[iﬁ)’/ - ] ' &
¥ Q”\J Tougs
O R, \ﬂQ A

TREATISE

OF THE

Refleions, Re fradions,

]ﬂﬂeﬁiam and Colours  ggvz
Ge_

A,,J&

R

L I G HT"

The FourTH EDITION, correded.

By Sir IS.4.A4C N,EWTON, Kat.
P ; Tm1slaTain ) oummmmnn
L O N
p DEC 5’ }{35
Printed for WiLLiam INNYS at the Weﬂ
End of St Pqul St bﬁxx‘iiféﬁzr%ﬁm
L.Jlf;f" $x ‘M'gf'ﬁé :



National Oceanic and Atmospheric Administration

ERRATA NOTICE

One or more conditions of the original document may affect the quality of the
image, such as:

Discolored pages
Faded or light ink
Binding intrudes into the text

LASON

Imaging Contractor

12200 Kiln Court
Beltsville, MD 20704-1387
August 1, 2007



Advertifement L

= ART of the . en-
| [wng Difcourfe a-
2| bour. Light - was
e wWratten 4,atgzi1eG De-
ey S e of . fome Gen-
tewmen of the I{oya{:S{)Ciety, in
the Xear Y675, and then [ent to
their Secretary, andvead at-their
Meetings; and the:veft was. add-
ed, aboyr rwelve Tears afterto
complete the Theory ; exceps. the
third Book, and the laft Propo-
Yurion of the Second,which: dere
fince. put rogether our of [cal-
ker'd.. Papers. . To . avoid " be-
g engated in-Difputes. apout
- Az thefe




Advertifemént,
thefe Matters, Iharve hitherto de-
dayed the printing, and fhovid
fill bavve delayed. st, bad not the
Importunityof Friends prevailed
upon me. If any other Papery.
writ on this Subjelt ave got out
of my Hands they ave impeyfett,
and were perbapy written before
{ bad tried all the Experiments
here fet down, and fully [atisfi-
ed my [elf about the Lﬂ’w.mf Rk
frattions and Compofition of Co-
Jours. Ihave bere publifl’d what
[ think proper to come abroad,
wifbing that 1t may not be tran-
flazed into another Language
without my Confent. s

The Crowns of Colours, which
fometimes appear abous the Sun
and Moon, I bave endeavoured
to give an Account of ; but for
| - want




Advertifgment.
want of fufficient Obfervations
leave "itga{ %l‘l‘c’?" to ée farther
examined. - The Subject of the
Third Book [ have alfo left im-

perfelt, not having tried all the
Experiments which [ intended
when { was abour thefe Matters,
nor vepeated fome of thofe which
{ did'try, until 1 had fasisfied
wy felf “abour all their Circun-
flances. 1o communicare what
A bave tried, and leave the reft
to others for farther Enquiry,
u all my Defign in publifbing
tl’?/ ¢ Papers. R
Analerterwritrento My Letb-
NWZ in the Tear 1679, and pub-
lifbed by Dr.Wallis, { mention'd
a Method by which I bad found
Jome general Theorems about.
Joquaring Curvilinear Figures,
or



Advergifement,

of comparing them with the Co-
nic Sections, or other the [impleft
Figures with which they may be
compared. And fome Tears ago
L lent our a Manufeript contain-
g fuch Theorenis, and having
fince met with [ome Thip 0.5 COpi-
ed out of it, I have on this Occa-
fionmadeir publick, prefixing to
1t apintroduction, and [ubjoin:
ing a-Scholium concerning that
- Method. And-Ihave joinedwit)

it another fmall Tralt concern-
ing the Curvilinear Figuyes of
the Second Kind, which was aifo
written many Tears ago, and
made known to [ome Fyiends:;
who have folicited the making it
publick. S

‘vApril 1.

1704, I. N'



‘Advertifement 1L

& N this Second Edition
i of the[cOpticks I have
W& & omurred the Mathema-
=SS tical Traéls publifid.
at the End of the former Edi-
tiom, as not belonging to the
Subject. - And--at the End of
the Third Book I have added
Jome Queftions. And to fhew
that I do nor take Gravity for
an eflential Property of Bodses;
1 have added one Queftion con-
cermng its Caufe, chufing 10
propofe it by way of o Quefti-
on, becaufe I am not yet [arif-
Jed about it for want of Expe-
virnenty, | | |

]111‘17}’171-‘i I I. N.



AD\TERT:SE MENT tO this
Fourth Edition.

@ [ /S new Edition of
i (K25 S/ Haac Newton's
' Opticks is carefully
2 printed fromihe Third
Edition, as it was corretted by
the Author's own Hand, and
gt before bis Death with the
ookfeller. Since Sir Haac's
Lectiones Optice, which be
publickly vead in the Univer fity
of Cambridge in the Tears
1669, 1670, and 1691, are
larely printed, it bas been thonghe
proper to make at the bottom o
the Pages.[everal Citations from
thence, where may be found the
Demonftrations, which .the Au-
thor omitted in thefe Opticks.
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PART 1L

ua

B1Y Defign-in this Book is not to ‘ex-
-plain the Properties of Light by Hy-
‘pothéfes, but to propofe and prove
-them -By" Reafon and Experiments:
== In order’to which 1 fhall premi e the
fo,u‘QW'l,ng Definitions and Axioms. =

v
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2 OPTICKS.

