Prifm, I found two or three little bubbles
in the Glafs which refralled the Light irregu-
larly. Wherefore I covered that part of the Glafs
with -black Paper, -and letting the Light pafs
through another part of it which was free from
{uch bubbles, the Speftrum of Colours became
free from thofe irregular Streams of Light, and

S was
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“was now fuch as I defired. But ftill T found
the violet fo dark and faint, that [ cm_ﬂd {carce
fee the Species of the Lines by the violet, and
not at all by the deepeft part of it, which was
next the end of the Speétrum. I fufpected
therefore that this faint and dark Colour might
be allayed by that fcattering Light which was
vefradted , and refleGted irregularly, partly by
fome very {mall bubbles in the Glalles a_nd
partly by the inequalities of their Polifh : which
Light, tho’ it was but little, yet it being of a
white Colour, might fuffice to affeét the Senfe
fo {trongly as to difturb the Phenomena of that
weak and dark Colour the violet, and there-
fore I tried, as in the 12th, 13th and 14th Ex-
periments, whether the Light of this Colour

- did not confift of a {fenfible mixrure of heteroge-

neous Rays, but found it did not. Nor did the

Refraétions caufe any other fenfible Colour than
violet to emerge out of this Light, as they
would have done out of white Light, and by
confequence out of this violet Light had it been

{enfibly compounded with white Light. And
therefore I concluded, that the reafon why I
could not {ee the Species of the Lines diftinét-

-1y 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; T divided

therefore thofe parallél black Lines into equal

parts, by which I might readily know the di-
ftances of the Colours in the Spe@rum from
one another, and noted the diftances of the -
Lens from the Foci of fuch Colours as caft the
Species of the Lines diftinétly, and then confi-
: - fidered

3
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dered whether the difference of thofe diflances
bear fuch proportion to s; Inches, the greateft
difference of the diftances which the Foci of
the deepeft red and violet ought to have from
the L.ens, as the diftance of the obferved Co-
lours from one another inthe Spe@rum bear to
the greateft diftance of the deepeft red and
violet meafured in the reflilinear {ides of the
Spectrum, that is, to the length of thofe Sides
or Excefs of the length of the Speé&trum above
its breadth. And my Obfervations were as fol-
OWSs.

When I obferved and compared the deepeft
fenfible red, and the Colour in the Confine of
green and blue, which at the reflilinear Sides
of the Speftrum 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 diftinétly on the Paper, was nearer to the
Lens than the Focus where the red caft thofe
Lines diftin@lly on it by about 24 or 2 Inches.
For fometimes the Mealures were a little great-
er, fometimes a little lefs, but feldom varied
from one another above + of an Inch. For it
was very difhicult to define the places of the
Foci, without fome little Errors. Now if the
Colours diftant half the length of the Image,
(meafured at its retilinear Sides) give 2% or 22
difference of the diftances of their Foci from
the Lens, then the Colours diftant the whole
length ought to give 5 or 5% Inches difference
of thofe diftances. :

But here it’s to be noted, that I could not
fee the red to the full end of the Speé)cru};n >
‘ ut
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but only to the center of the Semicircle which
bounded that end, or a little farthers and
thercfore 1 compared this red not with that
Colour which was cxalily in the middle of the
Speétrum, or Confine of green and bluc, but
with that which verged a little more to the blue
than to the green: And as I reckoned the
whole length of the Colours not to be the whole
length of the Speétrum, but the length of its
re¢tilinear Sides, fo completing the {femicircu-
lar Fnds into Circles, when cither of the ob-
ferved Colours fell within thofe Circles, I mea-
fured the diftance of that Colour from the fe-
micircular end of the Speétrum, and {fubduét-
ing half this diftance from the mcafured di-
ftance of the two Colours, 1 took the remain-
der for their corretted duflance ; and in thefe
Obfervations fer down this corrected diftance
for the diflerence of the diftances of their Foci
from the Lens.  Tor as the length of the reéi-
lincar Sides of the Spettrum would be the whole
Iength of all the Colours, were the Gircles of
which (as we fhewed) that Speclrum confidls
contratted and reduced to phyfical Points, {o
in that cafe this correéted diftance would be the
réal diftance of the two obferved Colours.

When therefore I farther obferved the deep-
cft {fenfible red, and that blue whole correéed
diftance from it was =% parts of the length of
the reclilinear Sides of the Speétrum, the dif-
ference of the diftances of their Foci from the
Lens was about 3 Inches, and as 7 1o x2 0 is
3w o 55

When
3



{ 80 ]

Wihen I obferved the deepeft fenfible red,
and that indigo whofe corrected diftance was
<% or < of the length of the redilinear Sides of
the Speérum, the difference of the diftances of
their Foci from the Lens, was about 3 Inches,
and as 2 to 3 {o is 3% tO §+. |

‘When 1 obferved the deepeft {enfible red,
anid that deep indigo whofe corretted diftance
from one another was =% or % of the length of
the re&ilinear Sides of the Speftrum, the dif-
ference of the diftances of their Foci from the
Lens was about 4 Inches; and as 3 to 4 fo is4
to 54

\5>Vhen I obferved the deepeft fenfible red,
* and that part of the violet next the indigo,
whofe correfted diftance from the red was +3

or £ of the length of the reflilinear Sides of tljj)e
Speétrum, the difference of the diftances of
their Foci from the Lens was about 4% Inches,
and as § to 6, fo is 4+ to 57 For fometimes
when the Lens was ddvantagioufly placed, fo
that its Axis refpeéted the blue, and all things
elfe were well ordered, and the Sun thone clear,
and I held my Eye very near to the Paper on
which the Lens caft the Species of the Lines, I
could fee pretty diftinétly the Species of thofe
Lines by that part of the violet which was next
the indigo; and fometimes I could fee them
by above half the violet. For in making thefe
Experiments I had obferved , that the Species
of thofe Colours only appear diftinét which were
in or near the Axis of the Lens: So that if the
blue or indigo were in the Axis, I could fee
their Species diftin¢tly; and then the red ap-

peared
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peared much lefs diftin@ than before. Wlicres
fore 1 contrived to make the Speftrum of Co-
Iours fhorter than before, {o that both its ends
might be hearer to the Axis of the Lens. And
now its length was about 2+ Inches and breadth
about + or + of an Inch. Alfo inftead of the
black Lines on which the Spe&rum was caft; I
made one black Line broader than thofes thgt
I might fee its Species more cafily; and this
Line T divided by fhort crofs Lines into equal
parts, for meafuring the diftances of the obfer=
ved Colours. And now I could fometimes {ee
the Species of this Line with its divifions al-
moft as far as the center of the femicircular
violet end of the Speftrum, and made thefe
farther Obfervations. ,

When I obferved the deepeft {enfible red, and
that part of the violet whole correéted diftance
from it was about 3 parts of the re(tilinear fides
of the Speétrum the difference of the diftances
of the Foci of thofe Colours from the L.ens,
was one time 4%, another time 4, another time
4% Inches, and as 8 to 9, {o are 43, 43, 47, tO
54 5+ 544 refpeftively. | o

When I obferved the deepeft fenfible red,
and deepeft 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 ++ or +: parts of
the length of the retilinear Sides of the co-
loured Speétrum ) I found the difference of the
diftances of their Foci from the Lens fometimes
4% fometimes 54, and for the moft part 5 In-

G ~ ches
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ches or thereabouts: and as 11 to x2 or 14 to
16, fo is 5 Inches to 5+ or 53 Inches.

And by this progreflion of Experiments I fa-
tisfied my felf, that bad the Light at the very
ends of the Speftrum been flrong enough to
make the Species of the black Lines appear
plainly on the Paper, the Focus of the deepeft
violet would have been found nearer to the
Lens, than the Focus of the deepeft red, by
about 5+ Inches at leaft. And this is a farther
evidence, that the Sines of Incidence and Re-
fraction of the feveral forts of Rays, hold the
fame proportion to one another in the fmalleft
Refraétions which they do in the greateft.

My progrefs in making this nice and trouble-
fome Experiment I have fet down more at large,
that they that fhall try it after me may be aware
of the circumfpeftion requifite to make it {fuc-
ceed well. And if they cannot make it {uc-
ceed fo well as I did, they may notwith{tand-
ing colleét by the proportion of the diftance of
the Colours of the Speétrum, to the difference
of the diftances of their Foci from the Lens,
what would be the fuccefs in the more diftant
Colours by a better trial. And yet if they ufe
a broader Lens than I did, and fix it to.a long
ftraight Staff’ by means of which it may be rea-
dily and truly direéled to the Colour whofe Fo-
cus is defired, I queftion not but the Experi-
ment - will fucceed better with them than it did
with me. For I directed the Axis as nearly as
I could to the middle of the Colours, and then
the faint ends of the Spe@rum being remote
from the Axis, caft their Species lefs diftinétly

* on
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on the Paper than they would have done had

the Axis been fucceflively divected to them,
Now by what has been faid, 1s certain that
the Rays which ditler in Refrangibility do not
converge to the fame Focus, but if they flow
from a lucid point, as far from the Licns on one
fide as their oci are on the other, the 'ocus
of the moll refrangible Rays fhall be nearer to
the Lens than that of the leaft refrangible, by
above the fourtcenth part of the whole diftance:
and if they flow from a lucid point, {o very re-
mote from the L.ens that before their Incidence
they may be accounted parallel, the Focus of
the moft refrangible Rays hall be nearer to the
Lens than the FPocus of the leaft refrangible,
by about the 27th or 28th part of their whole
diftance from it.  And the diameter of the Cir-
cle in- the middle {pace between thofe two Jo-
ci which they illuminate when they fall there
on any Plane, perpendicular to the Axis (which
Circle is the leaftinto which they canall be ga-
thered ) 1y about the s5th part of the diameter
of the Apcerture of the Glafs. So that 'tis a won-
der that Telefcopes reprefent Objects fo diflinét
as they do.  But were all the Rays of Light
cqually refrangible, the Frror ariting only from
the fphericalnefs of the Figures of Glafles would
-be many hundred times lefs. For if the Object-
glafs of a'I'defcope be Plno-convex, and the
Plane fide be turned towards the Objeét, and
the diamcter of the Sphere whercof this Glafs
1s a fegment be called D, and the femidiames
ter of the Aperture of the Glats be called S,
and the Sine of Incidence out of Glafs into Air,
G oo be
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be to the Sine of Refraction as Ito R :. the Rays
which come parallel to the Axis of the Glafs,
fhall in the place where the Image of the Objeét
1s moft diftinétly made, be {cattered all over a

. . . . R 7 S erb.
little Circle whofe diameter is =/ X ——: very
ig 7" D guad.

nearly, as I gather by computing the Errors of
the Rays by the method of infinite Series, and
rejeting the Terms whofe Quantities are in-
confiderablg. As for inftance, if the Sine of
Incidence I, be to the Sine of Refra&tion R, as
20 to 31, and if D the diameter of the Sphere
to which the convex {ide of the Glafs is ground,
be 100 Feet or 1200 Inches, and S the femidia-
meter of the Aperture be two Inches, the dia-
meter of the litele Circle (that is ~=%  will
g% D quad,
be 31 % 31 %8

1008 2R 120D

abr
(or ———— parts of an Inch.

But the diameter of the littde Circle through
which thefe Rays are {cattered by unequal Re-
frangibility, will be about the ssth part of the
Aperture of the Object glafs which here is four
Inches. And therefore the Error arifing from
the fpherical Figure of the Glafs, is to the Exr-
ror arifing from the different Refrangibility of
the Rays, as ——

to 5—4; that isas 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 pals that Objefts appear through
Telefcopes fo diftinét as they do? I anfwer, ’tis

2 becaufe

72030000
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becaufe the erring Rays are not fcattered uni-
formly over all that circular fpace, but collett-
ed 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, {o as at the circum-
ference to become infinitely rare; and by rea-
fon of their rarity are not {trong 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 A G, and let BF G be a fimaller Circle
concentrick to the former, cutting with its cir-
cumference the Diameter A C in B, and bife&t
AC in 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 AC above the Square of A B,
is to the Square of A C.  As if BC be the fifth
part of AC, the Light will be four times den-
fer in 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 evident that the Light within the lefs Cir-
cle, muit {trike the Senfe much more {trongly,
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 Iu-
minous of the prifmatick Colours are the yel-
low and orange.. Thefe affec¢t the Senfes more
flrongly than all the reft together, and next to
: G 3 A thefe
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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 {tronger Colours are little to be regarded.
The Images of Objetts are therefore to be pla-
ced, not in the Focus of the mean refrangible
Rays which are in the confine of green and
blue, but in the Focus of thofe Rays which are
in the middle of the orange and yellow ; there
where the Colour is moft luminous and fulgent,
that is in the brighteft yellow, that yellow which
~ inclines more to orange than to green. And
by the Refraétion of thefe Rays (whofe Sines of
Incidence and Refraétion in Glafs are as 17 and
11) the Refrattion of Glafs and Cryftal for op-
tical Ufes is to be meafured. TL.et us therefore
place the Image of the Objeét in the Focus of
thefe Rays, and all the yellow and orange will
fall within a Circle, whofe diameter is about
the 250th part of the diameter of the Aperture
of the Glafs. And 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 {ame Circle, and two fifth parts
will fall without it round about ; and that which
falls without will be {pread through almoft 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

: three
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three quarters without, and that which fallg
without will be fpread through about four or
five times more {pace than that which falls with-
in; and fo in the grofs be raver, and if com-
pared with the whole Light within 1t, will be
about 25 times rarer than all that taken in the
grofs; or rather more than 30 or 4o tmes ras
rer, becaufc the deep red in the end of the
Speétrum of Colours made by a Prifm is very
thin and rare, and the willow green is fome-
thing rarer than the orange and vellow. "The
Light of thefe Colours theretore being fo very
much rarer than that within the Curcle, will
fecarce affeet the Sceofe, efpecially fince the deep
red and willow green of this Light, are much
darker Colours than the reft.  And for the fame
reafon the blue and violet being much darker
- Colours than thefe, and much more rarified,
may be neglected. For the denfe and bright
Light of the Circle, will obfcure the rare and
weak Light of thefe dark Colours round about
it, and render them almoil infentible. The
{enfible Image of a lucid point is therefore
{carce broader than a Circle whofe diameter ig
the 250th part of the diameter of the Aperture
of the Objeét-glals of a good Telefcope, or not
much broader, if you excepta faint and dark mif-
ﬁy Light round about it, which a Speétatar will
carce regard. And therefore in a [elefcope

whofe aperture is four Inches, and length an
hundred Feet, it exceeds not2/ 457", 0r 3. And
in a 'Telefcope whole apertuve is twa Inches,
and length 20 or 30 Feet, it may be §7 or 6™
and fearce above.  And this anfwers well to
(r 4 Lxpe-



[ 88 ]

experience: For fome Aftronomers have found
the Diameters of the fix'd Stars, in Telefcopes
of between 20 and 6o [Fcet in length, to be
about ¢’ or 6", or at molt 8/ or 10’/ in diame-
ter. But if the Eye-Glafs be tinfted faintly
with the finoke of a Lamp or Torch, to ab-
fcure the Light of the Star, the fainter Light
in the circumference of the Star ceafes to be
vifible, and the Star (if the Glafs be futhcient-
ly foiled with {fmoke) appears fomething more
like a mathematical Point. And for the fame
reafon, the enormous part of the Light in the
circumference of every lucid Point ought to
be lefs difcernible in fhorter Telefcopes than in
longer, becaufe the fhorter tranfmit lefs Light
to the Eye. o
Now that the fix'd Stars, by reafon of their
immenfe diftance, appear like Points, unlefs fo
far as their Light is dilated by Refration, may
appear from hence; that when the Moon pal-
fes over them and eclipfes them, their Light
vanifhes, not gradually like that of the Planets,
but all at once; and in the end of the Eclipfe
it returns into Sight all at once, or certainly in
lefs time than the fecond of a Minute ; the Re-
fration of the Moon’s Atmofphere a little pro-
tracling the time in which the Light of the Star
firft vanithes, and afterwards returns into Sight.
Now if we fuppofe the {enfible Image of a lu-
cid point, to be even 250 times narrower than
the aperture of the Glafs: yet this Image would
be flill much greater than if it were only from
the fpherical Figure of the Glafs. For were
it mot for the different Refrangibility. Q];{ the
‘ Nays,
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Rays, its breadth in an 100 Foot Telefcope:
whofe aperture is 4Inches would be but 201

. 72000000
parts of anInch, 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 {enfible
Errors arifing from the different Refrangibility
L to ?j?, at moft, that is only
as 1 to 1200. And this fufﬁcienél}y fhews that it
is not the fpherical Figures of Glafles but the
different Refrangibility of the Rays which hin-
ders the perfeétion of Telefcopes. ‘ )
There is another Argument by which it may
appear that the different Refrangibility of Rays,
is the true caufe of the imperteétion of Tele-
{copes. For the Errors of the Rays arifing -
from the fpherical Figures of Object-glafles, are
as the Cubes of the Apertures of the Objett-
glafles; and thence to make Telefcopes of va-
rious lengths, magnify with equal diftin&tnefs,
the Apertures of the Object-glafles, and the
Charges or magnifying Powers, ought to be as
the Cubes of the {quare Roots of their lengthss
which doth not anfwer to experience. But the
Errors of the Rays arifing from the different
Refrangibilty, are as the Apertures of the Ob-
jeét-glafles, and thence to make Telefcopes of
wvarious lengths, magnify with equal diftinétnefs,
their Apertures and Charges ought to be as the
{quare Roots of their lengths; and this anfwers
‘to experience, as is well known. For inftance,
2 Telefcope of 64 Feetin length, withan Aper-
RERR ture

of the Rays as —

2000000
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ture of 2% Inches, magnifies about r20 times,
with as much diftinétnefs as one of a Foot in
length, with } of an Inch aperture, magnifies 15
times.

Now were it not for this different Refrangi-
bility of Rays, Telefcopes might be brought to
a greater perfeftion than we have yet defcrib'd,
by compofing the Objelt-Glafs of two Glaffes
with Water between them. Let ADF C [in Fig.
2.8.] reprefent the Obje&t-glafs compofed of two
Glafles ABED and BEFC, alike convex on the
outfides AGD and CHYF, and alike concave
on the infides BME, BNE, with Water in
the concavity BM EN. Let the Sine of Inci-
dence out of Glafs into Air be as [ to R, and
out of Water into Air as K 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 be
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 Refraétions
on the concave fides of the Glafles, will very
much correé& the Errors of the Refractions on
the convex fides, fo far as they arife from the
{phericalnefs of the Figure. And by this means
might Telefcopes be brought to {ufficient per-
fection, were 1t not for the different Refrangi-
bility of feveral forts of Rays. But by reafon
of this different Refrangibility, I do not yet fee
any other means of improving Telefcopes by
Refradtions alone than that of increafing their
lengths, for which end the late Contrivance of
‘ Hugenins
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Elugenins {feems well accommodated.  For ve:
ry long Tubes arc cumberfome, and {earce to
be readily managed, and by reafon of their
length arc veryapt to bend, and fhake by bend-
ing fo as to caufe a continual trembling in the
‘Objetts, whereby it becomes diflicult o fee
them diftinétly : whercas by his contrivance the
Glalles are readily manageable, and the Objedl-
glafs being fix’d upon a {trong upright Pole be-

comes more f{teady. N
Sceing thercfore the Tmprovement of Tele-
{copes of given lengths by Refrattions is defpe-
rate; I contrived heretofore a Perfpettive by
Reflexion, ufing inflead of an Object-glafs 2
concave Mctal.  The diameter of the Sphere
to which the Metal was ground concave was a-
‘bout 25 Englith Inches, and by confequence
the length of the Inftrument about fix Inches
and a quarter. "The Fye-glafs was Plano-con-
wex, and the diamcter of the Sphere to which
the convex fide was ground was about | of an
Inch, or a litde lefs, and by confequence it
magnified between 30 and 40 times. By ano-
sther way of mealuring I found that it magnified
-about 35 times. 'The concave Metal bore an
JAperture of an Inch and a third pare; but the
Aperture was limited not by an opake Circle,
covering the Limb of the Metal round about,
Jbut by an opake Circle placed between the Kye-
glafs and the iFye, and perforated in the mid-
dle with a little round hole for the Rays to pafs
“through to the Fye,  For this Cirele by being
Eaccd here, flopp’d much of the erroncous
ight, which otherwife would have Jiﬂurl‘?cli‘d
the
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the Vifion. By comparing it with a pretty good
Perfpective of four Feet in length, made with
a concave Eye-glafs, I could read at a greater
diftance with my own Inftrument than with the
Glafs. Yet Objects appeared much darker in
it than in the Glafs, and that partly becaufe
more Light was loft by Reflexion in the Metal,
than by Refraétion in the Glafs, and partly be-
caufe my Inftrument was overcharged. Had it
magnified but 30 or 2 times it would have
made the Obje¢t appear more brisk and plea-
fant. Two of thefe I made about 16 Years a-
go, and have one of them {lill by me by which
Y can prove the truth of what I write. Yetit
is not {o good as at the firft. For the concave
- has been divers times tarnithed and cleared a-
gain, by rubbing it with very foft Leather. When
Imade thefe, an Artift in Lsndon undertook to
Imitate it; but ufing another way of polithing
them than I did, he fell much fhort of whatl
had attained to, as I afterwards underftood by
difcourfing the under Workman he had em-
ployed. 'The Polith T ufed was in this man-
ner. I had two round Copper Plates each
{ix Inches in diameter, the one convex the o-
ther concave, ground very true to one another,
On the convex I ground the Objeé-Metal or
‘Concave which was to be polif’d, till it had
taken the Figure of the Convex and was ready
for a Polifh.  Then I pitched over the convex
very thinly, by dropping melted Pitch upon it
and warming it to keep the Pitch foft, whilft
I ground it with ‘the concave Copper wetted

to make it fpread eavenly all over the convex.
Thus
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Thus by working it well I madc it as thin as
Groat, and after the convex was cold 1 ground
it again O give 1t as truc a Figure as 1 could.
Then I took Putty which I had made very tine
by wafhing it from all 1ts groﬂi:r_l’aniclcs;, and
laying a little of this upon the Piteh, T ground
it” upon the Pitch with the concave Copper till
it had done making a notfe; and then upon the
Pitch I ground the Object-Metal with a brisk
motion, for about two or three Minutes of
time, leaning hard upon it.  "Uhen I put frefly
Putty upon the Pitch and ground it againull it
dad done making a noife, and afterwards ground
the Objeét-Metal upon it as before.  And this
Work T repeated till the Metal was polifhed,
grinding it the laft time with all my {lrength
for a good while rtogether, and frequently
breathing upon the Pitch to keep it moift with-
out laying on any more freflt Puety.  "The Ob-
ject-Metal 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 polithed them both T oried which was
beft, and ground the other again to fee if Teould
make it better than that which I kept.  And
thus by many T'mals T lcarn’d the way of po-
lithing, till I made thofe two reflecting Perfpe-
Cives I fpake of above. For this Art of po-
lifhing will be better learn'd by repeated Pra-
£lice than by my defeription,  Betore | ground
the Object-Mectal on the Piteh, 1 always ground
the Putty on it with the concave Copper till it
had done making a noife, becaute if st Parti-
cles of the Patty were not by this means made

1o
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to flick faft in the Pitch, they would by rolling
up and down grate and fret the Object-Metal
and fill it full of little holes.

But becaufe Metal is more difficult to polifh
than Glafs, and is afterwards very apt to be
fpoiled by tarnithing and reflets not {o much
Light as Glafs quick-filver’d over does : I would
propound to ufe inftead of the Metal, a Glafs
ground concave on the forefide, and1 as much
convex on the back fide, and quick-filver’d o-
ver on the convex fide. The Glafs muit be
every where of the fame thicknefs exactly. O-
therwife it will make Objeéts look colour’d and
indiftinét. By fuch a GlafsI tried about five or
fix Years ago to make a reflecting 'T'elefcope of
four Feet in length to magnify about 150 times,
and T fatisfied my felf that there wants nothing
but a good Artift to bring the Defign to perfe-
¢tion.  For the Glafs being wrought by one of
our Loudon Artifts after fuch a manner as they
grind Glafles for Telefcopes, tho’ it feemed as
well wrought as the obje¢t-glafles ufe to be, yet
when it was quick-filver’d, the Reflexion dif-
covered innumerable Inequalities all over the
Glafs. And by reafon of thefe Inequalities, Ob-
jeéts appeared indiftinét in this Inftrument.  For
the Errors of refleted Rays cavfed by any In-
equality of the Glafs, are about fix times great-
er than the Errors of refra¢ted Rays caufed by
the like Inequalities. Yet by this Fxperiment
I fatisfied my felf that the Reflexion on the
concave fide of the Glafs, which I feared would
difturb the Vifion, did no fenfible prejudice to
1t and by confequence that nothing is wanting

Lo
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to perfect thefe Telefcopes, but gpod. Work-
men who can grind and po‘hﬂx _(:;‘laﬂcs truly
fpherical. An Objed-glafs of a fourtcen Foor
Tclefcope, made by an Artiticer at Lowdon, X
once mended confiderably, by grinding it on
Pitch with Putty, and lcaning very ca‘{ily on it
in the grinding, left the Puty thould feratch it.
Whether this way may not do well enough for
polithing thefe reflecting Glafles, | have not yet
tried. But he thae fhall try cither this or any
other way of polifhing which he may think bet-
ter, may do well to make his Glalles ready for
polithing by grinding them without that vie-
lence, wherewith our ZLozdon NV orkmen prefs
their Glafles in grinding.  or by fuch violent
preflure, Glailes are apt to bend a little in the
grinding, and fuch bending will certainly {poil
their Figure. 'T'o recommend therefore the
confideration of thefe refledting Glafles, to fuch
Artifts as arc curious in figuring Glafles, T thall
defcribe this optical Inflrunent in the following
Propofition.

oot desliob deoteod doofooteoddoboddeode bbb d L dodedd bbb bbb b o b B
PROPL.VIL Pron IL
To fhorten Telefiopes,

¥ ET ABDC [in g 9. reprefent a Glafs
{pherically concave on the forcfide AB,

and as much convex on the backfide €1, fo
that it be cvery where of an cqual thicknefs,
Let it not be thicker on one fide than on the
other, left it make Objeéts appear colowr’d and
indi-
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indiftin&, and let it be very truly wrought and
quick filver'd over on the back-fide ; and fet in
the Tube VX Y Z which muft be very black
within. Let EF G reprefent a Prifm of Glafs
or Cryftal placed near the other end of the
Tube, in the middle of it, by means of a han-
dle of Brafs or Iron F GK, to the end of which
made flat it is cemented. Let this Prifm be
reftangular at E, and let the other two Angles
at F and G be accurately equal to each other,
and by confequence equal to half right ones,
and let the plane fides FE and GE be {quare,
and by confequence the third fide FG are
&angular Parallelogram, whofe length is to-its
breadth in a fubduplicate proportion of two to
one. Let it be {o placed in the Tube, that
the Axis of the Speculum may pafs through the
middle of the fquare fide E. I perpendicularly,
and by confequence through the middle of the
fide FG ar an Angle of 45 Degrees, and let the
fide EF be turned towards the Speculum, and
the diftance of this Prifm from the Speculum
be fuch that the Rays of the Light PQ, RS, .
which are incident upon the Speculum in Lines
parallel to the Axis thereof, may enter the Prifm
at the fide KF, and be reflected by the fide
F G, and thence go out of it through the fide
G F, to the point T which muft be the com-
mon Focus of the Speculum ABDC, and of a
Plano-convex Eye-glafs H, through which thofe
Rays muit pafs to the Eye. And let the Rays
at their coming out of the Glafs pafs through
a {mall round hole, or aperture made in a lit-
tle plate of Lead, Brafs or oilver, Whe’rewiﬁh

' : the
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the Glafs is to be covered, which hole muft be
no bigger than is neceflary for Light enough
to pals through. For fo it will render the Ob-
jed diftinét, the Plate in which “tis made inter-
cepting all the erroneous part of the Light
which comes from the verges of the Speculum
AB. Such an Inftrument well made, if it be
{ix Foot long, (reckoning the length from the
Speculum to the Prifm, and thence to the Fo-
cus T) will bear an aperture of {ix Inches at the
Speculum, and magnify berween two and three
hundred times. But the hole H here limits
the aperture with more advantage, than if the
aperture was placed at the Specalum. If the
Inftrument be made longer or {horter; the aper=
ture muit be in proportion as the Cube of the
{quare-fquare Root of the length, and the magx
nifying as the aperture. 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 vot in the
working. The Prifm EFG mult be no bigget
than is neceflary, and its back fide F G muft
not be quick-filver'd over. For without quick=
filver it will refle&t all the Light incident on it

from the Speculum. e
In this Inftrument the Obje&t will be ihverts
ed, but may be erefted by making the fquare
fides EF and E G of the Prifm ¥, F G not plane
but {pherically 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 Infirument bear a larger aperture, that
H inay
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may be alfo done by compofing the Speculum
of two Glalles\with Water berween them

If the Theory of making Telelcopes could at
length be fully brought into practice, yet titere
would be certain Bounds beyond which Tele-
{copes could not perform. For the Air through
which we look upon the Stars, is in a perpe-
tual Tremor ; as may be feen by the tremulous
Motion of Shadows calt from high Towers,
and by the twinkling of the fix’d Stars. But
thefe Stars do not twinkle when view’d through
Telefcopes which have large apertures. For
the Rays of Light which pafs through divers
parts.of the aperture, tremble each of them a-
part, and by means of their varions and fome-
times contrary Tremors, fall at one and the
fame time upon different points in the bottom
of the Eye, and their trembling Motions are too

uick and confufed to be perceived {everally.
And all thefe illuminated Points conftitute one
broad lucid Point, compofed of thofe many
trembling Points confufedly and infeafibly mix-
ed with one another by very thort and {wift
Tremors, and thereby caufe the Star to appear
broader than it is, and without any trembling
of the whole. Long Teclefcopes may caufe Ob-
jelts to appear brighter and larger than thort
ones can do, but they cannot be {fo formed as
to take away that coniuiion of the Rays which
arifes from the Tremors of the: Armoiphere,
The only remedy is a molt ferene and quiet Air,
fuch as may perhaps be found on the rops of
the higheii Mountains above the groffer Clouds.

THE
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cations of the Light warioufly imprefi’d, ac-
cording to the various Terminations of the
Light and Shadow.
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very large Prifm ABG, 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 G I, and placed at the diftance of two or
three Feet from the Prifm, in a parallel Situa-
tion both to the Prifm and to the former hole,
and if this white Light thus tranfmitted through
the hole H, fall afterwards upon a white Paper
pt, placed after that hole H, at the diftance of
three or four Feet from it, and there paint the
vfual Colours of the Prifm, fuppofe red at ¢
yellow at s, green at 7, blue at g, and viplet
at ; 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 interccpring
the Rays at &, 4, m, # or o, takc away any one
of the Colours at 2, 5, #, ¢ or p, whilit the other
Colours remain upon the Paper as before; or
with an Obftacle fomething bigger you may
take away any two, or three, or four Colours
together, the reft remaining: So that any one
of the Colours as well as violet may become
ourmoft in the Confine of the Shadow towards
2> end any one of them ‘as well as red may be-
come outinoft in the Confine of the Shadow
towards 7, 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, laltly, any onc of
them by being left alone may border upon the
Shadow on either hand. All the Colours have
themielves indifferently to any Confines oi’ib‘ha;

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, wherceby Laght
is varioufly modificd, 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 Kxperiment fucceed ; provided the Light
be not fo far diminithed, but that the Colours
at pz be fufliciently vifible. "T'o procure a Prifin
of folid Glafs large enough for this Experiment
will be diflicult, and therefore a prifmatick
Veflel muft be made of polil’d Glafs Plates
cemented together, and filled with falt Water

or clear Oil
Exper. 2. The Sun’s Light let into a dark
Chamber through the round hole V, [in /7g. 2]
half an Inch wide, paffed firfl through the Prifm
A B C placed at the hole, and then through a
Lens PT fomething more than four Inches
broad, and about cight I'cet diftant from the
Prifm, and thence converged to O the Focus
of the L.ens diftant from it about three Feet,
and there fell upon a white Paper DI Ifchat
Paper was perpendicular to that Light incident
upon it, as ’tis reprefented in the pofture DI,
all the Colours upon it at O appcared white.
But if the Paper being turned about an Axis
parallel to the Prifin, became very much incli-
ned to the Light as ’tis reprefented in the Po-
fitions de and de; the fame Light in the one
cafe appeared yellow ;m{d red, inthe other Ilfxiluc.
13 lere
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Here one and the fame part of the Light in
one and the fame place, according to the va.
rious Inclinations of the Paper, appeared in one
cafe white, in another yellow or red, in a third
blue, whilft the Confine of Light and Shadow,
and the Refra®ions of the Prifm in all thefe ca-
{es remained the fame. _ _ '
Exper. 3. Such another Fxperiment may be
more eafily tried as follows. Lt a broad beam
of the Sun’s Light coming into a dark Cham-
ber through a hole in the Window-fhut be re.
fra@ted by a large Prifm ADBC, [ fig 3]
whofe refrafting Angle C is more than 6o De-
grees, and fo foon as it comes out of the Prifm
let it fall upon the white Paper DF glewed up-
ona {hff Plane; and this Light, when the Pas
per is perpendicular to it, as ’tis reprefented in
DE, will appear perfectly white upon the Pa-
per, but when the Paper is very much inclin’d
to it in {uch a manner as to keep always paral-
lel to the Axis of the Prifm, the whitenefs of
the whole Light upon the Paper will according
to the inclination of the Paper this way or that
way, change cither into yellow and red, as in
the pofture 4e¢, or into blue and violet, as in
“the pofture de. And if the Light before it fall
upon the Paper be twice refratted the fame
way by two parallel Prifms, thele Colours will
become the more confpicuous. Here all the
middle parts of the broad beam of white Light
which fell npon the Paper, did without any
Confine of Shadow to modify it, become co-
four’d- all over with one uniform Colour, the
Colour being always the fame in the middle lof
‘ the
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the Paper as at the edges, and this Colour chan-
ged according ro the various obliquity of the
reflefting Paper, without any change in the Re-
fractions 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 Refraétions
and Shadows. ‘

If it be asked, What then is their Caufe? I
anfwer, That the Paper in the pofture 4e, be-~
ing more oblique to the more refrangible Rays
than to the lefs refrangible ones, is more lirong-
ly illuminated by the latter than by the former,
and therefore the lefs refrangible Rays are pre-
dominant in the refleéted Light. And where-
ever they are predominant in any Light they,
tinge it with red or yellow, as may in {fome mea-
fure appear by the firft Propofition of the firlt
Book, and will more fully appear hereafter.
Aund the contrary happens in the pofture of the
Paper de, the more refrangible Rays being then
predominant which always tinge Light with
blues and violets.

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

H 4 caule
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Caufe which depends not on any Confine of
Shadow. What this Caufe is will be fhewed in
the next Book.

To thefe Experiments may be added the
tenth Faperiment of the firft Book, where the
Surm’s Licht in a dark Room being trajetted
through the parallel $uperﬁcies of two }_)rlfms
tied together in the form of a Parallclopipede,
became totally of one uniform yellow or red
Colour, at its emerging out of the Prifms.
Here, in the produttion of thefe Colours, the
Confine of Shadow can have nothing to do.
For the Light changes from white to yellow,
orange and red fucceflively, without any alte-
ration of the Confine of Shadow : And at both
edges of the emerging Light where the con-
trary Confines of Shadow ought to produce
different Effects, the Colour 15 one and the
fame, whether it be white, yellow, orange or
red: And in the middle of the emerging Light,
where there is no Confine of Shadow at all, the
Colour is the very fame as at the edges, the
whole Light at its very firft Emergence being
of one uniform Colour, whether white, yellow,
orange or red, and going on thence perpetual-
Iy without any change of Colour, f{uch as the
Confine of Shadow is vulgarly fuppofed to work
in refracted Light after 1ts Emergence. Nei-
ther can thefe Colours arife from any new Mo-
difications of the Light by Refra&ions, becaufe
they change fuccellively from white to yellow,
orange and red, while the Refra&tions remain
the fame, and alfo becaufe the Refraétions are
made cantrary ways by parallel Superficies which

deftroy
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deftroy onc anothers Effefts. They arife not
therefore from any Modifications of Light made
by Refractions and Shadows, but have fomg
other Caufe. What that Caufe is we fhewed
above in this tenth Experiment, and nced not
here repeat it.

There is yet another material circumitance of
this Experiment.  For this emerging Light be-
ing by a third Prifm HIK [in Fg. 22, Part 1]
refraéted towards the Paper P'1', and there paint-
ing the ufual Colours of the Prifim, red, yellow,
green, blue, violet: If thefe Colours arofe from
the Refraétions of that Prifm modifying the
Light, they would not be in the Liight before
its Incidence on that Prifm. And yet in that
Experiment we found that when by turning
the two firft Prifims about their common Axis
all the Colours were made to vanifh but the
red; the Light which makes that red being
left alone, appcared of the very fame red Co-
lour before its Incidence on the thivd Prifm.
And in general we find by other Fxperiments
that when the Rays which ditfer in Refrangibi-
lity are feparated from one another, and any
one fort of them is confidered apart, the Co-
lour of the Light which they compofe cannot
be changed by any Refraétion or Reflexion
whatever, as it ought to be were Colours no-
thing elfe than Modifications of Light caufed
by Refraltions, and Relflexions, and Shadows.
This unchangeablencfs of Colour 1 am now to
deferibe in the following Propofition.

. . PROT
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| 7’ ROPIH Turor. Il

Al bomogeneal Light bas its proper Colonr ay.
fwering to its ‘Degree of Refrangibility, and
that Colour cannot be changed by Reflexions
and Refraliions.

N the Experiments of the fourth Propofition

of the firlt Book, when I had feparated the
heterogeneous Rays from one another, the Spe-
&rum p¢ formed by the feparated Rays, did
in the progrefs from its end p, on which the
moft refrangible Rays fell, unto its other end ¢
on which the leaft refrangible Rays fcll, appear
tinged with this {eries of Colours, violet, indi-
go, blue, green, yellow, orange, red, together
with all their intermediate degrees in a con-
tinual Succeflion perpetually varying.  So that
there appearcd as many degrees of Colours, as
there were forts of Rays differing in Refran-
gibility. ‘

Exper. 5. Now that thefc Colours could not
be changed by Refraction, I knew by refraéting
witha Prifm fometimes one very little part of
this Light, fometimes another very little part,
as is defcribed in the twelfth Fxperiment of
the firlt Book. For by this Refraétion the Co-
lour of the Light was never changed in the leait.
If any part of the rcd Light was refraéted, it
remained totally of the fame red Colour as be-
forc. No orange, no yellow, no green or blue,
no other new Colour was produced by that
Refraction. Neither did the Colour any ways
change by repeated Refrallions, but continued

always
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always the fame red entirely as at firft. The
like conflancy and immutability I found alfo in
the blue, green, and other Colours. So alfo if
I looked through a Prifm upon any Body illu-
minated with any part of this homogeneal Light,
as in the fourteenth Experiment of the firft Book
is deferibed 5 1could not perceive any new Co-
lour generated this way. All Bodies illumina-
ted with compound Light appear through Prifms
confufed (as was faid above) and tinged with
various new Colowrs, bur thofe illuminated with
homogeneal Light appearcd through Prifms
neicher lefs diftinét, nor otherwile colour’d,
than when viewed with the naked Eyes. Their
Colours were not in the leaft changed by the
Refration of , the interpofed Prifm. I {peak
here of a fenfible change of Colour: For the
Light which I here call homogeneal, being not
abfolutely homogenecal, there ought to arife
fome little change of Colour from its hetero-
geneity. DBut if that heterogeneity was fo lit-
tle as 1t might be made by the {aid Experiments
of the fourth Propofition, that change was not
fenfible, and therefore in Experiments, where
Senfe is Judge, ought to be accounted none
at all. '

Exper. 6. And as thefe Colours were not
changeable by Refraétions, fo neither were they
by Reflexions. For all white, grey, red, yel-
low, green, blue, violet Bodics, as Paper, Afhes,
red Lead, Orpiment, Indigo, Bife, Gold, Sil-
~ver, Copper, Grafs, blue ilowers, Violets,
Bubbles of Water tinged with various Colours,
Peacock’s Feathers, the Tintture of Lignum
‘ : Nepbri-
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Nephriticum, and fuch like, in red homogenea]
Light appeared totally red, in blue Light to.
tally blue, in green Light totally green, and fo
of ‘other Colours. In the homogeneal Light
of any Colour they all appeared totally of that
fame Colour, with this only difference, that
fome of them refleéted that Light more ftrong.
ly, others more faintly. I never yet found any
Body which by refle¢ting homogeneal Light
could fenfibly change 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 poflible to produce any new
Colour by Reflexions and Refractions, and by
confequence that the variety of Colours depends
upon the compofition of Light.

DEFINITION

" HE homogeneal Light and Rays which
appear red, or rather make Objects ap-

pear fo, I call Rubrific or Red-making; thofe
which make Objects appear yellow, green, blue
and violet, I call Yellow-making, Green-ma-
king, Blue-making, Violet-making, and fo of
the rett.  And if at any time I {fpeak of Light
and Rays as coloured or endued with Colours,
I would be underftood to fpeak not philofo-
phically and properly, but grofily, and accor-
dingly to fuch Conceptions as vulgar People in
feeing all thefe Experiments would be apt to
frame. For the Rays to {peak properly are not
coleured. In them there is nothing elfe than a
| certain,
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certain power and difpofition to ftir up a Sen-
fation of this or that Colour. For as Sound in
a Bell or mufical String or other founding Bo-
dy, is nothing but a trembling Motion, and in
the Air nothing but that Motion propagated
from the Objeét, and in the Senforium ’tis a
Senfe of that Motion under the form of Sound;
fo Colours in the Object are nothing but a Dif.
pofition to reflect this or that fort of Rays more
copioufly than:the reft; in the Rays they are
nothing but their Difpofitions to propagate this
or that Motion into the Senforium, and in the
Senforium they are Senfations of thofe Motions
under the forms of Colours.

?R O P. 1. Pros L
To define the Refrangibility of the feveral forts

of homogeneal Light anfwering to the feve-
ral Colours. '

OR determining this Problem I made the
following Experiment. : o
Exper. 7. When 1 had caufed the redili-
near fides AF, GM, [in Fig. 4.] of the Spe-
&rum of Colours made by the Prifm to be.di-
flinétly defined, as in the fifth Experiment of
the firft Part is defcribed, there were found in
it all the homogeneal Colours. in the fame or-
der and fituation one among another as in the
Spetrum of fimple Light, defcribed in the
fourth Propofition of that Part. For the Cir-
cles of which the Speétrum of compound L%rl}lg

4
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P T is compofed, and which in the middle parts
of the Spectrum incerfere and are intermixed
* with one another, are not intermixed in their
outmoft parts where they touch thofe rectili-
near fides A Fand G M. And therefore in
thofe re@ilinear fides when diftinétly defined,
there is no new Colour generated by Refra-
&ion. I obferved alfo, that if any where be-
tween the two outmoft Circles T M I and
P G A a right Line, asy J, was crofs to the
Speétrum, fo as at both ends to fall perpendi-
cularly upon its re¢tilinear fides, there appear-
ed one and the fame Colour and degree of Co-
tour from one end of this Line to the other.
delineated therefore in a Paper the perimeter
of the Speftrum FAP GMT, and in trying
the third Experiment of the fir{t Book, I held
the Paper fo that the Speftrum might fall upon
this delineated Figure, and agree with it exafi-
ly, whilit an Affiftant whofe Eyes for diftinguifh-
ing Colours were more critical than mine, did
by right Lines « 2, ¢ 8, ¢(,;®¢. drawn crofs the
Speftrum, note the Contfines of the Colours,
that is of the red M «BF, of the orange ay J 8,
of the yellow 3 ¢ {J, of the greeney6 {, of the
blue #: » 8, of the indigo s+ A %, and of the vio-
let A G Ap. 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
rectilinear {ides M G and F A were by the faid
crofs Lines divided after the manner of 2 mu-
fical Chord. Let G M be produced to X, that
M X may be equal to G M, and. conceive
8 G Xa
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. GX, AX?_‘Xa 12X, ¢ X, ¥ X, a X, M X, to be

in proporton to onc another, as the numbers,
1, %, Fo ot 7wl b and fo to reprefent the
Chords of the Key, and of a "T'one, a third Mi-
nor, a fourth, a fifth, a fixth Major, a feventh
and amn cighth above that Key: And the inter-
vals N e, AYs VE EH, Ny b2, and A Gr, will be
the Sprecies which the feveral Colours (red, o-
range , ycllow, green, blue, indigo, violet )
take up,

Now thefe Intervals or Spaces fubtending the
differcnces of the Refractions of the Rays go-
ing to> the limits of thofe Colours, that is, to

~the Points M, a, v, & 4 & A, (G, may without
~any {enfible Error be accounted proportional
- to the diflerences 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 moit and leafl refrangible Rays
out of Glafs into Air was (by a method deferi-
bed above) found in proportion to their Sines
of Refraction, as 50 to 77 and 78, divide the dif-
ference between the Sines of Refraétion 77 and
78, as the Line G M is divided by thoft Inter-

- vals, and you will have 77, 774 774 775 775

774 774, 70, the Sincs of Refradtion of thofe
Rays 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 Ailr, were to the Sines of théir Jie-

fractions, not greater than 5o to =7, nor lefs
cthan g0 to 77!, but they varied from one ano-
- ther according o all fntermediate proportions.

And- che Sines of the Incidences of the preen-
making
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making Rays Were to the Sines of their Refra.
&hions in all proportions from that of 5o to 75,
unto that of soto 77+. And by the like limitg
 abovementioned were the Refractions of the
Rays belonging to the reft of the Colours de.
fined, the Sines of the red-making Rays extend:
ing from 77 to 77% thofe of the orange+making
from 77+ to 77+, thofe of the yellow-making
from 77+ to 774, thofe of the green making
from 774 to 77+, thofe of the blue-making from
775 to 77% thofe of the indigq-makmg from
273 to 773, and thofe of the viclet from 773
to 78. ‘

: ’%hefe are the Laws of the Refraétions made
out of Glafs into Air, and thence by the third
Axiom of the firft part of this Book, the Laws
of the Refractions made out of Air into Glafs
are eafily derived. ‘

Exper. 8. 1 found moreover that whern Light
goes out-of Air through feveral contiguous re-
fra@ting Mediums as through Water and Glafs,
and thence goes out again into Air, whether
the refraéting Superficies be parallel or inclin’d
to one another, that Light as often as by con-
trary Refraétions ’tis fo correéted, that it emer-
geth in Lines parallel to thofe in which it was
incident, continues ever after to be white. But
if the emergent Rays be inclined to the inci-
dent, the whitenefs of the emerging Light will
by degrees in pafling on from the place of E-
mergence, become tinged in its edges with
Colours. This I tryed by refraéting Light with
Prifms of Glafs placed within a prifmatick Vel
fel of Water. Now thofe Colours argue a di-

verging
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verging and -feparation of the heterogencous
Rays from one another by means of their une-
qual Refraétions, as in what follows will more
fully appear. And on the contrary, the per-
manent whitenefs argues, that in like Inciden-
ces of the Rays there is no fuch feparation of
the emerging Rays, and by confequence no in-
equality of their whole Refraltions. Whence
- THecm to gather the two following Theorems.

‘1. The Excefles of the Sines of Refraétion
of feveral forts of Rays above their common
Sine of Incidence when the Refraélions are
made out of divers denfer Mediums immedi-
ately into one and the fame rarer Medium, {up-
pofe of Air, are to one another in a given Pro-
portion. 7 '

- 2. 'The Proportion of the Sine of Incidence
to the Sine of Refrattion 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 Refraétion out of the
firft Medium into any third Mediam, and of the
Proportion of the Sine of Incidence to the Sine
of Refraétion out of that third Medium into
the fecond Medium.

By the firft Theorem the Refrattions of the
Rays of every fort made out of any Medjum in-
to Air are known by having the Refra&ion of:
the Rays of any one fort. As for initance, if
the Refraétions 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

I fubduéted
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fubducted from the Sines of Refra&tion, and
the Excefles will be 27, 274 274, 274, 274,
472, 273, 28, Suppofe now that the Sine of
Incidence of the leaft refrangible Rays be to
their Sine of Refraétion out of Rain-water in-
to Air as 3 to 4, and fay as 1 the difference of
thofe Sines is to 3 the bine of Incidence, fois
27 the leaft of the Exceffes above-mentioned
to a fourth number 81; and 81 will be the
common Sine of Incidence out of Rain warer
into Adr, to which Sine if you add all the a-
" bovementioned Excefles you will have the de-
fired Sines of the Refraftions 108, 108{, 1084,
108+, 1084, 1083, 1083, 109. -
~ By the latter Theorem the Refrattion out of
one Medium into anpother is: gathered as often
as you have the Refractions out of them both
into any third Mediun. As if the Sine of In-
cidence of any Ray out of Glafs into Air be to
its Sine of Refradilon as 20 to 31, and the Sine
of Incidence of the fame Ray out of Air into
Water, be to its Sine of Refrattion as 4 to 3;
the Sine of Incidence of that KRay out of Glafs
into Water will be to its Sine of Refrackon as
20 to 31 and 4 to 3 jointly, that is, as the Fa-
&um of 20 and 4 to the Fadtum of 31 and 3,
or as 8o to 93.

And thefe Theorems being admitted into Op-
ticks, there would be {cope . enough of hand-
ling that Science: voluminoudly after a new man-
ner; not only by teaching thofe things which
tend ro the perfeétion of Vifion, but alfo by
determining mathematically all kinds of ha-
nomena of Colours .which could be producgd ‘

oy
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by Refraétions. For to do this, there is no-
thing elfe requifite than to find out the Separa-
tions of heterogeneous Rays, and their various
Mixtures and Proportions in every Mixture.
By this way of arguing I invented almoft all the
Phanomena deferibed in thefe Books, belide
fome others lefs neceflary to the Argument;
and by the fuccefles I met with in the Trials, 1
dare promife, that to him who thall-argue tru-
ly, and then try all things with good Clafles
and {ufficient Circumfpetion, the expected I~
vent will not be wanting. But he 1s {irft to
know what Colours will arife from any others
mix’d in any afligned Proportion.

it oy drdrededrudrdanticruet 9 dustrdr s gt ey Qe

CPROPIV. Turoxr. I
Colonrs may be produced by Compofition which
Shalk be Like to the Colours of homogeneal Light
as to the Appeavance of Colour, but not as to
the Immutability of Colour and Conflitutior
of Light. Awd thofe Colonrs by how much
they are move componnded by [o much are they
lefs firll and intenfe, and by too much Compo-
Sition they may be dilured and weaken'd till
they ceafé, and the Mixture becomes white oy
grey. There may be alfo Colours produced by
- Compofition, which are not fully like any of
- the Colonrs of homogencal Light.

T YOR a Mixture of homogeneal red and yels
low compounds an orange, like in appear-

ance of Colour to that orange which in the
I | ~ A{cries
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feries of unmixed prifmatick Colours lies be.
tween them; but the Light of one orange is
homogeneal as to Refrangibility, that of the
other is heterogeneal, and the Colour of the
one, if viewed through a Prifm, remains un-
changed, that of the other is changed and re.
folved into its component Colours red and yel-
low. And after the fame manper other neigh-
bouring homogeneal Colours may compound
new Colours, like the intermediate homoﬁe-
neal ones, as ‘yellow and green, the Colour be-
tween them both, and afterwards, if blue be ad-
ded, there will be made a green the middle Co-
lour of the three which enter the Compolition:
For the yellow and blue on either hzu}d, if they
are equal in quantity they draw the intermedi-
ate green equally towards themfelves in Com-
pofition, and fo keep it as it were in ZHquilibrio,
that it verge not more to the yellow on the one
hand, than to the blue on the other, but by
their mix’d Aétions remain {lill a middle Colour.
"T'o this mix'd green there may be farther ad-
ded 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 vio-
let it will grow more and more dilute, until by
the. prevalence of the added Colours it be over-
come and turned intp whitenefs, or fome other
Colour. So if to the Colour of any homoge-
neal Light, the Sun’s white Light compofed of
all forts of Rays'be added, that Colour will not
vanifh, or change its Species but be diluted,
and by adding more and more white it will be
diluted more and more perpetually. Laftly, 1at:
re
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red and violet be mingled, there will be gene-
raied according to their various Proportions
various Purples, {uch as are not like in appear-
ance to the Colour of any homogeneal Light,
and of thefe Purples mix’d with yellow and
blue may be made other new Colours.
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PROP. V. Tueor. IV.

Whitenefs and all groy Colonrs between white
and black, may be compounded of Colours, and
the whiteuefi of the Sunw's Light is componnd-
ed of all the primary Colours mix'd in & due
Proportion.

‘The Proof by Experiments. o

Exper. 9. HE Sun fhining into a dark
Chamber through a little round

hole in the Window-fhut, and his Light being
there refraéted by a Prifin to caft his coloured
Image PT [in Fig. 5. upon the oppofite Wall: I
held a white Paper V to that Image in fuch man-
ner that it might be tluminated by the colour’d
Light refleted from thence, and yet not inter-
cept any part of that Light in its paflage from
the Prifm to the Spectrum. And [ found that
when the Paper was held nearer to any Colour
than to 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 ‘might be equally illumina-
ted by them all it appeared white. And in this
latt fituation of the Paper, if fomge Colours were
| 13 inters
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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-
lours, namely, red, yellow, green, blue and
violet, and every part of the Light retained its
proper Golour, 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 had a-
bounded moft and been predominant in the
Light reflefted from the Paper, it would have
tinged the Paper with its own Colour; and yet
being mixed with the reft of the Colours in a
due proportion, it made the Paper look white,
and therefore by a Compolfition with the reft
produced that Colour. The feveral parts of .
the coloured Light refle@ed from the Speétrum,
whilft they are propagated from thence through
the Air, do perpetually retain their proper Co-
lours, becaule wherever they fall upon the Eyes
of any Spedtator, they make the feveral parts of
the Spectrum to appear under their proper Co-
lours, They retain therefore their proper Co-
fours when they fall upon the Paper V, and fo
by the confufion and perfeét mixture of thofe
Colours compound the whitenefs of the Light
refletted from thence. |
 Eaxper. 1o, Let that Spe@trum or folar Image
PT. [in Fig. 6.] fall now upon the Lens MN
above four Inches broad, and about fix Feet di-
ttant from the Prifm ABC, and fo figured that
1t may caufe the coloured Light which diverg-
eth from the Prifm to converge and meet again
T : at
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at its Focus G, about fix or cight ['eet diflant
from the Lens, and there to fall perpendicular-
ly upon a white Paper 1) F. And if you move
this Paper to and fro, you will perceive that
near the Lens, asat d ¢, the whole folar Image
(fuppofe at p ¢ ) will appear upon it intenfely
coloured after the manner above-explained, and
that by receding from the l.ens thole Colours
will perpetually comce towards one another, and-
by mixing more and morc dilute one another,
continually, untl at length the Paper come to
the Focus (3, where by a perfeét mixture they
will wholly vanifh and be converted into white-
nefs, the whole Light appearing now upon the
Paper like a licde white Circle. And after-
wards by receding farther from the L.ens, the
Rays which before converged will now crofs
oné another in the Focus G, and diverge from
thence, and thereby make the Colours to®ap-
pear again, but yet in a contrary order ; fup-
Jole at 8¢, where the red 7 is now above which
Lc{"brc was below, and the violet g 1s below

which before was above. '
Iet us now ftop the Paper at the Focus G
where the Light appears totally white and cir-
cular, and let us confider its whitencfs. 1 fay,
that this is compofed of the converging Colours.
For if any of thofe. Colours be intercepred at
the Lens, the whitenefs will ceafe and degenc-
rate into that Colour which arifeth from the
compofition of the other Colours which arc not
intercepred. And then if the intercepted Go-
lours be let pafs and fail upon that compound
Colour, they mix with it, and by their mixture
14 yeftore
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reftore the whitenefs. So if the violet, blue
and green be intercepted, the remaining yel-
low, 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-
pounded orange, and together with it decom-
pound a white. So alfo if the red and violet .
be intercepted, the remaining yellow, green:
and blue, will compound a green upon the Pa-
per, and then the red and violet being let pafs
~will fall upon this green, and together with it
decompound a white. And that in this Com-
pofition of white the feveral Rays do not fuffer
any Change in their colorific qualities by acting
upon one another, but are only mixed, and by
a mixture of their Colours produce white, may
farther appear by thefe Arguments.

If the Paper be placed beyond the Focus G,
{uppofe at &, and then the red Colour at the
Lens be alternately intercepted, and let pafs a-
gain, the violet Colour on the Paper will not
fuffer any Change thereby, as it ought to do if
the feveral forts of Rays afted upon one ano-
ther in the Focus G, where they crofs. Nei-
ther will the red upon the Paper be changed
by any alternate {topping, and letting pafs the
violet which croffeth 1t.

And if the Paper be placed at the Focus G,
and the white round Image at G be viewed
through the Prifm HIK, and by the Refraétion

~of that Prifm be tranflated to the place » v, and
there appear tinged with various Colours, name-
ly, the violet at v and red at », and others be-
tween, and then the red Colour at the Legs
: ‘ e
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be often ftopp’d and let pals by turns, the fed
at # will accordingly difappear and return as
- often, but the violet at v will not thereby fuf-
fer any Change. And fo by ftopping and letting
pafs alternatcly the blue at the Lens, the l";lue
at » will accordingly difappear and return, with-
out any change madein the red at ». "The red
therefore depends on onc fort of Rays, and
the blue on another fort, which in the Focus G
where they are commix’d do not aét on one
another. And there is the fame rcafon of the
other Colours.
1 confidered farther, that when the mofit re-
frangible Rays Pp, and the leaft refrangible
ones Tz, are by converging inclined to one
another, the Paper, if held very oblique to thofe
Rays in the Focus G, might reflect one fort of
them more copioufly than the other fort, and
by that means the refleéted Light would be
tinged in that IYocus with the Colour of the pre-
dominant Rays, provided thofc Rays feverally
retained their Colours or colorific Qualities in
the Compofition of white made by themin that .
Focus. But if they did not retain them in that
white, but became all of them feverally 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 to the Rays very ob-
liquely, as in the fecond Experiment of this
Book, that the moft refrangible Rays might be
more copioufly refleéted than the reft, and the
whitenefs at Jength changed fucceflively into
blue, indigo and violet, Then I ‘inclincdlit
- the
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the contrary way, that the leait refrangible Rays
might be more copious in the reflected Light
than the' reft, and the whitenefs turned {yc.
eeflively to yellow, orange and red.

Laftly, I made an Inflrament X Y in fathiog
of a Comb, whofe Tecth being in number {ix.
teen were about an Inch and an half broad, apg
the Intervals of the 'T'eeth about two Inches
wide. Then by interpofing iucccﬂively the
Teeth of this Inftrument near the Lens, I in-
tercepted part of the Colours by the interpofed
Tooth, whilft the reft of them went on through
the interval of the Teeth to the Paper DE, and
there painted a round folar Image. But the
Paper 1 had firft placed {o, that }'116 Image might
appear white as often as the Comb was taken
away; and then the Comb being as was faid in.
terpofed, that whitenefs by reafon of the inter-
cepted part of the Colours at the Lens did al.
ways change into the Colour compounded of
thofe Colours which were not mtercepted, and
that Colour was by the motion of the Comb
perpetually varied {o, that in the pafling of cvary
Tooth over the Lens all thefe Colours, red,
yellow, green, blue and purple, did always fuc-
ceed one another. I caufed thercfore all the
Teeth to pafs fucceflively over the l.ens, and
when the Motion was {low, there appeared a
perpetual {ucceflion of the Colours upon the
Paper: But if I fo much accelerated the Mo-
tion, that the Colours by reafon of their quick
{ucceffion could not be diftinguithed from one
another, the appearance of the fingle Colours
eeafed. There was no red, no yellow, no
: green,
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green, no blue, nor pﬁu*ple to‘bc feen any lon-
ger, but from a confufion of them all there a-
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 green,
a fourth blue, a fifth purple, and every part re-
tains its proper Colour till it ftrike the Senfori-
um. If the Impreflions follow one apother
{lowly, {o that they may be feverally perceived,
there is made a diftinét Senfation of all the Co-
lours one after another in a continual {uccef-
fion. But if the Impreflions follow one ano-
ther fo quickly that they cannot be feverally
perceived, there arifeth out of them all one
common Senfation, which is neither of this
Colour alone nor of that alone, but hath it felf
indifferently to’em all, and this is a Senfation
of whitencfs. By the quicknefs of the Succef-
fions the Impreflions of the {everal Colours are
confounded in the Senforium, and out of that
confufion arifeth a mix’d Senfation. If a burn-
ing Coal be nimbly moved round in a Circle
with Gyrations continually repeated, the whole
Circle will appear like Fire; the reafon of
which is, that the Senfation of the Coal in the
feveral places of that Circle remains imprefs'd
on the Senforium, until the Coal rcturn again
to the fame place. And fo in a quick confecu-
tion of the Colours the Impreflion 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 Impreflions there-
fore of all the fucceflive Colours are at once }in

- ‘ the
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the Senforium, and jointly {tir up a Senfation
of them all; and fo it is manifeft by this Expe.
riment, thar the commix’d Impreffions of aj
the Colours do flir 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, that
all the Colours may at once pafs from the Lens
to the Paper, and be there intermixed, and to.
gether reflected thence to the Spectators Kyes;
their Impreflions on the Senfortum being now
more {ubtilly and perfeétly commixed there,
ought much more to {tir up a Senfation of
whitenefs. - ~

You may inftead of the Lens ufe two Prifms
HIK and L M N, which by refrafting the co.
loured Light the contrary way to that of the
firft Refraction, may make the diverging Rays
converge and meet again in G; as you {ee re-
prefented in the feventh Figure. For where
they meet and mix they will compofe a white
Light, as when a Lens is ufed.

Exper. 11. Let the Sun’s coloured Image PT
[in F%g.8.] fall upon the Wall of a dark Cham-
ber, as in the third Experiment of the firft Book,
and let the fame be viewed through a Prifm
26 ¢, held parallel to the Prifm AB C, by whofe
Refraction that Image was made, and let it now
appear lower than before, fuppofe in the place
S over againft the red Colour T.  And if you
go near 1o the Image P T, the Spe@rum S will
appear oblong and coloured like the Image P T
but if you recede from it, the Colours of the
Spe¢trum S will be contraéted more and mpr_e(i

: an
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and at length vanifh, that Spectrum S becoming
perfectly round and white ; and if you recede
yet farther, the Colours will emerge again, but
{0 a contrary order. Now that Spectrum S ap-
‘pears white in that cafe when the Rays of {c-
veral forts which converge from the feveral
parts of the Image PT, to the Prifm 2 ¢, are
fo refratted uncqually by it, that in their paf-
fage from the Prifm to the Eye, they may di-
verge from onc and the fame point of the Spe-
Grum S, and fo fall afterwards upon onc and
the fame point in the bottom of the Eye, and
there be mingled,

And farther, if the Comb be here made ufe
of, by whofe Teeth the Colours at the Image
PT may be fucceflively intercepted 5 the Spe-
drum S~ when the Comb is moved flowly will
be perpetually tinged with fucceflive Colours »
But when by accelerating the motion of the
Comb, the fucceflion of the Colours is fo quick
that they cannot be feverally feen, that Spe-
érum S, by a confufed and mixd Serfation of
them all, will appear white. :

acper. 12, The Sun fhining through a large
Prifm A BC [in Fig. 9.] upona Comb X‘%"‘,
placed immediately behind the Prifm, his Light
which paffed through the Interflices of the
Teeth fell upon a white Paper DE. The
breadths of the "Tecth were cqual to their In.
terftices, and f{even Teeth together with their
Inter{tices took up an Inch in breadth. Now
when the Paper was about two or three lnches
diftant from the Comb, the Light which pal-
fed through its f{everal Interflices painted fo

S : many
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many ranges of Colours, 24, mn, 0p, g7, &c, |
which were parallel to one another and contj. |
guous, and without any mixture of white. And
thefe ranges of Colours, if the Comb was mo.
ved continually up and down with a receiprocal
motion, afcended and defcended in the Paper,
and when the motion of the Comb was f{o quick,
that the Colours could not be diftinguifhed
from one another, the whole Paper by their con-
fufion and mixture in the Senforium appeared
white. : : '

Let the Comb now reft, and let the Paper
be removed farther from the Prifm, and the
feveral ranges of Colours will be dilated and
expanded into one another more aqd more,
and by mixing their Colours will dilute onpe
another, and at length, when the diftance of
the Paper from the Comb is about a Foor, ora
little more (fuppofe in the place 2D 2 ) they
will {o far dilute one another as to become
white. o o ‘
* With any obftacle let all the Light be now
flopp’d which pafles through any one interval
of the Teeth, {o that the range of Colours which
comes from thence may be taken away, and
you will fee the Light of ‘the reft of the ranges
to be expanded into the place of the range ta-
ken away, and there to be coloured. Let the
intercepted: range pafs on as before, and its
Colours falling upon the Colours of the other
ranges, and mixing with them, will reftore the
whitenefs. . . - o e
- Let the Paper 2D 2 E be now very much in-
clined to the Rays, {o that the moft refranﬁib]e
. ays
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Rays miay be more copioufly reflected than the
reft, and the white Colour of the Paper through
the Fxcels of thofe Rays will be changed into
blue and violet. Let the Paper be as much in-
clined the contrary way, that the leaft refran-
gible Rays may be now more copioufly reflected
than the reft, and by their Fxcefs the white-
nefs will be changed into yellow and red. The
feveral Rays thercfore in that white Light do
retain their colorific qualities, by which thofe
of any fort, when-ever they bec:(‘)mc more co-
pious than the reft, do by their Fxcefs and Pre-
dominance caufe their proper Colour to ap-
pear. \ ] |

And by the fame way of arguing, applicd to
the third Experiment of this Book, it may be
concluded, that the white Golour of all refra-
ded Light at its very firlt Kmergence, where
it appears as white as before its Incidence, is
compounded of various Colours.

Lxper. 13. In the forcgoing Experiment the
feveral intervals of the "l'ceth of the Comb do
the othce of {fo many Prifins, cvery interval pro-
ducing the Phacnomenon of one Prifm. Whence
inftead of thole intervals ufing feveral Prifins,
I try’d to compound whitenefs by mixing their
Colours, and did it by ufing only three Prifms,
as allo by ufing only two as follows. Let two
Prifms A BC and « ¢, [in Fig. 1o. ] whofc re-
fralting: Angles B and 4 arc cqlual, be {fo placed
parallel to one another, that the refraéting An-

le B of:the onemay touch the Angle ¢ at the
afe of the other, and their Planes CB and
¢, at which the Rays cmerge, may lie in Di-
e rectum.

3
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reCtum. Then let the Light trajefted through
them fall upon the Paper MN, diftant about 8
or 13 Inches from the Prifms. And the Co-
lours generated by the interior limits B and ¢
of the two Prifms, will be mingled at PT', and
there compound white. For if either Prifm
be taken away, the Colours made by the other
will appear in that place PT, and when the
Prifm is reftored to its place again, fo that its
Colours may there fall upon the Colours of the
other, the mixture of them both will reftore
the whitenefs. ;
This Experiment fucceeds alfo, as I have tri-
ed, when the Angle & of the lower Prifm, is a
little greater than the Angle B of the upper,
and between the interior Angles B and ¢, there
intercedes fome fpace Be, as is reprefented in
the Figure, aud the refraéting Planes BC and
& ¢, are neither in direétum nor parallel to one
another. For there is nothing more requifite
to the fuccefs of this Experiment, than that
the Rays of all forts may be uniformly mixed
upon the Paper in the place PT. If the moit
refrangible Rays coming from the fuperior
Prifm take up all the fpace from M to P, the
Rays of the {fame fort which come from the in-
ferior Prilm ought to begin at P, and take up
all the reft of the {pace from thence towards
N. If the leaft refrangible Rays coming from
the fuperior Prifm take up the fpace M'T}, the
Rays of the fame kind which come from the

other Prifm ought to begin at T, and take up
the remaining {pace T'N. 1If one fort of the
Rays which have intermediate degrees of Re-
frangibility,
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fragibility, and comie from the fuperior Prifm
“be extended through the fpace MQ, and ap-
other fort of thofe Rays through the {pace MR,
and a third fort of them through the {pace M,
the fame forts of Rays coming from the lower
Prifm, oltight to illumiinate the reémdining {paces
QN, R N, SN, refpeétively. And the famé
is to be underftood of all the other forts of
Rays. For thus the Rays of every fort will bé
fcattered uniformly and eavenly thro’ the whole
fpace M Ny and {0 being cvery where mix’d in
the {fameé proportion; they muil every where
produce the fame Colouirs.  And therefore fince
y this mixture they produce white in the ex-
terior fpices M P anid T'N, they muft alfo pro-
duce white in the interior fpace P'T. This is
the reafon of thé compofition by which white-
hefs was produced in this Experiment, and by
what other way foever I made the like compofi-
tion the refult was whiternefs. ,

Laflly, If with the Teeth of a Comb of adue
fize, the colour’d Lights of the two Prifms
which fall upon the fpace P T be dlternately
intercepted, that fpace P'T, when the motion of
the Comb is {low, will always appear coloured,
but by accelerating the motion of the Comb {o
much, that the {ucceflive Colours cannot be
diftinguifb’d from one another, it will appear

white ,
Exper. 14. Hitherto T have produced whites
nefs by mixing the Colours of Prifms. If now
the Colours of natural Bodics are to be min-
gled, let Water a litde thicken’d with Soap be
agitated to raife a Froth, and after that Froth
K hag
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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 fo far off that he cannot di- |
ftinguifh the Colours from one another, the
whole Froth will grow white with a perfe&

whitenels. . ] .
~ Exper. 15. Laftly, in attempting to com-
potnd a white by mixing the coloured Powders
which Painters ufe, I confider’d that all co-
lour’d Powders do fupprefs and ftop in them a
very confiderable part of the Light by which
-~ tiey are illuminated. For they become colour'd
by refle¢ting the Light of theéir -.own Colours
more copiouily, and- that of all other Colours
more fparingly, and yet they do not refleét the
Light of their own Colours fo copiouly as
white Bodies do. If red Lead, for inftance,
and a white Paper, be placed in the red Light
of the colour’d Speétrum made in a dark Cham-
ber by the Refraction of a Prifm, as is defcri-
bed in the third Experiment of the firft Book;
‘the Paper will appear more lucid than the red
‘Lead, and therefore reflets the red-making
Rays more copioufly than red Lead doth. And
if they be held in the Light of any other Co-
lour, the Light refle¢ted by the Paper will ex-
ceed the Light refleted by the red Lead in a
much greater proportion. And the like hap-
pens in Powders of other Colours. . And there-
fore by mixing fuch Powders we are not to ex-
“pett a {trong and full white, {uch as is that of
Paper, but fome dusky obfcure one, fuch as
might arife from a mixture of light and dar}g-
nefs,
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nefs, or from white and black, that is, a grey,.
or dun, or ruflet brown, fuch as are the Co-
lours of a Man’s Nail, of a Moufe, ‘of Afhecs,
of ordinary Stones, of Mortar, of Duft and
Dirt in High-ways, and the like. And fuch a
dark white I have often produced by mixing
colour'd Powders. For thus one part of red
Lead, and five parts of Firide Airis, compo-
fed a dun Colour like that of a Moufe. For
thefe two Colours were feverally {fo compound-
ed of others, that in both together were mixa
ture of all Colours 5 and there was lefsred Lead
ufed than Viride Airis, becaufe of the fulnefs
of its Colour. Again, one part of red Lead,
and four parts of blue Bife, compofed a dun
Colour verging a little to purple, and by ad-
ding to this a certain mixture of Orpiment and
Viride Fris in a due proportion; the mixture
loft its purple tinéture, and became perfeéily
dun. But the Experiment {ucceeded beft with-
otut Minium thus. To Orfpiment I added by
little and little a certain full bright purple,
which Painters ufe until the Orpiment ccafed
to be yellow, and became of a pale red. Then.
I diluted that red by adding a little Firide Ai-
#7r, and a little more blue Bife than Virdde -
7is, until 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 e-
‘qual in whitenefs to that of Afhes or of Wood
newly cut, or of a Man’s Skin. The Orpiment
refleéted more Light than did any other of the
~ Powders, and therefore conduced more to the
~whitcnefs of the compounlccled Colour than tll%v.

2 ‘ 0
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To affign the Proportions accurately may be
difficult, by reafon of the difierent goodnefs of
Powders of the fame kind. Accordingly as the
"Colour of any Powder is more or lefs full and
luminous, it ought to be ufed in a lefs or greater

proportion. o B ‘

Now confidering that thefe grey and dun Co-
lours may be alfo produced by mixing Whites
and blacks, and by confequence difter from
perfect whites not in {pecies of Colours but on-
ly in degree of Luminoufnefs, . it is manifeft
that: there is nothing more requifite to make
them perfe@ly white than to increafe their Ligh
fufficiently ; and, on the contrary, if by increa-
fing their Light they can be brought to perfeét
whitenefs, it will thence alfo follow, that they
are of the fame fpecies of Colour with the beft
whites, and differ from them only in the quan-
tity of Light. And this I tried asfollows. 1took
the third of the abovemention’d grey Mixtures
(that which was compounded of Orpiment, Pur-
ple, Bife, and ¥iride Airis) and rubbed it thick-
ly.upon the Floor of my Chamber, where the
Sun fhone upon it through the opened Cafe-
ment ; and by it, in the thadow, I laid a picce
of white Paper of the fame bignefs. Then going
from them rto the diftance of 12 or 18 I'eet, fo
that I could not difcerni the uneavennefs of the
Surface of the Powder, nor the little fhadows
let fall from the gritty Particles thereof'; the
Powder appeared intenfely white, {o as to tran-
fcend even the Paper it felf in whitenefs, efpe-
cially if the 'Pc(iper were ‘a little thaded from the
Light of the Clouds, and then the Paper com-
S - - pared
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“pared with the Powder appeared of fuch a grey
. Colour as the Powder had done before.  But
by laying the Paper where the Sun fhines thro’
the Glafs of the Window, or by fhutting the
Window that the Sun might thine through the
Glafs upon the Powder, and by fuch other fit
means of increafing or decreafling the Lights
wherewith the Powder and Paper were 1llumi-
nated, the Light wherewith the Powder is illu-
minated may be made {tronger in fuch a due
proportion than the Light wherewith the Paper
15 illuminated, that they fhall both appear ex-
aétly alike in whitenefs. For when I was try-
ing this, a Friend coming ro vific me, 1 {lopp’d
him at the Door, and beftore 1 told him what
the Colours were, or what I was doing; T ask-
ed him, Which of the two Whites were the
beft, and wherein they differed? And after he
had at that diftance viewed them well, he an-
fwer'd, That they were both good Whites, and
that he could not {ay which was beft, nor
whercin their Colours differed. Now if you
confider, that this white of the Powder in the
Sun-fhine was compounded of the Colours which
the componcent Powders (Orpiment, Purple,
Bife, and Firide Airis) have in the fame Sun-
thine, you mult acknowledge by this Fxperi-
‘ment, as wcll as by the former, that perfedt
whitenefs may be compounded of Colours.
From what has been faid it is alfo evident,
that the whitenets of the Sun’s Light is com-
~pounded of all the Colours wherewith the fe-
veral forts of Rays whercof that Tight conlifls,
when by their feveral Refrangibilities they are
Kk 3 fepa
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{eparated from one another, do tinge Paper op
any other white Body whereon they fall. For
thofe Colours by Prop. 2. are unchangeable,
and whenever all thofe Rays with thofe their
Colours are mix’d again, they reproduce the
fame white Light as before.
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In a mixture of primary Colours, the quantiy
and gquality of each being givem, to know the
Cobour of the Componnd.

"TT H the Center O [in Fig.11.] and Ra.
dius O D defcribe a Circle ADF, and
diftinguifh its circumference into feven parts
DE, EF, FG, GA, AB, BC, CD, propor-
tional to thg feven mufical Tones or Intervals
of the eight Sounds, 304 /Ja, fa, fol, la, mi, fa,
94, contained in an eight, that is, proportional
to the number 3; +%, 7% 3 % s 5. Let the
firlt part DE reprefent a red Colour, the fe.
cond E ¥ orange, the third F G yellow, the
fourth CA green, the fifth A B blue, the fixth
B C indigo, and the feventh CD violet. And
conceive that thefe are all the Colours of un-
compounded Light gradually pafling into one
another, as they do when made by Prifms; the
circumference DEFGABCD, reprefenting
the whole feries of Colours from one end of
the Sun’s colour’d Image to the other, fo that
from 1D to I be all degrees of red, at E the
mean Coluur between red and orange, from }i'
‘ : ‘ oy
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to F all degrees of orange, at F the mean be.
tween orange and yellow, from F to G all de-
grees of yellow, and foon. Lt 2 be the cen-
ter of gravity of the Arch D E, and ¢, », 1, 7,
4, &, the centers of gravity of the Arches I/ F,
¥G, GA, ADB, BCand CD refpeétively, and
about thofe centers of gravity let Circles pro-
ortional to the number of Rays of each Co-

‘Jour in the given Mixture be defcrib’d 5 that is,

the Circle p proportional to the number of the
red-making Rays in the Mixcure, the Circle q
roportional to the 1_1umber of the orange-ma-
ﬁing Rays in the Mixture, and fo of the reft.
Find the common center of gravity of all thofe
Circles p, 9, 75 5, &, 1, & Luet that center be
7., and from the center of the Circle ADF,
through 7 to the circumference, drawing the
right Line OY, the place of the Point Yin the
circumference fhall fhew the Colour arifing
from the compofition of all the Colours in the
given Mixture, and the Line O'Z fhall be pro-
portional to. the fulnefs or intenfenefs of the
Colour, that is, to its diftance from whitencfs,
Asif Y fall in the middle between F and G,
the compounded Colour fhall be the belt yel-
low; if Y verge from the middle towards I
or G, the compound Colour fhall accordingly
be a ycllow, verging towards orange or green.
If 7. 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, thac is, it fhall be fuch a Colour as
would be made by diluting the wtenfell 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
Yoft all its intenfenefs, and become a white. But
it is to be noted, That if the point 7, fall in or
near the line O D, the main ingredients being
the red and violet, the Colour compounded
fhall not be any of the prifmatick Colours, but
a purple, inclining to red or violet, according-
1y as the point Z lieth on the fide of the line
DO towards E, ar towards C, and in general
the compounded Vichet is maore bright and more
fiery than the uncompounded. Alfo if only two
of the primary Colours which in the circle are.
oppofite to one another be mixed in an equal
proportion, the point 'Z thall fall wpon the cen-
ter O, and yet the Colour compounded of
thofe two thall not be perfectly white, but fome
faint anonymous Colour. For 1 could nevet
yet by mixing only two primary Colours pro--
duce a perfect white, W hetherit may be com-
pounded of a mixture of three taken at equal
diftances in the circumference I do not know,
but of four or five I do not much gqueflion but
it may. DBut thefe are Curiofities of little or no
moment to the underftanding the Phanomena
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 g
Colour is compounded of thefe homogenecal
Colours, of violet one part, of indigo one part,
of blue two parts, of green three parts, of yel-
Jlow five parts, of orange f{ix parts, and of red

' ' ten
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ten parts. Proportional to thefe parts defcribo
the Circles x, v, %, 5, 7, ¢, p, refpectively, that
is, fo that if the Circle » be one, the Ciicle
may be one, the Circle # two, the Circle s three,
and the Circles », ¢ and p, five, fix and ten.
Then I find Z the common center of gravity of
thefe Circles, and through Z drawing the Line
0Y, the Point Y falls upon the circumference
between K and ¥, fome thing nearer to I than
to I, and thence I conclude, that the Colour
compounded of thefe Ingredients will be an o-
range, verging a little more to red than to yel-
low. Alfo I find that O'Z is a little lefs than
one half of OY, and thence I conclude, that
this orange hath a little lefs than half the ful-
nefs or intenfenefs of an uncompounded o-
range ; that is to fay, that it is fuch an orange
as may be made by mixing an homogencal o-
range with a good white in the proportion of
the Line O Z. to the Line Z Y, this Proportion
being not of the quantitics of mixed orange and
white Powders, but of the quantities of the
Lights refleéted from them.

This Rule I conceive accurate enough for
prattice, though not mathematically accurate ;
and the truth of it may be fufliciently proved to
venfe, by {ftopping any of the Colours at the
Lens in the tenth Experiment of this Book. For
the reft of the Colours which are not {lopp'd,
but pafs on to the Focus of the Lens, will there
compound either accurately or very necarly f{ach
a Colour as by this Rule ought to refult from
their mixture.

P ROP.
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P ROP:VI. Turor. V.

All the Colours in the ‘Oniver(é which are mady
by Light, and depend not on the Power of [.
MMAGInALion, are either the Colours of bomoge. |
neal Lights, or compounded of thefe, and thas

- either accurately or very.mearly, according to
the Rule of the foregoing Problem. '

OR it has been proved (in Prop. 1. Pars.2)

that the changes of Colours made by Re-
fra&tions do not arife from any new Modifica-
tions of the Rays imprefs’d by thofe'Refraétions,
and by the various Terminations of Light and
Shadow, as has been the conitant and general
Opinion of Philofophers. It has alfo been pro-
ved that the feveral Colours of the homogeneal
Rays do conftantly anfwer to their degrees of
Refrangibility, (Prop. 1. Part x. and Prop. 2,
Part 2.) and that their degrees of Refrangibi-
lity cannot be changed by Refraétions and Re-
flexions, (‘Prop.2. Fart 1.) and by confequence
that thofe their Colours are likewife immuta-
ble. It has alfo been proved direétly by refra-
{ling and reflecting homogeneal’ Lights apart,
that their Colours cannot be changed, (Prap. 2.
“Parta.) It has been proved alfo, that when
the feveral forts of Rays are mixed, and in crof-
{ing pafs through the {ame fpace, they do not
at on one another foas to change each others
colorific qualities, (Huxper. 10. Part 2.) but by
mixing their Aétions in the Senforium beget a
Senfation differing from what either would do
apart, that is a Senfation of a mean Colour be-
: | ‘ tween
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tween their proper Colours; and particularly
when by the concourfe and mixtures of all
forts of Rays, a white Colour is produced, the
white is a mixture of all the Colours which: the
Rays would have apact, (Prop. 5. Part2.)
The Rays in that mixture do not lofe or alter
their feveral colorific qualities, but by all their
various kinds of Aétions mix’d in the Senfori-
um, beget a Senfation of a middling Colour
between .all their Colours, which is whitenefs.
For whitenefs is a mean between all Colours,
having it {elf indifferently 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 not prefently lofe
its Colour, but a white Powder mix’d with any
' Colour is prefently tinged with that Colour,
and is equally capable of being tinged with any:
Colour whatever. It has been fhewed alfo,
that as the Sun’s Light is mix'd of all forts
of Rays, fo its whitenefs is a mixture of the
Colours of all forts of Rays; thofe Rays having
from the beginning their feveral colorific qua-
lities as well as their {everal Refrangibilities,
and retaining them perpetually unchanged not-
withftanding any Refrations 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
Refra@ion as happens in all Refractions) {epa-
rated from the reft, they then manifeft their
- proper Colours. Thefe things have been prov'd,
and the fum of all this amounts to the Propofi-
tion here to be proved. For if the Sun’s Light
' is
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is mix’d of feveral forts of Rays, each of which
have originally their feveral Refrangibilities and
colorific Qualities, and notwithftanding thejr
Refractions and Reflexions, and their various
Separations or Mixtures, keep thofe their ori-
ginal Properties perpetually the fame without
alteration ; then all the Colours in the World
muft be fuch as conftantly ought to arife from
the original colorific qualities of the Rays where.
of the Lights confift by which thofe Colours
are feen. And therefore if the reafon of any
Colour whatever be required, we have nothing
elfe to do than to confider how the Raysin the
Sun’s Light have by Reflexions or Refractions,
or other caufes been parted from one another,
or mixed together ; or otherwife to find out
what forts of Rays are in the Light by which
that Colour is made, and in what proportion ;
and then by the lait Problem to learn the Co-
lour which ought to arife by mixing thofe Rays
(or their Colours) in that proportion. I {peak
here of Colours {o far as they arife from Light.
For they appear fometimes by other Caufes, ag’
when by the power of Phantaly we {fee Colours
in a dream, or a mad Man {ees things before
him which are not there; or when we fee Fire
by ttriking the Eye, or fee Colours like the Eye
of a Peacock’s Feather, by prefling our Eyesin
either corner whillt we look the other way.
Where thefe and fuch like Caufes interpofe not,
the Colour always anfwers to the fort or forts
of the Rays whereof the Light confifts, as I
have conflantly found in whatever Phanomena
of Colours I have hitherto been able to exa-

‘ mine.
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mine: 1 {hall in the following Propofitions give
inftarices of this in the Phaenomena of chiefeft
note. . -

%&%ﬁzbﬁsfzﬁfﬁzbﬁﬁgﬁz}kﬁ:}k&%m&?skzkb’:b‘:bﬁ':?:&}:b’:b'ﬁszé‘:s}‘ﬁks’:%

PROP.VIL Pros I

By rthe difcovered Properties of Light to ex«
- plain the Colours made by Prifms.

¥ ET ABC [in Fig.x2.] reprefent a Prifin
refra@ing the Light of the Sun, which
comes intoa dark Chamber through a hole F ¢
almoft as broad as the Prifin, and let M N re-
prefent a white Paper on which the refraéted
Light is caft, and fuppofe the moft refrangible
or deepeft violet-making Rays fall upon the
Space P #, the leaft refrangiblé or deepeft red-
making Rays upon the {pace T'7, the middle
fort between the indigo-making and blue-ma-
king Rays upon the Space Q y, the middle fort
of the green-making Rays upon the fpace Ry,
the middle fort between the ycllow-making and
orange-making Rays upon the {pace S, and o-
ther intermediate forts upon intermediate Spa-
ces. For fo the Spaces upon which the feveral
forts adequately fall will by reafon of the dif-
ferent 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 # will be illuminated by all the
forts of Rays in that proportion to one another
which they have at their very firlt coming ou;:{
0
A
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of the Prifm, and confequently be white. Byt
the Spaces P'T" and =7 on either hand, will not
be illaminated by them all, and therefore will
- appear coloured. And particularly at P, where
the 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 inclihing much to
indigo. At R’ where the violet-making, indi-
go-making, blue-making, and one half of the
green-making Rays are mixed, their Colours
muft (by the conftruction of ‘the fecond' Pro-
bleim) compound a middle Colour between in-
digo and ‘blue. At § where-all the Rays are
mixed except the red-making and orange-mak
ing, their Colours ought by the fame Rule to
compound afaint blue, verging more to green
than indigo: And in the progrefs from Sto 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 r,
‘where the leaft refrangible or utmoft red-mak«
ing Rays are alone, the Colour muft be the
deepeft red. At the mixture of red and o:
range will compound a red inclining to-orange.
At ¢ the mixture of red, orange, yellow, and
one half of the green muft compound a middle
Colour between orange and yellow. At yx the
mixture of all Colours but violet and indigo will
compound 7 faint yellow, verging more to'green
than to orange. And this yellow will grow
more faint and dilute continually in its profgrefs

rom
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from x to =, where by a mixture of all forts
“of Rays it will become white. :
"Thefe Colours ought to appear were the Sun’s
Light perfe@ly white: But becaufe it inclines
o yellow, the Excels of the yellow-making
Rays whereby ’tis tinged with that Colour, be-
ing mixed with the faint blue between S and T}
will draw it to a faint green. And fo the Co-
lours in order from P to = ought to be violet,
indigo, blue, very faint green, white, faint yel~
low, orange, red. Thus it is by the computa-
tion: 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 Prifin, and
the Point X where the Colours meet, and the
interjacent white vanifhes. For if the Paper be
‘held {till farther off from the Prifim, 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
mixture produce a fuller green than before. Al~
fo the yellow and bluc will now become lefs
compounded, and by confequence more intenfe
than before. And this alfo agrees with expe-
rience. o
And if one look through a Prifm upon a
white Objeét encompafled with blacknefs or
darknefs, the reafon of the Colours arifing on
the edges is much the fame, as will appear to
one that fhall a little confiderit. If a black Ob-
jeét be encompalled with a white one, the Co-
lours which appear through the Prifm are to be
derived from the Light of the white one, fpread-
' ing
4
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ing into the Regions of the black, and there.
fore they appear in a contrary order_ to that;
when 4 white Objeét is furrounded with black,
‘And the fame is to be underftodd when an Ohe
je& is viewed, whofe parts are fome of them
lefs luminous than others. - For ih the botders
of the more and lefs luminous parts; Colours
ouglit always by the fame Principles to arife
from the Fxcefs ‘of the Light of the more ly-
minous, .and to be of the fame kind as if the
darker parts were black, but yet to beé' more
fdint and dildte. X . ,

What is faid of Coloui's madé by Prifths may
be eafily applied to Colours made by the Glafles
of Telefcopes or Mictolcopes, or I_:)y the Hii-
mours of the Eye. For if the Obje&-glafs of
a Telefcope be thicker on one fide than on the
other; or if one half of the Glafs, or ore half
of the Pupil of the Eye be cover'd with any
opake fubftance ! the Objett-glafs, or that part
of it of of the Kye which is not cover’d, may
be confider’d as a Wedée with crooked Sides,
and every Wedge of Glafs or other pellucid
Subftance has the effeét of 4 Prifm in refraéting

the Light which pafles through it. - |
How the Colours in the ninth and tenth Ex-
periments of the firft Part arife from the diffe-
rent Reflexibility of Light, is evident by whit
was there faid. - But it is obfervable in the ninth
FExperiment, that whilft the Sun’s dire& Light
is yellow, the Excels of the blue-making Rays
in the reflected beam of Light M N, fuffices
- only to bring that yellow to a pale white incli-
ning to blue, and not to tinge it with a 1}}2111]31?&
| eitly
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?eﬁly blue Colour. To obtair therefore a bet:
ter blue, I ufed inftead of the yellow Light of
the Sun the white Light of the Clouds, by vary-
ing a little the Experiment; as follows.

 Exper. 16, Let HFG [in Fig: 13.] repre-
fent a Prifm in the opeén Air, and S the Eye of
the Speétator, viewing the Clouds by theif
Light coming into the Prifm at the plane fide
FIGK, and refleéted in it by its bafe HEIG,
and thence going out through its plane fide
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 Speftator will fee a2 Bow
MN ofa blue Colour, running from one end of
the Bafe to the other; with the Concave fide

towards him, and the part of the Bafe IMNG

beyond this Bow will be brighter than the other
part EMNH on the other fide ofit. This blue Co=

lour MN being made by nothing elfe than by re=

. flexion of a {pecular Superficies, feems fo odd a

Phenomenon, and fo difficult to be explain-
ed by the vulgar Hypothefis of Philofophers,
that I could not but think it deferved to be tds

o ken notice of. Now for underflanding the fed-

i B TS VR e ¥

== BR.

“and be refraéted, whofe Ini:jdcnce is fuch that

fon of it, fuppofe the Plane A B C to cut the
plane Sides and Bafe of the Prifm perpendicus
larly. From the Eye to the Line B G; where=
in that Plane euts the Bafe, draw the Lines Sp
and S #, in the Angles S p ¢ 50 degr. 3, and Sz ¢
49 degr. <%, and the Point p will be the limit
beyond which none of the moft refrangible
Rays can pafs through the Bafe of the Prifm;

they
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they may be reflefted to the Eye; and the
Point 7 will be the like limit for the leaft re.
frangible Rays, that is, beyond which none of
them can pafs through the Bafe, whofe Inci-
dence is fuch that by Reflexion they may come
to the Eye. And the Point  taken in the mid-
dle way between p and £, will be the like limir
for the meanly refrangible Rays. And there.
fore all the leaft refrangible Rays which fall up.
on the Bafe beyond ¢z, thatis, between # and B,
and can come from thence to the Eye will be
refleted thither: But on this fide 7, that is,
between # and ¢, many of thefe Rays will be
tranfmitted through the Bafe. And all the moft
refrangible Rays which fall upon the Bafe be-
yond p, that is, between p and B, and can b
reflexion come from thence to the Eye, will be
reflefted thither, but every where between
and ¢, many of thefe Rays will get through the
Bafe and be refradted; and the f{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 muit 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 fort,
look more pale, obfcure and dark. But at s,
and in other places between p and #, where all .
the more refrangible Rays arc refle@ted to the
Eye, and many of the lefs refrangible are tranf-
mitted, the Kxcels of the moft refrangible in
the reflefted Light will tinge that Light with
their Colour , which is violet and blue. Ail.d
this
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this happens by taking the Line C p 7 ¢ B any
wher]glbetween the ends of the Priim H (g
and K 1.

el dadode s e e et

| PROP.IX. Pros IV. ,
By the diftovered Properties of Light to eicplain
the Colonrs of the Rain-bow:

‘ HIS Bow never appears but wherte it
J_ rains in the Sun-fhine, and may be made
artificially by {pouting up Water which may
break aloft, and fcatter into drops, and fall
down like Rain. For the Sun fhining upon thefe
drops certainly caufes the Bow to appear to a
Speftator {ftanding in a due pofition to the Rain
and Sun. And hence it is now agreed upon,
that this Bow is made by refra&ion of the Sun’s
Light in drops of falling Rain. 'This was un-
derftood by fome of the Ancients, and of late
more fully difcover’d and explain’d by the fa-
mous Antonius de Dominis Archbifhop of Spe-
Juto, in his Book De Radiis Visils & 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 Refra.
&ions of the Sun’s Light, and one Reflexiofi
between -them, and the exterior by two Refra~
¢tions and two forts of Reflexions between
them in each drop of Water, and proves his
Explications by Experiments made with a Phial
- full of Water, and with Globes of Glafs filled
R 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- Caries hath purfued in

his Meteors, and mended that of the exterigy
Bow. But whilft they underftood not the trye
origin of Colout’s, it’s neceflary to purfue i
here a little farther. For underftanding there.
fore how the Bow is made, let a drop of Rain
or any other {pherical tranfparent_Body be repre-
fented by the Sphere BNF G, [in Fig. 147 de.
{cribed with the center C, and {emi-diameter
CN. And let AN be one of the Sun’s Rays
incident upon it at N, and thence refyaé‘red to
¥, where let it either go out of the Sphere by
Refrattion towards V, or be refle@téd to Gj
~and at G let it either go out b{‘lRefra&ion to R,

or be refleéted to H s and at H let it go out by
Refration towards S, cutting the incident Ray
in Y; produce AN and R G, till they meet i
X, and upon AX and NI let fall the perpen-
diculars C D and CE, and producc CD till it
fall upon the circumference at L. Parallel to
the incident Ray A N draw the diameter B Q,
and let the Sine of Incidence out of Air into
Water be to the Sine of Refraétion as T toR.
Now if you {uppofe the Point of Incidence N
to move from the Point B, continnally ull it
come to L, the Arch QF will firfl increafe and
then decreafe, and fo will the Angle A XR
which the Rays A N and G R contain ; 'and the
Arch Q¥ and Angle A X R will be. biggeft
when NDisto CN as v/ 1I-RR to +/ 3 RR; in
which cafe NF willbetoNDas2 R tol. Al
fo the Angle AY'S which theRays AN and HS

o o contain
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contain will firft decreafe, and then increafe
and grow leaft when ND is to CN as vIITRg
to+ 8 RR, in which cafe NE will be to ND
as3 Rto L. And fo the Angle which the next
emergent Ray (that is, the emergent Ray after
three Reflexions) contains with the incident
Ray AN will come to its limit when ND is to
CN as vIirr to v/ 154 RR, in which cafe NE
will be toNDas4 Rtol. 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
" NDis to CN as viT-rx to v 24 RR, in which
cafe NE will beto ND as § Rtol; and fo on
infinitely, the numbers 3, 8, 15, 24, @c. being
gather’d by continual addition of the terms of
the arithmetical Progreflion 3, 5, 7, 9, @¢. The
truth of all this Mathematicians will eafily ex-
amine. R :
- 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 to-
gether ; {fo when by increafing the diftance CD,
thefe Angels come to their limits, they vary
their quantity but very little for fome time to-
~gether, and therefore a far greater number of
. the Rays which fall upon all the Points N in the
Quadrant B L, fhall emerge in the limits of
thefe Angles, than in any other Inclinations.
And farther it is to be obferved, that the Rays
which differ in Refrangibility will have diffe-
rent limits of their Angles of Emergence, and
by confequence according to their different de-
‘grees of Refrangibility eIrjxerge moft copioufly
, 3 in
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in different Angles, and being feparated from
one apother appear each in their proper Co-
lours. And what thofe Angles are may be ea=
fily gatherd from the foregoing Theorem by
computation, . .
~ For in the leaft refrangible Rays the Sines I
and R (as was found above) are 108 and 81,
and thence by computation the greateft Angle
A X R will be found 42 Degrees and 2 Minutes
~and the lealt Angle AY S, 50 Degrees and 57
Minutes. And in the mott refrangible Rays the
Sines I and R are xoy and |81, and thence by
computation the greateft Angle A X R will be
found 40 Degrees and 17 Minutes, and the leaft
Angle AY S 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 POLE, POF, PO G,
POH, be Angles of 40 Degr. x7. Min. 42. Degr.
2 Min. 50 Degr. §7 Min. and 54 Degr, 7 Min,
refpedtively, and thefe Angels turned about
their common Side O P, fhall with their othey
Sides OE, OF ; OG, OH, defcribe the Verges
of two Rain-bows AF BE and CH DG. For
if E, F, G, H, be drops placed any where in
the conical Superficies defcribed by OE, O Fy-
OG, OH, and be illuminated by the Sun’s Rays
SE, SF, §G, SH; the Angle SE O being e-
ual to the Angle PO or 40 Deg. 17 Min.
{hall be the greateft Angle in which the moft
refrangible Rays can after one Reflexion be re-
{racted to the Eye, and therefore all the drops
in the Line OK fhall fend the moft refrangible
Rays molt copioufly to the Eye, and thi:{e_llzy
' ’ rike
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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 4
Degr. 2 Min. fhall be the greateft in which the
leaft refrangible Rays after one Reflexion can
emerge out of the drops, and therefore thofe
Rays fhall come mofl copioufly to the Eye from
the drops in the Line OF, and fkrike the Senfes
with the deepeft red Colour in that Region.
And by the fame Argument, the Rays which
have intermediate degrees of Refrangiblity fhall
come moft copioufly from drops between K and
F, and itrike the Senfes with the intermediate
Colours in the order which their degrees of
Refrangibility require, that is in the progrefs
from K to F, or from the infide of the Bow to
the outfide in this order, violet, indigo, blue,
green, yellow, orange, red. But the violet, by
the mixture of the white Light of the Clouds,
will appear faint and incline to purple. \
Again, the Angle 5G O bang equal to the
Angle PO G, or 50 Gr. 51 Min. fhall be the leaft
Angle in which the lealt refrangible Rays can
after two Relflexions emerge out of the drops,
and therefore the lealt refrangible Rays fhall
“come moft copioufly to the Eye from the drops
in the Line O G, and {trike the Senfe with the
deepeft red in that Region. And the Angle
SHO being equal to the Angle PO H or 54 Gr.
7 Min. fhall be the leaflt Angle in which the moit
refrangible Rays after two Reflexions can e-
merge out of the drops, and therefore thofe
~Rays fhall come moft copioudly to the Eye from
the dropsin the Line OH, and ftrike the Senfcs
| L 4 - with
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with the deepeft violet in that Region. And
by the fame Argument, the drops in the Re.
gions between G and H fhall {trike the Senfe
with the intermediate 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 or-
der, red, orange, yellow, green, blue, indigo,
violet. And fince thefe four Lines O, OF,
OG, OH, may be fituated any where in the
abovemention’d conical 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. 7 -
Thus {hall there be made two Bows of Co-
tours, an interior and {tronger, by one Reflexion
in the drops, and an exterior and fainter by
two ; for the Light becomes fainter by every
Reflexion. And their Colours thall lie in 2 con-
trary order to one another, the red of both
Bows bordering upon the Space G F which is -
between the Bows. The breadth of the inte-
rior Bow EOF meafured crofs the Colours
thall be 1 Degr. 45 Min. and the breadth of the
exterior GOH fhall be 3 Degr. 1o Min. and the
diftance between them G O {hall be 8 Gr. 13
Min. the greateft Semi-diameter of the inner-
‘moft, that is, the Angle P OF being 42 Gr. 2
Min. and the leaft Semi-diameter of the outer-
mofl PO G, being 50 Gr. 57 Min. Thefe are
‘the Meatfures 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-
greafed and their diltance decreafed by half a
Degree,
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Degree, and fo the breadth of the interior Iils
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
50 Degr. 42 Min. And fuch aré the Dimenfions
of the Bows in the Heavens found to be very
nearly, when their Colours appear ftrong and
perfe¢t. 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 outmoilt faint red ob-
fcured by the brightnefs of the Clouds, for
which we may allow 3 or 4 Minutes more. The
breadch 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 {vppoling 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 z¢ De-
grees, as above. 'T'he leaft diftance betwceen
this Iris and the exterior Iris was about 8 De<
grees and 30 Minutes. The exterior Iris was
broader than the interior, but {o faint, cfpeci-
ally on the blue fide, that I could not meafure
its breadth diflinétly. At another time when
both Bows appeared more diftinét, I meafured
the breadth og the interior Itis 2 Gr. 10, and
the breadth of the red, yellow and green in the
exterior Iris, was to the breadth of the fame
Colours in the interior as 3 to 2.