DEFINITIONGS
DEFIN 1

B Y the Rays of Light I underfiand its 'kéf
Parts, and thofe as well Succeffive .in the
Jame Lines, as Contemporary in feveral Lines.
For itis manifeft that Light confifts of. Parts,
Both Succeffive and Contemporary ; becaufe in
the fame place you may fYop that which comes
one moment, and let pafs that which comes pre-
fently after; and in the fame time you may
ftop it in any one place, and let it pafs in an

other. For that part of Light which is ftopp’d
cannot be the fame with that which is let pafs,
The leaft Light or part of Light, which may
be ftopp’d alone without the reft of.the 'L;ght,
or propagated alone, or do or fuffer any thing
alone, which the reft of the Light doth not of'
fuffers not, I call a Ray of Light, ;

DEFIN. 11

Refrangibility of the Rays of Light, is their
Difpofition to be refrated or turned out of - their
- Way in paffing out of one tranfparent Body or
Medium into. another.  And a greater or lefs-Rea
Jrangibility of Rays, is their Difpofition to be
turned more or lefs out of their Way in Like: Iy
cidences on the fame Medium., Mathematicians
ufually confider the Rays of Light to be Lines
reaching from the luminous Body to the Body
illuminated, and the refraction of thofe Rays to
be the bending or breaking of thof¢ lines in.

their



their paffing out of 'one Mediuminto another.
And thus may- Rays and Refrations be confi-
dered, if Light be propagated in an inftant.
B,Ut“ by an Argument taken from the ZEqua- -
tions of the times of the Eclipfes of fupiter’s
Satellites, it feems that Light is propagated in
time, {pending in its paffage from the Sun- to us
about feven Minutes of time: And therefore I
have chofen to define Rays and Refra@tions in

fuch general terms as may agree to Light in both
cafes, - ' ‘ '

DEFIN I .

Reflexibility of. Rays, is their Difpofition fo be
refletied or turned.back into the fame Medium from
any vther Medium upon whofe ,Su;Zfam they jall,
And Rays are more or lefs reflexible, which are
turned back more or lefs eafily. Asif Light pafs
out of a Glafs into Air, and by being inclined
more and more to the common Surface of the
Glafs and Air, begins at length to be totally re-
fleted by that Surface; thofe forts of Rays
which at like Incidences are refleted moft co-
pioufly, or by inclining the Rays begin fooneft
to be totally reflected, are moft reflexible.

 DEFIN 1V, ,
. The Angle of Incidence is that Angle, which
the-Line defcribed by the incident Ray contains awith
the Perpendicular to the reflecting or refracting Sur
Jace af the Point of Incidence. ' '

B 2 DEFIN.



5 OPTICKS.

| DEFIN V.
The Angle of Reflexion or Refraétion, is the
Angle which the line defcribed by the reflected or re-
Jralted Ray containeth with the Perpendicular to

‘the gﬂeﬂing or refracting Surface at the Point of
Incidence, o

DEFIN., VL

The Sines of Incidence, Reflexion, and Refra-
&tion, are the Sines of the Angles of Incidence, Re~
Sflexion, and Refrattion,

DEFIN VIL

- The Light whofe Rays are all alike Refran=
gible, I call Simple, Homogeneal and Similar 5
and that whofe Rays ‘are fome more Refrangible
than others, I call Compound, Heterogeneal and
Diffimilar, The former Light T call Homoge-
neal, not becaufe I would afirm it fo in all re-
fpects, but becaufe the Rays which agree in Re-
rangibility, agree at leaft in all thofe their other

Properties which I confider in the following
Difcourfe, ‘ ST

DEFIN. VIL

The Colours of Homogeneal Lights, I call Pri-
mary, Homogeneal and Simple ; and thofe of He-
terogencal Lights, Heterogeneal and Compound. For
thefe are always compounded of the colours of

Homogeneal Lights; as will appear in ‘the fol=
lowing Difcourfe,

AXI0MS
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AXIOMS.
| AX L |
HE Angles of Reflexion and Refraftion, he

- in'one and the fame Plane with the Angle of In-
cidence, - ’

A X, IL

,Y"Zw Angle of Reflexion is égual to the Angle of
Incidence, g

A X, IIL

If the refracted Ray be returned direétly back to
the Point of Incidence, it fball be refracted into the
Line before defcribed by the incident Ray.

A X IV.

Refrattion out of the rarer Medium into the
denfer, is made towards the Perpendicular ; that
i, fo that the Angle of Refradtion be lefs than the
Angle of Incidence. :

AX V.

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

Whence if that Proportion be known in any

- one Inclination of the incident Ray, ’tis known
i all the Inclinations, and thereby the Refra-

&ion in all cafes of Incidence on the fame refra-

¢ting Body may be determined, T hus if the

‘ : : B 3 R Cﬁ‘a‘f
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Refraction be made out of Air into Water,  the
Sine of Incidence of the red Light is to the Sine .
of itsRefraction as 4 to 3. If out of Air into Glafs,
the Sines are as 17 o 11. In Light of other
Colours the Sines have other Proportions: but

the difference is fo little that it need feldom be
confidered,

Suppofe therefore, that RS [in Fig. 1.] repre-
fents the Surface of ftagnating Water, and that C
is the pointof Incidence in which any Ray coming
in the Air from A in the Line A C is refle@ed or
refra@ted, and I would know whither this Ray
thall go after Reflexion or Refraction: I ere
upon the Surface of the Water from the point

of Incidence the Perpendicular CP and produce
it downwards to Q, and conclude by the firft
Axiom, ‘that - the Ray--after Refleion ‘and Re-
fra&ion, fhall be found fomewhere ini the Plane
of the Angle of Incidence ACP produced. I leg
fall therefore upon thé Perpendicular C P the
* Sine of Incidence AD; and if the refleGted
Ray ‘be defired, I produce AD to B fo that
DB be equal t6 A D, and draw C B, For this
Line C B fhall be the refleGed Ray; the Angle
of Reflexion BCP and its Sine 8D being e-
qual to the Angle and Sine of Incidence, as the
ought to be by the fecond Axiom, But if the
refracted Ray be defired, I produce AD to H,
. fo that D H may be to AD as the Sine of Re-
fraction to the Sine of Incidence, thatis, (if the
Light be-red) as 3 to 4; and about the Center
C and in the Plane ACP with the Radius CA.
defcribing a Circle ABE, I draw a parallel to the

Perpendicular CPQ, the Linc HE cutting the
| ‘ Circum-~
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-Circumference in E, and joining CE, this Line
"CE fhall be the Line of the refrated Ray.
‘For ift EF be let fall perpendicularly on the
Line P Q_, this Line EF fhall be the Sine of Re-
fracion of the Ray CE, the Angle of Refraction
being EC Q andthisSine EF is equal to DH,
and. confequently in Proportion to the Sine of
Incidence AD as 3t04. . o