T



[ 154 ]

This Explication of the Rain-bow is yet far.
ther confirmed by the known Experiment (made
by Antonins 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 come from the
Globe to the Eye may contain with the Sun’
Rays an Angle of either 42 or 50 Degrees. For
if the Angle be about. 42 or 43 Degrees, the
Spe&ator (fuppofe at O) fhall {fee a full feqd
Colour in that fide of the Globe oppofed to
the Sun as ’tis reprefented at I, and if that An.
gle become lefs (fuppofe by deprefling the Globe
to E) there will appear other Colours, yellow,
green and blue fucceflively in the fame fide of

- the Globe. But if the Angle be made about
50 Degrees (fuppofe by lifting up the Globe to
G) there will appear a red Colour in that fide
of the Globe towards the Sun, and if the An-
gle be made greater ({uppofe by lifting up the
Globe to H) the red will turn fucceflively to
the other Colours, yellow, green and blue,
The fame thing I have tried by letting a Globe
reft, and raifing or deprefliug the Kye, or o-
therwife moving it to make the Angle of a juft
maghitude. '

I bave heard it reprefented, that if the Light
of a Candle be refra¢ted by a Prifin to the Eye;
when the blue Colour falls upon the Eye the
Speftator 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. DBut the ColourgF

0
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of the Candle being very faint, the miftake
feems to arife from the difficulty of difcerning
what Colours fall on the Eye. Tor, on the con-
trary, 1 have fomtimes had occalion to ob-
ferve in the Sun’s Light refracted by a Prifm,
that the Speftator always fees that Colour in the
Prifm which falls upon his ye. And the
{ame I have found true alfo in Candle-light. For
when the Prifim is moved flowly from the Line
which is drawn direétly from the Candle to the
Eye, the red appears firft in the Prifin and then
the blue, and therefore each of them is feen
when it falls upon the Kye. For the red pafles
over the Eye firft, and then the blue. o
- The Light which comes through drops of

Rain by two Refraétions without any Reflexion,
ought to appear {trongefl at the diffance of a-
bout 26. Degrees from the Sun, and to decay
gradually both ways as the diftance from him
increafes and decreafes. And the fame is to
be underflood of Light tranfmitted through
{pherical Hail-ftones. And if the Hail be a lic-
tle flatted, as it often is, the Light tranfmitted
may grow fo {trong at a little lefs diftance than
that of 26 Degrees, as to form a Halo about
the Sun or Moon ; which Halo, as often as the
Hail-ftones are duly figured ma%r be colourd,
and then it muit be red within by the leaft re-
frangible Rays, and blue without by the moft
refrangible ones, efpecially if the Hail-{tones
have opake Globules of Snow in their center
to intercept the Light within the Halo (as Hu-
geniws has obferv’d) and malke the infide there-
of more diftinétly defined than it would other

' o ‘ wile
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wife be. For fuch Hail-flones, though fphe.
sical, by terminating the Light by the Snow,
may make a Halo red within and colourlefs
without, and darker in the red than withour,
as Halos ufe to be. For of thofe Rays which
pafs clofe by the Snow the Rubriform will be
lealt refracted, and fo.come to the Eye in the
directeft Lines. L |

The Light which pafles through a drop of
Rain after twe Refraélions, and three or more
Reflexions, is fcarce ftrong enough to caufe a
fenfible Bow ; but in thofe Cylinders of Ice by
which Hugenins explains the Parbelia, it may
perhaps be fenfible.

SRR R GG G

PR OP X. Pros V

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

fome natural Bodies refleét fome forts of
ys, others other forts more copioufly than
the reft. Minium refleéts the leaft refrangible
or red-making Rays moft copioudly, and thence
appears red. Violets refleét-the moft refrangi-
ble, moft copioudly, and thence have their Co-
lour, and fo of other Bodies. Kwvery Body re-
fleéts the Rays of its own Colour more copi-
oufly than the reft, and from their excefs and
predominance in the reflected Light has its
Colour. ST

; E ‘HE‘SE Colours arife from hence, that
a

Exper.,
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Exper. 17. For if in the homogeneal Lights
obtained by the folution of the Problem pro-
pofed in the fourth Propofition of the firft Part
you place Bodies of feveral Colours, you will
find, as I have done, that every Body looks
moft fplendid and luminous in the Light of its
own Colour. Cinnaber in the homogeneal red
Light is moft refplendent, in the green Light
it. is manifeftly lefs refplendent, and in the blue
Light ftill lefs. Indigo in the violet blue Light
is moft refplendent, and its fplendor is gradu-
ally diminifh’d as it is removed thence by de-
grees through the green and yellow Light to
the red. By aLeek the green Light, and next
that the blue and yellow which compound green,
are more {trongly refle@ed than the other Co-
lours red and violet, and fo of the reft. But to
make thefe Experiments the more manifeft, fuch
Bodies ought to be chofen as have the fulleft and
moft vivid Colours, and two of thofe Bodies
are to be compared together. Thus, for in-
ftance, if Cinnaber and #/trz-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 lu-
minous and refplendent red, and the #/frz-ma-
~ yine 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 #/t7a-
marine will appear of a ftrongly luminous and
refplendent blue, and the Cinnaber of 2 faint
and dark blue. Which puts it out of difpute,
that the Cinnaber refleéts the red Light much
~ more copiouily than the #/s7a-marine doth, artlld
‘ ‘ the

4
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the wltra-marine refle@s the blue Light much
more copioufly than the Cinnaber doth. The
fame Experiment may be tried fuccefsfully with
red Lead and Indigo, or with any other twg -
colour'd Bodies, if due allowance be made for
the different firength or weaknefs of their Co.
lour and Light. -

And as the reafon of the Colotirs of natral
Bodies is evident by thefe Experiments, fo it
is farther confirmed and put patt difpute by the
two firft Experiments of the firlt Part, wheres
_ by twas proved in fuch Bodies thit the tefle@.

ed Lights which differ in Colours do differ alfo
in degrees of Refrangibility. For therice it’s
certain, that fome Bodies refleét the more re-
frangible, others the lefs refrangible Rays miore
copioudly. _

And that this is not only a tiie reafon of
thefe Colours, but even the only reafon may ap-
pear farther from this confideration, that the

"Colour of homogeneal Light cannot be chan:
ged by the Reflexion of natural Bodies.

For if Bodies by Reflexion cannot in the leaft
change the Colour of any one fort of Rays, they
cannot appear colour’d by any other means than
by reflecting thofe which either are of their
own Colour, or which by mixture muft pro-
duce it.

But in trying Experiments of this kind care
muft be had that the Light be fufficiently ho-
mogeneal. For if Bodies be illuminated by the
ordinary prifmatick Colours, they will appear
neither of their own Day-light Colours, nor of

“the Colour of the Light cait on them, ’bt{l}: of
ome
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fome middle Colour between both, as I have
found by Experience. "Thus red Lead (for in.
ftance) illuminated with the ordinary prifma-
tick green will not appear either red or green,
but orange or yellow, or between yellow and
green, accordingly as the green Light by which
’tis illuminated 1s more or lefs compounded.
For becaufe red L.ead appears red when illu-
minated with white Light, wherein all forts of
Rays are equally mix’d, and in the green Light
all forts of Rays are not equally mix’d, the Ex-
cefs of the yellow-making, green-making and
blue-making Rays in the incident green Light,
will caufe thofe Rays to abound {o much in
the refleCted Light as to draw the Colour from
red towards their Colour. And becaufe the
red Lead refleéts the red-making Rays moft
copiouily in proportion to their number, and
next after them the orange-making and yellow-
making Rays; thefe Rays in the refle¢ted Light
will be more in proportion to the Light than
they were in the incident green Light, and there-
by will draw the reflefted Light from green to-
wards their Colour. And therefore the red
Lead will appear neither red nor green, but of
a Colour between both. :
- In tranfparently colour’d Liquors ’tis obfer-
vable, that their Colour ufes to vary with their
thicknefs. Thus, for inftance, a red Liquor in
a conical Glafs held between the Light and the
Eye, looks of a pale and dilute yellow at the
bottom where ’tis thin, and a little higher where
’tis thicker grows orange, and where ’tis ftill
~ thicker becomes red, and where ’tis thickeit
o : the
4
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the fed 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 Rays ftill more difficultly, and the red-
making roft difficultly: And that if the thick-
nefs of the Liquor be only fo much as {uffices
to {top a competent number of the violet-ma-
king and indigo-making Rays, without dimi-
nifhing much the number of the reft, the reft
muft (by Prop. 6. Part 1.) compound a pale
yellow. But if the Liquor be fo much thicker
as to {top alfo a great number of the blue-ma-
king Rays; and fome of the gfeen-making, the
reft muit compound an orange ; and where it
is fo thick as to {top alfo a great number of the
green-making and a confiderable number of
the yellow-making, the reft muft begin to com-
pound a red, and this red muft grow deeper
and darker as the yellow-making and orange-

making Rays are more and more flopp’d byin= -
creafing the thicknefs of the Liquor, fo that
few Rays befides the red-making can get
through. . B o , ‘
Of this kind is an Expetiment lately related to
me by Mr. Halley, who, in diving deep into the
Sea in a diving Veflel, found in a clear Sun-thine
Day, that when he was {unk many Fathoms deep
into the Water, the upper part of his Hand on
which the Sun fhone direétly through the Water
and through a fmall Glafs Window in the Veflel,
appeared of a red Colour like that of a Damask
Rofe, and the Water below and the under part of
his Hand illuminated by Light refle@ed fr%n the
< ater
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Water below look’d greeri. For thefice it may
be gather’d, that the Sea Water reflects back the
violet and blue=making Rays moft eafily; and
lets the red-making Rays pafs moft freely and
copioufly to great depthis. For thereby the Sun’s
direét Light at all great depths, by reafon of
the predominating red-making Rays; muft ap-
pear red 5 and the greater the depth is, the ful-
ler and intenfer muit that red be. And at fuch
depths as the violet-making Rays {circe pene-
trate unto, the blue-inaking, green-making and
vellow-making Rays being reflééted from be-
low more copioufly than the red-making ones;
muft compound a green. o

Now if there be two Liquors of full Colours;
{fuppofe a red 4nd a blue, and both of them {o
thick as fuffices to make their Colours {uffici-
ently full ; though either Liquor be fufficient-
ly tranfparent apart, yet will you hot be able
to fee through botlt together. For if only the
red-making Rays pafs through otie Liquor, and
only the blue-making through the other, noRays
can pals through both. This Mi. Hook tried
cafually with Glafs Wedges filled with red and
blue Liquors, and was furprized at the unexs
petted event; the réafon of it being then un-
known ;3 which makes me truft the more to hig
Experiment, though I hiave not tried it my felf.
But he that would repeat it muft take care the
Liquors be of very good and full Colours.

Now whilit Bodies become eoloured by refleés
ing or tranfmitting this or that fort of Rays more
copioufly than' the reft, it is to be conceived
that they {top and flifle in themfelves the %ﬁy’s
' which
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which they do not refleét or tranfmit. For if
Gold be foliated and held between your Eye and
the Light, the Light looks of a greenifh blue,
and therefore mafly Gold lets into its Body the
blue making Rays to be refletted to and fro
within it till they be {topp’d and ftifled, whilit
it retleéts the yellow-making outwards, and
thereby looks yellow. And much after the
fame manner that Leaf Gold is yellow by re-
flected, and blue by tranfmitted Light, and maf-
fy Gold is yellow in all Pofitions of the Eye;
there are fome Liquors, as the Tincture of
Liauwmn Nepbriticurn, and fome forts of Glafs
which tranfmit one fort of Light moit copiouf-
ly, and reflect another fort, and thercby look
of {everal Colours, according to the pofition
of the Fye to the Lighe.  Bur if thefe Liquors
or Glalles were {o thick and mafly that no Light
could ger through them, I queition not but
they would like all other opalke Bodies appear
of one and the fame Colour in all Pofitions of
the Lye, though this I cannot yet affirm by ex-
perience.  For all colour’d Bodies, fo far as my
Cbiervation reaches, may be feen through if
made {uthciently thin, and therefore are in {ome
mcaiure tranfparent, and differ only in degrees
of Tranfparency from tinged tranfparent Li-
quors 5 thefe Liguors, as well as thofe Bodies,
by a {ufficient -thicknefs becoming opake. A
trani{parent Body which looks of any Colour by
t;:alqﬁazittcd Light, may alfo look of the fame
Colour by refleéted Laght, the Light of that
Colour being retletted by the farther Surface
of the Body, or by the Air beyond it. And
L : ther
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then the refle@ed Colour will be diminifhed,
and perhaps ceale, by making the Body very
thick, and pitching it on the backfide to dimi-
nith the Reflexion of its farther Surface, {o that
the Light reflected from the tinging Parricles
may predominate. In fuch cafes, the Colonr
of the refletted Light will be apt to vary from
that of the Light tranfmitted. But whence it
is that tinged Bodies and Liquors refleét fome
fort of Rays, and intromit or tranfmit other
forts, thall be {aid in the next Book. In this
Propofition I content my felf to have put it paft
difpute, that Bodies have {fuch Properties, and
thence appear colour’d.

AR

PROP XI. Pros VI

By mixing colour'd Lights to compound a beam
of Light of the fame Colour and Nature with.

2 beam of the Suw's direct Light, and thereii
to0 excpertence the Truth of the foregoing Pro~

pofirions. _ ’

ET ABCazbc [in Fig. 16] reprefent. a

J| , Prifin by which the Sun’s Light let imto
a dark Chamber through the Hole F, maybe
refratted towards the Lens MN, and paint up-
on it at p, g, , s 4nd 2, the ufual Colours vio-
let, blue, green, yellow and red, and let the
diverging Rays by the Refraftion of this Lens
converge again towards X, and there, by the
mixture of all. thofe their Colours, compound a.

white according to what was fhewn above.
| M 2 Then
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Then let another Prifm DEG deg, parallel to
the former, be placed at X, to refratt thac
white Light upwards towards Y. Let the re.
fratting Angles of the Prifms, and their diftances
from the Lens be equal, fo that the Rays which
converged from the Lens towards X, and with
out Refraltion, would there have crofled and
diverged again, may by the Refraction of the
fecond Prifm be reduced into Parallelifm and
diverge no more. For then thofe Rays will re-
compofe 2 beam of white Light X Y. If the
refracting Angle of either Prifm be the bigger,
that Prifm muft be fo much the nearer to the
Lens. Youwill 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 Pri{m
continue perfeétly and totally white like a beam
of the Sun’s Light. For till this happens, the
pofition of the Prifms and Lens to one another
muil be correéted, 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-
frument made for that purpofe, they be made
faft in that fituation, you may try all the fame
Fxperiments in this compounded beam of Light
X Y, which have been made in the Sun’s direct
Light. For this compounded beam of Light
Fas 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
may by {topping any of the Colours g, 4,7, ¢
~ an
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and ¢, at the Lens, fee how the Colours pro-

duced in the Experiments are no other than

thofe which the Rays had at the Lens before

they enter’d the compofition of this Beam: And

by confequence that they arife not from any new

modifications of the Light by Refra¢tions and -
Reflexions, but from the various Separations

and Mixtures of the Rays originally endow’d

with their colour-making qualities.

So for inftance, having with a Lens 44 Inches
broad, and two Prifms on either hand 64 Feert
diftant from the Lens, made fuch a beam of
compounded Light: to examin the reafon of
the Colours made by Prifins, I refraéted this
compounded beam of Light XY with another
Prifm HIK £ A, and thereby caft the ufual prif-
matick Colours PQ R'ST upon the Paper LV
placed behind. And then by {topping any of
the Colours p, ¢, 7, s, ¢, at the Lens, I found
that the fame Colour would vanifh at the Pa-
per. So if the purple p was {topp'd at the
Lens, the purple P upon the Paper would va-
nith, and the reft of the Colours would remain
unalter’d, unlefs perhaps the blue, fo far as
fome purple latent in it at the Lens might be
feparated from it by the following Refractions.
And fo by intercepting the green upon the Lens,
the green R upon the Paper would vanifh, and
foof the reft; which plainly thews, that as toe
white beam of Light XY was compounded of
feveral Lights varioufly colour’d at the Lens,
fo the Colours which afterwards emerge out of
1t by new Refraétions are no other than thofe
of which its whitenefs was compounded. The

’ M 3 Refra=
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Refra&tion of the Prifm HIK £ 4 generates the
Colours P Q R S T upon the Paper, not by:
changing the colorific qualities of the Rays, but
by feparating the Rays which had the very fame -
colorific qualities before they enter’d the Com-
poiition of the refracted beam of white Light
X'Y. For otherwife the Rays which were of
one Colour at the Lens might be of anather
upon the Paper, contrary to what we find.
o again, to examin the reafon of the Co-
lours of natural Bodies, I placed fuch Bodies
in the Beam of Light XY, and found that they
all appeared there of thofe their.own Colours
which they have in Daylight, and that thofe
Colours depend upon the Rays which had the
fame Colours at the Lens before they enter'd
the Compolition of that beam. Thus, for in-
ftance, Cinnaber illurninated by this beam ap-
pears of the fame red Colour .as in Day-light;
and if at the Lens you intercept the green-ma-
king and blue-making Rays, its rednefs will be~
come more full and lively : But if you there in-
tercept the red-making Rays, it will not any
longer appear red, bur become yellow or greeny’
or of fome other Colour, according to the forts
of Rays which you do not intercept. So Gold-
in this Light X Y 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
tricd) which thews that its yellownefs arifes
ffom the Excefs of the intercepted Rays tinging
that whitenels with their Colour when they are.
let pafs, So the infufion of Lignum Nephbriti-
cum
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cum (as I have alfo tried ) when held in this
beam of Light XY, looks blue by the refleét-
ed part of the Light, and red by the traniinit-
ted part of it, as when ’tis view'd in Day-light,
but if you intercept the blue at the Lens the
infufion will lofe its refleéled blue Colour, whilit
its tranfmitted red remains perfeét 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 Intufion will
lofe its tranfmitted red, whilit its blue will re-
main and become more full and perfeét. Which
thews, that the Infufion does not tinge the Rays
with blue and red, but only tranfmic thofe
moft copioufly which were red-making before,
and reflefts thofe moft copioufly which wére
blue-making before. And after the fame man-
ner may the Reafons of other Phanomena be
examined, by trying them in this artificial beam
of Light XY.
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Obfervations coucerning the Reflexions, Refra-
Fions, and Colours of thin tranfparent Bo-
dies, '

=T has been obferved by others, that
tranfparent Subftances, as Glafs, Wa-
ter, Air, @c. when made very thin by
being blown into Bubbles, or otherwile
formed into Plates, do exhibit various Colours
according to their varlous thinnefs, although at
’ N a greater
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a greater thicknefs they appear very clear and
eolourlefs. In the former Book I forbore to
treat of thefe Colours, becaufe they feemed of
a more difficult Confideration, and were not
neceffary for eftablithing the Properties of Light
there difcourfed of. But becaufe they may con-
duce to farther Difcoveries for compleating the
Theory of Light, efpecially as to the conftitu-
tion of the parts of natural Bodies, on which
their Colours or Tranfparency depend ; I have
here fet down an account of them. To render
this Difcourfe fhort and diftin&, 1 have firft de-
fcribed the principal of my Obfervations, and
then confider’d and made ufe of them. The
Obfervations are thefe.

04/ 1. Comprefling two Prifms hard toge-
ther that their fides (which by chance were a
very little convex) might {fomewhere touch one
another: 1 found the place in which they touch-
ed to become abfolutely tranfparent, as if they
had there been one continued piece of Glafs.
For when the Light fell fo obliquely on the
Air, which in other places was between them,
as to be all refle@ted; 1t feemed in that place of
conta@ to be wholly tranfmitted, infomukch that
when look’d upon, it appeared like a black or
dark fpot, by reafon that little or no fenfible
Light was reflefted from thence, as from other
places; and when looked through it feemed (as
it were) a hole in that Air which was formed
into a thin Plate, by being comprefs’d between
the Glafles. And through this hole Objects that
were beyond might be feen diftinétly, which
could not at all be {een through other parts 1of

' the
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the Glaffes where the Air was interjacent. Al
though the Glatles were a little convex, yet this
tranfparent {pot was of a confiderable breadth,
which breadth feemed principally to proceed
from the yielding inwards of the parts of the
Glafles, by reafon of their mutual preflure. For
they prefling them very hard together it would
become much broader than otherwife.
- O6f’2. When the Plate of Air, by turning
the Prifms about their common Axis, became
fo little inclined to the incident Rays, that fome
of them began to be tran{mitted, there arofe
in it many {lender Arcs of Colours which at firft
were thaped almoft like the Conchoid, as you
fee them dclincated in the firft Figure. And
by continuing the Motion of the Prifms, thefe
Arcs increafed and bended more and more a.
bout the faid tranfparent fpot, till they. were
completed into Circles or Rings incompafling
it, and afterwards continually grew more and
more contracted:. . IS
“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 Prifms became
a little tinged 'in their inward Limbs with red
and yellow, and to their outward L.imbs the
blue was adjacent. So that the order of thefe
Colours from the central dark {pot, was at that
time white, blue, violet; black, red, orange,
yellow, white, blue, violet, @r. But the yel-
low and red were much fainter than the blue
and violet. ‘

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

eard black and white, without any other Co:
jours intermix’d. But by farther moving the
Prifms 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
vellow. 5o that now their order from the cen-
iral Spot was white, yellow, red, black, vio-
let, blue, white, yellow, red, §&¢. contrary to
what it was befote. -+ ‘

04/ 3. When the Rings or fome parts of
them appeared only black and white, they were’
very diftin¢t and well defined, and- the "black=
nefs feemed as intenfe as that' of the central
Spot. ~Alfo in the Borders of the Rings, wheré
the Colours began to emerge out of the white~
nefs, they were pretty diftinét, which made
them vifible to a very great multitude. I have
fometimes number’d above thirty Succeflions
(reckohing every black and white Ring for one
Succeflion) and {een more of them, -which by
reafon of their fmalnefs 1. could not namber.
But in-other Pofitions of the Prifms, at which
the Rings appeared of many Colours, I could
not diftinguith above eight or nine of them,
and the Exterior of thole were very confufed
and dilute. S '

In titéfé two Obfervations to fee the Rings di-
{tin@, and without any other Colour than black
and white, T found it necellary to hold my Eye

at
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at a good diftance from them. For by ap.
proaching nearer, although in the {ame incling.
tion of my Eye to the Plane of the Rings, there
emerged a blueith Colour out of the whire,
which by dilating it felf more and more into
the black, render’d the Circles lefs diftin&, and
left the white a lictle tinged with red and yel-
low. Ifound alfo by looking through a flit op
oblong hole, which was narrower than the Py-
pil of my Eye, and held clofe to it parallel to
the Prifms, 1 could fee the Circles much dj-
{lin@er and vifible to a far greater number than
otherwife,

064 4. To obferve more nicely the order
of the Coloyrs which arofe out of the white
Circles as the Rays hecame lefs and lefs incli-
ned to the Plate of Air; I took two Obje&-
glaffes, the one a Plano-convex for a fourteen
Foot Telefcope, and the other a large double
Convex for one of about fifty Foaot ; and upon
this, laying the other with its plane fide down-
wards, I prefled them {flowly tagether, to make
the Colours fucceflively emerge in the middle
of the Circles, and then {flowly lifted the upper
Glafs from the lower to make them fucceflive-
ly vanifh again in the {ame place. The Colour,,
which by prefling the Glafles together emerged,
laft in the middle of the other Colours, would
upon its firlt appearance look like a Circle of a
Colour almofl uniform from the circumference
to the center, and by comprefling the Glaffes ftilk
more, grow continually broader until a new Co-
lour emerged in its center, and thereby it becama-
a Ring encompafling that new Colour. And by

com-
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comprefling the Glaffes flill more, the diameter
of this Ring would increafe, and the breadth
of its Orbit or Perimeter decreafe until another
new Colour emerged in the center of the laft:
And fo on until a third; a fourth, a fifth, and
other following new Colours fucceflively emer-
ged there, and became Rings encompafling the
mnermoft Colour, the laft of which was the
black Spot. And, on the contrary, by lifting
up the upper Glafs from the lower, the diame-
ter of the Rings would decreafe, and the breadth
of their Orbit increafe, until their Coloursreach-
ed fucceflively to the center; and then they
being of a conhdera_ble breadth, I could more
eafily difcern and diftinguith their Species than
before. And by this means I obferv’d their Suc-
ceflion and Quantity to be as followeth.

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

“ Order
4
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Order was purple, blue, green, yellow, and
red; in which the purple feemed more reddify
than the violet in the former Circuit, and the
green was much more confpicuous, being s
brisk and copious as any of the other Colours,
except the yellow; but the red began to be 3
little faded, inclining very much to purple. Af.
ter this fucceeded the fourth Circuit of green
and red. The green was very copious and live-
ly, inclining on the one fide to blue, and on
the other {ide to yellow. But in this fourth
Circuit there was neither violet, blue, nor yel-
low, and the red was very imperfe&t and dir-
ty. Alfo the fucceeding Colours became more
and more imperfect and dilute, till after three
or four revolutions they ended in perfedt
whitenefs.. Their form, when the Glafles were
molt comprefs’d fo as to make the black Spot
appear in the center, is delineated in the fe-
,cond Figure; where 4, 6, ¢, ds e: f58 b, 4
ks dymn,o0p: g, r: 5,02 Uy X2 9, & de-
note the Colours reckon’d.in order from the
center, black, blue, white, yellow, red: vie-
let, blue, green, yellow, red: purple, blue,
green, yellow, red: green, red: greenifh blue,
red: greenith blue, pale red: greenifh blue,

reddifh white. : ~
04/ 5. To determine the interval of the
Glafles, or thicknefs of the interjacent Air, by
which each Colour was produced, I meafured
the Diameters of the firft fix Rings at the moft
lucid part of their Orbits, and {quaring them, 1
found their Squares to be in the arithmetical
Progreflion of the odd Numbers, 1, 3,5, 7, 9And.
Lo : 1



[ 175 ]

And fince one of thefe Glafles was plane, and
the other fpherical, their Intervals at thofe Rings
muit be in the fame Progreflion. 1 meafured
alfo the Diameters of the dark or faint Rings
between the more lucid Colours,’ and found
their Squares to be in the arithmetical Progref-
fion of the even Numbers, 2, 4, 6, 8, 10, 12.
And it being very nice and difficult to take
thefe meafures exactly; 1 repeated them divers
times at divers parts of the Glafles, that by their
Agreement [ might be confirmed in them. And
the fame method I ufed in determining fome
others of the following ©bfervations. — -

04f. 6. The Diameter of the fixth Ring at

the moft lucid part of its Orbit was 5> 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 Glaffes at that Ring. But fome time
after, fufpecting that in making this Obfervation
I had not determined the Diameter of the
Sphere with fufficient:accuratenefs, and being
uncertain whether the Plano-convex Glafs was
truly plane, and not fomething concave or con-
vex on that fide which I accounted plane ; and
whether I had not prefled the Glafles together,
as I often did, to:make them totuch; (For by
prefling fuch Glafles together their parts eafily
yield inwards, and the Rungs thereby become
fenfibly broader than they would be, did the
Glaffes keep. their Figures.) I-repeated the
Experiment , and found the Diameter of the

fixth

4
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fixth lucid Ring abotit 2 parts of an Inch. 1
repeated the Experiment alfo with fuch 4n Ob-.
je&-glafs of another Telefcope as I had at hand:
This was a double Convex ground en 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 Refraction 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 computa-
tion be found 182 Inches. This Glafs I laid
upon a flat one, {o that the black Spot appeat-
ed 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 accurately 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 Compaffes on the upper Surface
on the upper Glafs, and my Eye was about
eight or nine Inches diftant from the Glafs,
almoft perpendicularly over it, and the Glals
was + of an Inch thick; and thence it is ealy to
colleét that the true Diameter of the Ring be-
tween the Glafles was greater than its meafur’d
Diameter above the Glafles in the Proportion
of 8o to 79, or thereabouts, and by confequence
equal to +5 part of an Inch, and its true Semi-
diameter equal to -5 parts. Now as the Dia:
meter of the Sphere (182 Inches) is to the Se-
mi-diameter of this fifth dark Ring (-% parts of
an Inch) fo is this Semi-diameter to the thick-
nefs of the Air at this fifth dark Ring s whiich.is

there-
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therefore ~——— of ——
1erefore e or

parts of an Inch; and

. ) T
the fifth part thereof, viz. the 577 part of an

Inch, is the thicknefs of the Air at the firftk of
thefe dark Rings. '
The fame Experiment I repeated with ano-
ther double convex Objeét-glals ground on both
fides to one and the fame Sphere. Its Focus
was diftant from it 1684 Inches, and therefore
the Diameter of that Sphere was 184 Inches.
The 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
plinly without preffing the Glafles, was by the
meafure of the Compalles upon the upper Glafs

;’.‘5; parts of an Inch, and by confequence be-

. o, Y12
tween the Glafles it was = For the upper

6000.
Glafs was 3 of an Inch thick, and my Eye was
diftant from it 8 Inches. And a third propor-
tional to half this from the Diameter of the
Sphere is 55%;5 parts of an Inch. "This is there-
fore the thicknefs of the Air at this Ring, and a
fifth part thereof, viz. the 3-5‘-8—:'—;3“1 part of an

Inch is the thicknels thereof at the firlt of the
Rings, as above. ‘ :

I tried the fame thing by laying thgfe Ob-
je&-glafles upon flat pieces of a broken L.ook-
ing-glafs, and found the fame Meafures of the
Rings: Which makes me ﬁly upon them gxll
' ' : - : they
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they can be determin’d more accurately by
Glafles ground to larger Spheres, though iy
fuch Glafles greater care muit be taken of a true
Plane.

Thefe Dimenfions were taken when my Eye
was placed almoft perpendicularly over the
Glafles, being about an Inch, or an Inch anda
quarter, diftant from the incident Rays, and
eight Inches diftant from the Glafs; fo that the
Rays were inclined to the Glafs in an Angle of

- about four Degrees. Whence by the following
Obfervation you will underftand, that had the
Rays been perpendicular to the Glafles, the
thicknefs of the Air at thefe Rings would have
been lefs in the proportion of the Radius to the
Secant of four Degrees, that is of 10000 to
10024, Let the thicknefles found be therefore
diminifh’d in this Proportion, and they will be-

come ggf—— and or (to ufe the neareft
952

890633
round number) the §-~T,-—~th part of an Inch.
QUOO
"T'his is the thicknefs of the Air at the darkeft
part of the firft dark Ring made by perpendi-
cular Rays, and half this thicknefs multiplied
by the Progreflion, x, 3, 5, 79> 11, ©c. gives
the thicknefles of the Air at the moit luminous
parts of all the brighteft Rings, wiz, -

178000

2 S 1. @ge, their arithmetical
rjseos? 178000y, 178000 ‘
RA 2 4 4] 3 . .

4 "; 5 ; " a :
Means 178000’ 178000 1780007 @e. being its

thicknefles at the darkeft parts of all the dark
D41CS.
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O4f.7. The Rings were lealt when my Eye
was placed perpendicularly over the Glaffes in
. the Axis of the Rings: "And when I view'd
them obliquely they became bigger, continual-
ly fwelling as I removed my Eye farther from
the Axis. And partly by meafuring the Diame-
ter of the fame Circle at feveral Obliquities of
my Eye, partly by other means; as alfo by ma-
king ufe of the two Prifms for very great Obli~
quities, I found its Diameter, and confequent-
ly the thicknefs of the Air at its Perimeter inall
thofe Obliquities to be very nearly in the Pro-
portions exprefs’d in this Table.

Angle of In-\Angle of Re-{Diameter|Thicknefs
cidence on| fraition in-| of the of the
the Air. to the Air.| Ring. Air.
Degr. Min.

00 00 00 ©0. j{e) 10

o6 26 10 00 107+ 107%

12 4§ 20 00 o 10}

I8 49 30 ©0 10% 1l

24 30 40 00 115 13

29 37 §0 GO 12z 153

33 5§ 60 00 I4 20

35 47 65 oo 15% 234

37 19 70 ©0 16% 284

38 33 7§ 00 | I9% 37 ,
39 27 8o oo | 224 | 524 |
40 00 85 oo 29 8475

40 IX 90 00 '35 1225

N2 ~In
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. In the two firlt Columns are exprefs'd -the
Obliquities of the incident and emergent Rays
to the Plate of the Air, that is, their Angles of:
Incidence and Refraétion. In the third Column:
the Diameter of any colour’d Ring at thofe Ob-
liquities s exprefled in parts, of which ten con:
flitute that Diameter when the Rays are per.
pendicular. And in the fourth Column the
thicknefs of the Air at the circumference of
that Ring is exprefled in parts of which alfo
ten conititute its thicknefs when the Rays are
perpendicular. |
And from thefe Meafures 1 feem. to gather
this Rule: That the thicknefls of the Air is
proportional to the fecant of an Angle, whofe
Sine is a certain mean Proportional between
the Sines of Incidence and Refraétion.  And that
mean Proportional, fo far as by thefe Meafures
I can determine it, is the firft of an hundred
and fix arithmetical mean Proportionals be-
tween thole Sines counted from the bigger Sine,
that is, from the Sine of Refraétion when the
Refra@ion is made out of the Glafs into the
Plate of Air, or from the Sine of Incidence when
the Refrattion is made out of the Plate of Air
into the Glafs. ‘
04/ 8. The dark Spot in the middle of the
Rings ‘increafed alfo by the Obliquation of the
Eye, although almoft infenfibly. Burt if inftead
of the Objeét-glafles the Prifms were made ufe
of, its Increafe was more manifeft when view-
ed {o obliquely that no Colours appear’d about
it. It was leaft when the Rays were incident
moft obliquely on the interjacent Air, and las
‘ the
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the obliquity decrealed it increafed more and
more until the colonr’d Rings appear’d, and
then decrealed again, but not {o much as it in-
creafed before. And hence it is-evident, that
the Tranfparency was not only at the abfolute
Conta&t of the Glafles, but alfo where they had
fome lictle Interval. T have fometimes obferved
the Diameter of that Spot to be between half
and two fifth parts of the Diameter of the ex-
terior Circumference of the red in the firft Cir-
cuit or Revolution of Colours when view’d al-
moft perpendicularly ; whereas when view’d ob-
liquely it hath wholly vanifl'd and become opake
and white like the other parts of the Glafs
whence it may be colleéted that the Glaffes did
then {carcely, or-not at all, touch one another,
and that their Interval at the perimeter of that
Spot when view'd perpendicularly was about a
fifth or fixth part of their Interval at the cir=
cumference of the faid red.

Ob/: 9. By looking through the two conti-
guous Object glaffes, I found that the interja-
cent Air exhibited Rings of Colours, as well
by tranfmitting Light as by refleéting it. The
central Spot was now white, and from it the
order of the Colours were yellowifhred ; black,
violet, blue, white, yellow, red; violet, blue,
green, yellow, red, &c. But thefe Colours
were very faint and dilute, unlefs when the
Light was traje¢ted very obliquely through the
Glafles: For by that means they became pretty .
vivid. Only-the firft yellowifh red, like the
blue in the fourth Obfervation, was {o little and
faint as fcarcely to be difcern’d, Comparing

‘ N 3 ) the
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the colour’d Rings made by Reflexion, with
thefe made by tranfmiflion of the Light; I
found that white was oppofite to black, red to
blue, yellow to violet, and green to a Compound
of red and violet. That is, thofe parts of the
Glafls were black when looked through, which
when looked upon appear’d white, and on the
contrary. And fo thofe which in one cafe ex-
hibited blue, did in the other cafe exhibit red.
And the like of the other Colours. The man-
ner you have reprefented in the third Figure,
where AB, CD, are the Surfaces of the Glaf-
{es contiguous at K, and the black Lines be-
tween them are their Diftances in arithmetical
Progreflion, and the Colours written above are
feen by refleted Light, and thofe below by
Light tranfmitted.

O4f vo. Wetting the Objeét-glafles a little
at their edges, the Water crept in {lowly 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 oft
from the other half, and contracted into a lefs
Room. By meafuring them I found the Pro-
portions of their Diameters to the Diameters of
the like Circles made by Air to be about {feven
to eight, and confequently the Intervals of the
Glaffes at like Circles, caufed by thofe two Me-
diums Water and Air, are asabout three to four.
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-
vals at the Rings caufed thereby will be to their

Intervals
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Intervals caufed by interjacent Air, as the Sines
are which meafure the Refraétion made out of
that Medium into Air. '

O4f: 11. When the Water was between the
Glafles, if I preffed 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
upon creeping. in of the ambient Water into that
place would prefently vanifh. 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
Glafles at the creeping in of the Water.

0%/ 12. Thefe Obfervations were made in
the open Air. But farther to examine the Ef-
fefts of colour’d Light falling on the Glafles, I
darken’d the Room, and view’d them by Re-
flexion of the Colours of a Prifm caft on a Sheet
of white Paper, my Eye being fo placed that
could fee the colour’d Paper by Retlexionin the -
Glafles, as in a Looking-glafs. And by this
means the Rings became diftinéter and vifible
to a far greater number than in the open Air,
I have {ometimes feen more than twenty of
them, whereas in the open Air I could not dif-
cern above eight or nine.

04/ 13. Appointing an Affiftant to move the
Prifm to and fro about its Axis, that all the
Colours might fucceffively fall on that part of
the Paper which I faw by Reflexion from that

N 4 | part
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Part of the Glafles, where the Circles appear’d,
fo that all the Colours might be fucceflively re.
fleéted from the Circles to my Fyc whilit T held
it immoveable, I found the Circles which the
red Light made to be manifeflly bigger thay
thofe which were made by the blue and violet,
And it was very pleafant to {fee them gradually
{well or contraétaccordingly as the Colour of the
Light was changed. The Interval of the Glaf.
{es at any of the Rings, when they were made
by the utmoft red Light, was to their Interval
at the fame Ring when made by the urmoft
violet, greater than as 3 to 2, and lefs than s
13t0 8. By the moft of my Oblervations it was
as 14 to 9. And this Proportion feem’d very
nearly the fame in all Obliquitics of my Fye,
nnlefs when two Prifms were made ufe of in.
ftead of the Object-glafles. For then at a cer-
tain great obliquity of my Eye, the Rings made
by the feveral Colours feem’d equal, and ata
greater obliquity thofe made by the violet would
be greater than the fame Rings made by the red:
the Refra¢tion of the Prifm in this cafe caufing
the moft refrangible Rays to fall more obliquely
on that plate of the Air than the leaft refrang-
blc ones. Thus the Experiment fucceeded in
the colour’d Light, which was fufliciently {trong
and copious to make the Rings {enfible. And
‘thence it may be gather’d, that if the moft re-
frangible and leait refrangible Rays had been co-
pious enough to make the Rings fenfible with-
out the mixture of other Rays, the Proportion
which here was 14 to g would have been a little
greater, {uppofe 145 or 144 to g, SR
o ol
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G&f 14, Whillt the Prifim was turn’d about
its Axis with an uniform Motion, to make all
the feveral Colours fall fucceflively upon the
Objedt- glafles, and thereby to make the Rings
contratt and dilate: The Contraction or Dila-
tation of each Ring thus made by the variation
of its Colour was {wifteft in the red, and {low-
eil in the violet, and in the intermediate Colours
it had intermediate degrees of Celerity. Com-
paring the quantity of Contraétion and Dilata-
tion made by all the degrees of each Colour, I
found that it was greateft in the red ; lefs in
the yellow, {till lefs in the blue, and leaft in the
violet. And to make as juft an Eftimation as I
‘could of the Proportions of their Contractions
or Dilatations, T obferv’d that the whole Con-
rraétion or Dilatation of the Diameter of any
Ring made by all the degrees of red, was to
that of the Diameter of the fame Ring made by
all the degrees of violet, as about four ro three,
or .five to four, and that when the Light was
of the middle Colour between yellow and green,
the Diameter of the Ring was very nearly an
arithmetical Mean between the greateft Diame-
ter of the fame Ring made by the outmoit red,
and the leaft Diameter thereof made by the
outmoft violet; contrary to what happens in
the Colours of the oblong Spe¢trum made by
the Refraion of a Prifm, where the red is
mofit - contralted, the violet moft expanded,
‘and in the niidft of all the Colours is the Com-
fine of green and blue. And hence I feem to
colle& that the thickneffes of the Air between
the Glaffes thete, where the Ring is fucceﬂiv;e—
: y
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ly made by the limits of the five principal Co.
lours (red, yellow, green, blue, violet) in or
der (that is, by the extreme red, by the limit
of red and yellow in the middle of the orange,
by the limit of yellow and green, by the limit
of green and blue, by the limit of blue and
~ violet in the middle of the indigo, and by the
extreme violet) are to one another very nearly
as the fix lengths of a Chord which found the
Notes in a {ixth Major, /64, la, mi, fa, fol, k.
But it agrees fomething better with the Obfer-
vation to fay, that the thicknefles of the Air
between the Glafles there, where the Rings are
fucceflively made by the limits of the {even 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 a Chord, which found the Notes in an eighth,
[fody la, fa, [0y la, mi, fa [ol; that is, as the
Cube Roots of the Squares of the Numbers, 1,

‘8§ 03 0 3 9 T
TI O FYTY Yy TEY T

04/ 15. Thefe Rings were not of various
Colours like thofe made in the open Air, but
appeared all over of that prifmatick Colour on-
ly with which they were illuminated. And by
projecting the prifimatick Colours immediatel
upon the Glafles, I found that the Light whic
fell on the dark iSpaces which were between
the colour’d Rings, was tranfmitted through the
Glafles without any variation of Colour. For
on a white Paper placed behind, it would paint
Rings of the fame Colour with thofe which
were reflected, and of the bignefs of their im-
mediate Spaces. Aand from thence the ol*igi;}

0
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of thefe Rings is manifeft; namely, that the
Air between the Glafles, according to its vari-
ous thicknefs, is difpofed in fome places to re-
fle€t,-and in others to tranfmit the Light of a-
ny one Colour (as you may {ee reprefented in
the fourth Figure) and in the fame place to re-
fleét that of one Colour where it tranfmits that
of another.

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

N . . . g
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 Glailes. In thofe that follow are fet down
the Appearances of a denfer Medium thin'd
within a rarer, fuch as are Plates of Mulcovy
Glafs, Bubbles of Water, and fome other thin
Subftances terminated on all fides with Air.
_ Obf17. If a Bubble be blown with Water
firft made tenacious by diffolving a little Soap
in it, tis a2 common Obfervation, that after a
while it will appear tinged with a great variety
of Colours. 'To defend thefe Bubbles from be-
ing agitated by the external Air (whereby their
Colours are irregularly moved one among ana-
ther, fo that no accurate Obfervation can be
made of them,) as foon as I had blown an.xtrl of
them
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them { cover’d it with a clear Glafs, and by that
means-its Colours emerged in a very regula
order, like {o many concentrick Rings encom.
pafling the top of the Bubble. And as the Bub
ble grew thinner by the continual {ubfiding of
the Water, thefe Rings dilated flowly and over-
{pread the whole Bubble, defcending in order
to the bottom of it, where they vanifl’d fuc
‘ceflively. In the mean while, after all the Co.
lTours were emerged at the top, there grew in
the center of the Rings a fmall round black
Spot, like that in the tirft Obfervation, which
“continually dilated it felf till it became {ome.

times more than 1+ or 2 of an Inch in breadth

before the Bubble broke. At firft T thought
there had been no Light refleéted from the Wa.
ter in that placc, but oblerving it more curi-
oufly, I faw within it feveral {fmaller round
Spots, which appeared much blacker and dark-
er than the reft, whercby I knew that there
was fome Reflexion at the other places which
were not fo dark as thofe Spots.  And by far
ther T'ryal T found that T could fee the Tmages
of fome things (as of a Candle or the Sun) ve-
1y faintly refleéted, not only from the great
black Spot, but alfo from thelittle darker Spots
which were within in it. | :
Befides the aforefaid colour'd Rings thet
would often appear {mall Spots of Colours, af-
cending and defcending up and down the fides
of the Bubble, by reafon of fome Inequalities
in the fubfiding of the Water. And fomerimes
{mall black Spots generated at the fides would
| afcend



[ 189 ]

afcend up to the larger black Spot at the top of .
the Bubble, and unite with it. ' )
04/ 18. Becaufe the Colours of thefe Bubbles -
were more extended and lively than thofe of |
the Air thinn’d between two Glafles, and fo
more ealy to be diftinguif’'d, I fhall here give.
vou a farther defeription of their order, asthey
were obferv’d in viewing them by Reflexion of-
the Skies when of a white Colour, whillt a black -
fubftance was placed behind the Bubble. And.
they were thefe, red, blue; red, blue; red,
blue; red, green; red, yellow, green, blie,
purple; red, yellow, green, blue, violet; reds
vellow, white, blue, black. - A
The three firft Succeflions of red and blue .
were very dilute and_ dirty, efpecially the firfl,
where the red feem’d in a manner to be white.
Among thefe there was fcarce any other Colour
{enfible befides red and blue, only the blues (and -
principally the fecond blue) inclined a lictle to
green. o ,
The fourth red was alfo dilute and dirty, but
not fo much as the former three; after that
{ucceeded little or no yellow, but a copious
green, which at firft inclined a little to yellow,
and then became a pretty brisk and good wil-
low green, and afterwards changed to a blueifh
Colour ; but there fucceeded neither blue nox
violet. S
The fifth red at 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 little in quantity, and foorn.
: : ‘ : chang’d
3
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chang’d to green: Bur that green was copiots
and fomething more puré, deep and lively, than
the former green. Aftet that follow’d an ex-
cellent blue of a bright Sky-colour, and thena
purple, which was lefs in quantity than the blue,
and much inclin'd to red. |

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

In the laft red appeared a tin&ure 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 perfeét whitenefs.
And this whitenefs, if the Water was very te-
nacious and well temper’d, would flowly {pread
and dilate it {elf over the greater part of the
Bubble s continually growing paler at the top,
where at length it would crack in many places,
and thofe cracks, as they dilated, would ap_pealé

0
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of a pretty good, but yet obfcure and dark
Sky-colour ; the white between the blue Spots
diminithing , untill 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 Colour. And this Colour, after
the aforefaid manner, dilated it felf downwards,
until {fometimes it hath over{pread the whole
Bubble. In the mean while at the top, which
was of a darker blue than the bottom, and ap-
pear'd alfo full of many round blue Spots, fome-
thing darker than the reft, there would emerge
one or more very black Spots, and within thofe,
other Spots of an intenfer blacknefs, which I
mention’d in the former Obfervation; and thefe
continnally 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
fometimes they would break forth within the
precedent yellow, or red, or perhaps within
the blue of the fecond order, before the inter-
mediate Colours had time to difplay themfelves.

By this defcription gou may perceive how
great an affinity thefe Colours have with thofe
of Air defcribed in the fourth Obfervation, al-
though fet down in a contrary order, by reafon
that they begin to appear when the Bubble is
thickeft "and are moft conveniently reckon’d
from the loweft and thickeft part of the Bubble
upwards. : ,

Ob/. 19. Viewing in feveral oblique Pofitions
of my Eye the Rings of Colours emerging (}:)ln

. the
4
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the top of the Bubble, I found that they were
{enfibly dilated by increafing the obliquity, by
yet not fo much by far as thofe made by thinpg
Air in the {feventh Obfervation. For there they
were dilated fo much as, when view’d moft ob:
liquely, to arrive at a part of the Plate more
than twelve times thicker than that where they
appeared whe_n vicwcd pcrpc_:ndiculmly_; where.
as in this cafe the thicknels of the Water, g
which they arriv’d when view’d mofl obliquely,
was to that thicknefs which exhibited them by
erpendicular Rays, fomething lefs than as 8t
5. By the beft of my Obfervations it was be.
tween 15 and 15 to 105 an increafe about ag

times lefs than in the other cafe. ‘
Sometimes the Bubble would become of an
uniform thicknels all over, except at the top of
it near the black Spot, as 1 knew, becaule it
would exhibit the fame appearance of Colours
in all Pofitions of the Fyc.  And then the Co
lours which were feen at its apparent circumfe-
rence by the obliqueft Rays would be diferent
from thofe that were feen in other places, by
Rays lefs oblique to it.  And divers Spetiators
might fee the fame part of it of differing Co-
lonrs, by viewing it at very differing Obliqui-
ties. Now obferving how much the Colours at
the fame places of the Bubble, or at divers pla-
ces of equal thicknefs, were varied by the fe-
veral Obliquities of the Rays; by -the affiftance
of the 4th, x4th, x6th and 18cth Obfervations,
as they are hereafter explain’d, I colled the
thicknefs of the Water requifite to exhibit any
one and the fame Colour, at feveral Obliquities,
' ' - 10
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to be very nearly in the Proportion expreffed
in this Table. ‘ '

ucidence on Refrattion in-(Thicknefs of|
the IWater. | to the Water. | the Water.
Degr. Min. | Degr. Min.
o0 00 .00 00 1o
1§ oo IT ir 10+
30 QO 2.2 I 103
45 00 32 2 Ir#
60 oo 40 30 13
75 00 46 25 14+
90 oe | 48 37 I8¢

_ In the two firft Columhs are expréfs’d the
Obliquities of the Raysto the Superficies of the
Water, that is, their” Angles of Incidencé and
Refraltion. Where I {uppofe thdt the Sines
which meafure them are in round Numbers; as
3 to 4, though probably the diffolution of Soap
in the Water; may a little alter its refrattive
Virtue. In the third Columr the thicknefs of
the Bubble, at which any orie Colour is exhibit-
ed in thofe feveral Obliquities; is exprefs’d ir
parts, of which ten conflitute its thicknefs when
the Rays are perpendicular. * And tlie Rule
found by the feventh Obfervition agrees well
with thefe Meaftires, if duly d4pply’d ; namely,
that the thicknefs of a Plate of Water requifite
to exhibit one and the fame Colour at {evefal
Obliquities of the Eye, is proportional to the,
fecant of an Angle whofe Sine is the firft Of art
huhdred and - fix arithmegcal mhean Propo'ttio'l‘-‘
TR nals
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nals between the Sines of Incidence and Refta-
&ion counted from the lefler Sine, that is, from
the sine of Refraétion when the Refradion is
made out of Air into Water, otherwife from
the Sine of Incidence. 4
I have {fometimes obferv’d, that the Colours
which arife on polifhi’d Steel by heating it, or
on Bell metal, and fome other metalline Sub-
{tances, when melted and pour’d on the ground,
where they may cool in the open Air, have, like
the Colours of Water-bubbles, been a little
changed by viewing them at divers Obliqt;ities,
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 Co-
lours are not fo great and fenfible as of thofe
madeby Water. For the Scoria or vitrified part
of the Metal, which moft Metals when heated or
melted do continually protrude, and fend out
to their Surface, and which by covering the
Metals in form of a thin glally Skin, caufes
thefe Colours, is much denfer than Water; and
1 find that the Change made by the Obliquation
of the Eyes is leaft in Colours of the denfett thin
Subftances. ' ‘
~ Obf’20. As inthe ninth Obfervation, {o bere,
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 reflefted: from
it, feem’d red atits apparent circumference,
if the Clouds at the fame time, or immedjately
after, were view’d through it, the Colour at its
circymference wouyld be blue. And, on the
S contrary,
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Contriry; when by reflefted Laght it appeared
blue, it would appear red by tranimitted Light.
04/ 21. By wetting very thin Plates of Muf-
covy Glafs, whofe thinhefs made the like Co-
lours appear, the Colours became more faint
and languid, efpecially by wetting the Plates on
that fide oppofite to the Eye: But I could not
perceive any variation of their Species. So then
the thicknefs of a Plate requifite to produce
any Colour; depends only on the denfity of the
Plate, and not on that of the ambient Medium.
And hence; by the 1oth and 16th Obfervations,
may be known the thicknefs which Bubbles of
Witer, or Plates of Mufcovy Glafs, or other
Subftarices ;- have at any Colour produced by
them: A I
_04f 22, A thin tranfparent Body; which is
denfer than its ambient Medium, exhibits 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 2 Lamp Furnace, thofe Plates encompafled
with Air did exhibit Colours much more vivid
than thofe of Air made thin between two
Glaffes. ' o ;
0b/ 23. Comparing the quantity of Light
refleted from the feveral Rings, I found that
it was moft copious from the firft or inmofl,
and in the exterior Rings became gradually lefs
and lefs. Alfo the whitenefs of the firft Ring
was ftronger than that reflefted from thofe
parts of the thin Mediutm or Plate which weré
without the Rings; s I could manifeitly per-
ceive by viewing at a divﬁénce the Rings magfﬁ‘
- ' 2 )
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by the two Object-glafles; or by comparing two
Bubbles of Water blown at diftant times, iy
the firft of which the whitenefs appear’d, which
fuccceded all the Colours, and in the othet,
the whitenefs which preceded them all.