~ In like manner, if there be a Prifm of Glafs
(that is, a Glafsbounded with two Equal and
Parallel Triangular ends, and three plain and
well polithed Sides, which meet in three Parallel

nes running from the three Angles of one-
end o the three Angles of the other end) and
if the Refra@ion of the Light in paffing crofs this
Prifm be defired: Let ACB [in Fig. zf reprefent.
a Plane cutting this Prifm tranfverfly to its three
Parallel lings or edges there where the Light
pafleth through it, andlet DE be the'Ray in-
cident upon the firft fide of the Prifm A C where
the Light goes into the Glafs; and by putting
the Proportion of the Sine of Incidence to the
-Sine of Refraction as 17 to 11 find EF the firft
refracted Ray. Then taking this Ray for the
Incident Ray upon the fecond fide of the Glafs.
B C where ‘the Light goes our, find the next
refradted Ray FG by putsing the Proportion
of the Sine of Incidende to the Sine of Re-
fra@tion as 11 to 17. For if the Sine of Incl-
dence out of Air into Glafs be to the SineO¥

efraction as 17 to 11, the Sine of Inciderice OUt
of Glafs into Air muft on the contrary be t© the
Sine of Refra@ion as 11 to 17, by the third.
Axiom, - |
B4 Much.
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_ Much after the fame manner; if ACBD [in
Fig.3.] reprefent a Glafs . fpherically convex on.
both fides (ufually called a Lens, fuch as is a Burn...
ing-glafs, or Spectacle-glafs, or an Obje@-glafs of
a Telefcope) and it be required to know how
Light falling upon it from any lucid point Q__
thall be refradted, let Q_M reprefent a Ray
falling upon any point M of irs firft fpherical
Surface A CB, and by erecting a Perpendicylar
to the Glafs at the point M, find the firft re-
fratfed Ray M N by the Proportion of the
Sines 17 to 11, Let that Ray in going out; of .
the Glafs be incident upon N, and then find
the fecond refracted Ray N g by the Propor-
tion of the Sines 11 10 17. And after the {ame
manner may the Refrattion be found when the
Lens is convex on one fide and plane or cone
cave on the other, or concave on both fides.

A X, VI

Homogeneal Rays which flow from feveral Poins
" of any Object, and fall perpendicularly or almoft
perpendicularly on any reflecting or refracting Plane
or [pherical Surface, " fhall " afterwards drverges
Jrom fo many other Points, or be parallel to (3
many other Lincs, or converge 10, fo many other
Pants, cither accurately or without any fenfible
Error.  And the Jame thing will happen, if the
Rays be reflected or refratted Jucceffroely by tugg
or three or more Plane or Spherical Surfaces,

~ The Point from which Rays diverge or o
which they converge may be called their, Fopys,
And the Focus of the incident Rays being gi-
ven, that of the refleed or refracted ones may

be
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be, found by- finding the Refraction of any two
Rays, as above ; or more readily thus.
Ca/ 1. Let ACB [in Fig. 4.] be a refle&ting or
refrating Plane, and Q_the Focus of the incident
Rays, and Q ¢ C a Perpendicular to that Plane.
And if this Perpendicular be produced to ¢,
fo that ¢ C be equal to Q_C, the Point ¢ fhall
be the Focus of the reflected Rays; Orif ¢ C
be taken on the fame fide of the Plane with
‘QC, and in proportion to Q.C as the Sine of
Incidence to the Sine of Refraction, the Point ¢
fhall be the Focus of the refratted Rays.
 Caf 2. LetACB [in Fig. 5.] be the reflecting
Surface of any Sphere whofe Centre is E.  Bi-

fe¢t any. Radius thereof, ({uppofe EC) inT,
and if in that Radius on the fame fide the Point

T you take the Points Q_and ¢, fo that T Q_,
‘TE, and T¢, be continual Proportionals, and
.the Point Q_be the Focus of the incident Rays,
~the Point ¢ fhall be the Focus of the reflected
ornes.

Caf. 3. Let ACB [in Fig. 6.] be the refrating
Burface of any Sphere whofe Centre 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.
An.d then if in the fame Line you find any two
Points %gnd g fo that TQbeto ET asE ¢
‘1079, taking 74 the contrary way from # which
T Qlieth from T, and if the Point Q be the
Focus of any incident Rays, the Point ¢ {hall be.
the Focus of the refracted ones.

2 ' And
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And by the fame means the Fociss of the Rays
after two or more Refléxions or Refradiong may
be found. . _ . .

Caf-4. Let ACBD [in Fig. 7.]be any refradt-
ing Lens, fpherically Convex or Concave or-
Planc - on either fide, and let CD be its Axis
(that is, the Line which cuts both its Surfaces
perpendicularly, and pafies through the Centres
of the Spheres,) and 'in this Axis produced let
F and f'be theFoci of the refracted Rays found as
above, when the incident Rays.on both fides the
Lens are parallel to the fame Axis; and uponlthe
- Diameter F £ bifeGted in.E, defcribe a Circle.
‘Suppofe now that any Point Q_be the Focus of
any incident Rays. Draw Q E cutting the faid
Circle in T and #, and therein take tgq in fuch
proportion to £ E as# E:or T .E hath to. T Q,
Let #glie the contrary way from # which T Q
doth from T, and ¢ fhall be the Focus of the
refratted Rays without any fenfible Error, pro-

vided the Point Q_be not fo remote from the
Axis, nor the Lens {0 broad as to make any of

the Rays fall o0 obliquely on the refraéting
Surfaces, * '

And by the like Operations may the refleting
or refrafting Surfaces be found when the two
Foci are given, and thereby a Lens be formed,
which fhail make the Rays flow towards or
from what Place you pleafe. 4

* Tn our Author’s Leiones Optice, Part]. Seft. IV. Prop. 20
30, there is an elepant Method of determining thefe Fari 5 ot only
in fpherical Surfaces, but likewife in any other curved Figure what-
ever: And in Prop. 32, 33, the fame thing is done for any Ray ly-
ing out of the Axis. ' '

+ Lbid. Prop. 34. v
So
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.""So then the Meaning of this Axiom is, that
if Rays fall upon any Plane or Spherical Surface
or Lens, and before their Incidence flow from
or towards any Point Q_, they fhall after Re«
flexion or Refr.ition flow from or towards the
Point ¢ found by the foregoing Rules. And if
the incident Rays flow from or towards feveral
points Q,, the refleéted or refracted Rays fhall
flow from or towards fo many other Points ¢
found by the fame Rules. .Whether the reflect~
ed 4nd refracted Rays flow from or towards the
" Point g is eafily known by the fituation of that
Point. For if that Point be on the fame fide
of the refletting or refracting Surface or Lens

with the Point Q_, and the incident Rays flow
from the Point Q, the refleted flow ‘towards

the Point ¢ and the refracted from it; ‘and if the
incident Rays flow towards Q, the refletted
flowfrom ¢, and the refracted towards it. And
- the contrary happens when ¢ is on the other -

1de of the Surface. ‘ '

A X. VIL

Wherever the Rays which come from all the
Points .of any Objest meet-again” in fo many
Points after they bave been made to converge bj
Refletion or Refraction, there they will make a Pi-
Eure of the Objet upon any white Body on which
they fall, ' ‘

So if PR [in. Fig. 3.] reprefentany Objé& with- |
out Doors, and AB be a Lens placed at 2 hole
in the Window-thut of a dark Chamber, where-

bY 'the Rays thar come from any Point 'QBOf-
3 that
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 that-Objeé - are made to converge and meet 4~
gﬁ; (i)nbjthe Point g; and if aSheet of white Pa~
-per be held at g for the Light there to fall up--
on it; the Piture of that Obje& PR will ap-.
pear upon the Paper in its proper fhape and Co-
lours. For as the Light which comes from the
Point Q_goes to the Point ¢, {o the Light which
comes from other Points P and R of the Objedt,
will go to {0 many other correfpondent Points
pand 7 (as is manifet by the fixch Axiom; ).fo
that every Point of the Objec fhall illuminate a
correfpondent Point of the PiGture, and there-
by make a Picture like the Obje& in Shape and
Colour, this only excepted, that the Picture fhall
be inverted. And this is the Reafon of that yul-
gar Experiment of cafting the Species of Objeéts

" from abroad upon a Wall or Sheet of white. Pa- .
per in a dark Room. ’

In like manner, when a Man views any Objeg;
PQR, [in Fig. 8.] the Light which comes from ,
the feveral Points of the Obje is fo refracted
by the tanfparent fkins and humours of the
Eye, (that is, by the outward coat EF G, called
the Tunica Cornea, and by the cryftalline hu-
mour AB which is beyond the Pupil mk) as to
converge and meet again in fo many Points in
the bottom of the Eye, and there to paint the
Picture of the Obje& upon that fkin (called the
Tunica Retina) with which the bottom of the
Eye 1s covered. For Anatomifts, when they have
taken off from the bottom of the Eye that out-
ward and moft thick Coat called the Durg Ma-
ter, can then fee through the thinner Coats, -
the Pictures of Objects lively painted there- )

) Qe
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on: - And - thefe PiQures; propagated by Mo«
tion along the Fibres of the Optick Nerves in<
t0 the Brain, are the caufe-of Vifion.  For do<
cordingly as - thefe ' Pictures are perfe@ or ims
perfect, the Object-is feen perfectly or imperfﬁé:tﬁ
ly.. If the Eyebe tinged-with any colour (asift -
the Difeafe of the Faundice) fo as to tinge thd
Pictures in the bottom of the Eye with that
Colour, then all Objects appeat tinged with-thd
“{ame Colour. If the Humours of the Eye by
old Age decay, fo as by fhrinking to make the
Cornea and Coat of the Cryftulline EHimour grow
flatter than before, the Light . will ' not- be 'red
fratted enough, and for want of a fufficient: Re~
fration will not.converge to the .botromy of thé
Eye but to fome place beyond it, and by con-
- fequence paint in the bottom of ‘the Eye a: cbn-
fufed Piture, and according to the Indiftinds
nefsof this PiGure the Objeét will appear-cons
fufed. * This is the reafon of the decay of fighe

in old Men,. 21id fhews why their Bight is mends
. ed by Spectacles. - For thofe Convex glafids fags
ply the defet of plumpnefs-in the Eye, and by
Increafing . the Refradtion make the -Rays con=
verge fooner; fo as to convene.diftinétly war the
bottom. of the Eye if the Glafshave a due de-
gree of conwexity: ‘And the contrary happens
In fhort-fighted Men whofe' Eyes-are too plumpy
For the Refraction being. now too great, the
2ys converge and convene in the Eyes before
they ‘come at the bortom; and therefore the
Pifture made in the bottom and the Vifion
caufed thereby will not be diftin@, unlefs the
Obje be brought fo near the Eye as. that the
place
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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 Refracti-

ons diminifhed by a Concave-glafs of a due de-

gree of Concavity, or laftly that by Age the
Eye grow flatter

till it come to a due Figures
For fhort-fighted Men fee remote Objeéts beft
i Old Age, and therefore they are accounted to

have the moft lafting Eyes.
A X, VIIL

- An Object foen by Rg’ﬂexz'o)z ochy‘P'aé"Zz'qn,. ap-
pears in that place from whence the Rays aftér their

laft Reflexion or. Refraction diverge in falling on t/o»e‘

Speﬂzthr’s Eye.