0bf 24. When the two Objeét-glafles were
lay’d upon one another, fo as to make the Rings -
of the Colours appear, though with my naked
Eye I could not difcern above eight or nine of
thofe Rings, yet by viewing them through a
Prifm I have {een a far greater multitude, info-
much that I could number more than forty, be-
fides many others, that were {o very {mall and
clofetogether, that I could not keep my Eye ftea-
dy on them feverally {o as to number them,but
by their Extent Thave fometimes eftimated them
to be more than an hundred. And I believe the
Experiment may be improved to the difcovery.
of far greater Numbers. For they feem to be
really unlimited, though vifible only fo far as
they can be {eparated by the Refration of this
Prifm as I fhall hereafter explain:

Burit was but one fide of thefe Rings, name.
ly, that towards which the Refraétion was made,
which by that Refraction was render’d diftiné,
and the other fide became more confufed than
when view’d by the naked Eye, infomuch that
there I could not difcern above one or two,
and fometimes none of thofe Rings, of which
I couid difcern eight or nine with my naked
Fye. And their Segments or Arcs, which on
the other fide appear’d fo numerous, for the
moft part cxceeded not the third part of a Cir-
cle. If the Refraction was very great, or the

T © Prifm
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Prifm very diftant from the Obje&-glafles, the
middle part of thofe Arcs became alfo confu-
fed, fo as to difappear and conftitute an even
whitenefs, whillt on either fide their ends, as
afo the whole Arcs fartheft from the center,
became diftinéter than before, appearing in the

form as you fee them defign’d in the fifth Fi-

ure. A

The Arcs, where they feem’d diftinéteft, were
only white and black fucceflively, without any
other Colours intermix’d. But in other places
there appeared Colours, whofe order was in-
verted by the Refraltion in fuch manner, that
if I firft held the Prifm very near the Objeét-
glles, and then gradually removed it farther
off towards my Eye, the Colours of the 2d, 3d,
4th, and following Rings fhrunk towards the
white that emerged-between ther, until they
wholly vanifh’d into it at the middle of the
Arcs, and afterwards emerged again in a con-
trary order. But at the ends of the Arcs they
retain’d their order unchanged.

I have fometimes fo lay’d one Objeét-glals
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 multitudes of thofe Rings have
difcover'’d themfelves. And in like manner
Plates of Mufcovy Glafs, and Bubbles of Glafs
blown at a Lamp Furnace, which were not fo
thin as to exhibit any Colours to the naked Eye,
have through the Prifin exhibited a great varie-
ty of them ranged irregularly up and down in

Q3 the
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the form of Waves. And fo Bubbles of Wa-
ter, befaore they began to exhibit their Colours
to the naked Eye of a By-ftander, have appeat-
ed through a Prifm, girded about with many
parallel and horizontal Rings ; to produce which
Effeét, it was neceffary to hold the Prifm pa-
rallel, or very nearly parallel to the Horizon,
and to difpofe it {fo that the Rays might be re-
fraGted upwards. '

THE
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Remarks upon the foregoing Obfervations:

BFPIA V IN G given my Obfervations of thefe
Colours; before 1 make ufe of them to
2 unfold the Caufes of the Colours of
== natural Bodies, it is convenient that by
the fimpleft of them, fuch as are the 2d, 3d,
4th, oth, 12th, 18th, 20th, and 24th, I firft ex-

| 04 plain
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plain the more compounded. And fir{t to thew
how the Colours in the fourth and eighteenth
Obfervarions are produced, let there be taken
in any right Line from the Point Y, [in 5’2%’[' 6.]
the 1engths Y A, YB: YC’: YDa YE, Y PJ y
Y H, in proportion to one another, as the Cube
Roots of the Squares of the Numbers, 4, <%, 4,
2, 3, & & 1, whereby the lengths of a mufical
Chord to found all the Notes in an eighth are
reprefented ; that is, in the proportion of the
Numbers 6300, 6814, 7I14, 7631, 8255, 8845,
9243, 100co. And-at the Points A, B, C, D,
E, F, G, H, let perpendiculars A ¢, BB, &c. be
erefted, by whofe Intervals the Extent of the.
{everal Colours {et underneath again{t 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, &¢. {et at the Points of Divifion
denote. And through thofe Divifions from Y.

draw Lines 1 I, 2 K, 3L, sM, 6 N, 7O, &5¢.
Now if A 2 be fuppofed to reprefent the
thicknefs of any thin tranfparent Body, at which
the outmolt violet is moft copioufly refleted
in the firt Ring, or Series of Colqurs, then by
the 13th Obfervation, H K will reprefent its
thicknefs, at which the urmoft red is moft co-
pioufly reflected in the fame Series. Alfo by
the sth and 16th Obfervations, A 6 and H N
will denote the thicknefles at which thofe ex-
treme Colours are moft copioufly refle@ed in
the fecond Series, and A ro and H Q the thick-
nefles, at which they are moft copioufly refleé-
ed in the third Series, and fo on. ‘And the
thicknefs at which any of the intermediate Co-
- lours
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lours are refleéted moft copioufly, will accor-
ding to the 14th Obfervation, be defined by the
diftance of the Line A H from the intermediate
parts of the Lines 2K, 6N, 10Q, ¢, againit
which the Names of thofe Colours are written’
below, o
But farther, to define the Latitude of thefe
Colours in each Ring or Series, let A 1 defign
the leaft thicknefs, and A 3 the greateft thick-
nefs, at which the extreme wviolet in the firft
Series 15 refle@ed, and let H I, and H L, de-
fign the like limits for the extreme red, and let
the intermediate Colours be limited by the in-
termediate parts of the Lines 1.1, and 3 L, a-
gaint 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, 6 N, 10 Q, &¢. and
from thence to decreafée gradually towards thefe
limits, x I, 3L, §M, 7O, &¢. on either fides
where you muft not conceive them to be pre- -
cifely limited, but to decay. indefinitely. And
whereas [ have -aflign’d the fame Latitude to e-
very Series; I did 1t, becaufe although the Co- -
lours in the firft Series feem to be a little broad-
er than the reft, by reafon of a ftronger Re-
flexion there, yet that inequality is fo infen-
fible as {carcely to be determin'd by Obferva-
tion. : o o S
Now according to this Defcription, concei-
ving that the Rays originally of feveral Colours
are by turns reflefted at the Spaces r1 1.3, s M
07,9 PR 11, 8¢, and tranfmitted at the Spaces
AHl1, 31.M 5,70 P, e, itis ealyto kngw
‘ - what
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what Colour muft in the open Air be exhi-
bited ar any thicknefs of a tranfparent thin Bo-
dy.-Fotif a Ruler be applied parallel to A H,
at-that diftance from it by which the thicknefs
of the Body is reprefented the alternate Spaces
1IL 3, s M Oy, Ge. which it crofleth will de-
note the reflected original Colours, of which
the Colour exhibited in the open Air is com-
pounded. ‘Thus if the conttitution of the green
in the third Series of Colours be defired, apply
the Ruler as you fee at 7 ¢ ¢ ¢, and by its pai-
fing through fome of the blue at 7 and yellow
at «y as well as through the green at g, you may

conclude that the green exhibited at that thick-
nefs 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 x8th Obfervations. For if
you move the Ruler gradually from A H 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
Ito 3, and after that by the fucceffive defici-
ence of its component Colours, turns firflt to
compound yellow, and then to red, and laft olfi'

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 5 to O, and are more lively than
before, becaufe mere 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 which together ought -to
exhibit a dilute and imperfe@ green. So. the
Colours of the third Series all fucceed in or-.
der; firft, the violet, which a little interferes
with the red of the {fecond order, and is there-
by inclined to a reddith purple; then the blue
and green, which are lefs mixed with other
Colours, and confequently more lively than be-
fore, efpecially the green: Then. follows the
yellow, fome of which towards the green is di-:
tin& and good, but that part of it towards the
{ucceeding red, as’ alfo that red ‘is mix’d with.
the violet and blue of the fourth Series, where-.
by various degrees of red very much inclining.
to purple are compounded. This violet and-
blue, which fhould fucceed this red, being mix-
ed with, and hidden in it, there fucceeds a
green. And this at firft is much inclined to
blae, but {oon becomes a good green, the on-'
ly unmix’'d and lively Colour in this fourth Se-
ries, For as it verges towards the yellow, it
. begins to interfere with the Colours of the fifth’
Series, by whofe mixture the fucceeding yel-
low and red are very much diluted and made’
dirty, efpecially the yellow, which being the
weaker Colour is fcarce able to thew ltA gﬂelf.
, ter
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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 in all places
pretty equally blended, and compound an even
whitenefs. . R

And fince by the 15th Obfervation the Rays

endued with one Colour are tranfmitted, where

thofe of another Colour are refleéted, ‘the rea.
fon of the Colours made by the tranfmitted

Light in the 9th and 20th Obfervations is from

hence evident. TR | |
~ 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 afliftance of the 6th or 16th Obfer-
vation. For according to thofe Obfervations
the thicknefs of the thinned Air, which be-
tween two Glafles exhibited the moft Iuiminous
parts of the firft fix Rings were g, ;—-——-78C3,OO’

5 7 0 Ir - . - .
1780007 178006 1780003 178000 Pmts of an Inch.
Suppofe the Light refleéted moft copioudly at
thefe thicknetles be the bright citrine yellow,

or confine of yellow and orange, and thefe
thickneffes will be ¥ 2, Fp, F £, Foy F7. And
this being known, it is eafy to dectermine what

thicknefs of Air is reprefented by G ¢, or by

any other diftance of the Ruler from A H.
Bur farcher, fince by the xoth Obfervation the
thicknefs of Air was to the thickne{s of Water,
which

After this the feveral Series interfere more ang
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~ which between the fame Glafles exhibited the
ame Colout, 2s 4 to 3, and by the 21t Obfer-
- yation the Colours of thin Bodies are not varied
by vat ing the ambient Medium; the thick-
nefs of a Bubble of Water, exhibiting any Co-
jour, will be 2 of the thicknefs of Air produ-
cing the fame Colour. And fo according to
the fame roth and 21ft Obfervations the thick~
nefs of a Plate of Glafs, whofe Refra&iosi of
the mean refrangible Ray, is meafured by the
roportion of the Sines 31 to 20, may be +2 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 Proportions are fo little
' that' I do not here confider them. On thefe
Grounds I have compofed the following Ta-
ble, wherein the thicknefs of Air, Water, and
Glafs, at which each Colour is moft intenfe
and fpecifick, is exprefled in parts of an Inch
divided into ten hundred thoufand equal parts.

. T/n
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Now if this Table be compared with the 6tk
gcheme, you will there fee the conftitution of
each Colour, as to its Ingredients, or.the ori-
ginal Colours of which it is compounded, and
tence be enabled to judge of its Intenfenefs or
Imperfection ; which may fuffice in explication
of the 4th and 18th Obfervations, unlefs it be
firther defired. to delineate the manner how
the Colours appear, when the two Obje&-glaf-
fes are laid upon one another. To do which,
let there be delcribed a large Arc of a Circle,
and a fireigth Line which may touch that Arc,
and parallel to that ‘Tangent f{everal occult
Lines, at fuch diftances from it, as the Num-
bers fet againit the feveral Colours in the Ta-
ble denote. For the Arc, and its Tangent, will
reprefent the Superficies of the. Glaffes termi:
nating the interjacent Air; and the places where
the occult Lines cut the Arc will thow at what
diftances from the center, or Point of contra&,
each Colour is reflected. ‘

There are alfo other Ufes of this Table: For
by its affiftance the thicknefs of the Bubble in
the roth Obfervation was determin’d by the Co-
lours which it exhibited. ‘And fo the bignefs
of the parts of natural Bodies may be conje-
tured by their Colours, as fhall ‘be hereafter
fhewn.  Alfo if two or ‘'more very thin Plates
be laid one upon another, {o as to compofe one
Plate equalling them all in- thicknefs, the refult-
ing Colour may be hereby determin’d. For in-
{tance, Mr. Hook obferved, as is mentioned in
bis Micrographia, that a faint yellow Plate of

Mufcovy Glafs laid upon a blue one conftituted
| ‘ » ' a very

4
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¢ very deep purple. The lyellow -of the fuft
‘Order is ‘2 faint one, and: the thicknefs of the
Plate exhibiting it, according to the Table i
43, to which add 9, the thicknefs exhibiting
blue of the fecond Order, and the Sum will be
134, which is the thicknefs exhibiting the pur-
ple of the third Order. T
To explain, in the next plice, the circui.
ftances of the 2d and 3d Obfervations; that i
how the Rings of the Colours may (by turhing
the Prifms abotit their common Axis” the con-
trary way to that exprefled in thofe Obfervd: °
tions) be converted into'white and black Rirgs,
and afterwards into Rings of Colours again, the
Colours of cach Ring lying now in an inverted
order ; it muft be remember’d, that thofe Rings
of Colours are dilated by the obliquation of the
Rays to the Air which intercedes the Glifles;
and that according to the Table in the 7th Ob-
fervation, their Dilatation or Increafe of their
Diamneter. is moft manifeft and {peedy when
they are  obliqueft: Now the Rays of yellow
being more refratted by the firft Superficies of
the faid Air than thofe of red, are thercby
made more oblique to the{econd Superficies;
at-which they are refleéted 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 i
the obliquity of the Rays, until at laft it be-
come of equal extent with the red of the fime
Ring. And for the fame reafon the green, blue
and violet, will be alfo fo much dila'tedi‘b'y*ﬁ}ﬁ
| | | i
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11l greater obliquity of their Rays, as to be-
come all very nearly of equal extent with the
¥ed, that is, equally diftant from the center of
the Rings. And then all the Colours of the
{fame Ring maft be coincident, and by their
mixture exhibit a white Ring. And thele white
Rings muit have black and dark Rings between
them, becaufe they do not fpread and interfere
with one another as before. And for that rea-
{on alfo they muft become diftin¢ter and vifible
to far greater numbers. But yet the violet be-
ing obliqueft will be fomething more dilated it
proportion to its extent than the other Colours,
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 {o being
farther removed from the center of the Ringss
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 amd yellow at the in-
terior. And the violet, by reafon of the great-
eft obliquity of its Rays, being in proportion
moft of all expanded, will fooneft appear at
the exterior Limb of each white Ring, and be-
come more confpicuous than the rett.  And the
feveral Series of Colours belonging to the {evee
ral Rings, will by their unfolding and fpread-
ing, begin again to interfere, and thercby ren-
der the Rings lefs diftinét, and not vitible to fo
great numbers.’

P
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If inflead of the Prifms the Obje&-glafles be
made ufe of , the Rings which they exhibit he.
come not white and diftint by the obliquity of
the Eye, by reafon that the Rays in their paffage
through that Air which intercedes the Glafles
are very nearly parallel to thofe Lines in which
they were firit incident on the Glafles, and con.
fequently the Rays endued with feveral Colours
are not inclined one more than another to that
Air, asit happensin the Prifms.

There is yet another circumftance of thefe
Experiments to be confider’d, and that is why
the black and white Rings which when view'd
at a diftance appear diftin¢t, fhould not only be-
come confufed by viewing them near at hand,
but alfo yield a violet Colour at both the edges .
of every white Ring. And the reafon is, that
the Rays which enter the Eye at {everal parts
of the Pupil, have feveral Obliquities to the 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 obliqueft
Rays, and inwards by the leall oblique. And
this Expanfion is {o much the greater by how
much the greater 1s the difference of the Obli-
quity ; thatis, byhow much the Pupil is wider,
or the I'ye ncarer to the Glafles. And the
breadth of the violet muit be moft expanded,
becaule the Rays apt to excite a Senfation of
that Colour are mofl oblique to a fecond, or
farther buperficies of the thinn’d Air at which
they are refletted, and have alfo the greateft
. varia.
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variation of Obliqtity, 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 dre blended, the exterior firit,
and then thofe nearer the center, fo that they
can nd longer be dillinguifl’d apart, but feem
to conftitute an even and uniform whitenefs.
~ Among all the Obfervations theie is none ac=
gompanied with fo odd circumfitarices as the
twenty fourth. Of thofe the principal are; that
in thin Plates, which to the naked Eye feem of
an evell and uniform tranfparent whitenefs s
‘without any terminations of Shadows, the Re-
fraftion of a Prifm fhould make Rings of Cos
lours appear, whereas it ufually makes Objelts
appear colour’d only there where they dre ter-
minated with Shadows, or have parts unequals
ly luminous; and that it fhould make thofe
Rings exceedingly diftinét and white, although
it ufually renders Objeéts confufed and colour=
ed. The Caufe of thefe things you will under-
ftand by confidering, that all the Rings of Co-
lours afe really in the Plate, when view'd with
the naked Eye, although by redfon of the great
breadth of their Circumfererices they fo much
interfere and dre blended together, that they
feem to conflitute an wniform whitenefs. But
~ when the Rays pafs throtgh the Prifm to the
Eye; the Orbits of the feveral Golours in every
Ring are refraéted, 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 moreunfolded and dilated apg
thofe on the other fide more complicated apg
contraéted. And where by a duc Refraétion they
are fo much contracted, that the feveral Rings be.
come narrower than to interfere with one ap.
ther, they muft appear diftinét, and alfo White,
if the conftituent Colours be fo much contragt.
ed as to be wholly coincident. But, on the o.
ther fide, where the Orbit of every Ring is made
broader by the farther unfolding of its Colours,
it muft interfere more with other Rings thyy
before, and fo become lefs diftinét. ,

To explain this a little farther, fuppofe the
concentrick Circles AV, and B X, [in Fi, 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 Gircle
B X, will by a greater Refraction 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 Refraélions are made.
For inftance, if the red be tranflated to a7,
the violet may be tranflated to 4 x, {o as to ap-
proach nearer to it at & than before, and if the
ved be farther tranflated to a v, the violet may
be fo much farther tranflated to bx as to con-
vene with it at x, and if the red be yet farther
tranilated to « ¥, the violet may be {ftill fo much
farther tranflated to B £ 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 Colou‘rs(i

, : an
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and alfo of every revolution of thofe Colours,
you will eafily perceive how thofe of the fame
revolution or order, by their nearnefs at x v
and Y £, and their coincidence at x v, cand £
ought to conftitute pretty diftinét Arcs of Cir-
cles, efpecially at xv, or at ¢ and £, and that
they will appear feverally at » v, and at xv ex-
hibit whitenefs by their coincidence, and again
appear {everal at TZ, but yet in a contrary or-
der to that which they had before, and ftll re-
tin beyond ¢ and f. But, on the other fide,
at @ b6, ab, or « 8, thele Colours muft become
much more coufufed by being dilated and {pread
fo, as to interfere with thofe of other Orders.
And the fame confufion will happen at T £ be-
tween ¢ and f; if the Refraétion be very great,
or the Prifm very diftant from the Objeét-glaf-
{fes: In which cafe no parts of the Rings will
be feen, fave only two little Arcs ate and £,
whofe diftance from one another, will be aug-
mented by removing the Prifim {till farther from
the Objett-glaffes: And thefe little Arcs muft
be diftinéteit and whiteft at their middle, and
at their ends, where they begin to grow con-
fufed they muft be coloured. 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 other fide. But
their other ends which verge from Y£ will on
the contrary be blue and violet on that fide to-
| ' P3 wards
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wards the center, and on the other fide red apg

yellow. _ \ |
Now as all thefe things follow from the pro.
perties of Light by a mathematical way of res.
foning, fo the truth of them may be manifefted
by Experiments. For inadark Room, by viey.
ing thefe Rings through a Prifm, by reflexion
of the feveral prifmatick Colours, which ap
affiftant caufes to move to and fro upon a Wql|
or Paper from whence they are reflected, whilg
the Speftator’s Eye, the Prifm and the Obje&.
glaffes (as in the x 3th Obfervation) are placed
fteady: the Pofition of the Circles made fuc.
ceflively by the feveral Colours, will be fourd
fuch, in refpeft of one another, as I have de-
fcribed in the Figures 2 6 x v, or abxyv, or
ef#Y. And by the fame method the truth of
the Explications of other Obfervations may be
examined. ‘
By what hath been {aid, the like Phenomena
of Water, and thin Plates of Glafs may be un-
derftood. Bur in {mall fragments of thofe Plates,
there is this farther obfervable, that where they
Iye flat upon a Table and are turned about their
centers whillt they are viewed through a Prifin,
they will in fome poftures exhibit Waves of va.
rious Colours, and fome of them exhibit thele
Waves in one or two Pofitions only, but the
noft of them do in all Pofitions exhibit them,
and make them for the moft part appear al-
moft all over the Plates. The reafon is, that
the Superficies of {uch Plates ave not even, but
have many Cavities and Swellings, which how
thallow foever do a little vary the thicknefs lot
: the
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the Plate. For at the {everal 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
{ome very {inall, and narrower parts of the Glafs,
by which thele 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-
fleted, which by Refraction of the Prifm are
unfolded, - {feparated, and according to their
degrees of Refraltion, difperfed to feveral pla-
ces, {0 as to conftitute fo many feveral Waves,
as there were divers orders of Colours promif-
cuoufly refle@ted from that part of the Glafs.
Thefe are the principal Phenomena of thin
Plates or Bubbles, whofe Explications depend
on the properties of Light, which I have here-
tofore deliver’d. And thefe you fee do necef-
farily follow from them, and agree with them,
even to their very leaft circumitances; and not
only {fo, but do very much tend to their proof.
Thus, by the 2.4th 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 degrees of Refrangibility, where-
by thofe of each order, which at the reflexion ™
from the Plate or Bubble are intermix’d with
thofe of other Orders, are {eparated from them
by Refraétion, and affociated together {o 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
. S to -
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to the naked Senfe appears uniform, fhould by
Refraction have its parts tranfpoled and rangej

into thofe black and white Arcs.

It appears allo that the unequal Refrations

of difform Rays proceed not from any congp.
gent irregularities ; fuch as are Veins, an uneve
Polifh, or fortuitous Pofition of the Pores of
Glafs; unequal and cafual: Motions in the Aj
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 impoflible for Refractions to render
thole Rings fo very diflinét, and well defined,
as they do in the 24th Obfervation. Itis ne.
ceflary therefore that every Ray have its proper
and conftant degree of Refrangibility connate
with it, according to which its refraction is ever
juftly and regularly perform’d, and that fevers
‘Rays have f{everal of thofe degrees.

And what is faid of their Refrangibility may
be alfo underitood of their Reflexibility, thatis
of their Difpofitions to be refleéted fome ata
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, r4th, and
15th Oblervations compared with the fourth and
eighteenth. , i

By the precedent Obfervations it appears -
{o, that whitenefs is a diffimilar mixture of all
Colours, and that Light is a mixture of Rays
éndued with all thofe Colours.. For confider-
ing the multitude of the Rings of Colours, i
the 3d, rath and 24th Obfervations; it is n*me

' Sis
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felt, 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 interfer¢ ‘and:
mingle with one another, as after thofe eight
or nine revolutions to dilute one another whol-
ly, and conflitute 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 Raysendued with all thofe Co-
lours.

But farther, by the z4th Obfervation, it ap-
pears, that there is a conftant relation between
Colours and Refrangibility , the moft refrangi-
ble Rays being violet, the leaft refrangible red,
and thofe of intermediate Colours having pro-
portionably intermediate degrees of Refrangibi-
lity.  And by the 13th, 14th and 15th Obfer-
vations; compared with the 4th or 18th, there
appears to be the fame conitant relation be-
tween Colour and Reflexibility, the violet be-
ing in like circumitances reflected at leaft thick-
nefles of any thin Plate or Bubble, the red at
greateft thicknefles, and the intermediate Co-
lours at intermediate thickneflfes. Whence it
follows, .that the colorifick Difpofitions of Rays
are alfo connate with them and immutable, and
by confequence that all the Productions and
Appearances of Colours in the World are dfe-
rived not from any phyfical Change caufed in
Light by Refraftion or Reflexion, but only
- from- the various Mixtures or Separations of
Rays, by virtue of their different Refrangibility

or
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ot Reflexibility. And in this refpe the Scieng
of Colours becomes a Speculation as truly .
thematical as any other part of Opticks. [ mea
fo far as they depend on the Nature of Light,
and are not produced ot glt_er’d by the Powe,
of Tmagination, or by ftriking or prefling ¢
Eye.
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Of the permanent Colonrs of natural Bodiesy and
- the Aralogy besween them and the Colowrs of
thin tyanfparent Plates.

SIS AM now come to another part of
"J“;i; this Defign, which is to confider how

% j/.ﬁ,_&,, the Phenomena of thin tranfparvent
esem=idl’ Plates ftand related to thole of all o-
ther natural Bodies. Of thefe Bodies I have al-
ready told you that they appear of divq:ri Co-
. : louys,
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{ours, accordingly as they are difpofed to refleg
moft copioufly the Rays originally endued wig,
. thofe Colours. But their Conflitutions, wheye.
by they reflect fome Rays morce copioufly thy
others, remain to be difcover'd, and thefe |
fhall endeavour to manilell in the following
Propofitions. o |

Provr L

Thofe Superficies of tranfparent Bodies refls
the greateft quantity of Light, which hay
the greatefl vefracting Power; that is, which
intercede Medinms that differ mofl in they
refractive Denfities.  And in the Confines of
equally vefracting Medinms there is no Re.
Sexiop.

FHE Analogy between Reflexion and Re.

' fraétion will appcar by confidering, that

when Light paficth obliquely out of one Medi-
um into another which refraéts from the per
pendicular, the greater is the difference of their
refractive Denfity, the lefs Obliquity of Inci.
dence is requifite to caufe a total Reflexion,
For as the Sincs are which meafurc the Refra.
“€tion, o is the Sine of Incidence at which the
total Reflexion begins, to the Radius of the
Circle, and confequeatly that Angle of Inci-
‘dence ‘15" leatl where there is the greateft diffe-
rence: of the Sines.  Thus in the pafling of
Light out of Water into Air, where the Refra-
¢tion is meafurced by the Ratio of the Sines 3 to
4 the total Reflexion beging when the Angle
of Incidence is about 48 Degrees 35 Minut%s,
g n
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In pafling out of Glafs into Air, where the Re-
fraftion is meafured by the Ratio of the Sines
20 to 31, the toral Reflexion begins when the
Angle of Incidence is 40 Degrees 10 Minutes ;
and fo in pafling out of Cryftal, or more ftrong-
ly refrafting Mediams into Air, there is {tillalefs
Obliquity requifite to caufe a total Reflexion.
Superficies therefore which refract moft do
fooneft refleét all the Light which is incident
on them, and fo muit be allowed moft {trongly
reflexive. )
But the truth of this Propofition will farther

appear by obferving, that in the Superficies in-
terceding two tranfparent Mediums, (fuch asare
Air, Water, Oil, common Glafs, Cryital, me-
talline Glaffes, Ifland Glafles, white tranfparent
Arfenick, Diamonds, @®¢.) the Reflexion is
ftronger or weaker accordingly, as the Super-
ficies hath a greater or lefs refraéting Power.
For in the Confine of Air and Sal-gem ’tis
ftronger than.in the Confine of Air and Water,
and {lill {tronger in the Confine of Air and com-
mon Glafs or Cryital, and {tronger in the Con-
fine of Air and a Diamond. It any of thefg,
and {uch like tranfparent Solids, be immerged
in Water, its Reflexion becomes much weak-
er than before, and flill weaker if they be im-
merged in the more {irongly refraéting Liquors
of well rectified Qil of Vitriol or Spirit of Thr-
pentine. If Water be diftinguifh’d into two
parts, by any imaginary Surtace, the Reflexion
1n the Confine of thofe two parts, is none at all.
In the Confine of Water and Ice ’ts very little,
in that of Water and Oil ’tis fomething greater,
: . in

4
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in thit of Water and Sal-gem {Hll greater; 4ng
in that of Water and Glals, or Cryftal, of othey
denfer Subftances ftill greater, accordingly 4
thofe Mediumts differ more or lefs in their re.
fra&ing Poweis. Hence in the Confine of cop.
mon Glafs and Cryftal, there ought to be,
weak Reflexion, and a flronger Reflexiop i
the Confine of common and metalline Gla,
though I have not yet tried this. But; in the
Confine of two Glafles of equal denfity, there
is not ary fenfible Reflexion, as was thews in
the firft Obfervation. And the fame may be
underftood of the Superficies interceding twg
Cryftals, or two Liquors, or any other Sub.
ftances in which no Refra@ion is caufed. S
then the reafon why uniform pellucid Mediumg
(fuch as Water, Glafs; or Cryftal) have no fen.
fible Reflexion but in their external Superficie;
where they are adjacent to other Mediums of
a different denfity, is becaufe all their conti-
guous parts have one and the fame degree of
denfity.

Provr I

The leaft parts of almoft all natural Bodics are
in foine meafure tranfparent : And the Ops-
city of thofe Bodies arifeth from the multi-
tude of Reflexions caufed in their internal
Larts,

HA'T this is fo has been obferved bK 0-
thers, and will eafily be granted by thém

that have been converfant with Microfcopes.
And it may be alfo tried by applying an;;{fub-
’ ance
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ftance to a hole through which fome Light ig
immitted into a dark Room. For how opake
{oever that Subftance may feem in the open
Ailr, it will by that means appear very manifeft-
ly tranfparent, if it be of a fufficient thinnefs.
(%nly white metalline Bodies muft be excepted,
which by reafon of their exceflive denfity feem
to reflect almoft all the Light incident on their
firft Superficies, unlefs by folution in Menftru-
ums they be reduced into very {mall Particles,
and then they become tranfparent.

Propr ML

Between the parts of opake and colour’d Bodies
are many Spaces, cither empty ov repleni/b’d,
with Mediums of other Denfities; as Water

- between the tinging Corpuftles wherewith a-
wy Liquor is impregnated, Air between the
agueous Globules that conflitute Clonds or
Mifts 5 and for the moft part Spaces wvoid of
both Air and Water, but yet perbaps not
wholly void of all Subflance, berween the parts
of hard Bodies.

HE trath of this is evinced by the two
precedent Propofitions: For by the fe-
cond Propofition there are many Reflexions
made by the internal parts of Bodies, which,
by the firft Propofition, would not happen if
the parts of thofe Bodies were continued with-
out any fuch Interftices between them, becaufe
Reflexions are caufed only in Superficies, which
intercede Mediums of a differing denfity by
Prop, 3, ' :
But

4
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" But farthet, that this difcontintity of par
is the principal Caufe of the opacity of Bodies,
will appear by confidering, that opake Subftap.
ces become tranfparent by filling their Pores
with any Subftance of equal or almoft equal dep.
ﬁt/y with their parts. Thus Paper dipped ip
Water or Oil, the Oculus Mund: Stone fteep'd
in Water, Linen Cloth oiled or varniflid, apg
and many other Subitances foaked in fuch Li.
quors as will intimately pervade their It
Pores, become by that means more tranfparen;
than otherwife; fo, on the contrary, the moft
tranfparent Subftances may by evacuating their
Pores, or f{eparating their parts, be renderd
fufliciently opake, or Salts or wet Paper, or the
Ocuius Mrndi Stone by being dried, Horn by
being fcraped, Glafs by being reduced to Pow.
der, or otherwifle flawed, Turpentine by being
ftirred about with Water till they mix imper-
feltly, and Water by being form’d into many
{mall Bubbles, either alone in the form of Froth,
or by fhaking it together with Oil of Turpen-
tine, or QOil Olive, or with fome other conve-
nient Liquor, with which it will not perfefily
incorporate, And to the increafe of the opaci-
ty of thefe Bodies it conduces fomething, that
by the 23d Obfervation the Reflexions of very
thin tranfparent Subflances are confiderably
ftronger than thofe made by the fame Subftances
of a greater thicknefs.

/

Pror
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. Pror IV. , .

The parts of Bodies and their Interflices muft

not be lofs than of fome definite biguefs, to
render them opake and colonr’d. i

OR the opakeft Bodies, if their parts be
' fubtily divided, (as Metals by being diffol-
ved in acid Menftruums, €¢,) become perfelt-
ly tranfparent. And you may alfo remember,
that in the eighth Obfervation there was no
fenfible reflexion at the Superficies of the Ob-
ject-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 thinnelt was
almoft infenfible, {o as to'caufe very black Spots
-to appear on the top of the Bubble by the want
“of reflefted Light. LT
On thefe grounds I perceive it is that Water,
Salt, Glafs, Stones, and fuch like Subftances, are
tranfparent.  For, upon divers Confiderations,
they feem to be as full of Pores or -Interflices
between their-parts as other Bodies are, but yet
their Parts and Interflices to be too {mall to
caufe Reflexions in their common Surfaces.

& . Pror
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Pros V.

The tranfparent parts of Badiw according t
their feveral fizes veflect Kays of one Colyy,
and tranfinit thofe of another, on the fume
grounds that thiu Plates ov Bubbles do reflry
or tranfmit thofe Rays. And this I take
be the ground of all their Colonrs. -

O R ifa thinn’d or plated Body, which
being of an even thicknels, appears all o.
ver of one unpiform Colour, fhould be flit intg
Threds, or broken into Fragments, of the {ame
thicknels with the Plate; I fec no realon why
every Thred or lragment fhould not keep its
Colour, and by confcquence why a heap of
thofe Threds or Fragments fhould not confhi
tute a Mafs or Powder of the fame Colour,
which the Plate exhibited before it was broken,
And the parts of all natural Bodies being like
{o many I'ragments ofa Plate, muft on the fame.
grounds exhibit the fame Colours. |
Now that they do fo, will appear by the affi-
nity of their Propertes. The finely coloyr'd
Feathers. of fome Birds, and’ particularly thofe
of Peacocks Thails, do in 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 Oblervations, and therefore their
Colours arife from the thinnefs of the tranfpa-
vent parts of the Feathers; that is, from the
{lendernefs of the very fine Hairs, or Capilla-
menta, which grow out of the fides of the
groffer
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&roffer lateral Branches or Fibres of thofe Fes-
thers. And to the fame purpofe it is, that the
Webs of fome Spiders by being fpun very fine
have appeared colour'd, as fome have obferv'd,
and thar the colour’d Fibres of {fome Silks by
Varying the Pofition of the KEye 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 Liiquors;
and recover their Vigour again by being dried,
much aftet the manner declared of thin Bodies
in the 1oth and 21t Obfervations. I.eaf Gold,
{fome forts of painted Glafs, the Infufion of
Lignim Nepbriticum, and fome other Subftan-
ces refleét one Colour, and tranfmit another,
like thin Bodies in the 9th and 2oth Obferva-
tions. And fome of thofe colour’d Powders
which Painters ufe; may have their Colours a

- little changed, by being very elaborately and

finely ground. Where I {fee not what can be
Juftly pretended for thofe changes, befides the
breaking of their parts into lefs pares 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 1t 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 their Colours. Nor is it much lefs

to my purpofe, that by mixing divers Liquors
very odd and remarkable Produétions and
Changes of Colours may be effe€ted, of which
ho caufe can be more obvicus and rational tl;}an

Q 2 ' thag
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the faline Corpuicles of one Liquor do va.
oufly act upon or unite with the tinging Cor-
puicles of another, 1o astx)1nake them- {well,
or {hrink (whereby not only their bulk but thejy
denfity alfo may be changed ) or to divide themy
into {maller Corpulcles, (\vhereby a colourd
quuorxnay beconm:tran@xwenr) o1 to make
many of them aflociateinto one clufter, where.
by two tranfparent Liquors may compofe a co.
tour'd one. For we {ee how apt thofe faline
Menftruums are to penetrate and diflolve Sub.
ftances to which they are applied, and fome of
them to percipitate what others diffolve. In
like manner, if we confider the various Pha.
nomena of the Atmofphere, we may obferve,
that when Vapours are firft raifed, they hinder
not the tranfparency of the Air, being divided
into parts too {mall to caufe any Reflexion in
their Superficies. DBut when in order to com-
pofe Drops of Rain they begin to-coalefce and
conflitute Globules of all intermediate fizes,
thofe Globules when they become of a conve-
nient f{ize to refle@® fome Colours and tranfmit
others, may conftitute Clouds of various- Co-
lours according to their fizes. And I fee not
what can be rationally conceived ‘in {o tranipa-
rent a Subftance as Water for the produttion
of thefe Colours, befides the various fizes of its
fluid and globular Parcels. '

Prov.
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Pror VL

The parts of Bodies on which their Colours de-
pend, are denfer thanthe Medinm, which pers
vades their Iuterflices, ' '

~F "HIS will appear by confidering, that the
Colour of a Body depends not only on

the Rays which are incident perpendicularly
on its parts, but on thofe alfo which are inet-
dent at all other Angles. And that according
to the 7th Obfervation, a very little variation,
of obliquity will change the refle&ted Colour
where the thin Body or {mall Parricle is rarer
than the ambient Medium, infomuch that fuch
a fmall Particle will at diver{ly oblique Inci-
dences refleét of all farts of Colours, info great a
wvariety that the Colour refulting from them all,
confufedly refleéted from a heap of fuch Parti-
.cles, muil rather be a white or grey than any
other Colour, or at beft it mult be but a very
imperfeét and dirty Colour. Whereas 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 reflefted leaft obliquely may predominate
over the reft fo much as to caufe a heap of fuch
!Particlcs to appear very intenfely of cheir Co- -
our,
¢+ It conduces alfo fomething to the confirma-

- tion of this Propofition, that, according to the

22,d Obfervation, the Colours exhibited by the
denfer thin Body within the rarer, are more
' Q3 | prisk
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brisk than thofe exlibited by the rarer with
the denfer. ‘

Pror VIL

The bignefs of the componcnt Parts of natipg
Bodies may be conjeliured by their Coloups,

FNOR fince the parts of thefe Bodies by
F Prop. 5. do moft probably exhibit the
ame Colours with a Plate of equal thicknefs,
provided they have the fame rcﬁ‘aétive,denﬁty;
and fince their parts feem for the moft part to
have much the fame denfity with Water or
Glafs, as by many circumitances 19 obvious to
colleéts to determine the fizes of thofe parts
you nced only have recourfe to the precedent
Tables, 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 Ghafs
fhall refleét green of the third Order; the Nums
16k .
_. parts of an Inch,
The greateft difliculty 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 colleét
ed thefe particulars. ‘ L
Scarlets, and other reds, oranges and yels
lows, if they be purc 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 firlt order is faint, and the
: orange

ber 16+ fhews it to be
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orange and red of the third order have a great
mixture of violet and blue.

There may be good greens of the fourth or-
der, but the pureit are of the third. And of
this order the green of all Vegetables {feem to
be, partly by reafon of the intenfenefs of their
Colours, and partly becaufe when they wither
fome of them turn to a greenith yellow, and
others to a more perfect yellow or orange, or
perhaps to red, pafling fir{t through all the a-
forefaid intermediate Colours. Which Changes
feem to be effeéted by the exhaling of the moi-
fture which may leave the ringing Corpufcles
more denfe, and fomething augmented by the
accretion of the oily and earthy part of that
moifture. Now the green without doubt is of
the fame order with thofe Colours into which
it changeth , becaufe the Changes are gradual,
and thofe Colours, though ufually not very full,
yet are often too full and lively to be of the
fourth order.
" Blues and purples may be either 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 alcalizare
turns green. For fince it is' of the nature of
Acids to diffolve or attenuate, and of Alcalies
to precipitate or incraflate, if the purple Co-
lour of the Syrup was of the fecond order, an
acid Liquor’ by attenuating -its “tinging Cor-
pufcles wonld change it to a red of the firft or-
der, and an Alcali by incraffating them would
change it to a green of the {econd order ;

- T Q4 - which
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which red and green, efpecially the green, feey,
too imperfeét to be the Colours produced |
thefe Changes. Bucif the faid purple be fup.
pofed of the third order, its Change to red of
the fecond, and green of the third, may wit.
out any inconvenience be allow’d. .

If there be found any Body of a deeper ang
lefs reddith purple than that of the violets, i
Colour molt probably is of the fecond order.
But yet there being no Body commonly knowp
whole Colour is conftantly more deep tha
theirs,. I have made ufe of their name to denote
the deepett and leait reddith purples, fuch as
manifeitly tranicend cheir Colour in purity,

The blue of the firtt order, though very faint
and little, may poflibly be the Colour of fome
Subflances; and particularly the azure Colour
of the Skies feems to be of this order. For all
Vapours when they begin to condenfe and co-
alelce inta {fmall parcels, become firft of tha
bignefs whereby fuch an Azure muit be reflett-
ed before they can conflitute Clouds of other
Colours. And fo this being the firtt Colour
which Vapours begin to reilect, it ought to be
the Colour of the finelt and moft tranfparent
Skies in which Vapours are not arrived to that
grofinefs requifite to refleét other Colours, as
- we find it is by experience.

Whitenefs, if moll intenfe and luminous, is
that of the firft order, if lefs {trong and lumi-
nous a mixture of the Colours of f{everal or-
ders: Of this laft kind is the whitenefs of
Froth, Paper, Linen, and moft white Sub-
ftances; of the former I reckon that of white

: S Metalg
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Metals to be. For whillt the denfeft of Me--
tals, Gold, if foliated, is tran{parent, and all Me-
tals become cranfparent if diffolved in Men-
{truums or vitrified, the opacity of white Me-
tals avifeth not from their denfity alone. They
being 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 retleét other Colours, as is ma-
pifelt 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 arifes upon them in their cooling. And
as the white of the firft order is the {irongeit
which can be made by Plates of tranfparent
Subftances, {o it ought to be {tronger in the
denfer Subftances of Metals than in the rarer
of Air, Water and Glafs. Nor do I fee but
‘that metallic Subftances of fuch a thicknels as
may fit them to refleét the white of the firflt or-
der, may, by reafon of their great denfity (ac—
cording to the tenour of the firft of thele Pro-
-pofitions ) reflect all the Light incident upon
them, and {o be as opake and fplendent as it’s
poflible for any Body to be. Gold, or Copper
~mix’d with lefs than half their weight of Silver,
or Tin, or Regulus of Antimony, 1n fufion, or
amalgamed with a very little Mercury, become
white; which fhews both that the Particles- of
‘white Metals have much more Superficies, and
{o are {maller, than thofe of Gold and Copper,
, and .
8
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and alfo that they are fo opake as not to {uffer
the Particles of Gold or Copper to fhine through
them. Now it is fcarce to be doubted, py
that the Colours of Gold and Copper are of
the fecond or third order, and therefore he
Particles of white Metals cannot.be much bjp.
ger than is requifite to make them refle& the
white of the firft order. The volatility of Mey.
cury argues that they are not much bigger,
nor may they be much lefs, left they lofe thej
opacity, and become either tranfparent as they
do when attenuated by vitrification, or by So-
lution in Menftruums, or black as they do whey
ground {maller, by rubbing Silver, or Tin, or
Lead, upon other Subftances to draw black
Lines. The firft and only Colour which white
Metals take by grinding their Particles fmaller,
is black, and therefore their white ought to be
that which borders upon the black Spot in the
center -of the Rings of Colours, that is, the
white of the firft order. But if you would
hence gather the bignefs of metallic Particles,
vou muft allow for their denfity. For were
Mercury tranfparent, its denfity is {uch that
the Sine of Incidence upon it (by my compu-
tation) would be to the Sine of its Refradtion,
as 71 to 20, or 7 to 2. And therefore the
thicknefs of its Particles, that they may exhibit
the fame Colours with thofe of Bubbles of Wa--
ter, ought to be lefs than the thicknefs of the
Skin of thofe Bubbles in the proportion of 2
to 7. Whence it’s poffible that the Particles
of Mercury may be as little as the -Particlfes of

- 1ome
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fome tranfparent and volatile Fluids, and yet re<

fle¢t the white of the firflt order. - '
Laftly, for the production of black, the Cor-
pufcles muit be lefs than any of thofe which ex-
‘hibit Colours. For at all greater fizes there is
too much Light refle&ted to conftitute this Co=
lour. But if they be fuppofed a little lefs than
is requifite to refleét the white and very fdine
- blue of the firft order, they will, accordihg to
the 4th, 8th, 17th and 18th Obfervations, refleét
fo very lictle Light as to appear intenfly black,
and yet may perhaps varioully refraét it to and
fro within themfelves fo long, until it happen
to be ftifled and loft, by which means. they will
appear black in all pofitions of the Eye without
any tranfparency. And from hence may be under-
{tood why Fire, and the more fubtle diffolver Pt=
trefaétion, by dividing the Particles of Sub{tan~
" ces, turn them to black, why {mall quantitieg
of black Subftances impart their Colour very
- freely and intenfly to other Subftances to which
they are applied ; the minute Particles of thefe,
by reafon of their very great numbet, eafily o-
verfpreading the grofs Particles of others; why
Glais ground very elaborately with Sarid oh a
Copper Plate, till it be well polifh’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 hot in the Sun’s Light and burn, (which
Effe¢t may proceed partly from the multitude
of Refra¢fions in a little room, and partly from
the ealy Commotion of - fo very {mall Cor-
pufcles;) and why blacks are u{ua]l‘_y a htﬂi(? mé
‘ ' ‘ ‘ - elnedq



[ 236 ]

‘clined to a bluith Colour. For that they are f
may be feen by illuminating white Paper by
Light refle¢ted from black»Subﬁa_nces. For the
Paper will ufually appear of-a bluith white ; and
the reafon is, that black borders on the obfcure
blue of the firft order defcribed in the 18¢h Q.
fervation, and therefore reflefts more Rays of

that Colour than of any other. U
In thefe Defcriptions I have been the more
particular,. becaufe it is not impoflible but that
Microfcopes 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
{o far improved as with futhicient diftinéinefs
to reprefent Objedts five or {ix hundred times
bigger than at a Foot diftance they appear to
our naked Eyes, I fhould hope that we might
be able to difcover fome of the greatefl of thofe
Corpufcles. And by one that would magnify
three or four thoufand times perhaps they might
all be difcover’d, but thofe which produce
blacknefs. In the mean while Ifee nothing ma-
terial in this Difcourfe that may ragonally be
doubted of, excepting this Pofition. That tranf-
parent Corpufcles of the fame thicknefs and
denfity with a Plate, do exhibit the fame Co-
lour. And this I would have underftood not
without fome Latitude; as’ well becaufe thofe
Corpulcles may be of irregular Figures, and
many Rays muft be obliquely incident on them,
and {o have a fhorter way through them than
the length of their Diameters, as becaufe the
S | {traitnefs
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{traitnefs of the Medium pent in on all fides
within fuch Corpulcles maya little alcer its Mo-
tions .or other qualities on which the Reflexion
depends. But yet.I cannot much {ufpeét the.
lait, becaufe I have obferved of fome {mall
Plates of Mufcovy Glafs which were of an even
thicknefs, that through a Microfcope they have
- appeared of the fame Colour at their edges and
corners where the included Medium was ter-
minated, which they appeared of in other pla-
ces. However it will add much to our Satif-
fattion, if thofe Corpuicles can be difcoverd
with Microfcopes; which if we fhall at length
attain to, I fear it will be the utmoft improve-
ment of this Senfe. For it feems impoflible
to fee the more fecret and noble Works of Na-
ture within the Corpulcles by reafon of. their
tranf{parency. v '
o k Prop VII |
The Canfe of Reflexion is not. the impinging of
Light on the folid or impervious parts of Bo-
dies, as is commonly believed. :

T HIS will appear by the following Confi-
- B derations. Firft, That in the paifige of
Light out of Glafs into Air there is a Retléxion
as {trong as in its paffage out of Air into Glafs,
‘or rather a little ftrenger, and by many degrecs
ftronger than in its paflage out of Glafs into Wa-
ter.  And it {feems not probable that Air fhould
have more ftrongly reflefling parts than Water
or Glafs. ~ But 'if that thould poflibly be {uppeo-
fed, yet it will avail nothing; for the Reflexion
is as flrong or {flronger when the Airis drawn

away
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away from the Glafs, (fuppole in the Air-Pum’p’
invented by Ozto Gueric, and improved and made
ufeful by Mr. Beyle) as when it is adjacey
to it. Secondly, If Light in its paffage out of
Glafs into Air be incident more obliqu’ely than
at an Angle of 40 or 41 Degrees it is wholy
vefle@ed, if lefs obliquely it is in great meg.
fure tranfmitted: Now it is not to be imagined
that Light at one degree of obliquity thould
meet with Pores enough in the Air to tranfimi;
the greater part of it, and at another degree of
obliquity fhould meet with nothing but pars
to reflett it wholly, efpecially confidering  that
in its paffage our of Air into Glafs, how ob.
lique {oever be its Incidence, it finds Pores e.
nough in the Glafs to tran{mit 4 great partof
ir. If any Man fuppofe that it is not reflected
by the Air, but by the outmoft {uperficial parts
of the Glafs, there is {till the fame difficulty:
Befides, that fuch a Suppofition is unintellig-
ble, and will alfo appear to be falle by applying
Water behind fome part of the Glafs inftead of
Air. For fo in a convenient obliquity of the
Rays, fuppofe of 45 or 46 Degrees, at which
they are all refle¢ted where the Air is adjacent
to the Glafs, they thall be in great meafure tranf
mitted where the Water is adjacent toit; which
argues, that their Reflexion or Tranfmiffion
depends on the conftitution of the Air and Wa-
ter behind the Glafs, and not on the {triking of
the Rays upon the parts of the Glafs. Thurd.
ly, If the Colours made by a Prifm placed at
the entrance of a Beam of Light into a darken'd
Room be fucceflively caft on a fecond Prifm

- ‘ placed
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laced at a greater diftance from the former,
in fuch manner that they are all alike incident
ypon ity the fecond Prifm may be fo inclined to
e incident Rays, that thole which are of a
plue Colour fhall be all refle&ted by it, and yet
thofe of a red Colour pretty copioufly tran{mit-
ed. Now if the Reflexion be caufed by the
parts of Air or Glafs, T would ask, why ar the
fame Obliquity of Incidence the blue fhould
wholly impinge on thofe parts fo as to be all
refleted, and yet the red find Pores enough
to be in a grear meafure tran{mitted. Fourth-
ly, Where two Glaffes touch one another, there
is no fenfible Reflexion as was declared in the
- fift 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
' a5 when contiguous to Air. Fifthly, When
~ the top of a Water-Bubble (in the 17th Obfer-
vation) by the continual fubfiding and exha-
ling of the Water grew very thin, there was
fuch a little and almoft infenfible quantity of
Light refle¢ted from it, that it appeared in-
tenfly black ; . whereas round about that black
Spot, where the Water was thicker, the Refle-
xion was {o {trong as to make the Water feem
very white. Nor is it only at the leaft thick-
nefs of thin Plates or Bubbles, that there is no
manifeft Reflexion, but at many other thick-
nefles continually greater and greater. For in
the 15th Obfervation the Rays of the fame Co-
lour were by turns tranfmitted at one thicknefs,
and refleéted at another thicknefs, for an in-

determinate number of Succeflions. And yet.
‘ . ‘ in
&4
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in the Superficies of the thinned Body, whes
it is of one thicknefs; there are as Many
parts for the Rays to impinge on, as where j
is of any other thicknefs.  Sixthly, If Refleyj,
were caufed by the parts of retle¢ting Bogjec
it would be impoflible for thin Plates or Bub.’
bles at one and the fame place to refle® the
Rays of one Colour and tranfmit thofe of ap.
ther, as they do according to the 13th and is1h
Obfervations. For it is not to be imagined
that at one- place the Rays which for inflance
exhibit a blue Colour, fhould have the fortupe
to dafh upon the parts, and thofe which exh.
bit a red to hit upon the Pores of the Body,
and then at another place, where the Body is
“either a lictle thicker, or a little thinner, tha
on the contrary the blue fhould hit upon i
pores, and thg red upon its parts. Laflly, were
the Rays of Light refleted by impinging on
the {olid parts of Bodies, their Reflexions from
polifl’d Bodies could not be fo regular as they
‘are. For in polithing Glafs with Sand, Puttyor
“Tripoly, it is not to be imagined ‘that thofe
‘Subitances can by grating and fretting the Glafs
bring all its leaft Particles to an accurate Polifh;
fo that all their Surfaces fhall be truly ‘plain or
truly fpherical, and look all the fame “way, fo
as together to compofe one even Surface.  The
{maller the Particles of thofe Subitances are,
the {maller will be the Scratches by which they
~ continually fret and wear away the Glafs unil
it be polifl’d, but be they never fo {mall they
can wear away the Glafs no otherwife than by
‘grating and {cratching it, and breaking the

' Protu« -
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Protuberances, and thercfore poliflh it no o=
therwife than by bringing its roughnefs to a ve~
ry-fine Grain, {o that the Scratches and Fret-
tings of the Surface become too {imall to be
vifible. And therefore if Light were reflected
by impinging upon the folid parts of the Glafs,
it would be {catter’d as much by the moft po-
lifl'd Glals as by the rougheft. So then it re-
mains a Problem, how Glafs polifl'd by frefting
Subftances can refle® Light fo regularly as it
does. And this Problem is {carce otherwife to
be folved than by faying, that the Reflexion of
a Ray is effeted, not by a fingle point of the
reflecting Body, but by fome power of the Bo-
dy which is evenly diffufed all over its Surface,
and by which it.aéts upon the Ray without im-
mediate Contaét. For that the parts of Bodies
do aét upon Light at a diftance thall be fhewr
hereafter. ‘ ‘ ‘ ’
Now if Light be reflefted 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
refleéted but flifled and loft in the Bodies. For
otherwife we muft allow two forts of Refle-.
xions. Should all the Rays be refletted 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 loit in them,
and it feems not probable that any Rays can be
Alopp’d and ftifled in them which do not im-
Hing heir parts. ) - -
pinge on their p v o And
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And hence we may underfland that Bodjg
are much more rare and porous than is cop,
monly believed. Water is nineteen timeg light.
er, and by confequence nineteen times raep
than Gold, and Gold is {o rare as very rej|

and without the leaft oppofition to tranfmit te
magnetic Effluvia, and ealily to admit Quick-
filver into its Pores, and to let Water pify
through it. For a concave Sphere of Gold .
led with Water, and foder’d up, has upon pref
fing the Sphere with great force, let the Water
fqueeze through it, and fland all over its oy
fide in multitudes of {mall Drops, like Dew,
without burfling 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
confequence that Water has above forty times
more Pores than Parts. And he that thall find
out an Hypothefis, by which Water may be {o
rare, and yet not be capable of compreflion by
force, may doubtlefs by the fame Hypothefss
make Gold and Water, and all other Bodies as
much rarer as he pleafes, {o that Light may
find a ready paffage through tranfparent Sub-
{tances.