If the Object A [in.Fig.g:] be feen by Reﬂe.x,lon
of a Looking-glafs 7 #, it thall appear, not in'its
proper place A, but behind the Glafs at ¢, from,

whence anyRays AB, AC, AD, which flow from

one and  the fame Point of the Obje&, do after

their Reflexion made in the Points B, G, D, di-

verge in going from the Glafs to E,'F, G,
where they are incident on the Speator’s Eyes:
For thefe Rays do make the fame Picture in-the
bottom of the Eyes as if they had come from
the Objet 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 Object D [in Fig. 2.] feen
through a Prifm, appears not in its proper place
D, but is thence tranflated to fome other place
d fituated in the laft refrated Ray FG draws

backward from F 10 4, - A”é |
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And fo theObje@ Q_[ in Fig. 10.] feenthrough
€ Lens A B, appears at the place ¢ from whence:

the Rays diverge in paffing from the Lens to the
ye. Now it is to be noted, that the Image of
the Obje& at g is. fo much bigger or lefler than
the Object it felf at Q_, as the diftance of the
Image at ¢ from the Lens A B is bigger or lefs
than the diftance of the Obje& at Q_from the
fame Lens, And if the Obje& be feen through:
two or more fuch Convex or Concave-glafles,
cvery Glafs fhall make & new Image, and the
Obje&t fhall appear in the place of the big-
nefs of the laft Image. Which confideration un-
folds the ‘Theory of Microfcopes apd Telefcopes.
For that Theory ‘confifts in almoft nothing elfe
than the.defcribing fuch Glafles-as thall make -the
laft Image of "any Object as diftin¢t and large and
luminous as it can conveniently be made:

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

PROPO-
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PROPOSITIONS.
PROP.I Tusor L

LIGHTS which differ in Colowr, differ alfo in
=7 Degrees of Refrangibility. o

The Proor by Experiments, -

Exper. 1. T took a black oblong ftiff Paper
terminated by, Parallel Sides; and with a Per-
pendicular right Line drawn crofs from one
Side to the other, diftinguithed it into two e<-
qual Parts. .Oneof. thefe,parts I painted with
a red colour and the other with a' bluer The’
Paper was very black, and the Colours intenfe
and thickly laid on, that the Phanomenon
might be more confpicuous. This Paper. I
view'd through a Prifm of folid Glafs, whofe
two Sides through which the Light pafied to the
Eye were plane and well polithed, and contained
an Angle of about fixty degrees; which Angle
I call the refracting Angle of the Prifm. And
whilft T view'd it, 1 held it and the Prifm before
a 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: anﬂ,
that the Light which fell from the Window upo®
the Paper made an Angle with the Paper, equal
to that Angle which was made with the fame,

. Papcfi
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Paper by the Light réfle@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 refleCted from thence,
which in paffing by the Edges of the Paper to
the Eye, mighc mingle itfelf with the Light of
the Paper, and obfcure the Phznomenon there-
of. Thefe things being thus-ordered, I found
that if the refralting Angle of the Prifm be
turned upwards, o that the Paper may feem to
be lifted upwards by the Refracion, its blue
half will be lifted higher by the Refraction than’
1ts red half.  Buc if the refrading Angle of the

Prifm be turned downward, fo that the Pafp_er_,
may feem to be carried lower by the Refra-

Gtion, its blue half will be carried fomething
lower thereby than its red hatf. Wherefore in.
both Cafes the Light which comes from the
blue half of the Paper through the Prifin to
the Eye, does in like Circumftances fuffer a
greater Refraction than the Light which' comes
from-the red half, and by confequence is more
- refrangible, ‘ '
Tliufiration. In the eleventh Figure, M N
reprefents the Window, and D E the Paper
terminared with paralle] Sides D J.and HE,
and by the tranfverfe Line F G diftinguifhed
IO two halfs, the one D G of an intenfely
blue Colour, the other FE of an iménft;ly
red. And BACcab reprefents  the - Priim
whofe refracting Planes AB#4a and ACc 4
meet in the Edge of the refradting Angle A a.
ThisEdge A 4 being upward, is parallel both ;ﬂ
» C the
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the Horizon, and to. the Parallel-Edges of the
Paper D J and HE, and the tranfverfe Line F G
is,-Pergcndicular to the Plane of the Window.-
And -de reprefents the Image of the Paper feen’
by Refradtion vpwards in fuch manney, that the -
blue half DG is carried higher to dg than the
red half FE is 1o J& and- therefore fuffers 2
 greater Refraction. 1f the Edge of the refradting
Angle be turned downward, the Image of the’
Paper will be refrated downward ; fuppofe to
3¢, and the blue half will be refraced lower tor
8%, than the red half is to @er - :
“Exper. 2. About the afo:efaid_Paper, whofe
two halfs were painted over with red and blue,
and which was ftiff like thin Pafteboard, I 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 {o
‘many black Lines drawn over them, or like

long and flender dark Shadows caft upon them.
1 might have ‘drawn black Lines with g Pen,
but the Threds were fmaller and better defined,
This Paper thus coloured and lined I fur againft
a Wall ‘perpendicularly o the Horizon, fo that
one of the Colours might ftand o the Right
Hand, and the other to the Left. Clofe before
the Paper, at the Confine of the Colours below,
I placed a Candle to illuminate the Paper ftrong-
ly: For the Experiment was tried in the Night.
The Flame of the Candle reached up to the
lower edge of the Paper, or a very little higher.
‘Then ar the diftance of fix Feet, and one or (wo
Inches from the Paper upon the Floor I erected
- @ Glafs Lens four Inches and a quarter broad,

which
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which might colle& the Rays coming. from the
feveral Poins of the Paper, and make them con-
Vverge towards fo many,other Points at the {fame
iftance of fix Feet, and one of two Inches on
the other fide of the Lens,. and fo form the Image
of the coloured Paper upon a white Paper placed
there, after the fame manner that a Lens at'a -
Hole in a'Window cafts the Images of Objeéls
;broad. upon a Sheet of white Paper in a dark
Room. The aforefaid white Paper, ereéted per-
pendicular to the Horizon, and to the Rays’
which” fell upon it from the Lens, I moved
fometimes towards the Lens, fometimes from
it, 10 find the Places where the Images of the
‘blue and red Parts of the coloured Paper appear-
ed moft diftin®. 'Thofe Places1 eafily knew by
the Images of the black Lines which I had made
by winding the Silk about the Paper. For the
Images of thofe fine and flender Lines (which
by reafon of their Blacknefs were like Shadows
on the Colours) were confufed and fcarce vifi-
ble, unlefs when the Colours ‘on either fide of
each Line were terminated moft diftin&ly, No-
ung therefore, as diligentdy as I could, the
Places where the Images of the red and blue
halfs of the coloured Paper appeared moft di-
Rin&, I found that where the red half of the
Paper appeared diftin@, the blue half appeared
confufed, fo that the black Lines drawn upom
It could fcarce be feen; and on the contrary,
where the blue half appeared moft diftiné, the
red half appeared confufed, fo that the black.
Lines upon it were fcarce vifible. And between
the' two Places where thefe Images appeared
' ' Caz ' diftingt
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diftin& there was the diftance ‘of an Inch and 2
half; the diftance of the white Paper from the:
Lens, when the Image of the red half of the co-
loured Paper appeared moft diftingt, being greater
by an Inch and an half than the diftance of the
fame whitePaper from theLens, when the Image-
of the blue half appeared moft diftinét. In
like Incidences therefore of the blue and red
upon the Lens, the blue was refracted more by
the Lens than the red, fo as to converge fooner by
‘an Inch and a half, and therefore is more refran- .
ible. ‘ '

& Tlluftration. In the twelfth Figure, DE fig.
nifies the coloured Paper, D G the blue half,
FE the red half, MN the Lens, H ] the white
- Paper in that Place where the red half with its
~ black Lines appeared diftin&, and 47 the fame
Paper in that Place where the'blue half appeared
diftin€t. The Place b7 was nearer to the Leng
MN than the Place H] by an Inch and an
half. ‘ : .

Scholium. The fame Things fucceed, notwith-
ftanding that fome of the Circumftances be va-
ried; as in the firlt Experiment when the Prifin
and Paper are any ways inclined to the Hori-
zon, and .in both when coloured ILjnes are
drawn upon very black Paper. But in the De-
feription of thefe Experiments, 1 have fet down
~ fuch Circumftances, by which either the Phe-
nomenon might be render'd more con{picuous,
or a Novice might more cafily try them, or by
which 1did try them only, The fame Thing, !
have often done in the following Experiments :
Concerning all which, this one Admonition may

{uftice.
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{uffice. Now from thefe Experiments it follows
not, that all the Light of the blue is more refran-~
gible than all the Light of the red: For both
«ights are mixed of Rays differently refrangible,
fo that in the red there are fome Rays not lefs re~
frangible than thofe of the blue, and in the blue
there are fomie Rays not more refrangible than
thofe of the red : But thefe Rays, in proportion to.
the whole Light, are but few, and ferve to dimi-
nith the Event of the Experiment, but are not
able to deftroy it. For, if the red and blue Co-
lours were more dilute and weak, the diftance of’
. the Images would be lefs than an Inch and a half;
and if they were.more intenfe and full, that di-
ftance would be-greater, as will.appear hereafter,
Thefe Experiments may fuffice for the Colours of
Natural Bodies. For in the Colours made by the
Refradtion of Prifms, this Propofition will ap- .
pear by the Experiments which are now to' fol-
low.in the next Propofition.

o PROPII Turor . IL
The Light of the Sun confifs of Rays
differently Refrangible.

The Pr 0o F by Expefiments.

Exper.3. YN a very dark Chamber, ata round
: '8 Hole, about one third Part of an
Inch broaa, made in the Shut of 2 Window, I
placed a Glafs Prifin, whereby the Beam of the
Sun’s Light, which came in at that Hole, might
be refracted upwards toward the oppofite W 312_

C 3 G
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of the Chamber, and there form 2 colpup’d 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 irtothe other end pa-.
rallel to the edge of the Refracting Angle ) was'
in this and the following Experiments perpen-.
dicular to the inciden Rays. About this Axié;
T turned the Prifm flowly, and faw the refra@t~
ed Light on the Wall, “or- coloured Image of:
the Sun, firtt to defcend, .and then to afrend.
Between the Defcent and. Afcent, when the I~
mage feemed Stationary, I ftopp’d the Prifm,
and fix'd it in that Pofture, that it fhould be .
moved no more. For in that Pofture the Re-
fractions of the Light at the two Sides of the
refracting' Angle, that is, at the Entrance of the
‘Rays into the Prifm; and at their going out of
it, were equal to one another*.  So alfo in other
Experiments, as often as I would have the Re-
fractions on both fides the Prifm 1o be equal ta,
‘one another, I noted the Place where the Image:
- of the Sun formed by the refracted Lighe ftood

ftll between its two contrary Motions, in the
common Period of itg Progrefs and Regrefs ; ,and
when the Image fell upon that Place, I madeé
- faft the Prifm.” Ang in, this Pofture, as the moft
convenient, it is to be upderftood that all the
Prifms are placed in the following Experiment$
unlefs where fome other Pofture is defcribed:
The Prifm therefore being placed in this Por
fture, I let the refradted Light fall perpendicV”
larly upon a Sheet of white Paper ar the oppor
“fite Wall of the Chamber, and ‘obferved the F¥

* See our Author’s Lefiones '