‘The Magnet acts upon Iron through all denfe
Bodies not magnetick nor red hot, without a-
ny diminution of its virtue; as for initance,
through Gold, Silver, Lead, Glafs, Water
The gravitating Power of the Sun is tranfmit-

‘ted through the vaft Bodies of the Planets with-
cut any diminution, fo"as to aét upon all their
pacts to their very centers with the {fame Forcg

_ an
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ind according to the fame Laws as if the part
gpon which it alts were not furrounded with
the Body of the Planet. The Rays of Light
whether they be very {mall Bodies projeéted;
or only Motion or Force propagated, arc mo-
ved in right Lines; and whenever a Ray of
Light is by any Obftacle turned out of its reéti-
linear way, it will never return into the fame
reGtilinear way, unlefs perhaps by very great ac-
cident. Apd yet Light is tranfmitted through
pellucid folid Bodies in right Lines to very great
dittances. How Bedies can have a {ufhicient
quantity of Pores for producing thefe Kifeéts is
very difficult to conceive, but perhaps not al=
together impofilible. For the Colours of Bodies
artfe fromn the Magnitudes of the Particles which
refle¢t them, as was explained above. Now if
we conceive thefe Particles of Bodies to be {o
difpofed amongit themfelves, that the Intervals
or empty Spaces between them may be equal in
magnitude to them all; and that thefe Parti-
cles may be compofed of other Particles much
fmallers; which have as much empty &pace be-
tvecen them as equals all the Magnitudes of
thefe {fmaller Particles: And chat 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 between
them; and fo on perpetually till you come to
{olid Particles, fuch as have no Pores of empty
Spaces within them: And if in any grofs Body
there be, for inftance, three fuch degrees of
Particles, the leaft of which are {olid; this Bo-
dy will have feven times more Porcs than {olid

| R 2 Parts,
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Parts. But if there be four fuch degrees of
Particles, the leaft of which are {olid, 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 wil] have fixty
and three times more Pores than {olid Parts.
And fo on perpetually. And there are other
ways of conceiving how Bodies may be exceed-
ing porous. But what is really cheir inward
Frame is not yet khown to us.

Propr IX.

Bodies reflect and refraft Light by one and the
Sanme power varioufly exercifed in varions Cii-
cumflances.

HIS appears by feveral Confiderations.

Firft, Becaufe when Light goes out of

Glals into Air, as obliquely as it can poflibly
do. IfitsIncidence be made {till more oblique,
it becomes totally reflefted. For the power of
the Glafs after it has refracted the Light as ob-
liquely as is pofiible if the Incidence be {till
made more oblique, becomes too {trong to let .
any of its Rays go through, and by confequence .
caufes rotal Reflexions. Secondly, Becaufe
Light is alternately refleéted and tran{mitted
by thin Plates of Glafs for many Succeflions ac-
cordingly as the thicknefs of the Plate increa-
fes in an arithmerical Progreflion. For here
the thicknefs of the Glafs determines whether
that Power by which Glafs aéts upon Light
fhall caufe it to be refle@ed, or fuffer it to be
2 _ trand-
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qanfmitted.  And, Thirdly, becaufe thofe Sur-
faces of tran{parent Bodies which have the great-
elt refraéting Power, reflect the greateft quan-
| tity of Light, as was fhew’d in the firtt Propo-
fition.

Propr X.

If Light be [fiwifter in Bodics than in Vacuo in
the proportion of the Sines which meafure the
Refraétion of the Bodies, the Forces of the
Bodies to reflect and refralt Light, are very
nearly proporiional to the denfities cof the
fame Bodies, excepting that untiuous and fil-
phureous Bodics vefrall more than others of

this fame denfity. .

Y ET AB reprefent the refracting plane Sur-
face of any Body, and 1 C a Ray incident
very obliquely upon the Body in C, {o that the

Angle A CT may be infinitely little, and let CR
be the refracted Ray. From a given Point B
perpendicular to the refrafting Surface ereét BR
meeting with the refrated Ray CRinR, and
if CR reprefent the Motion of the refracted
Ray, and this Motion be diftinguifl’d into two
Motions CB and BR, \xg:ereof CB is par:ltl—i
. 3 e
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Il to the refrading Plane, and B R perpend;.
cular to it: CB fhall reprefent the Motion of
the incident Ray, and B R the_Motion genera-
ted by the Refratlion, as Opticians have of lage
explain’d. ' _ _

Now if any Body or thing, 1n moving through
anv Space of a given breadth terminated op
both fides bv two parallel Planes, be urged for-
ward in all parts of that Space by Forces tend-
ing dire@ly forwards towards the laft Plane, and
betore its Incidence on the firft Plane, had no
Motion towards it, or but an infinitely little
one; and if the Forces in all parts of that Space,
between the Planes be at equal diftances from
the Planes equal to one another, but at f{everal
diftances be bigger or lefs in any given Propor-
tion, the Motion generated by the Forces in
the whole paflage of the Body or thing through
that Space fhall be, in a fubduplicate Proportion
of the Forces, as Mathematicians will eafily
underitand. -And therefore if the Space of ati-
vity of the refracting Superficies of the Body
be confiderd as fuch a Space, the Motion of
the Ray generared by the refraéting Force of
the Body, during its paffage through that Space,
that is the Motion B R, mult be in a fubdupli-
cate Proportion of that refraéting Force. I fay
therefore that the Square of the Line BR, and
by confequence the refraéting Force of the Bo-
dy is very nearly as the denfity of the fame Bo-
dy. For this will appear by the following Ta-
ble, wherein the Proportion of the Sines which
meaiure the Refradtions of {everal Bodies, the
Equare of BR fuppofing CB an unite, the ?(?D'.'

’ I ities
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fties of the Bodies eftimated by their fpecifick
raviries, and their refraétive Power in refpect
of their denfities are fet down in feveral Co-

lumns.

- The Froporison|lne squard ibe acu-fibe 1e
of the Smesofpf BR, ;’icy anef frafbive
tncidence andlwhich th| fpecifick | Power

The refra®ing Bo-| Refradtion offrefralting | gravity { of ¢he
dies. yellow Lighr. force of thi f the Bo- Body in
Body is [ly. “efpelt
proportion of its”
are. der fiey.
A Pleudo-Topazius,
being a natural,
pellucid, brittlg, 23 to 14('Gog 327 3979
hairy Stone, ofa
yellow Colour.
Air. 3201 to ‘Juoc|d'ocobrs | o'corz z108
Glfs of Antimony.| 17 to ofr'568 528 4864
A Selenitis. 61 to 4ujr213 2’252 5356

Glafs vulzar, 31 to 2c{r’qozs 258 5436

Cryftal of the Rock} 25 to' 1¢}r'445 2'65 5450

Hland Cryfial. 5 10 3tc’778 2'72 6536

Sal Gemme, 17 to 11}r'388 2'143 6477

Alume. 35 to 2alt'12607 1714 6570

Borax. 22 to I5irr5Ir I'714 G716

Niter. 32 t0 21{1345 'y 7079

Dantzick Vitriol. 303 to 200 |'195 1'7 13 7550

10il of Vitriok 10 to 9l o041 1’7 6oy

Rain Water. . 529 ta . 30607845 T’ 7835

Gum Arabick. 3¢ to 21’179 | 1375 8574

Spiz‘é%l;’? me welll 105 1o 7310'876% 0’866 | rorar

Camphire. 3 to 2l1’25 0’996 | 12551

Oil Olive. 2210 I5|UIgIE 0’913 12607

Linfeed "Oil. ©40'to 27’1948 o'g32 | 12819

Spiritiof Tupestine.j 25 to  17{t'1626 0’874 | 13222

Ambar. 14 to ojL’42 | 1’04 13634

A Diamond. 16C to. 4114040 374 14550

The Refraion of the Air in this Table is de-

termin’d by that of the ﬁtmofphere obferved

4
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by Aftronomers. For if Light pafs through

many reiraéting Subftances or Mediums grady,.
ally denfer and denfer, and terminated wig)

arallel Surfaces, the fum of all the Refradiong
will be equal to the fingle Refrattion which j;
would have {uffer’d in pafling 1mmediately oy
of the firft Medium into the laft. And this holdg
true, though the number of the refraéting Sub.
flances be increaled to infinity, and the diftap.
ces from one another as much decreafed, fo
that the Light may be refratted in every point
of its Paflage, and by continual Refractions bent
into a curve Line. And therefore the whole
Refraction of Light in pafling through the At
mofphere from the highelt and rarett part there-
of down to the loweit and denfeit part, mutt
be equal to the Refraction which it would fuf-
- fer in pafling at like obliquity out of a Vacuum
immediately into Air of equal denfity with that
in the loweft part of the Atmofphere.

Now although a Pfeudo-Topaz, a Selenitis,
Rock Cryftal, Ifland Cryftal, Vulgar Glafs,
(that is, Sand melted together ) and Glafs of
Antimony, which are terreftrial ftony alcalizate
Concretes, and Air which probably arifes from
fuch Subftances by Fermentation, be Subftan-
ces very differing from one another in denfity,
vet by this Table, they have their . refractive
Powers almoit in the fame proportion to one
another as their denfities are, excepting that
the Refra@lion of that {trange Subftance Ifland
Cryftal is-a little bigger than the reft. And
“particularly Air, which 18 3500 times rarer than
the Pfeudo-Topaz, and 4400 times rarer é}lla{p

= afs
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Glafs of Antimony, and 2000 times rarer than
the Selenitis, Glafs vulgar, or Cryital of the
Rock, has notwithitanding its rarity the fame
refrative Power in refpet of its denfity which
thofe very denfe Subftances have in refpe& of
theirs, excepting fo far as thofe differ from one
another. :

~ Again, the Refraétion of Camphire, Oil Olive,
Linfeed Otil, Spirit of Turpentine and Ambar,
which are fat {ulphureous unéuous Bodies, and
a Diamond, which probably is an unétuous Sub-
flance coagulated, have their refractive Powers
in proportion to one another as their denfities
without any confiderable variation. But the
refradtive Powers of thefe unctuous Subftances
are two or three times greater in refpeét of their
denfities than the refrattive Powers of the for-
mér Subftances in refpeét of theirs.

Water has a refraétive Power in a middle de-
gree between thofle two forts of Subftances,
and probably is of a middle nature. For our
of it grow all vegetable and animal Subftances,
which confift as well of fulphureous fat and in-
flamable parts; as of earthy lean and alcalizate
ones.

Salts and Vitriols have refraétive Powers in a
middle degree between thofe of earthy Sub-
ftances and Water, and accordingly are com-
‘pofed of thofe two forts of Subitances. For
by diftillation and reétification 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
Farth capable of vitrification, '

Sph‘i‘ti:
i
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Spirit of Wine has a refractive Power-ip 4
middle degree between thole of Water apg
oily Subftances, and accordingly feems to pe
compofed of both, united by Fermentatiop ;
the Water, by means of fome faline Spirits wig,
which ’tis impregnated, diflolving the Oil, ayd
yolatizing it by the altion. For Spirit of Wipe
is inflamable by means of its oily parts, and be.
ing diftilled often from Salt of Tartar, grows
by every diflillation more and more aqueous
and phlegmatick. And Chymiits obferve, tha
Vegetables (as Lavender, Rue, Marjoram, )
diftilled per fe, before fermentation yield Ols
without any burning Spirits, but after fermen
tation yield ardent Spirits without Oils: Which
fhews, that their Oil is by fermentation con.
verted into Spirit. They find alfo, that if Qils
be poured in {mall quantity upon fermentating
Vegetables, they difiil over after fermentation
in the form of Spirits.

So then, by the foregoing Table, all Bodies
feem to have ‘their refrattive Powers propor.
tional to their denfities, (or very nearly;) ex-
cepting fo far as they partake more or lefs of
fulphureous oily Particles, and thereby have their
refra&tive Power made greater orlefs. Whence
it feems rational to attribute the refraétive Pow-
er of all Bodies chiefly, if not wholly, to the
fulphureous parts with which they abound. For
it’s probable that all Bodies abound more or lefs
with Sulphurs. And as Light congregated by
a Burning-glafs afts moft upon {ulphureous Bo
dies, to turn them into Fire and Flame; fo,
fince all ation is mutual, Sulphurs ought to at?‘

: : mo
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moft upon Light. For that the a&tion between
Light and Bodies is mutual, may appear from
this Confideration; That the denfeft Bodies
which refra&t and refle& Light. moft ftrongly.
grow hottelt in the Summer Sun, by the action
of the refracted or reflefted Light.

I have hitherto explain’d the Power of Bo-
dies to refle® and refral, and thew’d, that thin
tranfparent Plates, Fibres and Particles do, ac-~
cording to their feveral thicknefles and denfi-
ties, refleét feveral forts of Rays, and thereby
appear -of feveral Colours, and by confequence
that nothing more is requifite for producing all
the Colours of natural Bodies than the feveral
fizes and denfities of their tranfparent Particles.
But whence it is that thefe Plates, Fibres and
Particlés do, according to their feveral thick+
nefles and denfities, reflect feveral forts of Rays,
I have not yet explain’d. To give fome infight

into this matter, and ‘make way for underftand~
ing the next part of this Book, I {hall conclude
this Parft with a few more Propofitions. "Thofe
which pregeded refpeét the nature of Bodies,
thefe the'nature of Light: For both mutt be
underftood before the reafon of their actions
upon one’ another can be known. And becaufe
the laft Propofition depended upon the velocity
?f Light, I will begin with a Propofition of that
kind. -

Prop,
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Pro s XL

Light is propagated from Iwminous Bodies iy
zime, and [pends about [éven or eight M;-
nutes of an Hour in paffing from the Sun to
the Earth. . v

‘ '\H IS was obferved firlt by Roemer, and
and then by others, by means of the E-
- cliples of the Satellites ‘of Fupiter. For thefe
Eclipfes, when the Earth is between the Sun
and Fupiter, happen about feven or eight Mi-
nutes fooner than they ougit to do by the Ta-
bles, and when the Farth is beyond the Sun
they happen about feven or eight Minutes later
than they ought to do; the reafon being, that
the Light of the Satellites has farther to go in
the latter cale than in the former by the Dia-
meter of the Farth’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 po-
fition and diftance of the Earth from the Sun.
‘The mean motions of Fupiter’s Satellites is alfo
fwifter in his defcent from his Aphelium to his
Perihelium, than in his afcent in the other half
of his Orb: But this inequality has no refpett
to the pofition of the Farth, and in the three
interior Satellites is infenfible, as Ifind by com-
putation from the Theory of their gravity.

Proe.
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Proopr XIL

Every Ray of Licht in its paflage tbroggb any
refracting Surface is put into a ccrtain trai-
fient Conflitution or Statey which in_the pro-
grefs of the Ray returas at equal Intervals,
and difpofes the Ray at every weturn to be
eafily tranfimitted through the next refraéting
Surface, and between the veturns to be eafily
reflected by it. .

'HIS is manifeft by the sth, oth, 12th,
and 15th Obfervations. For by thofe Ob-
{ervations it appears, that one and the fame
fort of Rays at equal Angles of Incidence on a-
ny thin tranfparent Plate, is alternately refle@-
ed and tranfmitted for many Succeflions accor-
dingly as the thicknefs of the Plate increafes
in -arithmetical Progreflion of the Numbers, o,
I, 2 3 4, 55 6, 7, 8, @e. o thatif the firft Re-
flexion (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
tranfmitted at the thicknefles o, 2, 4, 6, 8, 10,
12, ©c. and thereby make the central Spot and
Rings of Light, which appear by tranfmiflion,
and be refleéted at the thicknefls 1, 3, 55 7, 95
11, ¢, and thereby make the Rings which
appear by Reflexion. - And this alternate Re-
flexion and Tranfmiflion, as I gather by the 24th
Obfervation, continnes for above an hundred
viciflitudes, and by the Obfervations in the next
part of this Book’, for many thoufands, being
propagated from one Surface of a Glafs Plate ;TO
: ' tne
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the other, though the thicknefs of the Plate f¢
a quarter of. an Inch or above: So that this 4.
ternation feems to be propagated from every
refra@ting Surface to all diffances without epd
or limitation.

This alternate Reflexion and Refra&ion de.
pends on both the Surfaces of every thin Plate,
becaufe it depends on their diftance. By the
21{t Obfervation, if either Surface of a thip
Plate of Mufcovy Glafs be wetted, the Colours
caufed by the alternate Reflexion and Refia-
¢tion grow faint, and therefore it depends on
them both.

It is therefore perform’d at the fecond Suy-
face; for if it were perform’d at the firfl, be-
fore the Rays arrive at the fecond, it would
not depend on the fecond. ,

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 refleCted by the fecond, at ano-
ther to be tranfmitted by it, and that by equal
Intervals for innumerable viciffitudes. And be-
caufe the Ray is difpofed to Reflexion at the
diftances x, 3, 5, 7, 9, ¥e. and to Tranfmiflion
at the diftances o, 2, 4, 6, 8, 10, &c. (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 ot
much lefs than 1) the difpofition to be tgang

mitted
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mitted at the diftances 2, 4, 6, 8, 10, &e. is to
be accounted a return of the fame difpofition
which the Ray firft had at the diftance o, that
is at its tranfmiflion through the firft refrafting
Surface. All which is the thing I would prove.
What kind of aftion 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
that are averfe from aflenting to any new Dif~
coveries, but fuch as they can expliin by an
Hypothefis, may for the prefent fuppofe, that
as Stones by falling upon Water put the Water
into an undulating Notion, and all Bodies by
percuflion excite vibrations in the Air; fo the
Rays of Light, by impinging on any refrafting
or refletting Surface, excite vibrations in the
refratting or refle¢ting Medium or Subitance,
and by exciting them agitate the folid parts of
the refratting or reflecting Body, and by agita-
ting them caufe the Body to grow warm or
hot ; that the vibrations thus excited are pro-
pagated in the refralling or reflecting Medium
or Subftance, much after the manner that vibra-
tions are propagated in the Air for caufing
Sound, and move fafter than the Rays {o as to
overtake them; and that when any Ray is i
that part of the vibration which confpires with
its Motion, it eafily breaks through a refracling
Surface, but when it is in the contrary part of
the vibration which impedes its Motion, it is
eafily reflefted ; and, by confequence, that e-
very Ray is fucceflively difpofed to be eafily re-
fle¢ted, or eafily tranfmitted, by every vibta-
. tion
4
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tion which overtakes it. But whether this Hy.
pothefis be true or falfe I do not here confider,
I content my {elf with the bare Difcovery, thy
- the Rays of Light are by fome caufe or other
alternately difpofed to be reflefted or refrad.
ed for many viciflitudes.

DEFINITION.

The returns of the difpofition of any Ray 1o
be reflected I will call its Fits of eafy Re.
flexion, and thofe of its difpofition to b
tranfmitted its Yits of ealy Tranfmiffion,
and the [pace it paffes between every re.
turn and the next returnm, the Interval of
its Kits.

| Pror XIIL

The reafin why the Surfaces of all thick traaf.
parent Bodies reflect part of the Light inci-
dent on them, and refralt the veft, is, that
fome Rays at their Incidence are in Fits of
eafy Reflexion, and others in Fits of eafy
Tranfiniffron.

HIS may be gather’d from the 24th Ob-

fervation, where the Light reflected by
thin Plates of Air and Glafs, which to the naked
Eye appear’d evenly white all over the Plat,
did through a Prifm appear waved with many
Succeflions of Light and Darknefs made by al-
ternate Fits of ealy Reflexion and eafly Tranf-
miffion, the Prifm fevering and diftinguithing
the Waves of which the white reflefted Light

was compofed, as was explain’d above. And
' n
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And hence Light is in Fits of eafy Reflexion
and ealy Tranfmiflion, before its Incidence on
tranfparent Bodies. And probably it is put in-
to fuch Fits at its firft emiflion from luminous
Bodies, and continues in them during all its
progrefs. For thefe Fits are of a lafting nature,
as will appear by the next part of this Book.

In this Propofition I fuppofe the tranfparent
Bodies to be thick, becaule if the thicknels of
the Body be much lefs than the Interval of the
Fits of ealy Reflexion and Tranfmiflion 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 ealy Tranfmiffion, ar-
rive at the farthefl 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 reflefting power when they
grow very thin, and why all opake Bodies when
reduced to very fmall parts become tranfpa-
rent. o

Pror. XIV.

Thofe Surfaces of traufparent Bodies, which if
the Ray be in a Fit of Refraltion do refrall
it moff firongly, if the Ray be in a I'i¢ of Re-
fexion do reflect it most eaftly.

OR we fhewed above in Frop. 6. that the
caufe of Reflexion is not the impinging of
- Light on the folid impervious parts of Bodies,
but fome other Power by which thofe {olid
parts act on Light at a diftance. We fhewed

alfo in Prop. 9. that Bodies refle€t and refract
' 5 | Lighe
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Light by one and the fame Power varioufly ex-
ercifed in various circumitances, and in Frop. 1.
that the moft ftrongly refracting Surfaces reflet
the mofl Light: All whici. compared together
evince and ratify both this and the laft Propo-
{ition. :

, Propr XV.

In any one and the fame fort of Rays emevging
i any Angle out of any refraiting Surface in-
2o one and the fame Medium, rhe Interval of
the following Fits of eafy Reflexion and Tranf-
miffion are cither accurarely or very mearly,
as the Reclangle of the Secant of the Angle of
Refraition, and of the Secant of another An-
gley whofe Sine is rhe firft of 106 arithmetical
mean Proportionals, berween the Sines of In-

cidence and Refraction counted from the Sine
of Refrattion.

HIS is manifeft by the 7th and z9th Ob.
fervations.'

!

Provr

[y
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Pror. XVI.

In feveral forts of Rays emerging in equal -
gles ont of any refraliing Surface iuto the
ame Medium , the Intervals of the following
Fits of eafy Reflexion and eafy Tranfimiffion
are either accurately, or very nearly, as the
Cube-Roots of the Squares of the lengths of a
Chord, which found the Notes of an Eight,
{ol, la, fa, fol, la, mi, fa, fol, wath iall their
intermediate degrees anfwering to the Colours
of thofe Raysy according to the Analogy de-
[iribed in the feventh Experiment of the fé-
cond Part of the first Book.

HIS is manifeft ‘bY the 13th and 14th Ob-
~ fervations. L T

"Propr. XVIL

If Rays of any fort pafs perpendicularly into
feveral Mediums , the Intervals of the Fits
of eafy Refraction and Tranfmiffion in any one
Medium, are to thofe Intervals in any other
as the Sine of Incidence o the Sine of Refra-
ion, when the Rays pafs our of the firft of
thofe two Mediums into the fecond.

" This is manifeft by the roth Obfervation.

Prov

w
et
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‘Pror XVIL

If the Rays which paint the Colour in the Con-
fue of yellow and ovange pafs perpendicularly
out of any Medinm into Airy the Intervalsof
their Fits of eafy Reflexion ave the 5}‘5‘&,"’3
part of an Inch.  And of the fame length are
the Intervals of thetr Fits of eafy Tranfiif-
Son. ‘

7FHIS is manifeft by the 6th Obfervation.
From thefe Propofitions it is eafy to col-
lect the Intervals of the Fits of eafy Reflexion
and eafy Tranfiniflion of any fort of Rays re-
fracted 'in any Angle into any Medium, and
thence to know, whether the Rays {hall be re-
flected or tranfinitted at their {ubfequent Inci-
dence upon any other pellucid Medium. Which
~thing being 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
Propofiticns. ‘ :

Pror
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Pror XIX.

If any fort of Rays falling on the polite Sur-
face of any pellucid Medium be reflected back,
the Fits of eafy Reflexion which rhey hawve at

- the point of Reflexion, [fball flill contirue 10
return, and the veturns fball be ar diftances
from the point of Reflexion in the arithmets-
cal progreffion of the Numbers 2, 4, 6, 8, 10,
12, &C. and between thefe Fits the Rays fhall
be in Fits of eafy Tranfmiffion.

OR fince the Fits of eafy Reflexion and

ealy T'ran{miflion are of a returning na-
ture, there is no reafon why thefe Fits, which
continued till the Ray arrived at the refleéting
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 Re-
flexion, the progreffion of the diftances of thefe
Fits from that point muft begin from o, and {o
be of the Numbers o, 2, 4, 6, 8, &c. And
therefore the progreflion of the diftances of the
intermediate F}‘)its of eafy Tranfmiffion reckon’d
from the fame point, muft be in the progreflion
of the odd Numbers 1, 3, 5, 7, 9, ®r. contra-
1y to what happens when the fits are propagas
ted from points of Befraction,

'S 3 Provr
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Pror XX
The Intervals of the Fits of eafy Reflexion ang
" eafy Tranfinmiffion, propagated from points of
Reflexion into any Medium, ave equal to t),
- Inrervals of the like Fits swbich the fum,
Rays would bave, if refraited iuro the fune
Medinm in Augles of Refraclion equal to theiy
Angles of Reflexion.

T IOR when Light is refle¢ted by the fecong
Surface of thin Plates, it goes out after.
wards freely at the firlt Surlace to make the
Rings of Colours which appear by Refle&tion,
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-
flefted Rays are therefore in Fits of eafy Tranf-
miflion at their egrefs; which would not always
happen if the Intervals of the Fits within the
Plate after Reflexion were not equal both in
length and number to their Intervals before ir.
‘And this confirms alfo the Proportions fet down
in the former Propofition. For if the Rays
both in going in and out at the firft Surface be
in Fits of ealy Tranfmiflion, and the Intervals
and Numbers of thofe Fits between the firit
and fecond Surface, before and after Reflexion,
be equal; the diftances of the Fits of eafy
Tranfmiflion from either Surface, muft be in
the fame progreffion after Reflexion as before;
that is, from the firft Surface which tranfmit-
tcd them, in the progreffion of the even Num-
' bers
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bers o, 2, 4, 6, 8, & and from the {econd
which refleéted them, in that of the odd Num-
bers 1, 3, 5, 7, ¢, But thefe two Propo-
fitions will become much more evident by the
Obfervations in the following part of this
Book. . .

S4; . THE



SECOND BOOK

Obfervations concerning the Reflexions and Co-
lours of thick tranfparent polifl’d Plates.

THERE is no Glafs or Speculum how
3 well foever polith’d, but, befides the
2 Light which it refra@s or refle@s re-
™ gularly, fcatters every way irregulatly
a faint Light, by means of which the polifhd
surface, when illuminated in a dark roombby a
eam
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beam of the Sun’s Light, may be eafily feen in
all pofitions of the Kye. There are certain
Phenomena of this fcatrer’d Fight, which when
I firft oblerved them; feem’d very ftrange and
{urpriﬁng tome. My Obfervations were as fol-
OWSs. :
0bf: 1. The Sun fhining into my darken’d
Chamber through a hole one third of an Inch
wide, [ let the intromitted beam of Light fall
perpendicularly upon a Glafs Speculum ground
concave on one {ide and convex on the others
to a Sphere of five Feet and eleven Inches Ra-
dius, and quick-filver’d over on the convex
{ide. And holding a white opake Chart, or a
Quire of Paper at the center of the Spheres to
which the Speculum was ground, that is, at the
diftance of about five Feet and eleven Inches
from the Speculum, in {uch manner, that the
beam of Light might pafs through a little hole
made in the middle of the Chart to the Specu-
lum, and thence be refleéted back to the fame
hole: I obferved upon the Chart four or five
concentric 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 Objett-glafles, en-
compafled 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 fecarce vifible. Yet {fome-
‘times, ‘when the Sun fhone very clear, there
appéar’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 thay
that of {ix Feet, the Rings became dilute and
- vanifh’d. And if the diftance of the Speculum
from the Window was much grearer than that
of fix Feet, the refle@ted beam of Light would
be fo broad at the diftance of {ix Feet from the
Speculum where the Rings appear’d, as to ob-
fcure one or two of the innermoft Rings. And
therefore 1 ufually placed the Speculum at a.
bout fix Feet from the Window; {o 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 Oblervaticns where no other Is ex-
prefs’d.

04 2. The Colours of thefe Rain-bows
fucceeded one another from the center out-
wards, in the fame form and order with thofe
which were made in the ninth Obfervation of
the firft Part of this Book by Light not refle&t-
~ ed, but tranfmitted through the two Objeét-
glafles. For, firfl, there was in their common
center a white round Spot of faint Light, fome-
thing broader than the refleéted beam of Light,
which beam fometimes fell upon the middle of
the Spot, and {fometimes by a little Inclination
of the Speculum receded from the middle, and
left the Spot white to the center. -

‘This white Spot was immediately. encompaf-
fed with a dark grey or ruffet, and that dark grey
with the Colours of the firft Iris; which Colours
on the infide next the dark grey were a litde
violor and indigo, and next to that a blue, which
on iie outlide grew pale, and then fucceeded a -

_ little
8
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lictle greenifh yellow, and after that a brighter
vellow, and then on the outward edge of the
Iris a red which on the outfide inclined to pur-
le.

d This Iris was immediately encompafled with
a fecond, whofe Colours were in order from the
infide 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 gréen
inclining to purple, a good green, and a red
more bright than that of the former Iris.

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

b/ 3. Meafuring the Diameters of thefe
Rings upon the Chart as accurately as I could,
I found them alfo in the fame proportion to
one another with the Rings made by Light
tranfmitted through the two Objeét-glafles.  For
the Diameters of the four firlt of the bright
Rings meafured between the brighteft parts of
their Orbits, at the diftance of {ix Feet from the
Speculum were 141, 22, 244, 33 Inches, whofe
Squares are in arithmetical progreflion of the
numbers 1, 2, 3, 4. If the white circular Spot
in the middle be reckon’d amongft the Rings,
and its central Light, where it feems to be moft
luminous, be put equipollent to an infinitely
little Ring ; the Squares of the Diameters of the
Rings will be in the progreflion o, 1, 2, 3, 4
Sc. I meafured alfo the Diameters of the dark
Circles between thefe luminous ones, and found
their Squares in the progreflion of the ngm—

ers
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bers %, 1%, 24, 3%, 8¢, the Diameters of the
firft four at the diftance of fix Feet from the
Speculum, being 13, 2% 23, 45% 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. ‘

O4[” 4. By the analogy between thefe Rings
and thofe defcribed in the Obfervations of the
firft Part of this Book, 1 fufpeéted that there
were many more of them which fpread into
one another, and by interfering mix’d their Co-
lours, and diluted one another fo that they
could not be {een apart. I viewed them there-
fore through a Prifm, as I did thofe in the 24th
Obfervation of the firft Part of this Book. And
when the Prifm was {o placed as by refralting
the Light of their mix’d Colours to feparate
them, and diftinguifh the Rings from one ano-
ther, asit did thofe in that Obfervation, I could
then {fee them diftinéter than before, and eafily
number eight or nine of them, and fometimes
twelve or thirteen. And had not their Light
been fo very faint, I queflion not but that I
might have {een many more. :

04/ 5. Placing a Prifm at the Window to
rvefradt the intromitted beam of L.ight, and caft
the oblong Speftrum of Colours on the Specu-
lum: [ 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
Speculum, whilflt the reft were intercepted by
the Paper. And now I found Rings of that Co-
lour only which fell upon the Speculum. hIf

' ' the
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the Speculum was illuminated with red, the
Rings were totally red with dark Incervals, if
with blue they were totally blue, and f{o of the
other Colours. And when they were illumi-
nated with any one Colour, the Squares of their
Diameters meafured between their moft Inmi-
nous parts, were in the arithmetical progreflion
of the numbers o, 1, 2, 3, 4, and the Squares
of the Diameters of their dark Intervalsin the
progreffion of the intermediate numbers =, 14
2.4, 3+ But if the Colour fvas 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 bignefles an-
fwering to the Colour, that is, greater in yel-
low than in green, and greater in green than it
blue. And hence I knew that when the Spe-
culum was illuminated with white Light, the
red and yellow on the outfide of the Rings were
produced by the leaft refrangible Rays, and the
blue and violet by the moft refrangible, and that
the Colours of. each Ring {pread into the Co-
lours of the neighbouring Rings on either fide,
after the manner explain’d in the {irff and fe-
~cond Part of this Book, and by mixing diluted
one another fo that they could not be diflin-
guifld, unlefs near the center where they wefe
lealt mix’d. For in this Obfervation I could
fee the Rings more ‘diftinélly, 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 atenth. To fatisfy my
felf how much the Celours 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 Confine of the red 4pg
orange to be to the fame Diameters when made
by the Contine of blue and indigo, as ¢ g §
or thereabouts. For it was hard to determipe
this Proportion accurately. Alfo the Ciyole
made fucceffively by the red, yellow and greey
differ’d more from one another than thofe mds
fucceflively by the green, blue and indigo. Foy
the Circle-made by the violet was too dark 1o
be feen. To carry on the computation, let ys
thetefore {uppofe that the differences of the
Diameters of the Circles made by the utmoft
red, the Confine of red and orange, the Confine
of orange and yellow, the Confine of yellow
and green, the Confine of green and blue, the
Confine of blue and indigo, the Confine of ip.
digo and violet, and outmotft violet, are in pro-
ortion as the differences of the lengths of 3
R/lonochord which found the T'ones in an Kight,
Jol, la, fa, foly la, mi, fa, fol, that is, as the
num“bers 55 T 'fl?, T *37‘) ;2‘17; T:? And if 't‘he
Diameter of the Circle made by the Confine of
red and orange be 9 A, and that of the Circle
made by the Confine of blue and indigo be § A
as above, their difference 9 A—— 8 A will be
to the difference of the Diameters of the Cir-
cles made by the outmoft red, and by the Con-
fine of red and orange, as-% + - 4+ % 4+ 5100
5, thatisds<% to 4, 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, 2
w7 A ¥ 4 Tr 4 7 10 55 + o, thatls, as<% 1057
: or
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or 23 16 to 5. And therefore thefe differences
will be + Aand % A. Add the firft to 9 A and
fubduct the laft from 8 A, and you will have the
Diameters of the Circles made by the leaft and
moft refrangible Rays %A and %? A. ' Thefe
Diameters are therefore to one another as 75
to 61+ OF 50 10 41, and their Squares as 2500
to 1681, that 15, as 3 to 2 very nearly. Which
proportion differs not much from the propor-
ton of the Diameters of the Circles made by
the outmoft red and outmoit violet in the 13th
Obfervation of the firft Part of this Book.

04/ 6. Placing my Fye where thefe Rings
appear’d plainett, 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%ﬁppearad between
the Object glafles and upon Bubbles of Water,
but much larger. And after the manner of thofe,
they were of various Magnitudes in various Po-
fiions of the Kye, fwelling and thrinking 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 againit
the center of the concavity of the Speculum (that
is, 5 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 thone through that
hole upon the Speculum, his Light upon it

was
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“was of the Colour of the Ring whereon it fell,
but by its fplendor obfcured the Rings made by
the Light of the Clouds, unlefs when the Spe-
culum was removed to a great diftance from
the Window, 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 direét 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 appearing to a
By-ftander upon my Kye which to, me appear’d
upon the Speculum. And thence I knew that
“the Rings of Colours upon the Chart were made
by thefe refle¢ted Colours propagated thither
from the Speculum in feveral Angles, and that
their produétion depended not upon the ter-
mination of Light and Shadow. : .
06/ 7. By the Analogy of all thefe Pheno-
. 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 produced by very thin Plates.
For, upon tryal, 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 PPheenomenon
depends not upon the Quick-filver, unlefs fo far
as the Quick-filver by increafing the Retlexion
of the backfide of the Glafs increafes the Light
of the Rings of Colours. I found alfo that a

Speculum of Metal without Glafs made fome
: Years
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Years fince for optical ufes, and very well
wrought, produced none of thofe Rinps ; and
thence I underitood that thefe Ringg arife not
from one {pecular Surface alone, butr 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 rgth Obfervations of the firft
Part of this Book a thin Plate of Air, 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
{lill more oblique, and {fo on; {o here, in the
fixth Obfervation, the Light which cmerged
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 {feveral Co-
lours in feveral Obliquities of the Rays, was,
that the Rays of one and the fame fort are re-
fle@ed by the thin Plate at one obliquity and
tranfmitted at another, and thofe of other forts
tranfmicted where thefe are refleéted, and re-
fleéted 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 thole
- 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 reflected back towrft‘rds the Quick-ﬁlvgr

y
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by the hither Surface of the Glafs, and according.
1y as the Obliquity became greater and grearey
emerged and were reflected alternately for my.
ny Succeflions, and that in one and the fame
Obliquity the Rays of one fort were refle@eq
and thole of another tranfmitted. Thisis ma:
nifeft by the fifth Obfervation of this Part of thig
Book. " For in that Obfervation, when the Spe-
culum was illuminated 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 tranfmicted and
not tranfmitted from the Speculum to the Chart
for many Succeflions, according to the various
Obliquities of its Fmergence. And when the
Colour caft on the Speculum by the Prifm was
varied, the Rings became of the Colour caft on
1t, and varied their bignefs with their Colour,
and therefore the Light was now alternately
tranfmitted and not tranfmitted from the Spe-
culum to the Chart at other Obliquities than
before. It feemed to me therefore that thefe
Rings were of one and the fame original with
thofe of thin Plates, but yet with this ditierence,
that thofe of thin Plates are made by the alter-
nate Reflexions and Tranfmiffions of the Rays
at the fecond Surface of the Plate after one paf-
fage through it, but here the Rays go twice
through the Plate before they are alternately re-
flefted and tranfmitted. Firil, they go through
it from the {irft Surface to the Quick-filver, and
then reiurn through ic from the Quick-filver
to the firft Surface, and there are either tranf-

‘ mitted
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mitted to the Chart or reflefted back to the
Quick-filver, accordingly as they are in their
Fits of ealy Retlexion or Tranfmiflion when
they arrive at that Surface. For the Intervals
of the Fits of the Rays which fall perpendicu-
larly on the Speculum, and are reflected 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 rgth Propofi-
tion of the third Part of this Book. And there-
fore fince all the Rays that enter through the
firft Surface are in their Fits of ealy Tran{mif-
fion at their entrance, and as many of thefe as
are refle¢ted by the fecond are in their Fits of
eafy Reflexion there, all thefe mult be again in
their Fits of ealy Tranfmiffion 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 mult go out promitcu-
oufly to that Spot, and by their mixture cauie
it to be white. But the Intervals of the Fits of
thofe Rays which are refle¢ted more obliquely
than they enter, mult be greater after Reflexion
than before by the 15th and 20th Propofitions.
And thence it may happen that the Raysat tl.eir
return to the firil Surface, may in certain Lb-
liguities be in Fits of eafy Reflexion, and return
back to the Quick-filver, and in other terme-
diate Cbliquiries be again in Fits of caly Tran'-
miflion, and {o go out to the Chart, and paint
on it the Rings of Colours about the whitespor.

T2 And
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And becaufe the Intervals of the Fits ar e ual
Obliquities are greater and fewer in the lefs o.
frangible Rays, and lefs and more numergy,
in the more refrangible, therefore the lefs ro.
frangible at equal Obliquities fhall make fewey
Rings than the more refrangible, and the Rings
made by thofe fhall be larger than the e
number of Rings made by thefe; that is, the
red Rings fhall be larger than the yellow, the
yellow than the green, the green than the blue,
and the blue than the violet, as they were eyl
ly found to be in the fifth Obfervation, Apg
therefore the.firft Ring of all Colours encom-
pafling the white Spot of Light fhall be' red
without any violet within, and yellow and
green and blue in the middle, as it was found
in the fecond ‘Obfervation; and thefe Colours
in the fecond Ring, and thofe that follow {hall
be more expanded till they {pread into one a-
nother, and blend one another by interfering.
"Thefe feem to be the Reafons of thefe Rings
in general; and this put me upon obferving the
thicknefs of the Glafs, and confidering whether
the Dimenfions and Proportions of the Rings
may be truly derived from it by computation.
04/ 8. I meafured therefore the thicknefs of
this concavo-convex Plate of Glafs, and found it
every where ¢ of an Inch precifely. Now, by
the {ixth Obfervation of the firft Part of this
Book, a thin Plate of Air tranfmits the brighteft
Light of the firft Ring, that is the bright yel-

low, whenits thicknefs is the z——th part of an
9060

Inch, and by the tenth Obfervation of the 'ﬂi;ne’
Part
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Part, a thin Plate of Glafs tranfnits the fame
Light of the {ame Ring when its thicknefs is
lefs in proportion of the Sine of Refraction to
the Sine of Incidence, that is, when its thick-

I

I 0‘1 i
o thoor me—th part of an Inch,

fuppofing the Sines arc as 11 to 17.  And if this
thicknefs be doubled it tranfmits the fame bright
Light of the tecond Ring, if tripled it tranf-
mits that of the third, and {o on, the bright
yellow Lightin all thefe cafes being in its Iits
of Tranfmiflion. And therefore ifits thicknefs
be multiplicd 34336 times {o as to become 4 of
an Inch it tranimits the fame bright Light of
the 34286th King. Suppofe this be the bright
yellow Light tranfmitted perpendicularly from
the reflecting convex f{ide of the Glafs through
the concave {ide to the white Spot in the cen-
ter of the Rings of Colours on the Chart: And
by a Rule in the 7th and 19th Obfervations in
the firft Part of this Book, and by the 15th and
2oth Propofitions of the third Part of this Book,
if the Rays be made obligue to the Glafs, the
thicknefs of the Glafs requifite to tranimit the
fame bright Light of the fame Ring in any Ob-
liquity is to this thicknefs of ¢ of an Inch, as the
Secant of a certain Angle to the Radius, the
Sine of which Angle is the firft of an hundred
and {ix arithmetical Means between the Sines
of Incidence and Refra&ion, counted from the
Sine of Incidence when the Refraction is made
out of any plated Body into any Medium en-
compafling 1t, that is, in this cafe, out of Glafs
into Air. Now if the thicknefs of the Glafs be

' T 3 increafed

nefs is the |
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increafed by degrees, {o as to bear to its firf
thicknefs, (viz. that of a quarter of an Inch)
the Proportions which 34386 (the number of
Fits of the perpendicular Rays 1 going through
the Glafs towards ‘the white Spot in the center
of the Rings,) hathto 34385,‘_34384, 34383 and
34382 the numbers of the Fits of the oblique
Rays in going through the Glafs towards the
firft, fecond, third and fourth Rings of Co-
lours) and if the firft thicknefs be divided in-
to 100000000 equal parts, the increafed thick-
nefles will be 100002908, 100005816, 100003725
and 100011633, and the Angles of which thefe
thicknefics are fecants will be 26" 137, 37" §7,
45" 6" and 527 26”’, the Radius being 1ocococoo;
and the Sines of thefe Angles are 762, 1oy,
1521 and 1525, and the proportional Sines of
Refraétion 1172, 1659, 2031 and 2345, the Ra-
dius being 1ococoo. For tince the bines of In-
cidence our of Glals into Air are to the Sines
of Refraftion as 11 to 17, and to the above-
mentioned Secants as 11 to the firfl of 106 arith-
metical Means between 11 and 17, that is, as

O A . N
x1 to 11 —; thofe Secants will be to the Sines

. ' 6 .
of Refraflion as 11 ; to 17, and by this Ana-

logy will give thefe Sines. So then if the Ob-
liquities of the Fays to the concave Surface of
the Glafs be fuch that the Sines of their Refra-
¢tion 1n pafling out of the Glals through that
Surface into the Alr be 1172, 1659, 2031, 2345,
the bright Light of the 34386th Ring fhall e-
merge at the thicls:nei‘lésaaf the Glafs which are

- ta
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to of anInch as.34386 to 34385, 3438, 34383,
L £ S T

34382, refpectively.  And thereforeif the thick-
nefs in all thefe cafes be + of an Inch (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 Refraétion is 1172,
and that'of the 34384th, 34383th and 34382th
Ring where the Sine is 1659, 2031, and 2345
refpeétively. And in thefe Angles of Refra-
@ion the Light of thefe Rings thall be propaga-
ted from the Speculum to the Chart, and there
paint Rings about the white central round Spot
of Light which we faid was the Light of the
34386th Ring.  And the Semidiameters of thefe
Rings fhall fubtend the Angles of Refrattion
made at the concave Surface of the Speculum,
and by confequence their Diameters fhall be to
the diftance of the Chart from the Speculum =s
thofe Sines of Refraction doubled are to the
Radius, that is, as 1172, 1659, 2031, and 2345,
doubled are to 1ocooo.  And therefore if the
dittance of the Chart from the concave Surface
of the Speculum be fix Feer (as it was in the
third of thefe Obfervations) the Diameters of
the Rings of this bright yellow Light upon the
Chart thall be 1688, 2’389, 2’925, 3’375 Inches.
For thele Diameters are to fix Feet, as the a-
bovemention’d Sines doubled are to the Ra-
divs. Now thefe Diameters of the bright yel-
low Rings, thus found by computation are the
very fame with thofe found in the third of thefe
Obfervations by meafuring them, wvzz. with
1L, 23, 2+5, and 33 Inches, and therefore the
Theory of deriving thefe Rings frem the thick-

T 4 - nefs’
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- nefs of the Plate of Glafs of which the Specy.
lum was made, and from the Obliquity of the
emerging Rays agrees with the Obfervation.
this computation I have equal]ed_ the Diameterg
of the bright Rings made by Light of all Cq.
lours, to the Diameters of the Rings made by
the bright yellow. For this yellow makes the
brightell part of the Rings of all Colours. [f
you defire the Diameters of the Rings made by
the Light of any other unmix’d Colour, youma
find them readily by putting them to the Dis.
meters of the bright yellow ones in a fubdupli-
cate proportion of the Intervals of rhe Firs of
the Rays of thofe Colours when equally inclined
to the refra¢ting or refletting Surface which
caufed thofe Fits, that is by putting the Diame-
ters of the Rings made by the Rays in the Fx-
tremitics and Limits of the feven Colours, req,
orange, yellow, green, blue indigo, violet, pro-
portional to the Cube-roots of the Numbers, 1,
5 % b B 4 e 4, which exprefs the lengths of
a Monochord founding the Notes in an Eighth:
For by this means the Diameters of the Rings
of thefe Colours will be found pretty nearly in
the fame proportion to one another, which
they ought to have by the fifth of thefe Obfer-
vations.

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 of the Rays to be
refle¢ted and tranfmitted are propagated to
great diftances from every reflefting and re-
fracting Surface. But yer to put the mat-

‘ : ter
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ter out of doubt, I added the following Ob-
fervation.
04f 9. If thefe Rings thus depend on the
thicknels of the Plate of Glafs, their Diameters
ar equal diftances from feveral Speculums made
of {uch concavo-convex Plates of Glafs as are
ground on the fame Sphere, ought to be reci-
procally in a fubduplicate proportion- of the
thicknefles of the Plates of Glafs. And if this
Proportion be found true by experience it will
amount to a demonitration that thefe Rings
(like thofe formed in thin Plates) do depend
on the thicknefs of the Glafs. I procured there-
fore another concavo-convex Plate of Glafs
ground on both fides to the fame Sphere with
the former Plate. Its thicknefs was - parts of
an Inch; and the Diameters of the three firft
bright Rings meafured between the brigheft
parts of their Orbits at the diftance of {ix Feet
from the Glafs were 3. 4+. 5+ Inches. Now
the thicknefs of the other Glafs being + of an
Inch was to the thicknefs of this Glafs as-to 2,
that is as 3T {0 10, Or 310000000 (O 100000000,
and the Roots of thefe Numbers are 17607 and
10000, and in the proportion of the firft of
thefe Roots to the fecond are the Diameters of
the bright Rings made in this Obfervation by
the thinner Glafs, 3. 4+ 5+ to the Diameters of
the fame Rings made in the third of thefe Ob-
{ervations by the thicker Glafs 1+%. 24, 274, that
is, the Diameters of the Rings are reciprocally
in a fubduplicate proportion of the thicknefles
of the Plates of Glafs. '
So then in Plates of Glafs which are alike
con-
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concave on one fide, and alike convex on the
other fide, and alike quick-filver’d on the cop.
vex fides, and differ in nothing but their thick.
n (s, the Diameters of the Rings are recipro-
cally in a {ubduplicate proportion of the thick-
nefies of the Plates. And this thews fufficien;.
ly that the Rings depend on both the Surfaces
of the Glafs. 'They depend on the convex Suy.
face becaufe they are more luminous when that
Surface is quick-filver’d over than when it i
without Quick filver. They depend alfo upon
the concave Surface, becaufe without that Sur.
face a Speculum makes them not. They de-
pend on both Surfaces and on the diftances be-
tween them, becaufe their bignefs is varied by
varying only that diftance. And this depen-
dence is of the fame kind with that which the
Colours of thin Plates have on the diftance of
the Surfaces of thofe Plates, becaufe the big-
nefs of the Rings and thelr proportion to one
another, and the variation of their bignefs ari-
fing from the variation of the thicknefs of the
Glafs, and the orders of their Colours, 1s fuch
as ought to refult from the Propofitions in the
end of the third Part of this Book, derived
from the Phaenomena of the Colours of thin
Plates fet dewn in the firft Part.

There are yet other Phenomena of thefe
Rings of Colours but fuch as follow from the
fame Propofitions, and therefore confirm both
the truth of thofe Propofitions, and the Analo-
gy between thefe Rings and the Rings of Co-
lours made by very thin Plates. [ {hall fubjoin
fome of them.

04/
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0b/ 10. When the beam of the Sun’s Light
was refleéted back from the Speculum not di-
seétly to the hole in the Window, but to a place
2 little diftant from it, the common center of
that &pot, and of all the Rings of Colours fell
in the middie way between the beam of the in~
cident Light, and the beam of the refleGted
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
refle¢ted 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 Rings of Colours emer-
ged fuccetlively out of their common center,
and the white Spot became a white Ring en-
compailing them ; and the incident and refleét-
ed beams of Light always fell upon the oppo-
fite parts of this white Ring, illuminating its
Perimeter like two mock Suns in the oppofite
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 be-
tween the middle of the incident beam of
Light, and the middle of the refletted beam
meafured at the Chart on which the Rings ap-
peared : And the Rays which form’d this Ring
were refleéled by the Speculum in Angles equal
to their Angles of Incidence, and by confe-
quence to their Angles of Refraction at their
' entrance
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entrance into the Glafs, but yet their Angles of
Reflexion were not in the fame Planes with theiy
Angles of Incidence. ,

04/ 11, "T'he Colowrs of the new Rings weye
in a contrary order to thofe of the former, 4nq
arofc after this manncr. "The white round Spog
of Light in the middle of the Rings contingeq
white to the center tll the diftance of the ip.
cident and reflected beams at the Chart wyg 4.
bout 4 parts of an Inch, and then it began 1o -
orow dark in the middle.  And when that di.
ftance was about % of an Inch, the white Spot
was become a Ring encompailing a dark round
Spot which in the middle inclined to violet and
indigo. And the luminous Kings cncompafling
it were grown equal to thofe dark ones which
in the four firfl Obfervations encompalied them,
that is to fay, the white Spot was grown a
white Ring cqual to the firlt of thole datk
Rings, and the firfl of thofe Tuminous Rings
was now grown cqual to the fecond of thofe
dark ones, and the fecond of thofe luminous ones
to the third of thofe dark ones, and foon. For
the Diameters of the luminous Rings were now
Tl 205, 25 3.0 el Inches.

When the diflance berween the incident and
refleéted beams of Lighe became a lictle big-
ger, there emerged out of the middle of the
dark Sport after the indigo a blue, and then out
of that blue a pale green, and foon after a yel-
low and red. And when the Colour at the
center was brightett, being between yellow and
red, the bright Rings were grown equal to thofe
Rings which in the four firft Obfervations next

CnColl
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encompafled them; that is to fay, the white
gpot 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 come equal to the fecond of thofe
and 1o on. For the Diameters of the white
Ring, and of the other luminous Rings encom-
pafling it, were now I+, 23, 234, 34, & or
thereabouts.

When the diftance of the two beams of
‘Light at the Chart was a little more increafed,
there emerged out of the middle in order after
the red, a purple, a blue, a green, a 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 fir{t Obfer-
vations, and the white Ring which was now
become the {econd of the luminous Rings was
grown equal to the fecond of thofe, and the
firft of thofe which was now become the third
Ring was become equal to the third of thofe,
and {fo on. For their Diameters were 1%, 23,
23, 34 Inches, the diftance of the two beams
of Light, and the Diameter of the white Ring
being 22 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 Ringl

equa
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equal to the firft of the bright Rings mentjoy,
ed in the four firft Obfervations, and the Ripg
about this Ring were grown equal to the Rings
about that refpectively; the diftance betyeg,
the two beams of Light and the Diamete of
the white Ring (which was now become the
third Ring) being about 3 Inches.

The Colours of the Rings in the middle be.
gan now to grow very dilute, and if the ¢
ftance between the two Beams was increafed
half an Inch, or an Inch more, they vanifq
whilit the white Ring, with one or two of the
Rings next it on either fide, continued k] vi-
fible. But if the diftance of the two beams of
Light was flill more increafed, thefe alfo va-
‘nithed : For the Light which coming from fe.
veral parts of the hole in the Window fell up-
on the Speculum in {everal Angles of Incidence,
made Rings of feveral bignefles, which diluted
and blotted out one another, as I knew by in-
tercepting fome part of that Light. Forifl
intercepted that part which was neareft to the
Axis of the Speculum the Rings would be lefs,
if the other part which was remoteft from it
they would be bigger. -

04" 12. When the Colours of the Prifim
were caft fucceffively on the Speculum, that
Ring which in the two laft Obfervations was
white, was of the fame bignefs in all the Co-
lours, but the Rings without it were greater in
the green than in the blue, and flill greater in
the yellow, and greateft in the red. And, onthe
contrary, the Rings within that white Circle
were lefs in the green than in the blue, and fti}I

efs
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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
Incidence, the Fits of every refle¢ted Ray within
the Glafs after Reflexion are equal in length
and number to the Fits of the fame Ray with-
in the Glafs before its Incidence on the reflect~
ing Surface. And therefore fince all the Rays
of all forts at their entrance into the Glafs were
in a Fit of Tranfmiflion, they were alfo in a Fit
of Tranfmiffion at their returning to the fame
Surface after Reflexion; and by confequence
were tranfimitted and went out to the white
Ring on the Chart. This is the reafon why
that Ring was of the fame bignefs in all the Co-
Jours, and why in a mixture of all it appears
white. But in Rays which are refleéted in o-
ther Angles, the Intervals of the Fits of the
leaft refrangible being greateft, make the Rings
of their Colour in their progrefs from this white
Ring, either outwards or inwards, increafe or
decreafe by the greatedt fteps; {o that the Rings
of this Colour without are greateft, and within
leaft. And this is the reafon why in the lait
Obfervation, when the Speculum was illumina-
ted with white Light, the exterior Rings made
by all Colours appeared red without and blue
within, and the interior blue without and red
within. ,

Thefe are the Phenomena of thick convexo-
concave Plates of Glafs, which -are every where
of the fame thicknefs. There are yet other
Phenomena when thefe Plates are a little thick-

er on one fide than on the other, and others
' when
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when the Plates are more or lefs concave thyy
convex, or plano-convex, or double-conyey
For in all thele cafes the Plates make Rings og"
Colours, but after various manners s all which
fo far as 1 have yet obferved, fellow from the
Propofitions in the end of the third part of thig
Book, and fo conlpire to confirm the truth of
thofe Propolitions. But the Phenomena g
too various, and the Calculations whereby they
follow from thofe Propofitions too intricate (g
be here profecuted. I content my felf with hy.
ving profecuted this kind of Phenomena {o fyy
as to difcover their Caufe, and by difcovering
it to ratify the Propofitions in the ‘third Part of
this Book.

Obf: 13. As Light refle@led by a Lens quick-
filver'd on the backfide makes the Rings of Co.
lours above defcribed, {o it ought to make the
like Rings of Colours in pafling through a drop
of Water. At the firlt Reflexion of the Rays
within the drop, fome Colours ought to be
tranfmitted, as in the cafe of a Lens, and others
to be refleGed back to the Eye. For inflance,
if the Diameter of a {mall drop or globule of
Water be about the socth part of an Inch, fo
that a red-making Ray in pafling through the
middle of this globule has 250 Fits of eafy
Tranfmiffion 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 at a certain farther diftance round a-
bout it have 248 Fits, and al} thofe at a cer-
_ tain farther diftance 247 Fits, and {o on; thefe

: concen-




[ 289 ]

concentrick Circles of Rays after their tranf-
miflion, 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, {trong enough to be fenfible.  And,
in like manner, the Rays of other Colours will
make Rings of other Colours. Suppofe now
that in a fair Day the Sun thines 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-
pear encompaffed with the like concentrick
Rings of Colours, and the Diameter of the firft
Ring of red fhall be 75 Degrees, that of the fe-
cond 103 Degrees, that of the third 12 Degrees
33 Minutes. And accordingly as the Globules
of Water are bigger or lefs, the Rings {hall be
lefs or bigger. 'This 1s the Theory, and Expe-
rience anfwers it.  For in Fune 1692. I faw by
seflexion in a Veffel of {tagnating Water three
Halos, Crowns, or Rings of Colours about the
Sun, like three little Rain-bows, concentrick
to his Body. The Colours of the firlt or in-
nermoit 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
withoutr ; thefe Crowns enclos’d one another
immediately , fo that their Colours proceeded
in this continual order from the Bun cutward :
blue, white, red ; purple, blue, grecn, pale

- U : yellaw
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yellow and red; pale blue, pale red. TheDj.
ameter of the fecond Crown meafured frop

the middle of the yellow and red on one fide-

of the Sun, to the middle of the fame Coloyy
on the other fide was ¢ Degrees, or theres.
bouts. The Diameters of the firft and thirg
I had not time to meafure, but that of the firf
feemed to be about five or fix Degrees, ang

that of the third about twelve. 'The like

Crowns appear fometimes about the Moon;
for in the beginning of the Year 1664, Fe,
goth at Night, 1 faw two fueh Crowns about
her. The Diameter of the firft or inncrmoft
was about three Degrees, and that of the fe-
cond about five Degrees and an half.  Next g
bout the Moon was a Circle of white, and next
about that the inner Crown which was of g
bluith green within next the white, and of 3
yellow and red without, and next about thefe
Colours were 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 357 diftant from the center of
the Moon. It was elliptical, and its long Dia.
meter was perpendicular to the Horizon, verg:
ing below fartheft from the Moon. I amtold
that the Moon has {fometimes three or more
concentrick Crowns of Colours encompafling
onc another next about her Body.  The more
cqual the globules of Water or lee are to one
another, the more Crowns of Colours will ap.
pear, and the Colours will be the more lively.
The Halo at the diftance of 221 Degrees fro}r]n

the
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the Moon is of another fort. By its being oval
and femoter from the Moon below than above,
I conclude; that it was made by Refraction in
fome fort of Hail or Snow floating in the Air
in an horizontal pofture, the refraéting Angle
being about 58 or 6o Degrees.
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Obfervations concerining the Inflexions of the
Rays of Light, and the Colonrs made thereby.

"RIMALDO has inform’d us, that

if a beam of the Sun’s Light be let in-

to a dark Room through a very {mall

hole, the Shadows of things in this

Tight will be larger than they oughr to be if

the Rays went on by the Bodies in flrait Linesci
: an
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and that thefe Shadows have three paralld
Fringes, Bands or Ranks of colour’d Light ad-
jacent to them. DBut if the Hole be cnlarged
the Fringes grow broad and run into one ano-
ther, {fo that they cannot be dittingwith’d. Thefe
broad Shadows and Fringes have been reckon’d
by fome to proceed from the ordinary refra-
étion of the Air, but without due examination
of the Matter. For the circumitances of the
Phenomenon, fo far as I have obferved them,
arc as follows.

04/ 1. 1 made in a piece of Lead a fmall
Hole with a Pin, whofe breadth was the 424
part of an Inch. For 2r of thofe Pins laid ro-
gether took up the breadth of half an Inch.
Through this Hole T let into my darken’d
Chamber a beam of the Sun's Light, and found
that the Shadows of Hairs, Threds, Pins, Straws,
and fuch like {lender Sublftances placed in this
beam of Light, were confiderably broader than
they ought to be, if the Rays of Light paifed
on by thefe Bodies in right Lines. And parti-
cularly a Hair of a Man’s Head, whofe breadih
was but the 28oth part of an Inch, being held
in this Light, at the diftance of ahout twelve
Feet from the Hole, did caft a Shadow which
at the diftance of four Inches from the Haic
was the fixtieth part of an Inch broad, that is,
above four times broader than the Hair, and at
the diftance of two Fect from the Hair was a-
bout the eight and twentieth part of an Inch
broad, that 1s, ten times broader than the Hair,
and -at the diftance of ten Feet was the eighth
part ofan Inch broad, that is 35 times broader.

U s Noy



[ 294 ]

Nor is it material whether the Hair be ep-
compafled with Air, or with any other pellucid
Subitance. For I wetted a polif’d Plate of
Glafs, and laid the Hair in the Water upon the
Glafs, and then laying anotherw polifh’d Plate of
Glafs upon it, fo that the Water might fill up
the fpace between the Glaffes, I held them in
the aforefaid beam of Light, {o that the Light
might pafs through them perpendicularly, and
the Shadow of the Hair was at the fame di.
ftances as big as before. The Shadows of
Scratches made in polifh’d Plates of Glafs were
alfo much broader than they ought to be, and
the Veins in polith’d Plates of Glafs did alfo caft
the like broad Shadows. And therefore the
great breadth of thefe Shadows proceeds from
fome other caufe than the Refraétion of the
Air.

Let the Circle X [in Fig. 1.] reprefent the
middle of the Hairs ADG, BEH, CF |,
three Rays pafling by one fide of the Hair at
feveral diftances; KN Q, LOR, MPS, three
other Rays pafling by the other fide of the Hair
at the like diftances; D, E, F, and N, O, B, the
places where the Rays are bent in their paf-
fage by the Hair; G, H, I and Q, R, S, the
places where the Rays fall on a Paper G Q;
{S the breadth of the Shadow of the Hair caft
on the Paper, and T I, VS, two Rays pafling
ro the Points T and S without bending when
the Hair is taken away. And it’s manifeft that
all the Light between thefe two Rays T'I and
V S is bent in pafling by the Hair, and turned
alide from the Shadow 15, beeaufe if any pargw

b
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of this Light were not bent it would fall on the
Paper within the Shadow, and there illuminate
the Paper, contrary to experience. And be-
caufe when the Paper is at a great diftance from
the Hair, the Shadow is broad, and therefore
the Rays T'I and VS are at a great dittance
from one another it follows that the Hair aéls
upon the Rays of Light at a good diftance in
their pafling by it. But the action is ftrongeft
on the Rays which pafs by at leaft diftances,
and grows weaker and weaker accordingly as
the Rays pafs by at diftances greater and great-
er, asis reprefented in the Scheme: For thence
it comes to pafs, that the Shadow of the Hair
is much broader in proportion to the diftance
of the Paper from the Hair, when the Paper is
nearer the Hair, than when it is at a grear di-
ftance from it.

06/ 2. The Shadows of all Bodies (Metals,
Stones, Glafs, Wood, Horn, Ice, €¢.) in this
Light were border’d with three parallel Fringes
or Bands of colour’d Light, whereof that which
was contiguous to the Shadow was broadelt
and moft luminous, and that which was remo-
teft from it was narroweft, and {o faint, as not
eafily to be vifible. It was difficult to diftinguith
the Colours unlefs when the Light fell very ob-
liquely upon a {fmooth Paper, or fome other
fmooth white Body, fo as to make them appear
much broader than they would otherwife do.
And then the Colours were plainly vifible in
this Order: The firlt or innermoil Fringe was
violet and deep blue next the Shadow, and then,
light blue, green and yéﬂow in th¢ middle, :mdi

4 $el
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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 vyellow
and red without, but their Colours were very
faint, efpecially thofe of the third. The GCo.
lours therefore 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 Glafls were
border’d with the like Fringes of colour’d Light.
And if Plates of Looking-glafs {loop’d off near
the edges with a Diamond-cut, be held in the
fame beam of Light, the Light which pafles
through the parallel Planes of the Glafs will be
borderd with the like Fringes of Colours where
thofe Planes meet with the Diamond-cut, and
by this means there will fometimes appear four
or five Fringes of Colours. Let A B, CD [in
Fig.2.] reprefent the parallel Planes of a Look-
ing-glafs, and B D 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 ENIand FB M pafs directly through the
parallel Planes of the Glafs, and fall upon the
Paper between I and M, and all the Light be- -
tween the Rays G O and H D be refra¢ted by
the oblique Plane 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 falls upon the Papet
between I and M, will be border’d with three
or more Fringes at M.

5q
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So by looking on the Sun through a Feather
or black Riband held clofe to the Eye, feveral
Rain-bows will appear; the Shadows which the
Fibres or Threds caft on the Tunica Retina be-
ing border’d with the like Fringes of Colours.

04/.3. When the Hair was twelve Feet di-
ftant from this Hole, and its Shadow fell obli-
quely upon a flat white Scale of Inches and
parts of an Inch placed half a Foot beyond it,
and alfo when the Shadow fell perpendicularly
upon the fame Scale placed nine Feet beyond
it; I meafured the breadth of the Shadow and
Fringes as accurately I could, and found them
in parts of an Inch as follows.

The
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At the diffance of balf @ jneue

Foot |Feer

The breadch of the Shadow

t
3

Thebreadth between the middles of
thebrigheft Light of the innermoft
Fringes on either fide the Shadow
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Thebrcadch berween the Middles of]
che brighteft Light of the middle
moft Fringes on cither fide the Sha-
dow

Thebreadeh berween theMiddles of
the brighteft Light of the outmofl

. . 4 l
Fringes on cither fidc the Shadow
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The diftance between the Middies
of the brighte(t Light of the firft
and fecond Fringes

L
P
-

o1

The diftance berween the Middles
of the brighteft Light of the fe-
cond and third Fringes

The breadch of the luminous part
(grcen, white, ycllow and red) of
the firft Fringe

The breadth of the darker Space be-
tween the firft 2ud fecond Fringes

The breadth of the luminous part
of the decond Fringe

Thebreadeh of che darker Space be
rween the fecond and chird Fringes
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Thefe Meafures I took by letting the Shadow
of the Hair at half a Foot diftance fall fo ob-
liquely on the Scale as to appear twelve times
broader than when it fell perpendicularly on it
at the fame diftance, and fetting down in this
Table the twelfth part of the Meafures I then
took. :
04f. 4. When the Shadow and Fringes were
calt obliquely upon a fmooth white Body, and
that Body was removed farther and farther
from the Hair, the firft Fringe began to appear
and look brighter than the reft of the Light
at the diftance of lefs than a quarter of an Inch
from the Hair, and the dark Line or Shadow
between that and the fecond Fringe began to
appear at a lefs diftance from the Hair than thar
of the third part of an Inch. The fecond Fringe
began to appear at a diftance from theHair of
lefs than half an Inch, and the Shadow between
that and the third Fringe at a diftance lefs than
an Inch, and the third Fringe at a diftance lefs
than three Inches. At greater diftances they
became much more fenfible, but kept very
nearly the fame proportion of their breadths
and intervals which they had at their firft ap-
pearing. For the difftance between the middle
of the firft and the middle of the fecond Fringe,
was to the diftance between the middle of the
fecond and middle of the third Fringe, as threc .
to two, or ten to feven. And the laft of thele
two diftances was equal to the breadth of the
bright Light or luminous part of the firlt Fringe.
And this breadth was to the breadth of the
bright Light of the fecond Fringe as fcven to

£ .



[ 300 ]

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 a5
two to one. For the breadths of the Fringes
feem’d to be in the progreflion of the Numbers
I, V4, v+ and their Intervals to be in the
fame progreflion with them ; that is, the Frip-
ges and their Intervals together to be in the
continual progreflion of the Numbers 1,1, v/ 4,
V4, ¥4, or thereabouts. And thefe Proporti-
ons held the {fame very nearly at all diftances
from the Hair ; the dark Intervals of the Fringes
being as broad in proportion to the breadth of
the Fringes at their firlt appearance as after-
wards at great diftances from the Hair, though
not fo dark and diftinét. |
- 0bf.s. The Sun thining into my darken’d
Chamber through a Hole a quarter of an Inch
broad ; T placed at the diftance of two or three
Feet from the Hole a Sheet of Paftboard, which
was black’d all over on both fides, and in the
middle of it had a Hole about three quarters
of an Inch fquare for the Light to pafs through.
And behind the Hole I faiten’d to the Pafi-
board with Pitch the Blade of a fharp Knife, to
intercept fome part of the Light which pailed
through the Hole. The Planes of the Paft-
board and Blade of the Knife were parallel to
one another, and perpendicular to the Rays.
And when they were fo placed that none of
the Sun’s Light fell on the Paftboard, but all of
it pafled through the Hole to the:Knife, and there
part of it fell upon the Blade of the Knife, and
part of it pafled byits edge: I let this part lof
. tne
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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 {treams of faint Light thoot out
both ways from the beam of Light into the fha-
dow like the Tails of Comets. But becaufe the
Sun’s direét Light by its brightnefs upon the
Paper obfcured thefe faint fireams, {o that I
could {carce {ee them, I made a little hole in
the midit of the Paper for that Light to pafs
through and fall on a black Cloth behind it;
and then I faw the two fireams 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 direét
Light was pretty {trong for the fpace of about
a quarter of an Inch, or half an Inch, and in all
its progrefs from that direét Light decreafed
. gradually all it became infenfible. The whole
-, length of either of thefe {treams meafured up-
- on the Paper at the diftance of three Feet from
the Knife was about {ix oreight Inches ; {o that
it fubtended an Angle at the edge of the Knife
of about 1o or 12, or at moft 14 Degrees. Yet
fometimes I thought I faw it thoot three or four
Degrees farther, but with a Light {o very faint
that I could {carce perceive it, and fufpeéted it
might (in fome meafure at leaft) arfe from
fome other caufe than the two {treams did. I'or .
. placing my Eye in that Light beyond the end
of that {tream which was behind the Knife, and
looking towards the Knife, I could fee a line of
Light upon its edge, and that not caly when
my Eye was in the line of the Streams, bur al-
fo when it was without that line either L'Q,War{is‘.
B : ' the
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the point of the Knife, or towards the handle, |
"This line of Light appear’d contiguous to the
edge of the Knife, and was narrower than the
Light of the innermoft Fringe, and narroweft
when my Eye was fartheft from the dire@ Lighy, -
and therefore feem’d to pafs between the Light
of that Fringe and the edge of the Knife, and
that which paffed neareft the edge to the moft
bent, though not all of it. ,
0b4f. 6. I placed another Knife by this, fo
that their edges might be parallel and look to-
wards one another, and that the beam of Light -
might fall upon both the Knives, and fome part
of it pafs befween their edges. And when the
diftance of their edges was about the 4ooth
part of an Inch the ftream parted in the mid.
dle, and left 2 Shadow between the two parts,
This Shadow was {o black and dark that all the
Light which pafled between the Knives feem'd
to be bent, and rurn’d afide to the one hand
or to the other. And as the Knives fHll ap-
proached one another the Shadow grew broad.
er, and the Streams fhorter at their inward
ends which were next the Shadow, until upon
the contalt of the Knives the whole Light va.
nifl’d leaving its place to the Shadow. \
And hence T gather that the Light which is
leaft bent, and goes to the inward ends of the
Streams, paffes by the edges of the Knives at
the greateft diftance, and this diftance when
the Shadow begins to appear between the
Streams is about the 8oo part of an Inch. And -
the Light which pafles by the edges of the
* Knives at diftarces {lill lefs and lefs is more and -
“ more .



[ 303 ]

more bent, and goes to thofe parts of the
Streams which are farther and farther from the
dire@ Light, becaufe when the Knives ap-
proach one another till they touch, thofe parts of
the Streams vanifh laft which are fartheft from

the dire@ Light.
04f. 7. In the fifth Obfervation the Fringes
did not appear, but by reafom of the breadth of
the hole in the Window became fobroad as torun
into one another, and by joining, to make one
continued Light in the beginning of the Streams.
But in the fixth, as the Knives approached one
another, a little before the Shadow appeard
between the two ftreams, the Fringes began
: to appear on the inner ends of the Streams on
either fide of the dire&t Light, three on one
fide made by the edge of one Kauife, and three
on the other {ide made by the edge of the o-
ther Knife. They were diflinételt when the
Knives were placed at the greateft diftance from
the hole in the Window, and {till became more
diftin@ by making the hole lefs, infomuch that
I could {ometimes fee a faint Lineament of a
fourth Fringe beyond the three above men-
tion’d. And as the Knives continually ap-
proach’d one another, the Fringes grew di-
ftinGter and larger until they vanifd. 'The
outmoft Fringe vanifh'd firft, and the middle-
moft next, and the innermoit laft. And after
they were all vanifh’d, and the line of Light
which was in the middle between them was
grown very broad, enlargingit felf on both fides
into the Streams of Light deferibed in the fifth
Obfervatiop, the above mention'd Shadow be-
gan
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gan to appear in the middle of this line, and
divide it along the middle into two lines of
Light, and increafed until the whole Light vs.
nif'd. This enlargement of the Fringes wyg
fo [great that the Rays which go to the inper.
moit Fringe feem’d to be bent above twenty
times more when this Fringe was ready to va.
nifh, than when one of the Knives was takey
away.

And from this and the former Obfervation
compared, I gather, that the Light of the firft
Fringe paffed 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 paffed 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 Streams of Light de-
{cribed in the fifth and f{ixth Obfervations paf-
fed by the edges of the Knives at lefs diftances
than that of any of the Fringes. '

04f: 8. 1 canfed the edges of two Knives
to be ground truly {trait, and pricking their
points into a Board fo that their edges might
look towards one another, and meeting near
their points contain a reftilinear Angle, faften'd
their Handles together with Pitch to make this
Angle invariable. The diftance of the edges of
the Knives from one another at the diftance of
four Inches from the Angular Point, where the
edges of the Knives met, was the eighth part
of an Inch, and therefore the Angle contain'd
by the edges, was about x Degree 54’. The

Knives thus fix'd together I placed in a beam
‘ 0
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of the Sun’s Light, let into my darken'd Cham
ber through a hole the 42d part of an Inch
wide at the diftance of 10 or 15 Ieet from the
hole, and let the Light which pafted benween
their edges fall very obliquely upon a {mooth
white Ruler at the diftance of half an Inch, or
an Inch from the Knives, and there faw the
Fringes made by the two edges of the Knives
run along the edges of the Shadows of the
Knives in lines parallel to thofe edges without
growing {enfibly broader, till they met in An-
gles equal to the Angle contained by the edges
of the Knives, and where they met and joined
they ended without crofling onc another. But
if the Ruler was held at a much greater di-
ftance from the Knives, the Fringes where they
were farther from the place of their meeting,
were a little narrower, and became fomething
broader and broader as they approach’d nearer
and nearer to one another, and after they met
they crofs’d one another, and then became much
broader than before.

Whence I gather that the diftances at which’
the Fringes pafs by the Knives arc not increa-
{fed 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 determines
which way the Ray fhall be bent, and the other
Kunife increafes the bent.

Ob4f 9. When the Rays fell very obliquely
upon the Ruler at the diftance of the third part
of an Inch from the Knives, the dark line be-
tween the firft and fecond Fringe of the Sha-

' ' X dow
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, dow of onc Knife, and the dark line betweey
the firlt and fecond Fringe of the Shadow of
the ather Knife met with one another, at the
diftance of the fifth part of an Inch from the
end of the Light which palled berween the
Knives at the concourle of their edges.  And
thercfore the diltance of the edges of the Kniveg
at the mecting c‘)l" thefe dark lines was the 160t}

[
. I A .
maet b oan Ineh V' ae foviie Todame 4 wles
are U oais ziiteid. v dn v it aly Lo o fie

eighth part ot an Inch, {o 15 any length of the
edges of the Koives meafured from  the point
of their concourie to the diftance of the edges
of the Knives ar the end of that length, and o
is the fifth part of an Inch to the r6oth par,
So then the dark lines above mention’d meet
in the middle of the Light which paffes be-
tween the Knives where they are diftant the
16oth part of an Inch, and the one hall of that
Light pafles by the edge of one Knife at a di-
flance not greater than the j2oth part of an
Inch, and falling upon the Paper makes the
Fringes of the Shadow of that Kuife, and the
other half pafles by the edge of the other Knife,
at a diftance not greater than the 32o0th part of
an tnch, and falling upon the Paper makes the
I'ringes of the dbhadow of the other Knife. But
it the Paper be held av a diftance from the
Knives greater than the third part of an Inch,
the dark lines above mention'd meet ata great-
er diflance than the fifth part of an Inch from
the end of the Light which patled between the
fonives at the concourfe of their edges; and
therefore the Taght which falls upon the Paper
where thole dark lines meet palfes between the

8 Knives
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Knives where their edges are diftant above the
16oth part of an Inch.

For at another time when the two Knives
were diftant eight Feet and five Inches from
the lictle hole in the Window, made with a

fmall Pin as above, the Light which fell upon
the Paper where the aforefaid dark lines met,
pafled between the Knives, where the diftance
between their edges was as in the following
Table, when the diftance of the Paper from

the Knives was alfo as follows.

Diftances of thePaper, Diflances between the
from the Knives in)  edges of the Knives
Inches. in millefimal parts of

an Inch.
I, : o’o12
3 0’020
3. 0’034
32, 0'057
96. o'e81
31 o 0’087

And hence I gather that the Light which
makes the Fringes upon the Paper is not the
fame Light at all diftances of the Paper from
the Knives, but when the Paper is held near
the Knives, the Fringes are made by Light
which pafles by the edges of the Knives at a
lefs diftance, and is more bent than when the
Paper is held at a greater diftance from the

nives < | ol
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Obf.10. When the Fringes of the Shadows
of the Knives fell perpendicularly upon a Paper
at a great diffance from the Knives, they were
in the form of Hypcrbolas, and their Dimen-
{ions werc as follows.  Let CA, CB [in Fig. 3]
reprefent lines. dra\v’n‘upon the paper paralle]
to the edges of the Knives, and between which
all the Light would fall, if it pafled between
the edges of the Knives without inflexion; DE
a right Jine dvawn 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
Knives meets ¢ 7.5, f Aty and g / v, three hy-
perbolicnl lincs 1'cprcf“'cming the 'U'erminus of
the Shadow of onc of the Knives, the dark line
between the firll and fecond Iringes of that
Shadow, and the dark line between the fecond
and third Fringes of the fame Shadow 5 xip, ykg
and = £ 7, three other hyperbolical lines repre-
{fenting the 'Verminus of the shadew of the other
Knife, the dark line between the firdl and fecond
Fringes of that Shadow, and the dark line be.
tween the {econd and third Fringes of the fame
Shadow. And conceive that thefe three Hyper-
bolasare like and cqual to the former three, and
crofs them in the points z, £ and /4 and that the
Shadows of the Knives are terminated and diflip-
guiflvd from the ficlt luminous Fringes by the
lines ¢ 7 s and x 7 p, until the mecting and crof:
{ing of the Fringes, and then thofe lines crofs
the Fringes in the form of dark lines, termina-
ting the firft luminous Fringes within fide, and
dilinguifhing them from another Light which

begins
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begins to appear at 7, and illuminates all the
triangular fpace Z p DE s comprehended by thefe
dark lines, and the right line D ¥. Of thefe
Hyperbolas one 1ﬁgympote is the line DE, and
the other A{ympibies are parallel to the lines
CA and C B. Let » v reprefent a line drawn
any where upon the Paper parallel to the Afym-
ptote D E, and let this line crofs the right lines
A Cin m and B C in #, and the {ix dark hy-
perbolical lines in p, ¢, 5 s, £, v; and by mea-
furing the diftances p s, g £, # v, and thence
collefting the lengths of the Ordinates # p, = g,
nrorms, mt, mv, and doing this at {everal
diftances of the line » v from thie Afymptote
D D, you may find as many points of thefe Hy-
perbolas as you pleafe, and thereby know that
thefe curve lines are Hyperbolas differing little
from the conical Hyperbola. And by meafur-
ing the lines Cz, C#4, C/, you may find other
points of thefe Curves. |

For inftance, when the Knives were diftant
from the hole in the Window ten Feetr, and the
Paper from the Knives nine Feet, and the An-
gle contained by the edges of the Knives to
which the Angle A C B 1s equal, was {fubtend-
ed by a Chord which was to the Radius as x
to 32, and the diltance of the line » » from the
Afymptote DX was half an Inch: 1 meafured
the lines pv, ¢, » v, and found them o35,
0’65, 0’98 Inches refpeétively, and by adding
to their halfs the line + » # (which here was
the 128th part of an Inch, or o’co78Inches) the
Sums up, nq, nr, Were 0’1828, 073328, 0’4978
Inches. I meafured alfo the diftances of the
- X 3 brighteds
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brighteft parts of the Fringes which run be-
tween p g and s £, ¢ 7and v, and next beyond
7 and v, and found them 0’5, 0’8, and 1’17 Inches,

Ob4f. 11. The Sun fhiningginto my darken’q
Room through a fmall round” hole made in 5
Plate of Lead with a flender Pin as above; |
placed at the hole a Prifm to refraét the Lighe,
and form on the oppofite Wall the Speétrum
of Colours, defcribed in the third Experiment
of the firft Book. And then I found that the
Shadows of all Bodies held in rhe coloured
Light between the Prifm and the Wall, were
border’d with Fringes of the Colour of that
Light in which they were held. In the full red
Light they were totally red without any {enfi-
ble blue or violet, and in the deep blue Light
.they were totally blue without any fenfible red
or yellow ; and foin the green Light they were
totally green, excepting a little yellow and blue,
which were mix’d in the green Light of the
Prifm. And comparing the Fringes made in
the {everal colour'd Lights, I found that thofe
made in the red Light where largetl, thofe.
made in the violet were leafl, and thofe made
in the green were of a middle bignefs. For
the Fringes with which the Shadow of a Man’s
Hair were border’d, being meafur’d crofs the
Shadow at the diftance of fix Inches from the
Hair ; the diftance between the middle and moft
luminous part of the firft or innermoft Fringe
on one {ide of the Shadow, and that of the like

Fringe on the other fide of the Shadow was in
T

the full red Light 73 of an Inch, and in the full

violet
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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 diflances from the
Hair without any {enfible variation.

So then the Rays which made thefe Fringes
in the red Light pafled 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 alted alike upon the
red Light or leaft vefrangible Rays at a greater
diftance, and upon the violet or moft refrangi-
ble Rays at a lefs diftance, and by thofe aétions
difpofed the red Light into larger Fringes, and

~the violet into fmaller, and the Lights of inter-

mediate Colours into Fringes of intermediate
bigneifes without changing the Colour of any
fort of Light. B

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 catl a Sha-
dow which was border’d with three Fringes of
colour’d Light, thofe Colours arofe not from
any new modifications imprefs’d upon the Rays
of Light by the Hair, but only from the vari-
-ous inflexions whereby the feveral forts of Rays
were feparated from one another, which before
{feparation by the mixture of all their Colours,
compofed the white beam of the Sun’s Light,
but whenever {eparated compofe Lights of the
{everal Colours which they are originally difpo-
fed to exhibit. ‘In this 11th Obfervation, where
: X a the
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the Colours arc feparated before the Tight pal.
{es by the Elair, the leafl refrangible Rays, which
when feparated from the reft make red, were
inflected at a greater diffance from the Hair, fo
as to make three red Fringes ar a orearer dis
{lance from the middle of the Shadow of the
Fair; and the molt refrangible Rays which
when feparated make violet, were intleéted ae
a lefs diftance from the Hare, 1o as o make
three violer Iringes at alefs diffance (rom the
middle of the Shadow of the P, And othey
Rays of intermediate degrees of Retrangibilivy
were inflected at mtermediate dittances from
the Hair, 1o as to make Fringes of intermediale
Colours ai intermediate diftances from the mid-
dle of the shadow of the hir. And in the
{fecond Obfervation, where all the Coloors are
mix'd on the white Light which paftes by the
Fair, thele Colours are feparated by the vari-
ous inflexions of the Rays, and the Fringes
which they make appear all together, and the
innermoft Eringes being contipuous make one
broad Fringe compofed of all the Colours in
duc order, the violer Iying on the infide of the
Fringe next the Shiadow, the red on the out
Aide farthell from the Shadow, and the blue,
green and yellow, in the middle.  And, in like
manner, the middlemott Fringes of all the Co-
lours lying i order, and being contiguous,
malke another broad Iringe compofed of all the
Colours; and the outmoft Fringes of all the
Colours lying in order, and being contiguous,
malkc a third broad Fringe compofed of all the
Colours.  "T'hefe are the three Fringes of C(’)i

lour'c
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tour’d Light with which the Shadows of all Bo-
dies are border’d in the fecond Oblervation.

When I made the foregoing Obfervations, I
defign’d to repeat moft of them with more care
and exaétnels, and to make fome nc¢w ones for
determining the manner how the Rays of Light
are bent in their paffage by Bodies for making
the Fringes of Colours with the dark lines be-
tween them. But I was then interrupted, and
cannot now think of taking thefe things into
farther confideration. And fince | have not fi
nith’d this part of my Defign, 1 fhall conclude,
with propofing only fome Queries in order to a
farther {earch to be made by others.

Query 1. Do not Bodies act upon Light at
a diltance, and by their altion bend its Rays,
and is not this a&ion (ceteris paribus) ftrongeft
at the lealt diftance?

Qu.2. Do not the Rays which differ in Re-
frangibility differ alfo in Flexibility, and are
they not by their ditferent Inflexions feparated
from one another, fo as after {eparation to make
the Colours in the three Fringes above defcri-
bed? And after what manner are they intlected
to make thofe Fringes ¢

Qu. 3. Are not the Rays of Light in pafling
by the edges and fides of Bodies, bent {everal
times backwards and forwards, with a motion
like that of an Eel? And do not the three Frin-
ges of .colour'd Light above mention'd, arife
from three fuch bendings? ’

Qu. 4. Do not the Rays of Light which fall
upon Bodies, and are reflected or refracted, be-

3 gin
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gin to bend before they arrive at the Bodies;
and are they not refletted, refratted and ip.
flefted by one and the fame Principle, alting
varioufly in various Circumitances ?

Qu. 5. Do not Bodies and Light at mutually
upen one another, that is to fay, Bodies upon
Light in emitting, reflefting, refracting and ip.
fleGing it, and Light upon Bodies for heating
them, and putting their parts into a vibratipe
motion wherein heat confifts? °

#.6. Do not black Bodies conceive heat
more eafily from Light than thofe of other Co.
lours do by reafon that the Light falling on them
is not refle¢ted outwards, but enters the Bodies
and is often reflected and refralted within them,
until it be ftifled and loft?

Qu.7. Is not the ftrength and vigour of the
aftion between Light and fulphureous Bodies
obferved above, one reafon why fulphureous
Bodies take fire more readily, and burn more
vehemently, than other Bodies do?

Hu. 8. Do not all fix'd Bodies when heated
beyond a certain degree, emit Light and {fhine,
and is not this Emiflion perform’d by the vi-
brating Motions of their parts? And do not all
Bodies which abound with terreftrial parts, and
efpecially with fulphureous ones, emit Light
as often as thofe parts are fufliciently agitated;
whether that agitation be made by Heat, or by
Friftion, or Percuflion, or Putrefaction, or by
any vital Motion, or any other Caufe? As for
inftance ; Sea Water in a raging Storm; Quick-
filver agitated in wacuo 5 the Back of a Cat, or
Neck of a Horfe obliquely ftruck or 1'ubbeél i?

' a dark



[ 315 ]

a dark place; Wood, Flefh and Fifth while they
putrefy ; Vapours arifing from putrefy’d Wa-
ters, ufually call'd Igmes Farnz 5 Stacks of moift
Hay or Corn growing hot by fermentation;
Glow-worms and the kyes of fome Animals by
vital Motions ; the volgar Phofphorus agitated
by the attrition of any Body, or by the acid
Particles of the Air; Ambar and fome Dia-
monds by {triking, prefling or rubbing them ;
Scrapings of Steel firuck off with a Flint ; Iron
hammer’d very nimbly till it become fo hot as
to kindle Sulphur thrown upon it; the Axle-
trees of Chariots taking fire by the rapid rota-
tion of the Wheels; and fome Liquors mix’d
with one another whofe Particles come toge-
ther with an Impetus, as Oil of Vitriol diftilled
from its weight of Nitre, and then mix’d with
twice its weight of Oil of Annifeeds. So alloa
Globe of Glafs about & or 1o Inchesin diameter,
being put into a Frame where it may be {wift-
ly turn’d round its Axis, will in turning fhine
where it rubs againft the palm of ones Hand
apply’d to it: And if at the fame time a piece
of white Paper or a white Cloth, or the end of
ones Finger be held at the diftance of abour a
quarter of an Inch or half an Inch from that
part of the.Glafs where it is moft in motion,
the eleéirick Vapour which is éxcited by the
frition of the Glafs againit the Hand, will by
dathing againft the white Paper, Cloth or Fin-
ger, be put into fuch an agitation as to emit
Light, and make the white Paper, Cloth or Fin-
ger, appear lucid like a Glow-worm; and in
ruthing out of the Glafs will fometimes ppfh

. again{t
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againft the Finger fo as to be felt. And the
fame things have been found by rubbing a long
and large Cylinder of Glafs or Ambar with a Pa-
per held in ones hand, and continuing the fii-
¢tion till the Glafs grew warm.

Qu. 9. Is not Fire a Body heated {o hot as to
emit Light copioufly? For what elfe is a red
hot [ron than Fire? And what elfe is a ,burning
Coal than red hot Wood ?

Qu. 10. Is not ilame a Vapour, Fume or Fx-
halation heated red hot, that is, {fo hot as to
fhine? For Bodies do not flame without emit-
ting a copious Fume, and this Fume burns in
the Flame. The Ignis Fatuus is a Vapour fhi-
ning without heat, and is there not the fame
difference between this Vapour and Flame, as
between rotten Wood fhining without heat and
burning Coals of Fire? In diftilling hot Spirits,
if the Head of the &till be taken off, the Va.
pour which afcends out of the Still will take fire
at the Flame of a Candle, and turn into Flame,
and the Flame will run along the Vapour from
the Candle to the Still.  Some Bodies heated by
Motion or Fermentation, if the heat grow in-
tenfe, fume copioully, and if the heat be great
enough the Fumes will {hine and become Flame.
- Metals in fufion do not flame for want of a co-
pious Fume, except Spelter, which fumes co-
pioufly, and thereby flames. All flaming Bo-
dies, as Oil, Tallow, Wax, Wood, foffil Coals,
Pitch, Sulphur, by flaming wafte\ and vanifh in-
to burning Smoke, which Smoke, if the Flame
be put out, is very thick and vifible, and fome-
times {mells firongly, but in the Flame 1of§s itﬁ
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{fmell by burning, and according to the nature
of the Smoke the Flame is of feveral Colours
35 that of Sulphur blue, that of Copper open’ci
with fublimate green, that of Tallow yellow
that of Camphire white. Smoke paﬁingthrough,
Flame cannot but grow red hot, and red hot
Smoke can have no other appearance than that
of Flame. When Gun-powder takes fire, it
goes away into flaming Smoke. For the Char-
coal and bulphur 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 that the Va-
pour of Water rufhes out of an Aolipile ; the
Sulphur alfo being volatile is converted into
Vapour, and augments the Explofion. And
the acid Vapour of the Sulphur (namely that
which difiils under a Bell into Oil of Sulphur,)
entring violently into the fix’t Body 6f the Ni-
tre, {ets loofe the Spirit of the Nitre, and ex-
cites a greater Fermentation, whereby the Heat
is farther augmented, and the {ix’d Body of the
Nitre is alfo rarified into Fume, and the Explo-
fion is thereby made more vehement and quick.
For if Salt of Tartar be mix'd with Gun-pow-
der, and that Mixture be warn’d till it takes
fire, the Explofion will be more violent -and
quick than that of Gun-powder alone ; which
cannot proceed from any other caufe than the
attion of the Vapour of the Gun-powder upon
the Salt of Tartar, whereby that Salt is rarified.
The Explofion of Gun-powder arifes therefore
from the violent action whereby all the Mixture
being quickly and vehemently heated, s rariﬁeg
: an
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and converted into Fume and Vapour: which
Vapour, by the violence of that action, be-
coming fo hot as to fhine, appears in the form

of Flame. _ .
#. 11. Do not great Bodies conferve their

heat the longefl, their parts heating one ano-
ther, and may not great denfe and fix’d Bo-
dies, when heated beyond a certain degree, e-
mit Light fo copioufly, as by the Emiifion and
Re-adtion of its Light, and the Reflexions and
Refractions of its Ray within its Pores to grow
{till hotter, till it comes to a certain period of
heat, fuch as is that of the Sun? And are not
the Sun and fixd Stars great Farths vehemently
hot, whofe heat is conferved by the greatnefs
of the Bodies, and the mutual Action and Re-
altion between them, and the Light which they
emit, and whofe parts are kept from fuming a-
way, not only by their fixity, but alfo by the
vait weight and denfity of the Atmofpheres in-
cumbent upon them, and very {trongly com-
prefling them, and condenfing the Vapours and
Exhalations which arife from them? For if
Water be made warm in any pellucid Veflel
emptied of Air, that Water in the Pacunm will
bubble and boil as vehemently as it would in
the open Air in a Veflel fet upon the Fire till
it conceives a much greater heat. For the
weight of the incumbent Atmofphere keeps
down the Vapours, and hinders the Water from
boiling, until it grow much hotter than is re-
quifite to make 1t boil iz vacno,  Alfo a mix-
ture of Tin and Lead being put upon a red hot

Iron i# wvacuo emits a Fume and Flame, but the
fame
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fame Mixture in the open Air, by reafon of the
incambent Atmofphere, does not {fo much as e-
mit any Fume which can be perceived by Sight.
In like manner the great weight of the Atmo-
phere which lies upon the Globe of the Sun
may hinder Bodies there from rifing up and
going away from the Sun in the form of Va-
pours and Fumes, unlefs by means of a far
greater heat than that which on the Surface of
our Earth would very eafily turn them into Va-
pours and Fumes. And the {fame great weight
may condenfe thofe Vapours and Exhalations as
{foon as they fhall at any time begin to afcend
from the Sun, and make them prefently fall
back again into him, and by that action increafe
his Heat much after the manner that in our
Farth the Air increafes the Heat of a culinary
Fire. And the fame weight may hinder the
Globe of the Sun from being diminifh’d, unlefs
by the Emiflion of Light, and a very fmall quan-
tity of Vapours and Kxhalations. -

@u.12. Do not the Rays of Light in falling
upon the bottom of the Eye excite Vibrations
in the Tunica Retina? Which Vibrations, be-
ing propagated along the folid Fibres of the op-
tick Nerves into the Brain, caufe the Senfe of
feeing. For becaufe denfe Bodies conferve their
Heat a long time, and the denfeft Bodies con-
ferve their Heat the longeft, the Vibrations of
their parts are of a lafling nature, and there-
fore may be propagated along {olid Fibres of
uniform” denfe Martter to a great diftance, for
conveying into the Brain the impreflions made
upon all the Organs of Senfe, For that Motion

‘ which
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which can continue long in one and the farie
part of a Body, can be propagated a long way
from one part to another, fuppofing the Body
homogeneal, fo that the Motion may not be re-
fle¢ted, refracted, interrupted or diforder’d by
any unevennefs of the Body.