Opticz, Part 1. Seft 1. § 10
Selt 1L § 29 and Seat. 111 Prop, z5. | guré
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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 Rectilinear and Parallel Sides, and two Se-
micircular Ends.  On its Sides it was bounded
pretey diftin@ly, but on its Ends very confufed-
ly and indiftingly, the Light there decaying
and vanithing by degrees. The Breadth of this
‘Image anfwered to the Sun’s Diameter, ‘and was
about two Inches and the eighth Part of an
Inch, including the Penumbra, For the Image
was eighteen Feet and an half diftant from the
Prifin, and at this diftance that Breadth, if di-
minifhed by the Diameter of the Hole in the
Window-fhut, that is by a quarter of an Inch,
fobitended an Angle at the Prifm: of abput half
4 Degree, which is the Sun’s apparent Diame-
ter.  But the Length of the Image was about ten
Inches and a quarter, and the Length of the Re-
ilinear Sides about eight Inches; and the re-
fracting Angle of the Prifm, whereby fo great a
Length was made, was 64 degrees. With a lefs
Angle the ‘Length of the Image was lefs, the
Breadtb remaining the fame. 1f the Prifin was
turned about its Axis that way which made the
Rays emerge more obliquely out of the fecond
refracting Surface of the Prifin, the Image foon
became an Inch or two longer, or more; and
i the Prifm was turned about the contrary
Way, {o as to make the Rays fall more obhquel-y
on the firft refracting Surface, the Image foon
became an Inch or two fhorter. And thefﬁ_-
fore in trying this Experiment, I was as cufll-
0us as I could be in placing the Prifn by the
C4 abaves
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above-mention’d Rule exadtly in fuch a Pofture,
that the Refradtions of the Rays at their Emer-
gence out of the Prifm might be equal to that
at their Incidence on it,  This Prifm had fome
Veins running along wichin the Glafs from one
end to the other, which feattered fome of the
Sun’s Light irregularly, but had no fenfible Ef-
fe&t in increafing the Léngth of the coloured
SpeGtrum. For I tried the fame Experiment
with other Prifins with the fame Succefs. And
particularly with a Prifm which feemed free
from fuch Veins, and whofe refracting Angle
was 623 Degrees, I found the Length of the
Image 9% or 10 Inches at the diftance of 18%
Feet from the Prifm, the Breadth of the Hole
in the Window-fhut being # of an Inch, as be-
fore. And becaufe it is eafy to commit a Mi-
ftake in placing the Prifm in its due Pofture, I
repeated the Experiment four or five ‘Times,
. and always found the Length of the Image that
which is fet down above.” With another Prifin
of clearer Glafs and better Polith, which feem-
ed free from Veins, and whofe refracting Angle
was 634 Degrees, the Length of this Image at
the fame diftance of 184 Feet was alfo abore 10
Inches, or 103 Beyond thefe Meafures for a-

bout @ L or ¢ of an Inch at either end of the

Spectrum the Light of the Clouds feemed to be &
little tinged with red and violet, but {a very
faindy, that I fufpeted that Tinfture might ei-
ther wholly, or in great Meafure arife from fome
Rays of the Spectrum fcattered irregularly by
fome Inequalities in the Subftance and Polifh of -
the Glafs, and therefore I did not include it in

I thefe
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thefe Meafures, Now the different Magnitude
Of. the hole in the Window-fhut, and different
thicknefs of the Prifm where the Rays paffed
through ir, and different inclinations of the
Prifm to the Horizon, made no fenfible chan-
ges in the length of the Image. . Neither did
the different matter - of the Prifms make any:
for.in a Veflel made of polifhed Plates of Glafs
cemented together in the fhape of 2 Prifm and
filled with Water, there is the like Succefs of
the ‘Experiment according to the . quantity of
the Refra&ion. It is farther to be obferved,
that the Rays went on in right Lines from the
P1'§fm»t0 the Image, and therefore ‘at their very
going: out of .thé Prifm had all''that Inclina-
tion .to. one another from which the length of
the Image proceeded, thatis, the Inclination of
more. than two degrees and an half. And yet
according to the Laws of Opticks vulgarly re-
" ceived, they could not poflibly be fo much incli-
ned to one another *. For let E G [in Fig. 13.] re-
prefent the Window-fhut, F the hole made there-
In through which a beam of the Sun’s Light
was tranfmitted into the darkned Chamber, and
ABC a ‘Friangular Imaginary Plane whereby the
Prifm' is feigned to be cut tranfverfly through
the middle of the Light. Or if you pleafe, let
A B C/reprefent the Prifm it felf, looking di-
rectly towards the Speétator’s Eye with its nearer
end: And let XY be the Sun, MN the Pa-
Per upon which the Solar Image or Spectrum 18
caft, and PT the Image it felf whofe fides to-
wards v and @ are Regtilinear and Parallel, and
ends towards P and T Semicircular. YKHI(;

an
" Sce our Author's Leiones Optica, Part, I. Se&. 1. §- 5-
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and XL J'T are two Rays, the firft of which:
comes from the lower part of the Sun to the
higher part of the Image, and is refracted in the
Prifm at K and H, and the latter comes from
the higher part of the Sun to the lower part of
the Image, and is refracted at L and J. Since
the Refractions on both fides' the Prifin ‘are ¢~

qual to 6ne another, that is, the Refra@ion at
K equal to the Refi

raction. at J, and the Refra-
€ton at L equal to the Refraction at H, fo that
“'the Refractions of the incident Rays at K and LL
taken together, are equal to the Refractiohs of

the emergent Rays at H and J taken together :

it follows by adding equal things to equal things,

that the Refractions at K and H taken together,
are equal to the Refractions at J and L taken
together, and therefore the two Rays being e«
qually refracted, have the fame Inclination to
one another after Refracion which they had
before; that is, the Inclination of half a Degree’
an{wering to the Sun’s Diameter, For fo great
was the Inclination of the R

, ays to one another
before Refraction. So then, the length of the
Image P'T would by. the Rules of Vulgar Op-

ticks fubtend an Angle of half a Degree at the
Prifm, ‘and by Confequence be equal o' the
breadth v w; and therefore the Image would
be round. Thus it would be were the two
Rays XLJT

and YK HP, and all the reft which
form the Image P w T o

And therefore feeing by E

that the Image is not round, but about five mes
longer than broad, the Rays which going to the
upper end.P of the Image fuffer the greateft Re»