@u 13 Do not feveral forts of Rays make
Vibrations of f{cveral bignefles, which according
to their bignefles excite Senfations of f{everal
Colours much after the manner that the Vibra-
tions of the Air, according to their feveral big-
nefles excite Senfations of feveral founds? And
particularly do not the moit refrangible Rays
excite the fhorteft Vibrations for making a Sen-
fation of dcep violet, the lealt refrangible the
largeit for making a Senfation of deep red, and
the feveral intermediate forts of Rays, Vibra-
tions of feveral intermediate bignefles to make
Senfations of the {everal intermediate Colours?

Qu. 14, May not the harmony and dilcord of
Colours arife from the proportions of the Vibra-
tions propagated through the Iibres 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? lFor fome Colours,
if they be view’d together, are agrecable to one
another, as thofe of Gold and Indigo, and others
difagree.

Du.15. Arc not the Specics of Objeéts {een
with both Eyes united where the optick Nerves
meet before they come into the Brain, the Fi
bres on the right fide of both Nerves uniting
there, and after union going thence into the
Brain in the Nerve which is on the right fide lot'

‘ the
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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 thele
two Nerves meeting in the Brain in fuch a man-
ner that their Fibres make but one entire Spe-
cies or Pifture, half of which on the right fide
of the Senforium comes from the right fide of
both Eyes through the right fide of both op-
tick Nerves to the place where the Nerves meet,
and from thence on the right {ide of the Head
into the Brain, and the other half on the left
fide of the Senforium comes in like manner
from the left fide of both Eyes. For the op-
tick Nerves of fuch Animals as look the fame
way with both Eyes (as of Men, Dogs, Sheep,
Oxen, ®c.) meet before they come into the
Brain, but the optick Nerves of {uch Animals
as do not look the fame way with both Kyes
(as of Fifhes and of the Chameleon) do not
meet, if I am rightly inform’d.

9u.16. When a Man in the dark preffes either
corner of his Eye with his Finger, and turns his
Eye away. from his Finger, he will {ee a Circle
of 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
Time, but if the Finger be moved with a qua-
vering Motion they appear again. Do not thefe
Colours arife from fuch Motions excited in the
bottom of the Eye by the Preflure and Motion
of the Finger, as at other times are excited
there by Light for caufing Vifion? And do not

the Motions once excited continue about a Se;
con
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cond of Time before they ceafe? And when 4
Man by a ftroke upon his Eye fees a flath of
Light, are not the like Motions excited in the
Rerina by the ftroke ? And when a Coal of Fire
moved nimbly in the circumference of a Cjy.
cle, makes the whole circumference appear like
a Circle of Fire, Is it not becaufe the Motiong
excited in the bottom of the Eye by the Rays
of Light are of a lafting nature, and continue
till the Coal of Fire in going round returns to
its former place? And confidering the lafting--
nets of the Motions excited in the bottom of
the Eye by Light, are they not of a vibrating
nature? _

Gu. 17. If a_Stone be thrown into flagnating
Water, the Waves excited thereby continue
{fome time to arife in the place where the Stone
fell into the Water, and are propagated from
thence in concentrick Circles upon the Surface
of the Water to great diflances. And the Vi-
brations or Tremors excired in the Air by per-
cuflion, continue a little time to move from the
place of percuflion in concentrick Spheres to
great diftances. And in like manner, when a
Ray of Light falls upon the Surface of any pel-
lucid Body, and is there refrated or refleéted:
may not Waves of Vibrations, or Tremors, be
thereby excited in the refraéting or refleting
Medium at the point of Incidence, and continue
to arife there, and to be propagated from thence
aslong asthey continue to arife and be propagated,
when they are excited in the bottom of the Kye by
the Preflure or Motion of the Finger, or by the
Light which comes from the Coal of Fire in the

: | | Experi-
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Experiments above mention’d ? And are not thefe
Vibrations propagated from the point of Inci-
«. 2ne to great dilfang#s? And do they not o-
vertake the Rays of Light, and by overtaking
them {ucceflively, do they not put them intg
the Fits of eafy Reflexion and ealy Tran{million
defcrib’d above? For if the Rays endeavour tg
recede from the denfeft part of the Vibration,
they may be alternately accelerated and retard-
ed by the Vibrations overtaking them.

#. 18, If in two large tall cylindrical Vef-
fels of Glals inverted, two little Thermometers
be fufpended {o as not to touch the Veflels, and
the Alr be drawn out of one of thefe Veflels,
and thefe Veflels thus prepared be carried out
of a cold place into a warm one ; the Thermo-
meter iz vacno will grow warm as much, and
almoft as foon as the Thermometer which is
not iz wvacwo. And when the Vetlels are carri-
ed back into the cold place, the Thermometer
in vacuo will grow cold almoft as foon as the
other Thermometer. Is not the Heat of the
warm Room convey'd through the Pacuum by
the Vibrations of 4 much fubtiler Medium than
Air, which after the Air was drawn out remains
ed in the Pacsum? Andis not this Medium the
fame with that Medium by which Light is re-
fracted and refle@ed, and by whofe Vibrations
Light communicates Heat to Bodies, and is
put into Fits of eafy Reflexion and eafy T'rani-
miflion? And do not the Vibrations of this Me-
dium in hot Bodies contribute to the intenfenefs
and duration of their Heat? And do not hot

Bodies communicate their Heat to contiguous
. Y 2 cold
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cold oncs, by the Vibrations of this Medium
propagared from them into the cold ones? And
15 not this Medium exceedingly more rare and
fubtile than the Alr, and exceedingly more elas
flick and aétive? And doth it not readily per-
vade all Bodies? And is it not (by its claftick
force) expanded through all the Heavens?

@u.19. Doth not the Refraction of Light
proceed from the different denfity of this Aithe.
real Medium in different places, the Light re.
ceding always from the denfer parts of the Me-
dium? And is not the denfity thereof greater
in free and open Spaces void of Air and other
grofler Bodies, than within the Pores of Wa.
ter, Glafs, Cryflal, Gems, and other compaét
Bodics? I'or when Light palles through Glafs
or Cryflal, and falling very obliquely upon the
farther Surface thereof s 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
weaknelfs thereof.

Qu.20. Doth not this Asthereal Medium in
patling out of Water, Glafs, Cryftal, and other
compact and denfe Bodies into empty Spaces,
grow denfer and denfer by degrees, and by
that means refraét the Rays of Light not in a
point, bur by bending them gradually in curve
Lines? ,/\mf doth not the gradual condenfa-
ton of this Medium extend to fome diftance
from the Bodics, and thereby caufe the Infle-
xions of the Rays of Light, which pafs by the
cdues of denfe DBodics, at fome dillance from
the Bodics.

Ou,
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Ou. 21. Is not this Medium much rarer wich-
in the denfe Bodies of the Sun, -Stars, Planets
and Comets, than in the empty celefhal Spaces
between them? And in pafling from them to
great diftancgg, doth it not grow denfer and
denfer perpetnally, and thereby caufe the gra-
vity of thofe great Bodies towards onc another,
and of their parts towards the Bodies; every
Body endeavouring 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 Oib of
Saturn; 1 fee no reafon why the Increafe of
denfity {hould 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 {low, yet if the elaftick force of this
Medinm be exceeding great, it may {ufhice to
impel Bodies from the denfer parts of the Me-
dium towards the rarer, with all that power
which we call Gravity. And that the elaftick
force of this Medium is exceeding great, may
be gathered from the {wiftnels of its Vibrations.
Sounds move about 1140 Zuglifh Feet in a fe-
cond Minute of Time, and in feven or eight
Minutes of Time they move about one hundred
Englifp Miles. Light moves from the Sun to
us 1n about {even or eight Minutes of Time,
which diftance is about 7ococooo Englifls Miles,
{uppofing the hozizontalyi)a;-allax of the Sun lt)o
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be about 12”. . And the Vibrations or Pulfes of
this Medium, that they may caufe the alternate
Fits of cafy Tranfmiffion and eafy Reflexion,
muft be fwifter than Light, and by confequence’
above 7ocooo times {wifter than Sounds. And
therefore the elaflick force of this Medium, in
proportion to its denfity, muilt be above 700000
X 7ooooo (that is, above 4900000c0000 )
times greater than the elaftick force of the Air
Is in propartion to its dentity. For the Velocities
of the Pulles of elatlick Mediums are in a fub-
duplicate Raréo of the Elaflicities and the Rari-
ties of the Mediums taken together.

As Attraction is {tronger in {mall Magnets
than in great ones in proportion ta 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 elettric attradtion than great
ones; {o the {mallnefs of the Rays of Light
may contribute very much to the power of
the Agent by which they are refrafled. And
{o if any one fhould fuppofe that Frher (like
our Air) may contain Particles which endeavour
torecede from one another (for I do not know
what this 4tber is) and that its Particles are
exceedingly fmaller than thofe of Air, or even
than thofe of Light: The exceeding fmallnefs
of its Particles may contribute to the greatnefs
of the force by which thofe Particles may re-
cede from one another, and thereby make that .
Medium exceedingly more rare and_ elaftick
than Air, and by confequence exceedingly lefs
able to refift the motions of Projeéliles, and

R gxceed-
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exceedingly more able to prefs upon grofs Bo-
dies, by endeavouring to expand it {elf.

Qn. 22.. May not Planets and Comets, and all
grofs Bodies, perform their Motions more free-
ly, and with lefs refiftance in this Athereal Me-
dium than in any Fluid, which fills all Space ade-
quately without leaving any Pores, and by conte-
quenceis much denfer than Quick-filver or Gold 2
And may not its refiftance be {o {mall, as to be
inconfiderable? For inftance; If this Zizher (for
fo 1 will call it) fhould be fuppofed 7ococo
times more elaflick than our Air, and above
700000 times more rare; its refittance would
be above 6oooooooo times lefs than that of Wa-
ter. And {o {mall a refiftance would {carce
make any fenfible alteration in the Motions of
the Planets in ten thoufand Years. If any one
would ask how a Medium can be {o rare, let
him tell me how the Air, in the upper parts of
the Atmofphere, can be above an hundred thou-
fand thoufand times rarer than Gold. Let him
allo tell me, how an ele€trick Body can by Fri-
&ion emit an Exhalation fo rare and {ubtle, and
yer {o potent, as by its Emiffion to caule 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-
per, or Leaf Gold, at the diftance of above a
Foot from the eleftrick Body? And how the
Efuvia of a Magnet can be {o rare and {ubtile,
as to pafs though a Plate of Glafs without any
Refiftance or Diminution of their Force, and
yet-fo potent as to turn a magnetick Needle be-
yond the Glafs?

s Y 4 ‘Q‘Ifl
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~ Bu.23. Is not Vifion perform’d chiefly by the
Vibrations of this Medium, excited in the bot.
tom of the Kye by the Rays of Light, and pro-
pagated through the {olid, pellucid and upiform
Capillamenta of the optick Nerves into the place
of Senfation? And 1s not Hearing perform’d
by the Vibrations either of this or {fome other
Medium, excited in the auditory Nerves by the
Tremors of the Air, and propagated through
the folid, pellucid and uniform Gapillamenta of
thofe Nerves into the place of Senfation? And
{o of the other Senfes.

91.24. 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
Mufeles, for contraéting and dilating them? J
{uppofe that the Capillamenta of the Nerves are
each of them folid and uniform, that the vibra-
ting Motion of the Athereal Medium may be
propagated along them from one end to the o-
ther uniformly, and without interruption: For
Obftrutions in the Nerves create Palfies. And
that they may be fufficiently uniform, I fuppofe
them to be pellucid when view’d fingly, tho
the Reflexions in their cylindrical Surfaces may
make the whole Nerve (compofed of many Ca-
pillamenta) appear opake and white. For opaci-
ty arifes from refle¢ing Surfaces, fuch as may di-
{turb and interrupt the Motions of this Medium.

Yu.25. Are there not other original Proper-
ties of the Rays of Light, befides thofe alrea-
dy defcribed? An inftance of gnother original

S ST Broperty
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Property we have in the Refra&ion of Ifland
Cryital, defcribed firft by Erafinus Bartholine,
and afterwards more exaltly by Hugewius, in
his Book De lz Lumiere. 'This Cryftal is a pel-
lucid fiffile Stone, clear as Water or Cryftal of
the Rock, and without Colour; enduring a red
Heat without lofing its tranfparency, and in a
very {trong Heat calcining without Fufion.
Steep’d a Day or two in Water, it lofes its na-
tural Polith. Being rubb’d on Cleth, it attrads
Eieces of Straws and other light things, like Am-

ar or Glafs; and with Agua fortis it makes an
Ebullition. It feems to be a fort of Talk, and
is found in form of an oblique Parallelopiped,
with {ix parallelogram Sides and eight folid An-
gles.. The obtufe Angles of the Parallelograms
are each of them 101 Degrees and 52 Minutes;
the acute ones 78 Degrees and 8 Minutes. T'wo
of the folid Angles oppofite to one another, as
C and E, are compafled éach of
them with three of thefe -obtufe
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 Planés. It cleaves
with a glofly polite Surface not perfectly plane,
but with' fome little upevennefs. It is eafily
fcratch’d, and by reafon of its foftnefs it takes
a Polith very diflicultly. It polifhes better up-
on Eoliﬂl’d..Lookih'g*-'glafs than upon Metal, and
per

See the followa
ing Scheme.

rhaps better upon Pitch, Leather or Parch~
ment. Afterwards it muit bhe rubb’d with a
little Oil or. White of an Egg, to fill up its
Scratches; whereby it will become very tranf-
. o S parent
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parent and polite. But for feveral Ixperiments,
it is not neceflary to polith it. If'a piece of this
cryltalline Stone be laid upon a ook, every
Letter of the Book feen through it will appeay,
double, by means of a double Refraction. ~ Ang
if any beam of L ght falls cither perpendicularly,
or in any oblique Angle upon any Surface of this
Cryftal, it becomes divided into two beams b

means of the fame double Refraétion. Which
beams arc of the fame Colour with the incident
beam of Light, and feem equal 1o once another
in the quantity of their Light, or very nearly
equal. One of thele Rc,{md'l‘mns; iS:‘ performd
by the ufual Rule of Opticks, the Sine of Inci
dence out of Air into this Cryllal being to the
Sipe of Refraction, as live to three. "U'he other
Refrattion, which may be called the unufual
Reefraction, is perform’d by the following Rule.

Fet A DD Creprefent the refrafling Surface

ol
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of the Cryftal, C the biggeft folid Angle at that
Surface, GEHF the oppofite Surface, and CK
a perpendicular on that Surface. This perpen-
dicular makes with the edge of the Cry{tal CF,
an Angle of 19 Degr. 3’. Join K'F, and in it
take KL, fo that the Angle KCL be 6 Degr:
40, and the Angle LCF 12 Degr, 23, Andif
ST reprefent any beam of Light incident at T
in any Angle upon the refratting Surface ADBC,
lec TV be the refracted beam determin’d by
the given Proportion of ‘the Sines 5 to 3, accord-
ing to the ufual Rule of Opticks. Draw V X
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 re-
fraGed beam carried from T' to X, by the un-
ufual Refraction, . .

If therefore the incident beam ST be per-
pendicular to the refracting Surface, the two
beams TV and T X, into which it {hall be-
come divided, fhall ‘be parallel to the lines CK
and CL.; one of thofe beams going through
the Cryital perpendicularly, as it ought to do
by the ufual Laws of Opticks, and the other
T X by an unufual Refration diverging from
the perpendicular, and making with it an An-
gle VT X of about 63 Degrees, as is found by
experience. - And hence, the Plane VT'X,, and
fuch like Planes which are parallel to the Plane
C F K, may be called the Planes of perpendicu-
lar Refrac¢tion. And the Coalt towards which
the lines KL, and VX are drawn, ‘may be call’d
the Coalt of an unufual Refraction. :

In like -manner Cryftal of the Rock has a

| double
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double Refra&ion: But the differences of tha
two Refra@ions is not fo great and manifeft a5
in Ifland Cryftal.

When the beam S T incident on Ifland Cry-
{tal, is divided into two beams TV and T X
and thefe two beams arrive at the farther Sup-
face of the Glafs; the beam T V, which was
refra@ed at the fir{t Surface after the ufual man-
ner, fhall be again refrated entirely after the
ufual manner at the fecond Surface; and the
beam T X, which was refrafted after the unu-
fual manner in the firft Surface, fhall be again
refracted entirely after the unufual manner in
the {econd Surface; {o that both thefe beams
fhall emerge out of the fecond Surface in lines
parallel to the firft incidént beam ST'.

And if two pieces of Iland Cryital 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 refrated after the ufual man.
ner in the firft Surface of the firft Cryftal fhall
be refratted after the ufual manner in all the
following Surfaces ; and the Rays which are re-
fraéted after the unufual manner in the firft Sur-
face, thall be refrated after the unufual manner
in all the following Surfaces, And the fame
thing happens, though the Surfaces of the Cry-
ftals be any ways inclined to one another, pro-
vided that their Planes of perpendicular Refra.
&ion be parallel to one another. -

And therefore there is an original difference
in the Rays of Light, by means of which fome
Rays are in this Experiment conﬂantlyrcfraé’c{i

€
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ed after the ufual manner, and others conftant-
ly after the unufual manner: For if the diffe-
rence be not original, but arifes from new Mo-
difications imprefs’d on the Rays at their firlt
Refraétion, it would be alter’d by new Modifi-
cations in the three following Refraftions;
whereas it {uffers no alteration, but is conftant,
and has the fame effe& upon the Rays in all the
Refraftions. 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 {everal original Properties?
For if the Planes of perpendicular Refrattion
of the fecond Cryftal, be at right Angles with
the Planes of perpendicular Refraétion of the
firt Cryital, the Rays which are refracted after
the ufual manner in pafling through the firit
Cryftal, will be all of them refracted after the
unufual manner in pafling through the fecond
Cryftal; and the Rays which are refracted af-
ter the unufual manner in pafling through the
firft Cryftal, will be all of them refradted after
the ufual manner in pafling through the fecond
Cryftal. And therefore thereare not two forts
of Rays differing in their nature from one ano-
ther, one of which is conftantly and in all Po-
{itions refra&ed after the ufual manner, and the
other conftantly and in all Pofitions after the
unufual manner. The difference between the
two forts of Rays in the ¥xperiment mention’d
in the 25th Queltion, was only in the Poﬁtion%

o
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of the Sides of the Rays to the Plaries of per-
pendicular Refradtion. For one and the fame
Ray is here refracted fometimes after the ufual;
and fometimes after the unufual manner, ac-
cording to the Pofition which its Sides have to
the Cryftals. If the fides 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 Coalt of the unufual Refra&tion of the firft
Cryftal, be 9o Degrees from that fide of the
fame Ray which looks towards the Coaft of the
unufual Refraétion of the fecond Cryftal, (which
may be effected by varying the Pofition of the
fecond Cryftal to the firft, and by confequence
to the Rays of Light) the Ray fhall be refracted
after feveral manners in the feveral Cryflals, |
There is nothing more required to determine
whether the Rays of Light which fall upon the
fecond Cryftal, fhall be refraéted after the ufual
or after the unufual manner, but to turn about
this Cryftal, fo that the Coaft of this Cryiftal’s
unufual Refraétion 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 oppolite to one another incliné
the Ray to be refracted after the unufual man.
ner, as often as either of them are turn’d to-
wards the Coaft of unufual Refraétion ; and the
other two, whenever either of them are turn’d
towards the Coaft of unufual Refraétion, do not
incline it to be otherwife refralted than after
the ufual ‘manner. The two firft ‘may there«
fore be .call’d the Sides of unufual Refraé’io;g
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And fince thefe Difpofitions were in the Rays
before their Incidence on the fecond, third and
fourth Surfaces of the two Cryftals, and fuffer-
“ed no alteration (fo far as appears) by the Re-
fraltion of the Rays in their paflage.through
thofe Surfaces, and the Rays were refracted By
the fame Laws in all the four Surfaces; it ap-
pears that thofe Difpofitions were in the Rays
originally, and fuffer’d no alteration by the tirft
Refraction, and that by means of thofe Difpofi-
tions the Rays were refrafted at their Incidence
- on the firft Surface of the firft Cryftal, fome of
them after the ufual, and fome of them after the
unufual manner, accordingly as their Sides of
unufual Refraltion were then turn’d towards
the Coall of the unufual Refraction of that Cry-
ftal, or fideways from it.

Every Ray of Light has therefore two oppo-
fite Sides, originally endued with a Property
on which the unufual Refraftion depends, and
the other two oppofite Sides not endued with
that Property. And it remains to be enquired,
whether there are not more Properties of Light
by which the Sides of the Rays differ, and are
- diftingunifh’d from one another. S

In explaining the difference of the Sides of
the Rays abovemention’d, I have fuppofed that
the Rays fall perpendicularly on the firft Cry-
flal. But:if they fall obliquely on it, the Suc-
cefs is the fame. Thofe Rays which are refract-
éd after the ufual manner in the firft Cryftal,
will be refracted after the unufual manner in
the fecond Cryftal, fuppofing the Planes of per-
péndicular Refraétion to be at'right Angles with
) : one

) 4



[ 336 ]

ong another, as above; and on the contrary;

if the Planes of the perpendicular Refra@ioni
of the two Cryftals be neither paralle] noy per-
pendicular to one another; but contain an acute
Angle: The two beams of Light which emerge:
ott of the firft Cryftal, will be each of them div
vided into two more at their Incidence on the
fecond Cryftal. For in this cafe the Rays in
each of the two Beams will fome of them have
their Sides of unufital Refra&tion, and fome of
them their other Sides turn’d toward the Coatk
of the unufual Refrattion of the fecond Cry-
ftal.

Ou. 7. Ate not all Hypothefes erroneous
which have hitherto been invented 'for explain-
ing the Phanomena of Light, by new Modifica-
tions of the Rays? For thofe Pheznomena de-
pend not upon new Modifications, as has been
{uppofed, but upon the original and unchange«
able Properties of the Rays.

9n. 28. Are not all Hypothefes erroneous,
in which Light is fuppofed to confift in Pref~
fion or Motion, propagated though a fluid Me-
dium? For in all thefe Hypothefes, the Phano-
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. g |

If Light confifled only in Preflion propaga-
ted without aétual Motion, it would not be a-
ble to agitate and heat the Bodies which refract
and refleét it.  1f it confifted in Motion propa-
gated to all diftances in an inftant, it would re-
quire an infinite force every moment, in every

| {hining;
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thining Particle; to generate that Motion. And
if it confifted in Preflion or Motion, propaga-
ted either in an inflant or in time, it would
bend into the Shadow. For Preflion or Motion
cannot be propagated in a Fluid in right Lines
beyond an Obftacle which ftops part of the Mc-
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, lideways as
downwards, and through crooked paffages as
through {trait ones. The Waves on the Surface
of ftagnating Water, pafling by the fides of a
broad Obftacle which {tops part of them, bend
afterwards and dilate themfelves gradually into
the quiet Water behind the Obitacle. The
Waves, Pulfes or Vibrations of the Air, where~
in Sounds confift, bend manifeftly, though not
fo much as the Waves of Water. For a Bell
or a Canon may be heard beyond a Hill vhich
intercepts the fight of the founding Body, and
Sounds are propagated as readily through crooke
ed Pipes as through fireight ones. Bur Light
is never known to follow crooked Paflages nor
to bend into the Shadow. For the fix'd Stars
by the Interpofition of any of the Planets ceafle
to be feen. ' And fo do the Parts of the Sun
by the Interpofition of the Moon, Mercary ot
Penus. The Rays which pafs very near to_the
edges of any Body, are bent a little by the action
.of the Body, as we fhew’d above; but this
bending is not towards but from the bhadow&
, an
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and is perform’d only in the paflage of the Ray
by the Body, and at a very {mall diftance from
it. So foon as'the Ray is paft the Body, it
goes right on. _

To explain the unufual Refration of Ifland
Cryital by Preflion or Motion propagated, has
not hitherto been attempted (to my knowledge)
except by Huygens, who for that end fuppofed
two {everal vibrating Mediums within that Cry-
{tal. Dut when he tried the Refra&ions in two
fucceflive pieces of that Cryftal, and found
them fuch as is mention’d above: He confef-
fed himfelf at a lofs for explaining them. For
Preflions or Motions, propagated from a fhining
Body through an uniform Medium, muft be
on all fides alike; whercas by thole Experi-
ments it a]iwpc:ars, that the Rays of Light have
different Properties in their different Sides.
He fufpetted that the Pulfes of Aither in paf-
{ing through the firft Cryftal might receive cer-
tain new Modifications, which might determine
them to be propagated in this or that Medium
within the fecond Cryftal, according to the
) Pofition of that Cryftal.

Aais pour dire comment  But  what Modifications
s 0 e e thofe might be he could
sisfaffe. CoH. de lalami-  not fay, nor think of any
ere. ¢ 5. . oI thing fatisfactory in that

Point. And if he had
known that the unufual Refraétion depends not
on new Modifications, but on the original and .
unchangeable Dilpofitions of the Rays, he would
have found it as diflicnlt to explain how thofe
Difpofitions which he fuppoled to be imprefs'd
- on
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ofi the Rays by the firft Cryftal, could be in
them before ‘their Incidence on that Cryftal;
apd in ge_neral, how all Rays emitted by fhi:'
- ning Bodies, can have thofe Difpofitions in
them from the beginning. To me, at leaft
ﬂiltis {eemli i{rilcxpl‘icable,' if Light be nothing"
elfe than Preflion or Motion propazated throuel:
iber T propagated through

And it is as difficult to explin by thefe Hy-
pothefes; how Rays can be alternately in Fits
of eafy Reflexion and eafy Tranfmiflion; unlefs
perhaps one might fuppofe that there are in alt
Space two /Ethereal vibrating Mediums, and
that the Vibrations of one of them conftitute
Light, and the Vibrations of the other are fivitt-
er, and as often as they overtake the Vibrations
of the firft, put them into thofe Fits. But how
two Aithers can be diffufed through all Space,
one of which aés upon the other, and by con-
fequence is re-acted upon, without retarding,
fhattering, difperfing and confounding one an-
others Motions, is inconceivable. And againit
filling the Heavens with fluid Mediums, unlefs
they be exceeding rare, a great Objettion arifes
from the regular and very lafting Motions of
the Planets and Comets in all manner of Courfes
through the Heavens. For thence it is mani-
feft, that the Heavens are void of all fenfible
Refiftance, and by confequence of all fenfible
Matter. | -

For the refifting Power of fluid Mediums a-
rifes partly from the Attrition of the Parts of
the Medium, and partly from the V7 inertie
of the.Matter. Fhat part of the Refiftance of

1 L2 a fphe-
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a {pherical Body which arifes from the Attyi-
tion of the Parts of the Medium is very nearly
as the Diameter, or at the moll, as the Fzftum
of the Diameter, and the Velocity of the {phe-
rical Body together. And that part of the Re-
fiftance which arifes from the Vis inertiz of
the Matter, is as the Square of that Factam.
And by this difference the two forts of Refi-
flance may be diftinguith’d from one another
. in an%f Medium ; and thefe being diftinguifh’d,
1t will be found that almoft all the Refiftance of
Bodies of a competent Magnitude moving in
Air, Water, Quick-filver, and fuch like Fluids
with a competent Velocity, arifes from the ¥z
inertie of the Parts of the Fluid.
. Now that part of the refifting Power of any
Medium which arifes from the Tenacity, Fri-
¢Hon or Attrition. of the Parts of the Medium,
may be diminifh’d by dividing the Matter into
fmaller Parts, and making the Parts more fmooth
and {lippery: But that part of the Refiftance
which arifes from the P inertie, is proportio-
nal to the Denfity of the Matter, and cannot be
diminifh’d by dividing the Matter into {maller
Parts, nor by any other means than by decrea-
{ing the Denfity of the Medium. And for thefe
Reafons the Denfity of fluid Mediums is very
nearly proportional to their Refiftance. Li-
quors which differ not much in Denfity, as Wa-~
ter, Spirit of Wine, Spirit of Turpentine, hot
Qil, 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 thai_
: 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; asI have alfo found
by Experiments made with Pendulums. Andin
thinner Air the refiftance is ftill lefs, and at
length, by rarifying the Air, becomes infenfi-
ble. For fmall Feathers falling in the open Air
meet with great Refiftance, but in a tzll Glafs
well emptied of Air, they fall as faft as Lead or
Gold, as T 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, that Bodies moving
in Quick-filver, Water or Air, meet with any
other fenfible Refiftance than whar arifes from
the Denfity and Tenacity of thofe fenfible Flu-
ids, as they would do if the Pores of thofe Flu-
ids, and all ‘other Spaces, were filled with a
denfe and fubtile Fluid. Now if the Refiftance
in a Veflel well emptied of Air, was but an
hundred times lefs than in the open Air, it
would be about a million of times lefs than in
Quick-filver. But it feems to be much lels in
fuch a ‘Veflel, and fill much lefs in the Hea-
vens, at the height .of three or four hundred -
Miles from the Earth, or above. For Mr. Boyle
has fhew’d that Air may be rarified above ten
thoufand times in Veflels of Glafs; and the
Heavens ‘are much emptier of Air than any #2-
L A zZ 3 cinr
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cunm we can make below. For fince the Aip
1s comprefs’d by the weight of the incumbent
Atmofphere, and the denfity of Air is propor-
tional to the Force comprefling it, it follows
by Computation, that at the height of about fe-
ven Englifh Miles from the Farth, the Air is
four times rarer than at the Surface of the
Harth ; and at the height of 14 Miles, it is fix-
teen times rarer than that at the Surface of the
Farth; and at the height of 21, 28, or 35 Miles,
it is refpeétively 64, 256, or 1024 times rarer,
or thereabouts; and at the height of 70, 140,
210 Miles, it is about rocooco, 1000000000000
Or I1000000000000000000 times rarer ; and {o
on.

Heat promotes Fluidity very much, by dimi-
nithing the Tenacity of Badies. It makes ma-
ny Bodies fluid which are not fluid in cold, and
increafes the Fluidity of tenacious Liquids, as
of Qil, Balfam and Honey, and thereby de-
creafes their Refiftance. But it decreafes 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 {%/a-
ter arifes principally and almoft entirely from
.the Vi inertie of its Matter; and by confe-
quence, if the Heavens were as denfe as Wa.
ter, they would not have much lefs Refiftance
than Water; if as denfe as Quick-filver, they
would not have much lefs Refiftance than Quick-
filver; if abfolutely denfe, or full of Matter
without any Facuum, let the Matter be never -
fo fubtile and fluid, they would have a greater
» T Refiftance
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Refiftance than Quick-filver. A folid Globe in
fuch a Medium would lofe above half its Mo-
tion in moving three times the length of its
Diameter, and a Globe not folid (fuch as are
the Planets) would be retarded fooner. Ard
therefore to make way for the regular and laft-
ing Motions of the Planets and Comets, it’s ne-
celfary to empty the Heavens of all Matter, cx-
cept perhaps fome very thin Vapours, Steams
or Etfluvia, arifing from the Atmolpheres of the
Earth, Planets and Comets, and from {uch an
exceedingly rare Athereal Medium as we de-
{cribed above. A denfe Fluid can be of no ufe
for explaining the Ph®nomena of Nature, the
Motions of the Planets and Comets being better
explain’d without it. It ferves only to difturb
and retard the Motions of thofe great Bodies,
and make the Frame of Nature languith: And
in the Pores of Bodies, it ferves only to flop
the vibrating Motions of their Parts, wherein
their Heat and Adtivity 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 rejefted. And if it be rejected, the [—‘iyo
pothefes that Light confifts in Preflion or Mo-
tion propagated through fuch a Medium, are
rejefted with it. _
- "And for reje@ing fuch a Medium, we have
the Authority of thofe the oldeft and mott ce-
lebrated Philofophers of Greece and Pheusia,
who made a Pacunm and Atoms, and the Gm_.-
vity of Atoms, the firft Principles of their Phi-
lofophy ; tacitly attributing Gravity to fome o-
Z 4 the,
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ther Caufe than denfe Matter.  Later Philofo-
phers banifh the Confideration of fuch a Caufe
out of Natural Philofophy, feigning Hypothefes
for explaining all things mechanically, and re-
ferring other Caufes ta Metaphyficks: W hereas
the main Bufinefs of Natural Philofophy is to
argue from Phznomena without feigning Hy-
pothefes, and to deduce Caufes from ffefts,
till we come to the very firlt Caule, 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 almolt 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 {ee in the World?
T'o 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, and what hinders.
the fix'd Stars from falling upon one another ?
How came the Bodies of Animals to be contri-
ved with fo much Art, and for what ends were
their feveral Parts? 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¢t in Animals? Is not the Senfory.of
Animals that place to which the fenfitive Sub-
ftance is prefent, and into which the fenfible
Species of Things are carried through the Nerves:
and Brain, that there they may be pcrceivgdz

‘ y
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by their immediate prefence to that Subftance?
And thefe things being rightly difpatch’d, does
it not appear from Phanomena that there is a
Being incoporeal, living, intelligent, omnipre-
fent, who in infinite Space, as it were in his Sen-
fory, fees the things themfelves intimately, and
throughly perceives them, and comprehends
them wholly by their immediate prefence to
bimfelf: Of which things the Images only car-
ried through the Organs of Senfe into our lictle
Senforiums, are there {een and beheld by that
which in us perceives and thinks. And tho’
every true Step made in this Philofophy brings
us not immediately to the Knowledge of the
firft Caufe, yet it brings us nearer te it, and on

that account is to be highly valued. ‘
Qu. 29. Are not the Rays of Light very
fmall Bodies emitted from fhining Subitances?
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 {everal
Properties, and be able to conferve their Pro-
perties unchanged in pafling through feveral
Mediums, which is another Condition of the
Rays of Light. Pellucid Subftances act upon
the Rays of Light at a diftance in refrating, re-
fleéting and inflecting them, and the Rays mu-
tually agitate the Parts of thofe Subftances at a
diftance for heating them; and this Action and
Re-a&ion at a diftance, very much relembles an
attra@ive Force between Bodies. - If Refraétion
be perform’d by Attrattion of the Rays, the
Sines of Incidence mult be to the Sinesipf{}_{e-
‘ . radion
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fra&tion in a given Proportion, as we fhew’d in
our Principles of Philofophy: And this Rule is
true by Experience. The Rays of Light in
going out of Glafs into a Pacuums are bent to-
wards the Glafs ; and if they fall too obliquely
on the Vacunm they are bent backwards into
‘the Glafs, and totally reflefted ; and this Refle-
xion cannot be afcribed to the Refiftance of an
abfolute Facuum, but muft be caufed by the
Power of the Glafs attracting the Rays at their
going out of it into the Pucuum, and bringing
them back. For if the farther Surface of the
Glafs be moiften’d with Water or clear Oil, or
liquid and clear Honey; the Rays which would
otherwife be reflefted, will go into the Water,
Oil, or Honey, and therefore are not reflected
before they arrive at the farther Surface of the
Glafs, and begin to go out of it. If they go out
of it into the Water, Oil or Honey, they
go on, becaufe the Artra&ion of the Glafs is
almoft balanc’d and render'd ineffe@ual by
the contrary Attraction of the Liquor. But if
they go out of it into a Facuum which has no
Attraction to balance that of the Glafs, the At-
traltion of the Glafs either bends and refraéls
them, or brings them back and refle&s them.
And this is {till more evident by laying together
two Prifims of Glafs, or two Objeét-glafles of
very long Telefcopes, the one plane- the o-
ther a little convex, and fo comprefling them
that they do not fully touch, nor are too far a-
funder. For the Light which falls upon the
farther Surface of the firft Glafs where the In-
terval between the Glafles is not above the ten
, | | hundred
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hundred thoufandth part of an Inch, will go

through that Surface, and through the Air or

- Vacunm between the Glafles, and enter into the
fecond Glafs, as was explain’d in the firft, fourth

and eighth Obfervations of the firft Part of the

fecond Book. But if the fecond Glafs be taken

away, the Light which goes out of "the fecond

Surface of the firft Glafs into the Air or Va-

caum, will not go on forwards, but turns back

into the firlt Glafs, and is refleéted ; and there-

fore it is drawn back by the Power of the firit

Glafs, there being nothing elfe to turn it back.

- Nothing is more 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 Jeaft of which may make
violet the weakelt and darkefl of the Colours,
and be more ealily diverted by refraéting Sur-
faces from the right Courfe; and the reft as
they are bigger and bigger, may make the
ftronger and more lucid Colours, blue, green,
yellow and red, and be more and more dith-
cultly diverted. Nothing more is requilite for
putting the Rays of Light into Fits of ealv Re-
flexion and eafy Tranfmiflion, than that they be
fmall Bodies which by their attraCtive Powers,
or fome other Force, ftir up Vibrations in what
they a& upon, which Vibrations being fwifter
than the Rays, overtake them fucceffively, and
agitate them {q as by tyrns to increafe and de-
creafe their Velocities, and therchy put them
into thafe Fits. And laflly, the unufual Refra-
&tion of Ifland Cryflal looks very much as if it
were perform’d by fome kind of attrative vir-
: ' e
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tue lodged in certain Sides both of the Rays,
and of the Particles of the Cryftal. For were
it not for fome kind of Difpofition or Virtue
lodged in fome Sides of the Particles of the
Cryftal, and not in their other Sides, and which
inclines and bends the Rays towards the Coait
of unufual - Refraction, the Rays which fall per-
pendicularly on the Cryftal, would not be re-
fracted towards that Coaft rather than towards
any other Coaft, both at their Incidence and at
their Emergence, fo as to emerge perpendi-
cularly by a contrary Situation of the Coaft of
unufual Refraltion at the {econd Surface; the
Cryftal acting upon the Rays after they have
pafs’d through it, and are emerging into the
Air, or, if you peafe, into a Pacuwm. And
fince the Cryftal by this Difpofition or Virtue
does not act upon the Rays, unlefs when one
of their Sides of unufual Refraftion looks to-
wards that Coafl, this argues a Virtue or Dif-
pofition in thofe Sides of the Rays, which an-
fwers to and {ympathizes with that Virtue or
Difpofition of the Cryftal, as the Poles of two
Magnets an{wer to one another. And as Mag-
netifm may be intended and remitted, and 1s
found only in the Magnet and in Iron: So this
Virtue of refracting the perpendicular Rays is
greater in Ifland Cryftal, lefs in Cryftal of the
Rock, and is not yet found in other Bodies. 1
do not fay that this Virtue is magnetical ; it
feems to be of another kind: I only fay, that
what ever it be, it’s difficult to conceive how
the Rays of Light, unlefs they be Bodies, can
have a permanent Virtue in two of their S}i}gig;g
S whic
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which is not in their other Sides, and this with-
out any regard to their Pofition to the Space or
Medium through which they pals.

- What I mean in this Queftion by a Vacuum,
and by the Attrations 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.,

Q. 30. Are not grofs Bodies and Light con-
vertible into one another, and may not Bodies
receive much of their ativity from the Parti-
cles of Light which enter their Compofition ?
For all fix'd Bodies being heated emit Light fo
long as they continue fufficiently hot, and Light
mutually {tops in Bodies as often as its Rays
firike upon their Parts, as we thew’'d above. I
know no Body lefs apt to thine than Water ; and
yet: Water by frequent Diftillations changes into
fix’d Earth, as Mr. Boyle has tried; and then
this Earth being enabled to endure a fufficient
Heat, fhines by Heat like other Bodies. -

- Thhe changing of Bodies into Light, and Light

into Bodies, is very conformable to the Courfe
of Nature, which {eems delighted with T'ranf-
mutations. Water, which is 2 very fluid taft-
lefs Salt, the changes by Heat into Vapour, which
is a fort of Air, and by Cold into Ice, which is
2 hard, pellucid, brittle, fufible Stone; and this
Stone returns into Water by Heat, and Vapour
returns into Water by Cold. Farth by Heat be-
comes Fire, and by Cold feturns into Farth:
Denfe Bodies by Fermentation rarify into {eve-
ral forts of Air, and this Air by Fermentation,
and fometimes witheut it, returns into denfe
. Bodies.
4
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Bodies: Mercury appears fometimes in the
‘form of a fluid Metal, fometimes in the form
of a hard brittle Metal, fometimes in the form
of ‘a corrofive pellucid Salt call’d Sublimate,
fometimes in the form of a taitlefs, pellucid,
volatile white Earth, cal’d Mercurius dulcis
or-in that of a red opake volatile Earth; call’d
Cinnaber ; or in that of a red or white Preci-
pitate, or in that of a fluid Salt; and in Diftil-
lation it turns into Vapour, and being agitated
in wacyo, it fhineslike Kire. And after all thefe
Changes 1t returns again into its firft form of
Mercury. Eggs grow from infenfible Magni-
‘tudes, and change into Animals; ."Tadpoles into
Frogs; and Worms into Flies. All Birds, Beafts
and Fifhes, Infelts, Trees, and other Vegeta-
bles, with their feveral parts, grow out of Waa
ter and watry Tin¢tures and Salts, and by Pu-
trefation return again into watry Subftances.
And Water flanding a few Days in the open
Air, yields a Tinfture, which (like that of
Mault) by {ftanding longer yields a Sediment
and a Spirit, but before Putrefaltion is fit Nou-
rithmaent for Animals and Vegetables. And a-
mong {uch various and ftrange Tranfmutations,
why may not Nature change Bodies into Light,

and Light into Bodies? ‘
~@u.31. Have not the fmall Particles of Bo-
dies certain Powers, Virtues or Forces, by
which they a& at a diftance, not only upon the
Rays of Light for refleéling, refraéting and in-
flefting them, but alfo wpon one another for
producing a great part of the Phenomena of
Nature? For it’s well known that Bodies a&
' i one
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one upon another by the Attra&ions of Gravi-
ty, Magretifm and Eleélricity; and thefe In-
ftances thew the Tenor and Courfe of Nature,
and make it not improbable but that there may
be more attractive Powers than thefe. For Na-
ture is very confonant and conformable to her
felf. How thefe AttraGions may be perform’d,
I do not here confider. What I call Attraction
may be perform’d by impulfe, or by fome other
means unknown to me. I ufe that Word here
to fignify only in general any Force hy which
Bodies tend towards one anather, whatfoever
be the Caufe. For we muft learn from the
Phenomena of Nature what Bodies attraét ane
another, and what are the Laws and Properties
of the Attradtion, before we enquire the Caufe
by which the Attraction is perform’d., The At-
traétions of Gravity, Magnetifm and Ele&rici-
ty, reach to very fenfible diftances, and fo have
been obferved by vulgar Eyes, and - there may
be others which reach to {o {mall diftances as
hitherto efcape Obfervation; and perhaps ele-
érical Attraction may reach to fuch fmall di-

{tances, even withont being excited by Friétion.
For when Salt of Tartar runs per deliquinm,
is not this dope by an Attradtion between the
Particles of the Salt of Tartar, and the Parti.
cles of the Water which float in the Air in the
form of Vapours? And why does not common
Salt, or Sal¢-petre, or Vitriolyrun per deliquinm,
but for want of fuch ap Attradtion? Or why
does not Salt of Tartar draw more Water out
of the Air than in a certain Proportion to is
quantity, but for want of an attractive I*'Ofrce
; - ‘ alter
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after it is fatiated with Water? And whenee
is it but from this attractive Power that Water
which alone diftils with a gentle lukewarm
Heat, will not diftil from Salt of Tartar with-
out a great Heat? And is it not from the like
attraétive Power between the Particles of Qil of
Vitriol and the Particles of Water, that Oil of
Vitriol draws to it a good quantity of Water
out of the Air, and after it is fatiated draws no
more, and in Diftillation lets go the Water ve-
ry difficultly? And when Water and Oil of Vi-
triol poured fucceflively into the fame Veflel
grow very hot in the mixing, does not this
Heat arguc a great Motion in the parts of the
Liquors - And does not this Motion argue that
the Parts of the two Liqluors in mixing coa-
lefce with Violence, and by confequence rufly
towards one another with an accelerated Mo-
tion? And when Agua fortis or Spirit of Vi-
triol pourcd upon Filings of Iron, c}{iﬁblves the
Filings with a great Heat and Ebullition, is not
this Heat and Ebullition effeted by a violent
Motion of the Parts, and does not that Motion
argue that the acid Parts of the Liquor ruth to-
wards the Parts of the Metal with violence,
and run forcibly into its Pores till they gee be-
tween its outmofl Particles and the main Mafs
of the Metal, and furrounding thofe Particles
loofen them from the main Mafs, and {et them
at liberty to float off into the Water? And
when the acid Particles which alone would
diftil with an eafy Heat, will not {cparate from
the Particles of the Metal without a very Yiom

| ’ ent
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lent Heat, doth not this confirm the Attra@ion
between them?

When Spirit of Vitriol poured upon com-
mon Salt or Salt-petre makes anEbullition with
the Salt and unites with it, and in Dittillation
the OSpirit of the common Salt-or Salt-petre
comes over much eafier than it would do be-
fore, and the acid part of the Spirit of Vitriol
ftays behind ; does not this argue that the fix’d
Alcaly of the Salv attraéts the acid Spirit of the
Vitriol more {trongly 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 diflil-
led, and two parts of this Spirit are poured on
one part of Oil of Cloves or Caraway Seeds, or of
any ponderous Oil of vegetable or animal Sub-
ftances, or Oil of Turpentine thicken’d with a
little Balfam of Sulphur, and the Liquors grow fo
very hot in mixing, asprefently to {fend up a burn-
ing Flame: Does not this very great and {udden
Heat argue that the two Liquors mix with vio~
lence, and that their Parts in mixing run to-
wards one another with an accelerated Motion,
and clath with the greateft Force? And 15 1t
not for the fame reafon that well reclified Spi-
rit of Wine poured on the fame compound Spi-
rit flathes; and that the Pulvis fulimnans, com-
pofed of Sulphur, Nitre, and Salt of Tartar,
goeés off with a more fudden and violent Fx-
plofion than Gun-powder, the acid Spirits of
the Sulphur and Nitre rofhing towards one 4n-
othet, and towards the Salt of Tartar, with fo

. Ad gredt
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great a violence, as by the thock to turn th

whole at once into Vapour and Flame? Wher

the Diffolution is flow, it makes a {low Ebulli

tion and a gentle Heat; and where it is quick

er, it makes a greater Ebullition with mor

Heat ; and where it is done at once, the Ebul

lition, is contracted into a fudden Blaft or vio
lent Explofion, with a Heat equal to that .o
Fire and Flame. So when a Drachm of the a
bove mention’d compound Spirit of Nitre wa
poured upon half a Drachm of Oil of Caraway
Seeds in vacno ; the Mixture immediately made
a flath like Gun-powder, and burft-the exhan
{ted Receiver, which was a Glafs {ix [nche:
wide, and cight Inches deep. And even the
grofs Body of Sulphur powderd, and with ap
equal weight of Iron Filings. and a litdle Wates
made into Pafte, acts upon the Iron, and in five
or {ix Hours grows too hot to be touch’d, and
emits a Flame. And by thefe Experimentscom-
pared with the great quantity of Sulphur with
which the Earth abounds, and the warmth of
the interior Parts of the Earth, and hot Springs,
and burning Mountains, and with IJamps, mi-
neral Corufcations, Earthquakes, hot {uffoca-
ting Exhalations, Hurricanes and Spouts; we
may learn that fulphureous Steams abound in
the Bowels of the Earth and ferment iwith Mi.
nerals, and fometimes take Fire with a fudden
Corufcation and Explofion; and if pent up in'
{ubterraneous Caverns, burft the Caverns with a
great {haking of the Farth, as in {pringing of a
Mine. And then the Vapour generated by the
Explofion, expiring through the Pores (]):f the

arth,
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Earth, feels hot and fuffocates, and makes Tem~
pelts and Hurricanes, and {ometimes 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 Farth
is dry, alcending into the Air, ferment there
with nitrous Acids, and fometimes taking fire
caufe Lightening and Thunder, and fiery Me-
teors. For the Air abounds with acid Vapours
fit to promote Fermentations, as appears by the
rufting of Iron and Copper in it, the kindling
of Fire by blowing, and the beating of the
Heart by means of Refpiration. Now the a-
bove mention’d Motions are fo great and vio-
lent as to fthew that in Fermentations, the Par-
ticles of Bodies which almoft reft, are putinto
new Motions by a very potent Principle, which
acts upon them only when they approach one
~another, and caufes them to meet and clath
with great violence, and grow hot with the Mo-
tion, and dath one another into pieces, and va-
nifh into Air, and Vapour, and Flame.

When Salt of Tartar per deliguium, being
poured into the Solution of any Metal, prece-
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
attrated more {irongly by the Salt of Tartar
than by the Metal, and by the fironger Atra-
~€on go from the Metal to the Salt of Tartar?
And {o when a Solution of Iron in Adgwa fir:is
diffolves the Lapis Calaminarss and lets go the
Iron, or a Solution of Copper diffolves Iron im-.

: Aaz 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, ora Solution of Mercury in dgua 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 Agua fortis are attraéted more flrongly 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
firongly by Iron, Copper, Tin and Lead, than
. by Mercury? And is it not for the fame reafon
that Iron requires more Agna fortis to diffolve
it than Copper, and Copper more than the o-
ther Metals; and that of all Metals, Iron is dif-
folved moft eafily, and is moft apt to ruft; and
next after Iron, Copper?

When Oil of Vitriol is mix’d with a little
Water, or is run per deliquium, and in Diflil-
lation the Water afcends difficultly, and brings
over with it fome part of the Oil of Vitriol in
the form of Spirit of Vitriol, and this Spirit be-
ing poured upon Iron, Copper, or Salt of Tar-
. tar, unites with the Body and lets go the Wa-
ter, doth not this fhew that the acid Spirit is at-
traéted by the Water, and more atrracted 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 forris, and Spirit of
Balt, cohere and rife together in Diftillation ;
but if the Menftruum be poured on Salt of Tar-
tar, or on Lead or lron or any fix'd Blo'd%,

: s which
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which it can diffolve, the Acid by a ftronger Ac-
- traction adheres to the Body, and lets go the
Water? And is it not alfo from a mutual At-
traction that the Spirits of Soot and Sea Salt
unite and compofe the Particles of Sal-armo-
niac, which are lefs volatle 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 ‘thar the Particles of Mer-
cury uniting with the acid Particles of Spirit
of Salt compofe Mercury {ublimate, and with
the Particles of Sulphur, compofe Cinnaber ;
and that the Particles of Spiric of Wine and
Spirit of Urine well reélified unite, and letting
go the Water which diffolved them, compofe a
confiftent Body; and that in {ubliming Cinna-
ber from Salt of Tartar, or from quick Lime,
the Sulphur by a ftronger Atiraftion of the Sale
or Lime lets go the Mercury, and flays with
the fix’'d Body; and that when Mercury fubli-
mate is {ublimed from Antimony, or from Re-
gulus of Antimony, the Spirit of Salt lets go the
Mercury, and unites with the antimonial Me-
tal which attracts it more {trongly, and ftays
with it till the Heat be great enough to make
them both afcend together; and then carries
up the Metal with it in the form of a very fu-
{ible 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 Ague fortis diffolves Silver and not
‘Gold, and Aygna regia diffolves Gold and not
o | Aas Silver,
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- Silver, may it not be faid that Agna forrss is
{ubtile enough to penetrate Gold as well as Sil-
ver, but wants the attractive Force to give it
Eatrance; and that Agua regia is fubtile enough
to penetrate Silver as well as Gold, but wants
the attra@ive Force to give it Entrance? For
Agqua regia is nothing elfe than Agua fortis
mix’d with fome Spirit of Salt, or with Sal-ar-
moniac ; and even common Salc diffolved in A-
gua fortis, enables the Menfiraum to diflolve
Gold, though the Salt be a grofs Body. When
therefore Spirit of Salt précipitates Silver out
of Agua fortis, 1s it not done by attracting and
mixing with the Agua fortis, and not attraét-
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-
armoniac or Spirit of Salt, and its not attract-
ing, or perhaps repelling the Antimony? And
is it not for want of an attraélive Virtue be-
tween the Parts of Water and Qil, of Quick-
filver and Antimony, of L.ead and Iren, that
thefe Subftances do not mix; and by a weak
Attraltion, that Quick-filver and Copper mix
difficultly ; and from a ftrong one, that Quick-
filver and Tin, Antimony and Iron, Water and
Salts, mix readily? And in general, is it not
from the fame Principle that Heat congregates
homegeneal Bodies, and {eparates heterogeneal
ones? o
When Arfnick with Soap gives a Regulus
and with Mercury fublimate a volatile fufible

Salt,
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Salt, like Butter of Antimony, doth not this
fhew that Arfnick, which is a Subftance totally
volatile,, 1s compounded of fix’d and volatiia
Parts, itrongly cohering by a mutual Aviraction,
fo that the volarile will not afcend without car-
rying up the fixed? And fo, when an equal
weight of Spirit of Wine and Oil of Vitriol
are digefted. together, and in Diflillation vield
two fragrant and volatile Spirits which will not
mix with one another, and a fix'd black Earth
remains behind ; doth not this fhew that Oil of
Vitriol is compofed of volatile and fix’d Parts
{trongly united by Attraction, fo as to afcend
together in-form of a volatile, acid, fluid Salt,
until the Spirit of Wine attraéts and feparates
the volatile Parts from the fixed? And there-
fore, fince Gil of Sulphur per companain is of
the fame Nature with Oil of Vitriol, may it not
be inferred, that Sulphur is alfo a mixcure of
volatile and fix’d Parts {fo {trongly cohering by
Attraétion, as to afcend together in Sublima-
tion. By diffolving Flowers of Sulphur in Oil
of Turpentine, and diltilling the Solution, it is
found that Sulphur is compofed of an intlama-
ble thick Oil or fat Bitumen, an acid Sale, a ve-
ry fix’d Earth, and a little Metal.  The three
firlt were found not much unequal to one
another, the fourth in {o fmall a quantity as
{carce to be worth confidering. The acid Salt
diffolved in Water, is the fame with Oil of Sul-
phur per campanam, and abounding much in
the Bowels of the Farth, and parcicularly in
Markafites, unites it felf to the other Ingredi-
‘ents of the Markalfite, which are, Bitumen, I-

Aa g4 rom,
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-ron, Copper and Earth, and with them com-
pounds Alume, Vitriol and Sulphur. With the
EFarth alone it compounds Alume ; with the
Metal alone, or Meral and Earth together, it
compounds Vitriol 5 and with the Bitumen and
Earth it compounds Sulphar.  Whence it comes
to pafs that IMarkafites abound with thofe three
Minerals And is it not from the mutual At-
traction of the Ingredients that they ftick toge-
ther for compounding thefe Minerals, and that
the Bitumen carries up the other Ingredients of
the Sulphur, which without it would not {ub-
lime? And the fame Queftion may be put con-
cerning all, or almoft all the grofs Bodies in
Nature. For all the Parts of Animals and Ve-
getables are compofed of Subitances volatile
and fix'd, fluid and folid, as appears by their
Analyfis ; and fo are Salts and Minerals, fo far
as Chymiits have been hitherto able to examine
their Campofition. ‘

When Mercury fublimate is refublimed with
frefh Mercury, and becomes Mercurius duleis,
which is a white taftlefs Farth {carce diffolva-
ble in Water, and Mercurius dulcis refublimed
with Spirit of Salt returns into Mercury {ubli-
mate ; and when Metals corroded with a little
acid turn into Ruft, which is an Farth tattlefs
and indiffolvable 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 Menftruums become Salts;
do not thefe things thew that Salts are dry Farth
and watry Acid united by Attraction, and that
the Karth will not become a Salt without {o

much
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much Acid as makes it diffolvable in Water?
Do not the tharp and pungent Taftes of Acids
arife from the ftrong Attraftion whereby the
acid Particles rufh upon and agitate the Part-
cles of the Tongue? And when Metals are dif-
folved in acid Menffruums, and the Acids in
conjunttion with the Metal aét after a difterent
manner, {o that the compound has a different
tifte much milder than before, and fometimes
a {weet one; Is it not becaufe the Acids ad-
here to the metallick Particles, and thereby lofe
much of their Altivity? And if the Acid be in
too {mall a Proportion to make the Compound
diffolvable in Water, will it not by adhering
ftrongly to the Metal become unaélive and lofe
its tafte, and the Compound be a taftlefs Farth?
For fuch things as are not diffolvable Ly the
Moifture of the Tongue, at not upon the
Tafte. ‘

As Gravity makes the Sea flow round the
denfer and weightier Parts of the Globe of the
Farth, {o the Attraltion may make the watry
Acid flow round the denfer and compaéter
Particles of Farth for compofing the Particles
of Salt. For otherwife the Acid would not do
the office of a Medium between the Earth and
common Water, for making Salts diffolvable in
the Water; nor would Salt of Tartar readily
draw off the Acid from diffolved Metals, nor
Metals the Acid from Mercury. Now as in the
great Globe of the Earth and Sea, the denfeft
Bodies by their Gravity fink down in Water,
and always endeavour to go towards the Cen-
ter of the Globe; fo in Particles of Salt, the

o 8 denfett
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denfeft Matter may always endeavour to ap-
proach the Center of the Particle: So that a
Particle of Salt may be compared to a Chaos ;
being denfe, hard, dry, and earthy in the Cen-
ter; and vare, foft, moift, and watry in the
Circumference. And hence it feems to be that
-Salts are of a lafting nature, being fcarce de-
flroy’d. unlefs by drawing away their watry
Parts by violence, or by letting them foak into
the Pores of the central Farth by a gentle Heat
in Putrefattion, until the Earth be diffolved by
the Water, and feparated into fmaller Particles,
which by réafon of their {mallnefs make the
rotten Compound appear of a black Colour.
Hence alfo 1t may be that the Parts of Animals
and Vegetables preferve their feveral Forms,
and aflimilate their Nourifhment; the foft and
moift Nourifhment eafily changing its Texture
by a gentle Heat and Motion, till it becomes
like the denfe, hard, dvy, and - durable Earth
in the Center of each Particle. But when the
Nourifhment grows unfit to be aflimilated, or
the central Earch grows too feeble to aflimilate
it, the Motion ends in Confufion, Putrefaction
and Death.

If a very fmall quantity of any Salt or Vitriol
be diffolved in a wreat quantity of Water, the
Particles of the tale or Yitrlol will not fink to
the botrmn, theugn they be heavier in Specie
than the YWater, bur will evenly diffufe them-
felves intoail the Warer, {o as to make it as fa-
line ar ris vop as at the bottom.  And does not
this Diepiy i the Parts of the Sale or Vitriol
recede irom one ancther, and endeavour to ex-
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pand themfelves, and get as far afunder as the
quantity of Water in which they float, will al-
low? And does not this Endeavour imply that
they have a repulfive Force by which they fly
from one another, or at leaft, that they attraét
the Water more {trongly than they do one ano-
ther? For as all things afcend in Water which
are lefs attraéted than Water, by the gravitating
Power of the Farth; fo all the Particles of Salt
which float in Water, and are lefs attraéted than
Water by any one Particle of Salt, muft recede
from that Particle, and give way to the more
attracted Water, ’

Yhen any faline Liquor is evaporated to a
Cuticle and let cool, the Salt concretes in re-
gular Figures; which argues, that the Particles
of the balt before they concreted, floated in
the Liquor at equal diftances in rank and fie,
and by confequence that they afted upon one
another by fome Power which at equal diftances
is equal, at unequal diftances unequal. For by
fuch a Power they will range themfelves uni-
formly, and without it they will float irregular-
ly, and come together as irregularly. And fince
the Particles of Hland Cryftal alt all the fame
way upon the Rays of Light for caufing theun-
ufual Refradtion, may it not be fuppofed that
in the Formation of this Cryftal, the Particles
not only ranged themfelves in rank and file for
concreting in regular Figures, but alfo by fome
kind of polar Virtue turned their homogeneal
Sides the fame way? .

The Parts of ‘all homogeneal hard Bodies
‘which fully touch one another, flick together
: . ' very
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very ftrongly. And for explaining how this
may be, fome have invented hooked Atoms,
which is begging the Queftion; and others tell
s that Bodies are glued together by reft, that
is, by an occult Quality, or rather by nothing
and others, that they ftick together by confpi’-
ring Motions, that is, by relative reft amongft
themfelves. [ had rather infer from their Co-
hefion, that their Particles attraét one another
by fome force, which inimmediate Contaét is
exceeding {trong, at fmall diftances performs
the chymical Operations above mention'd, and
reaches not far from the Particles with any fen-
fible Effett. -

All Bodies feem to be compolfed of hard Par-
ticles: For otherwile I'luids would not congeal ;
as Water, Qils, Vinegar, and Spirit or Oil of
Vitriol do by freeving 5 Mercury by Fumes of
Lead; Spirit of Nitre and Mercury, by diflol-
ving the Mcreury and cvaporating the Flegm s
Spirit of Wine and Spirit of Urine, by detlegm-
ing and mixing thems and Spirit of Urine and
Spirit of Salt, by fubliming them together to
make Sal-armontac.  Fven the Rays of Liight
feem to be hard Bodies; for otherwife they
would not retain different Propertics in their
different Sides.  Aod therefore Hardnefs may
b reckon’d the Property of all uncompounded
Matter.  Av leaft, this {eems to be as evident
as the univerfal Impenetrability of Matter,  For
all Bodies, {o far as Fxperience reaches, are el-
ther hard, or may be harden’d 5 and we have
no other Fvidence of univerfal Impenetrability,
befides a large Kxperience without an experl-

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 Patts
which are only laid together ; the fimple Par-
ticles which are void of Pores, and were never
yet divided, muft be much harder. For fuch
hard Particles being heaped up together, can
~{carce touch one another in more than a few
Points, and therefore muft be feparable by
much lefs Force than is requifite to break a fo-
lid Particle, whofe Parts touch in all the Space
between them, without any Pores or Interftices
to weaken their Cohefion. And how fuch ve-
ry hard Particles which are only laid together
and touch only in a few Points, can ftick toge-
ther, and that fo firmly as they do, without the
afliftance of fomething. which caufes them to
be attra@ed or prefs’d towards one another, is

very difficult to conceive. ~
The fame thing 1 infer alfo from the cohe-
ring of two polifh’d Marbles iz vacno, and from
the ftanding of Quick-filver in the Barometer at
the height of 5o, 6o or 7o Inches, or above,
when ever it 1s well purged of Air and care-
fully poured in, {o that its Parts be every where
contiguous both to one another and to the
Glafs. The Armofphere by its weight prefles
the Quick-filver into the Glafs, to the height of
29 or 30 Inches. And fome other Agent raifes
it higher, not by prefling it into the Glafs, but
by making its Parts flick to the Glafs, and to
one another. For upon any difcontinuation of
Parts, made either by Bubbles or by ﬁaakinélthe
: ' ‘ ylals,
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Glafs, the whole Mercury falls down to the
height of 29 or 3o Inches.

And of the fame kind with thefe Experi-
ments are thofe! that follow. If two plane po-
lifl'd Plates of Glafs ({uppofe two pieces of a
polifh’d Looking glafs) be laid together, fo that
their fides be parallel and at a very {mall di-
ftance from one another, and then their lower
edges be dipped into Water, the Water will.
rife up between them. And the lefs the di-
ftance of the Glafles is, the greater will be the
height to which the Water will rife. If the
diftance be about the hundredth part of an Inch,
the Water will rife to the height of about an
Inch; and if the diftance be greater or lefs in
any Proportion, the height will be reciprocally
proportional to the diftance very nearly. For
the attraftive Force of the Glafles is the {ame,
whether the diftance between them be greater
or lefs; and the weight of the Water drawn
up is the fame, if the height of it be recipro-
cally proportional to the height of the Glaffes.
And in like manner, Water afcends between
two Marbles polifh’d plane, when their polith-
ed fides are parallel, and at a very little diftance
from one another. And if {flender Pipes of
Glafs be dipped at one end into {tagnating Wa-
ter, the Water will rife up within the Pipe, and
the heigth to which it arifes will be reciprocally
proportional to the Diameter of the Cavity of
the Pipe, and will equal the height to which
it rifes between two Planes of Glafs, if the Semi-~
diameter of the Cavity of the Pipe be equal to

the diftance between the Planes, or théreab‘?&}tz
1l
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And thefe Experiments {ucceed after the fame
manner 7z vacug as in the open Air, (as hath,
been tried before the Royal Society,) and there-
fore are not influenced by the Weight or Pref=
fure of the Atmoiphere,
~And if a large Pipe of Glafs be filled with
fifted Athes well prefled together in the Glafs,
and one end of the Pipe be dipped into {tag-
nating Water, the Water will rife up flowly
the Adhes, fo as in the fpace of a Week or Fort-
night to reach up within the Glafs, to the height
of 30 or 40 Inches above the ftagnating Water.
And the Water rifes up to this height by the
Adtion only of thofe Particles of the Athes which
are upon the Surface of the elevated Water ;
the Particles which are within the Water, at-
trafting or repelling it as much downwards
as upwards. And therefore the A&tion of the
Particles is very ftrong. 'But the Particles of
the Afhes being not {o denfe and clofe toge-
ther as thofe of Glafs, their Adtion is not {o
ftrong as that of Glafs, which keeps Quick-fil-
ver {ufpended to the height of 6o or 7o Inches,
and therefore alts with a Force which would
keep Water fufpended to the height of above
6o Feet. . '
By the fame Principle, a Sponge fucks in
Water, and the Glands in the Bedies of Ani-
mals, according to their {everal Natures and
Difpofitions, fuck in various Juices from the
Blood. , ' '
~ If two plane polif’d Plates of Glafs three or
four Inches broad, and twenty or twenty five
long, be laid, one of them parallel to the Ho-
rizon,
8
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rizon, the other upon the firft, fo 4s at one of
their ends to touch one another, and contain
an Angle of about 1o or 15 Minutes, and the
fame be firft moilten’d on their inward {ides
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 ler fall upon the lower
Glafs at the other ends fo foon as the upper
Glafs is laid down upon the lower {o as ro
touch it at one end as above, and to touch the
Drop at the other end, making with the lower
Glafs an Angle of about 10 or 15 Minutes; the
Drop will begin to move towards the Concourfe
of the Glafles, and will continue to move with
an accelerated Motion, ll 1t arrives at that
Concourfe of the Glalles.  For the two Glailes
attract the Drop, and malke it run that way to-
wards which the Atutrattions incline.  And if
when the Drop is in motion you lift up that end
of the Glafles where they mect, and towards
which the Drop moves, the Drop will afcend
between the Glafles, and thercfore is attracted.
And as you lift up the Glafles more and more,
the Drop will afcend flower and {lower, and at
length reft, being then carried downward by
its Weight, as much as upwards by the Attra-
&ion. And by this means you may know the
Force by which the Drop is attratted at all di-

{tances from the Concourfe of the Glafles,
Now by fome Fxperiments of this kind,
(made by Mr. Hlawkshy) it has been found thae
the Areraétion is almolt reciprocally in a dupli-
cate Proportion of the diftance of the middle
of the Drop from the Concourfe of the Glafles,
Vi,
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viz. reciprocally in a fimple Proportion, by
teafon of the fpreading of the Drop, and its
touching each Glafs in a larger Suriace; and
again reciprocally in a {imple Proportion, by
reafon of the Attratlions growing ftronger
within the fame quantity of attracting Sur-
face. The Attrattion therefore within the
fame quantity of attraéting Surface, is reci-
procally as the diftance between the Glafles.
And therefore where the diftance is exceed-
ing {mall, the Attrattion muft be exceeding
great. By the Table in the fecond Part of
the fecond Book, wherein the thicknefles of
colour’d Plates of Water between two Glhailes
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 Oranges between the Glafles
is of this thicknefs, the Attraétion collected by
the foregoing Rule, feems to be {o ftrong, 4as
within a Circle of an Inch in diameter, to fuf-
fice to hold up a Weight equal to that of a Cy-
linder of Water of an Inch in diamerer, and
two or three Furlongs in length. And whete
it is of a lefs thicknefs the Artraltion may bé
proportionally greater, and continue to increafe;
~untyl the thicknefs do not exceed that of a fin-
gle” Particle of the Oil. There are th_ercfore,
Agents in Nature able to make the Particles of
Bodies {tick together by very ftrong Attractions.
And it is the Bufinefs of experimental Philofo-
phy to find them out.

BE Nows
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Now the fmalleft Particles of Matter may co-
here by the ftrongeft Attraéﬁqng, and compofe
bigger Particles of weaker Virtue ; and many
of thefe may cohere and compofe bigger Par-
ticles whofe Virtue is {till weaker, and {o on for
divers Succeflions, until the Progreflion end in
the biggeft Particles on which the Operations
in Chymiftry, and the Colours of natural Bodies
depend , and which by cohering compofe Bo-
dies of a fenfible Magnitude. If the Body is
compat , and bends or yields inward to Pref-
fion without any {liding of its Parts, it is hard
and elaflick, returning toits Figure with a Force
rifing from the mutunal Attraltion of its Parts.
If the Parts flide upon one another, the Bod
is malleable or foft. ~If they {flip eafily, and are
of a fit fize 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 af-
fe&t a round Figure by the mutual Attraétion of
their Parts, as the Globe of the Farth and Sea
affefls a round Figure by the mutual Attradtion
of its Parts by Gravity. ,

Since Metals diffolved in Acids attra& but a
{mall quantity of the Acid, their attra&tive Force
can reach but to a {mall diftance from them.
And as in Algebra, where affirmative Quanti-
ties vanifh and ceafe, there negative ones be-
gin; fo in Mechanicks, where Attrattion cea-
fes, there a repulfive Virtue ought to fucceed.
And that there is fuch a Virtue, feems to fol-
low from the Reflexions and Inflexions of the

Rays
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Rays of Light. For the Rays are repelled by
Bodies in both thefe Cafes, without the imme-
diate Contact of the refleéting or infleéting 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 Attraétion, 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 Produé&ion of Air and Vapour.
The Particles when they are fhaken off from
Bodies by Heat or Fermentation, fo {oon as
they are beyond the reach of the Attrattion 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
Contraétion and Expanfion {eems unintelligible,
by feigning the Particles of Air to be {pringy
and ramous, or rolled up like Hoops, or by a-

ny other means than a repulfive Power. 'The
Particles of Fluids which do not cohere too
ftrongly, and are of fuch a fmallnefs as renders
them moft fufceptible of thofe Agitations which
keep Liquors in a Fluor, are moft eafily fepa-
rated and rarified into Vapour, and in the Lan-
guage of the Chymifls, they are volatile, rari-
fying with an eafy’ Heat, and condenfing with
Cold.  But thofe which are groffer, and fo lefs

fufceptible of Agitation, or cohere by a firong-
V ( Bb 2 er



[ 372 ]

“er Attraltion, are not feparated without a
{tronger Heat, or perhaps not without Fermen-
“tation. And thefe Iatt are the Bodies which
Chymifts call fix’d, and being rarified by Fer-
mentation, become true permanent Air: thofe
Particles receding from one another with the
“greatelt Force, and being moft diflicultly brought
together, which upon Conratt cohere molt
ftrongly. And becaufe the Particles of perma-
nent Air are grofler, and arife from denfer Sub-
ftances than thofe of Vapours, thence it is that
‘true Air is more ponderous than Vapour, and
that a moill Atmofphere 1s lighter than a dry
one, quantity for quantity. From the fame re-
pelling Power it {feems to be that Flies walk
upon the Water without wetting their Feet ;
and that the Objett-glafles of long Telefcopes
lie upon one another without touching; and
that dry Powders are diflicultly made to touch
one another {o as to {lick together, unlefs by
melting them, or wetting them with Water,
which by exhaling may bring them together; and
that two polith’d Marbles, which by immediate
Contaét flick together, are dithicultly brought {o
clofe together as to ftick.

And thus Nature will be very conformable
to her {ell and very fimple, performing all the
great Motions of the heavenly Bodies by the
Attraétion of Gravity which intercedes thofe
Bodies, and almoft all the {mall ones of their
Particles by fome other attraétive and repelling
Powers which intercede the Particles. The
Vis inersie is a pallive Principle by which- Bo-
E dies
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dies perfift in their Motion or Reft, receive
Motion in proportion to the Force imprefling
it, and refift as much as they are refited. By -
this Principle alone there never could have been
any Motion in the World. Some other Prin-
ciple was neceflary for putting Bodies into Mo-
tion; and now they are in Motion, fome other
Principle is neceflary for conferving the Mo-
tion. For from the various Compolition of two
Motions, ’tis very certain that there is not al-
ways the fame quantity of Motion in the World.
For if two Globes joined by a {lender Rod, re-
volve about their common Center of Gravity
with an uniform Motion, while that Cenrer
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 their Motions, when they are in a
Line perpendicular to that right Line. By this
Inftance it appears that Motion may be got or
lott, But by reafon of the Tenacity of Fluids,
and Attrition of their Parts, and the Weaknefs
of Elafticity in &olids, Motion is much more
apt to be loft than got, and 1s always upon the
Decay. For Bodies which are either 3bio.1u'te~'
ly hard, or {o {oft as to be void of Elalicity,
will not rebound from one another. Impenc-
trability makes them. only flop. If two equal
Bodies meet dire@ly iz vacno, they will by the
Laws of Motion {top where they meet, and
lofe all their Motion, and remain in reft, unlefs

| - b 3 they
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they be elaftick, and receive new Motion from
their Spring. If they have fo much Klafticity
as {uffices to make them rebound with a quar-
ter, or half, or 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 tried, by letting two equal
Pendulums fall againft one another from equal
heights. If the Pendulums be of Lead or foft
Clay, they will lofe all or almoft all their Mo-
tions : If of elaftick Bodies they will lofe all but
what they recover from their Elafticity. If it
be {aid, that they can lofe no Motion but what
they communicate to other Bodies, the confe-
quence is, that iz wacno they can lofe no Mo-
tion, but when they meet they muit go on and
penctrate one anothers Dimenfions. If three
equal round Veflels be filled, the one with Wa-
ter, the other with Oil, the third with molten
Picch, and the Liquors be ftirred about alike
to give them a vortical Motion ; the Pitch by
its Tenacity will lofe its Motion quickly, the
Qil being lefs tenacious will keep'it longer, and
the Water being lefs tenacious will keep it long-
eft, but yet will lofe it in a fhort time. Whence
it 1s eafy to underftand, that if many contiguous
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 {tiffnefs,
communicate their Motion to one another till
they all refted among themfelves. Vortices of
- Oil or Water, or fome fluider Matter, mighe
| continue
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continue longer in Motion; but unlefs the Mat-
ter weré void of all Tlenacity and Attrition of
Parts, and Communication of Motion, (which
is not to be fuppofed) the Motion would con-
ftantly decay. Seeing therefore the variety of
Motion which we find in the World is always
decreafing, there is a neceffity of conferving
and recruiting it by allive Principles, fuch as
are the caufe of Gravity, by which Planets and
Comets keep their Motions in their Orbs, and
Bodies acquire- great Motion in falling; and the
caufe of Fermentation, by which the Heart and
Blood of Animals are kept in perpetual Motion
and Heat; the inward Parts of the Farth 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 warms all things by his Light. For
we meet with very little Motion in the World,
befides what is owing to thefe altive Principles.
And if it were not for thefe Principles the Bo-
dies of the Farth, Planets, Comets, Sun, and
all things in them would grow cold and freeze,
and become inaétive Mafles; and all Putrefa-
¢ton, Generation, Vegetation and Life would
ceafe, and the Planets and Comets would not
remain in their Orbs. ’

All thefe things being confider’d, it {eems 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

’ Bb 4 - 1q
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to Space, as moft conduced to the End for
which he form’d them; and that thefe primi-
tive Particles being Solids, are incomparably
harder than any porous Bodies compounded of
them; even fo very hard, as never to wear or
break in picces: No ordinary Power being able
to divide what God himfelf made one in the firf
Creation. While the Particles continue entire,
they may compofe Bodies of one and the fame
Nature and Texture in all Ages: But fhould
they wear away, or break in pieces, the Nature
of Things depending on them , would be chan-
ged.  Water and Earth compofed of old worn
Particles and Fragments of Particles, would not
ve of the {ame Nature and Texture now, with
Water and Farth compofed of eatire Parricles,
in the Beginning. And therefore that Nature
may be latting, the Changes of corporeal 'T'hings
are to be placed only in the various Separations
and new Atfociations and Motions of thefc per-
manent Particles; compound Bodies being apt
to break, not in the mid{t of folid Particles, but
where thofe Particles are laid together, and on-
ly touch in a few Points. ‘

It {eems to me farther, that thefe Particles
have not-only a #7s zuertie, accompanied with
fuch paflive Laws of Motion as naturally refult
fromn that Force, but alfo that they are moved
by ceriain attive Principles, fuch as is that of
Gravity, and that which caufes Fermentation,.
and the Cohefion of Bodies. Thefe Principles
{ condider not as occult Qualities, fuppofed to
yefult from the fpecifick Forms of 'Things, byt
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as general Laws of Nature, by whi :
themfelves are form’d: theﬁT Tl«f&tggggi?f
to us by Phanomena, though their Caufes b%
not yet difcover'd. For theie are manifeft Qua-
lities, and their Caufes only are occult. And
the Ariffotelians gave the Name of occult Qua-
liies not to manifeft Qualities, but to fuch
Qualities only as they fuppofed to lie hid in
Bodies, and to be the unknown Caufes of ma-
nifelt Effects : Such as would be the Caufes of
Gravity, and of magnetick and ele@rick At-
trattions, and of Fermentations, if we fhould
fuppole that thele Forces or Aéions arofe from
‘Qualities unknown to us, and uncapable of be-
ing difcovered and made manifeft. Such oc-
cule Qualities put a flop to the Improvement
of natural Philofophy, and therefore of late
Years have been rejefted. To tell us that
every Species of Things is endow’d with an oc-
cult {pecifick Quality by which it aéts and pro-
 duces manifelt Effes, is to tell us nothing:
But to derive two or three general Principles
of Motion from Phenomena, and afterwards
to tell us how the Properties and Adtions of all
corporeal Things follow from thofe manifeft
- Principles, would be a very great {tep in Phi-
lofophy, though the Caules of thofe Principles
were not yet difcoverd: And therefore I {cru-
ple not to propofe the Principles of Motion a-
bove mention’d, they being of very general Ex-

‘tent, and leave their Caufes to be found out.
- Now by the help of thefe Principles, all ma-
terial Things feem to have been compofed lof
th
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the hard and folid Particles abovemention’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 he did fo, it’s unphilofophical to feek
for any other Origin of the World, or to pre-
tend that ic might arife out of a Chaos by the
mere Iaws of Naturces; though being once
form’d, it may continue by thofe Laws for ma-
ny Ages.  For while Comets 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 Irregularitics excepted
which may have rifen from the mutual Actions
of Comets and Plancts upon one another, and
which will be apt to increafe, till this Syitem
wants a Reformation.  Such a wonderful Uni-
formity in the Plancary Syftem muft be allow-
ed the Idfle&t of Choice. And fo muit the
Uniformity in the Bodies of Animals, they ha-
ving generally a right and a left {ide fhaped a-
lilke, and on cither fide of their Bodies two
Legs behind, and cither two Arms, or two
Liegs, or two Wings before upon their Shoul-
ders, and between their Shoulders a Neek run-
ning down into a Back bone, and a Head up-
on it; and in the Flead two Fars, two Kyes, a
Nofe, a Mouth, and a ‘T'ongue, alike fituated.
Alo the firlt Contrivance of thofe very artifi-
cial Parts of Animals, the Ityes, Fars, Brain,
Mufcles, Feart, Lungs, Mideifl; Glands, La-
rynx, Flands, Wings, Swimming Bladders, na-i

tura
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tural Spectacles, and other Organs of Senfe and
Motion ; and the Inflinét of Brutes and Infeéts
can be the effe@ of nothing elfe than the Wif.
dom and Skill of a powerful ever livine Agent
who being in all Places, is more t’able b;:
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
are by our Will to move, the Parts of our own
Bodies. And yet we are not to confider the
World as the Body of God, or the {everal Parts
thereof, as the Parts of God. He is an uni-
form Being, void of Organs, Members.or Parts,
and they are his Creatures {ubordinate to him,
and fubfervient to his Will; and he is no more
the Soul of them, than the Soul of a Man is the
Soul of the Species of Things carried through
the Organs of Senfe into the place of its Sen-
fation, where it perceives them by means of its
immediate Prefence, without the Intervention
of any third thing. The Organs of Senfe are
not for enabling the Soul to perceive the Spe-
cies of Things in 1its Senforium, but only for
conveying them thither; and God has no need
of fuch Organs, he being every where prefent
to the Things themfelves. And fince Space is
divifible zz znfinitum, and Matter is not necel-
farily in all places, it may be alfo allow'd that
God is able to create Particles of Matter of fe-
veral Sizes and Figures, and in feveral Propor-
tions to Space, and perhaps of different Denfi-
ties and Forces, and thereby to vary the Laws
of Nature, and make Worlds of feveral forts in
' S feveral



[ 380 ]

feveral Parts of the Univerfe. At leaft, I fee

nothing of Contradiélion in all this.
As in Mathematicks, {o in Natural Philofo-
gl/ily, the Inveftigation of difficule Things by the
ethod 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 Indu¢tion, and admitting of no Objettions
againit the Conclufions, but fuch as are taken
from Experiments, or other certain T'ruths.
For Hypothefes are not to be regarded in ex-
perimental Philofophy. And although the ar-
guing from Experiments and Obfervations by
{nduétion be no Demonitration of general 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 Induétion is more general. - And if
no Exception occur from Phanomena, the Con-
clufion may be pronounced generally. But if
at any time afterwards any Exception fhall oc-
cur from Experiments, it may then begin to be
pronounced with fuch Exceptions as occur. By
this way of Analyfis we may proceed from Com-
pounds to Ingredients, and from. Motions to
the Forces producing them; and in general,
from Effeéls to their Caufes, and from particu-
lar Caufes to more general ones, till the Argu-
ment end in the moit general. This is the Me-
thod of Analyfis: And the Synthefis confifls in
afluming the Caufes difcover’d, and eftablifh’d
as Principles, and by them explaining the Phee-
’ nomena
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nomena proceeding from them, and proving the
Explanations.

In the two firft Books of thefe Opticks, L.
proceeded by this Analyfis to difcover and prove
the original Differences of the Rays of Light in
refpeét of Refrangibility, Reflexibility, and Co-
lour, and their alternate Fits of eafy Reflexion
and eafy Tranfmiflion, and the Properties of
Bodies, both opake and pellucid, on which
their Reflexions and Colours depend.  And
thefe Difcoveries being proved, may be affumed
in the Method of Compofition for explaining
the Phenomena arifing from them: An In-
{tance 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 dii-
coverd about Light and its Effeéts 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 ar length be perfeted, the
Bounds of Moral Philofophy will be alfo enlar-
‘ged. For {o 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 towards him, as well
as that towards one another, will appear to us
by the Light of Nature. And no doubt, if the
Worthip of falfe Gods had not blinded the Hea-
then, their moral Philofophy would have gone
- farther than to the four Cardinal Virtues; and

’ inftead
&
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inftead of teaching the Tranfmigration of Souls,
and to worfhip the Sun and Moon, and dead
Heroes, they would have taught us to worthip
our true Author and' Benefactor, as their An-
ceftors did under the Government of Noab and
his Sons before they corrupted themfelves.
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Hippqcrates de Morbis Popularibis cum Comument. ]oh. Fncnd M. D.
H'\ms de Marbis Acutis Infantum.
- de Pefte 8 Inoculat, Vatiolarum, §uve,
Helvenus of the Animal OZEconomy :md Small Pox 8m.
Heifter’s Compendium of Anatomy, e :
Hopklnss Works, Folio,
Hart’s Bulwark ftorm*d in Anfwer to Delaune’s DPlea, Svnu
Hiftory of Genghizean the Grear, Sz,
=7 = of Thucidides Engl. by Tho. Hobbes, 2 Vols. Sun.
=« = of Timur-Bec, cornmonly call’d Tamerlnm, 2 Vols. 8vn..
Hiftoriarum: Fabéllarumque Deletus, 8uo.

Effery of Monmonth’s Ermlh Hiftcry, Engl 8vo.

Jenkin of the Chriftian Religion, 2 Vols. 8o,

Ben Johnfon’s Works with Cutts, 6 Vols. 8wa,
Inferiprio Sigea cum Comment. Edm. Chifhull, Falie.
Johnfp on’s Grammatical Commentaries, Svo.

- = Nofes Nottinghamicz, 8ve,

Ignntu Epiftole per Th. Smith, 4s0.
Juftinos in Ufum Delphini, 8o .
“Sr. Leolme Jenkins’s Life and Letters, 2 Vols. Folio. 17240

uflin’s Hiffory Engl. by Browne, 12m0, .
Jurin’s Lecter of Inoculating the Small Pox, Run
Juvenal cum Notis Farnabii, §zo.

Juftini Martyris Dialogus com Txyphone, pcr Sam, ]ebb, Sam
Juvenal in Ufum Delphini, 8va

K Ertlewell’s Wo'ks, withi B Life; 2 Vols, Folia,
~ his Life, feperate.

- Mealurés of Chriftiah Obedxence, 87/0,.

- of the Sacrament.

- of Profofenefs. :

Death made comfortable, 1270,
I\all (Joh.) Inwroducto ad Veram Phyficam, 8w,
«.. = = =~ Inroduion.to' Nattiral Philofophy, 8va.

- (Jac.) Tentimina Medico- Phyfi de OEcon, Amm, RS
e = = « Effays of Animal OEconomy, S,
King’s Miftellanies, 8vo. .
Kennet's Roman Antiquities, ot
King’s Heathen Gods, 1210,
I\eay s Pradtical Meafbrer’s Pocket Compamoq, h-ua,

wos
o« - -

o -

L Ucas’s Enqutry after Happinefs, 2 Vols. LEON
- o Practical Chrlﬁxamty; 8vo. .
v Lucas’s
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Lucas's Duiy of Servants, ram.
« -« Infivence of Converfarion, Jama,
« ~ - Plain Man's Guide tw Heaven.
Lowh’s Commentary on the Prophet Uslab, 410
- - = - on g:eremmh, 420
~ - - - on Ezckie}, qt0,
~ « = « two Sermons at the Aflizes ar Winchefter, See.
Lay Baptifim Invalid, with the reft of the Author’s Works 2 Vil .
~ = - Sacerdoml Powers.

« = - Diftenters Baptifm null and word, §eo
= - - Sccond Part of Lay Biptifm Invalid, 8z
-~ - ~ Supplement to the firtt und fecond Parts, Sve,

Lawrence’s Chriftian Marals, 8va,

Law’s three Leters o the Bp. of Bangor, 8o,

~ « Remarks on the Fuble of the Bees, Bzo.

Life of Archbifhop Whitgite by Mr. Suype, Fefic.

~ ~and Negotiatons of Sr. Lenline Jenkins, 2 Vals. Foll
~ = of Mr. Dodwell with an Abridgment of his Works, 2 Vols, Su.
- - of Mr, Kettdewell, 8vo. : :

~ = of Mr. Sage, Author of the Cyprianick Age, 8vo.

- - of Dr, Feild by Mr. Le Neve, Suva,

-~ of Mr. J. Mills, 8w,

Lock’s Works, 3 Vols. Folie,

- - of Human Underflanding, 2 Volu. 820,

Liuleton’s Diftionary, 4fe. '
L Eftrange’s Afop, 2 Vols. 8vo,
Lemery’s Chymifiry, 8<o.
Lady’s Library, 5 Vols, 12mo.
Lives of the Englith Bithops, by Mr. Le Neves, 2 Vols, See
Lady’s Travels into Spain, 2 Vols. .
Lovrthorp’s Abridgement of the Philofl ‘Tranfe 3 Vols, 420,

Le Neve's Succethon of the Bithops and Dignitariess Fafie.

Luciani Dialogl Seletw, Gr. Lat.

Lucretius cum Interprecatione & Notis Tho. Creechs 8zo.

Leland de Scriptoribus Britangicis, 2 Vols, 8vo.

Leufdeni Compendium Gracum Novi Teftarpent, Sve.

Lommius de Curandis Febribus continuis, 8zo.

Lancafter’s Chronological Effay on Daniel, 4¢0. .

Letter of Inftrution fhewing the Way to Chriltian Perfeltion, 1z,
Taws of Liberry and Property, 12mo.

M Angey’s Diftourfes 6n the Lord’s Prayer, 8eo.

2 Defenfe of the Bp. of London’s Leuer to his Clergy, Sce.
- « Anfuwer to Toland’s Wazarenus, §vo.
- - - - f[ive fingle Sermors, §oe.
Mead of the Ufe of Mapsand Globes, 8w
Mantaire’s Englith Grammars Sve.:
- - - Grece Lingoe Diale&tz; Svo.
Mead de Pefte, $zo, N
“Maclaurin Geomerria Organicas 4ic.
Motray's Travels, 2 Vols. Folip.
Mufe Anglicanz, 2 Vois. 12mp,
Countefs of Morton’s Devotions, 2470
Medulla Hiftoriz Anglincane, 8w, ]
MarfhalPs Tranilation of St. Cyprian’s Works, Felies
Mauger’s French Grammar; 8zo.
Montaigne’s Effays, 3 Vols, 8za.-
Morland’s Vade Mecumn.
Maotteux’s Don Quixote, ¢ Vols. 1220,
Marfhal Tabulz Chronologice, Foliv
Morton of Cenfumptiens, 8ve.
Magernz Praxis Medica, 2 Vols. 830,

Moil's
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Aoll’s Compleat Geographers Folio.

Mariin's Genuinenefs of the Text, there are three in Heaven, §ue,

-~ = = two Crinical Differcations, 8ve.

- - « Examination of Emlyn’s Anfwers 8vo,

- - = Diftourfe of Nawral Religion; 8w,

Memoirs of the Academy of Sciences at Paris, §uo. -
St Macariug’s Spiritual Homilies, 8vo.

Mewphyfice Compendiums 8ve, 1723.

Sr. Haac Newron’s Opticks.

~ = the fame in Latin by Dr. Clarke, 8o,
~ - = Principia Philofophiz Mathematica, 4re. In the Prefs.
- - =~ Algebra, in Englith by Mr. Raphfon,
- - - Analyfis per Quanticaum Series; &c. 4io.
Nicols de Literis Invents, §zo.
Norarum ad Inferiptionem Sigeam Appendicula, Folins
Notia Anglicana, or the Arms of the Nobility, 2 Vols. 8o,
Newcome's Ordinadon Sermon, 8o,
Nelfon's Feafts and Fafts of the Church, 8vo.
- - = on the Sacrament, 1zm0.

N Arbrough’s Voyages; 8ve.

O Ckley’s Account of Barbary, 8o,

Ovidii Metamorph. in Ufum Delphini, 8ze.
- = - Epifiole in Ufum Delphini, 8vo,

-~ - = Tnftium in Ufam Delphini, 8ve.

~ - - Faftorum cum Notis Varioram, Sve.

P Axton’s Effays on the Knowledge and Cure of Diftafes, §ve,
- - - Diretory for young Phyficians, §ve.
Parrick’s Devour Chriftian, t2m0.

~ = =~ Chriftian Sacrifice> 12mo. -
~ - - Advice to 2 Friend, 120,
- =~ - Help to young Beginners, rawe,

- - - Plalms, 12m0,
Plutarch’s Morals Engl. 5 Vols, 12me.
-~ =~ = - Lives, Engl
Potter’s Greek Antignities, 2 Vols. 8va,
~ - = of Church Government, Szo.
Principles of Deifin truly reprefented, 8vo.
Palchal Cycle, and other Tables ufed by the Church, 8z,
Plalter in Welth,
Plukenetii Opera Omnia Bouwnica, 6 Vol. Folin.
Perrault’s Archite&ure Engl. by James, Fulio.
Pratt Grammatica Lingue Lating, 8vo & tomo.
Palladio’s Archite&ture, 470. .
s Ditto by Leoni, 2 Vols. Folio,
Pearfon on the Creed, Folfo. :
Pozzo’s Architefture in Perfpattive, Folio.
Puffendori’s Law of Nature, Folio.
- - - Diro abridg’'d with Notes by Spavan, 2 Vols. 810,
~ - - Inrrodufion to the Hiftory of Hurope, 3.
Prideaux’s Connexion of the Hiftory of the Old and New T'eftament, 3 Vols. 8z,
~ - « Life of Mahomet, 8<zo. '
Pope’s Homer with Cuts, 6 Vols. 12m0.
<~ - Mifcellanies, 2 Vols. 12m0,
Philofophical Tranfadtions Compleat, from the Year 1665 to 1724.in 32 Vols. or
© moft of the Numbers {eparate. o
- - - - 1thr: fame abridg’d to the Year 1720 by Mr. Lowthorp and Mr, Marze
in ¢ Vols. 4ta
tanus Ufurr? Delphini, Sz
Tharmacopaeia Collegii Regalis Medicorum Londinenfis, 1m0, 1724, -
= Ditt, per Shipton; 120, ‘ Phat- -
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Pliarmacopeia Bateana, Ed. nova, per Tho. Fuller, ramo,

Pye's Obfirvationson the various Methodsof Lithotomy, 4o, 1724.
Pircairne’s Elements of Phyfick, 8vo. o

Poete minores, Gr, Lat. 8ze.

Prior’s Poems, z Vols. 270, ’ ‘

Phzedrus, per Johnfon, in ufum Scholz Etonenfis, $vo.

Plinii Paneg. in vlum Delphinis 8vo.

Uindiian de InfF. Orat. cum Notis Edm. Giblon, §vo.
Quincy's Preleétiones Pharmaceuticas 420, °
- < =" College Difpenfatory in Englith, with Notes, Svos
- = ~ Pharm. Officinalis, 8zo
« = = Lexicon Medicumn, 8vo. -
Quarles’s Divine Emblems, 1270,

RAy’s Philofophical Letters, with Mr, Willoughbys &re 8vos
'\ < - Wifdom of God in the Creation, 3:h Edit. 8wo.
~ Phylico Theological Difeourfes, 4th Edit. §ve,

Petfuafive to a holy Life, Svo.

Hifloria Plantarum, 3 Vols. Fol.

- - Supplemenmum, vel Tom, 3. feperatim,

Synoplis Methodica Stirpium Brir, .
Stirpium Europ. extra Britan..naftentium Sylloge, Bvo: -
Synopfis Methodica Avium & Piftium, cum kg, 820
Hiftoria Infelorums 4te. . e
Synopfis Methodica Animalium Quadr. 8oo.

Methodus In{e€toram, 8wo, :

Stirpivm Orientalium Canlogl tres; 8wo.

Methodus Plantarum, 8ve. o

- - De Variis Plantatum Methodis; 8vo, -

Roberfoni Lexicon Hebraicum, 420,

Refle@tions on Reafon, 8w, o

Rogers’s Farewell-Sermon, 8zo. . o
Rulhworth’s Hiftorical Colleftions, 8 Vols. Kol
Rofcommon and Duke’s Poems. ° ° . . =
Religious Philofopher, 2 Vols. 4t0. with Cuts. o
Ronayne’s Algebra, 8zo -
Robertfon’s Diffeqiters Self-condemn’d, 4¢6a

Robinfon of the Stone and Gravel, 8vo.

Riverius’s Pradtice of Phyfick, 2wa,

Ratcliff’s Difpenfitory, Svo. e
Ramazini of T'radefmens Difeafes, 8z0. -
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STebb‘:ng of the Operations of-the Holy Spirity 8zoc

- =~ - Tralls againft the Bp. of Bangor, Bbe,
Sanderfoni Prxleétiones de Conftientia, 8vo. o
Sacheverell’s Sermons, 8vp. o

Suztonius in ufim Delphini,-8vo.. .-

Spetators, 8§ Vols, 1200 oo T PR
Stevens’s Supplement to Dugdale’s Monafticon, - Vols. Fof,
Stanhope’s Tho, & Kempis’s Ghriftian Pattern, $zo. and-120,
-~ = = 8t Auflin’s Meditations, 8vo, ' .
- - =~ Epiftews’s Morals, 8wo. Lo
Sydenbam’s Works, 8vo.

=" - - - Pngiceot Phyfick, Gvo. o

Seneca’s Morals, by Sir R. L’ Eftrange, 8wo, ;
Stranchius’s Chronology. 8ve. .
Sherlock of Death, 8va.

-~ .- of judgmert, 8vo.

Smith’s Poems, 8vo. e

Salluftivs cum Notis Var. per Jofl Walle, 4.0,

Schrevelia Lexicon, Gr. Lat. §vo:

i

\



Sophodiis Trag. Antlg, & ‘T'rachiniz, Gr. Lat. per T: Johofon, 8vs,
Synopfis Communium Locorum ex Poetis Larifiis, 1ama.
Sckickardi Horologium Hebraicum. 8vo.

Selden’s Works, 3 Vols. Fol. in the Prefs. ‘

Sanétorius de Medicina Starica; cum Comment, M. Lifter, 1amo.
Sydenhami Proceflis Integri & Tra&. de Phehifi, 12mo,
Salmon on Bates’s Difpenfatory, Buo. )

-~ =~ -on Sydenham’s Praétice of Phyfick, 8o, .

Shaw’s Fundemental Do&rines of the Church of Engl. § Vols. 8ze:
State of Ruflia, 2 Vols. 8w, .

Squire’s Anfwer to the Independent Whig, 8o,

St. John Conclo ad Clerum, 8vo. .

-~ 2 <" - - Sermon before the Sons of the Clergy, 8vo;
Saurin’s Differtations on the Bible, Fol. )

Siillingflect’s Origines Sacre, the 8th Edit. Iol 1724.
Sallaftius in ufuim_ Belphini, 8wvo, = '

Aylor (Brook) Methodus Incrementorum, 40,
Trapp Preleftiones Poetice, Tom. 3- 8vo.
‘Tafwell Phyfica in vfam Juvent. Acad. 8vo.
Trial of the Regicides, 8vo, 1724.
Tatlers; 4 Vols. 12mo. ) ;
‘T'elemachus, Engl. with Cuts, 2 Vols. 12m0:
Terence Engl. by Echard, &-c. 1amo,
Terentivs in ufum Delph. 8vo.
Turner’s Siphillis; 8vo, .
~ « ~ of the Difeafes of the Skin, 8wo.

VOcabulaﬁum Anglo-Saxonicum, 8vd,
Voffii Elementa Rhetorica, §vo.
Vide Poemata. R
Verror’s Revolutions in the Roman Republick; 2 Vols. 8a.
e w = = = = in Sweden, 8vo. ,
- « = = - = in Portugal, 8.
~ = =~ Hiftory of the Efablifhment of the Bretons, 2 Vols. §uo-
Virgilins cum Notis Binaldi, 12m0: R B
m—ns inufum Delphini, 8vo.
* Viotuvius Britannicus, or Britith Architedt, by C. Campbell, 2 Vols. Fol:

Wlllymot’s Englifh Particles, Sva.

—— Nouns and Verbs, Sve.

e o——  Shorter Examples, 12m0.

 Wainwright ofﬁ NonI—)Nfamrals, 8o,

Willoughby Hiftoria Lifcium. recogh, Jo. Rais cf . I

Whitby Ethices Compendium, in‘guﬁu{: J’uvcx1t.$§dﬁgg£{il}7z PR
White’s new and exad Cbfervacions on Fevers; §wo.

Waterland’s 8 Sermons at Lady Moyer’s LeSure, 8vo.

s mem— Vindication of Chrift’s Divinity,. §vo. -

e e Second Vindication of Chrift’s Divnity, 8vo.

e e Farther, Vindication of Chrift’s Divinity, 8va.
pomsemsmsmmemes Crit, Hiftory of the Athanafian Creed. ’

emmmen e 4, Single Sermons, §we. S

Welfted de Atare vergente, 8vo, :
Week’s Preparation, 120,
‘Wifeman’s Surgery, 2 Vols. 8vas
Waller’s Pogms, 120

Wilkins of Narural Religion,
Wingate's Arithinetick, 8wo.

YOlmg’s Sermons, 2 Vols. Bva.
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