. fractions

s alike refrangible.
Xperience it is foun
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fraftion, muft be more refrangible than.thofe
which go to the lower end T, unlefs the Inequa-
lity of Refraction be cafual. v
.. This Image or Spetrum P T was: colouted,
being red at its leaft refraced end T, and vio-
lec at its. moft refragted end P, and yellow,
green and: blue in the intermediate Spaces.
.hlch agrees with the firft Propofition, that
Lights which differ in Colour, do alfo differ in
R’efrangibi-lity. The length of the Image in the.
foregoing Experiments, I meafured from the
fainteft and cutmoft. red at one end, to the
fainteft and outmoft blue at the other end, ex-
cepting only a little Penumbra, whofe breadth
f,cgirce exceeded a quarter of - an{Inqh, as was
" {aid above, - o
Exper. 4. In the Sun’s Beam which was pro-
pagated into the Room throygh the hole in the -
- Window-fhut, at the diftance of fome Feet
from the hole, I held the Prifm in fuch a Po-
fture, that its Axis might be perpendicular to
that Beam, Then I looked through the Prifin
‘upon the hole, and turning the Prifm to and
fro about its Axis, to make the Image of the -
Hole afcend and ‘defcend, when between its
two contrary Motions it feemed Stationary, I
ftopp’d the Prifim, that the Refractions of both
fides of the refra@ing Angle might be equal fo
€ach other, as in the former Experiment, In
this Situation of the Prifm viewing th.rOI_lgh 1%
the faid Hole, I obferved the length of its re-
fra&ed Image to be many times greater than,
1ts bréadch, and that the moft refracted part

thereof appeared violet, the leaft refracted .lf‘ildg
2 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 Prifm out of the Sun’s Light, and look--
ed through it upon the - hole fhining by the
Light of the Clouds beyond it. And yet if the
Refraction were done regularly according to-
-one certain ‘Proportion of the Sines of Inci-.
dence and Refraction as is vulgarly fuppofed,
the refraed Image ought to have ‘appeared
round. ' e '
_So then, by thefe two Experiments it appears,
that. in equal Incidences there is‘a confiderable
inequality of Refractions.  But whence this in-
équality arifes, ‘whether it be that fome of the
incident Rays are refracted more, and others lefs,
conftantly, or by chance, or that one and the
fame Ray is by -Refraction difturbed, fhatter'd,
dilated , and as it were {plit'and fpread into ma~
ny diverging Rays, as Grimaldo fuppofes, does
not yet appear by thefe Experiments, but will
appear by thofe that follow. ' o
" Exper. 5. Confidering thercfore, that if in
the third Experiment the Image of ' the Sun-
{hould be drawn out into an oblong” Form, ei-
ther by a Dilatation of every Ray, or b any 0=
ther cafual inequality of the Refragions, “the
fame oblong Image would by a fecond Refra-
¢tion made fideways be drawn out as much in
breadth by the like Dilatation of the Rays, or 0~
ther cafual inequality of the Refractions fide
ways, I tried what would be the Effe@s of fuch
a fecond Refration. For this end I ordered
all things as in the third Experiment, and then
placed 2 fecond Prifin immediately after ffhc

r



BOOK L 29

firft in a crofs Pofition to it, that it might again
refract the beam of the Sun’s Light which came
to it through the firft Prifm. In the firft Prifm
this beain was refraéted upwards, and in the
fecond fideways. And I found that by the Re-
fraction of the fecond Prifin, the breadth of the
Image was not increafed, but ‘its {uperior part,
which in the firft Prifm fuffered the greater Re-
3,& action, and appeared violet and blue, did again
in the fecond Prifin fuffer a greater Refraction
“than its inferior .part, which appeared red and
~yellow, and this without any Dilatation of the
Image in breadth. . o
" Illyftration. Let S [inFig. 14.] reprefent
the Sun, F the hole in the Window, A BC the
firft' Prifm, D H the fecond Prifm, Y the round -
Image of the Sun made by a dire¢t beam of
Light when the Prifims are taken away, P'T
the oblong Image of the Sun made by that beam
paffing through the firft Prifm alone, when the
fecond Prifm istaken away, and p# the lmage
made by the crofs Refractions of both Prifms
together. Now if the Rays which tend to-
wards the feveral Points of the round Image Y
were dilated and fpread by the Refrattion of
the firlt Prifm, {o that they {hould not any lon-
.ger go in fingle Lines to fingle Points, but that
cvery Ray being fplit, fhattered, and change.d
from a Linear Ray to a Superficics of Rays di-
verging from the Point of Refraction, and ly-
ing in the Plane of the Angles of Incidence and
Refradtion, they fhould go in thofc Planes to
{o many Lines réaching almoft from.one end of
the Image P T to the other, and if that Image

| ~fhould
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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
Refraction of the fecond Prifin, fo as to com~
- pofe a four {quare Image, fuch as is reprefented-
at'wl. For the better underftanding of which,
let the Image P'T be diftinguifhed into five €~
qual parts PQK, KQRL, LRSM, MSVN,
N VT. Andby the fame irregularity that the
orbicular Light Y is by the Refra&ion of the
firft Prifm dilated and drawn out into a long
Image P'T, the Light P QX which takesup'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 7 ¢ % p, -and the Light K Q R L, into
- the long Image kgr/, and the Lights LR SM,
MSVN, NV'T, into fo many other long I-
mages I7 sm, msvn, norT; and all th

efe long
Images would compofe the four {fquare Image
7w}  Thus it ou

ght to be were every Ray dila~
ted by Refraction, and fpread into a trianculaf
Superficies of Rays diverging from the I%Oint
of Refrattion. "For the fecond Refraction
would fpread the Rays one way as'much as the
firft doth another, and fo dilate the Image in.
- breadth as much as the firt doth in length
And the fame thing ought to happen , wer®
{fome Rays cafually refraCted more than othefs
But the Event is otherwife. The Image P
was not made broader by the Refracion of che
fecond Prifm, but only became oblique, as "t

reprefented at-p ¢, its upper end P being 1}5’1};
th
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the Refraction tranflated to a greater diftance than
its lower end T. So then the Light which went:
towards the upper end P of the Tmage, was (at
equal Incidences ) more refracted in the fecond’
Prifn, than the Light which tended towards the-
lower end T, that is the blue and violet, than theA
red and yellow; and therefore was more refran-’
gible. The fame Light was by the Refra&ion of
‘the firft Prifm tranflaged farther from the place-
Y to which it tended before Refraction; and
therefore fuffered as well in the firft Prifm as in
the fecond a greater Refraction than the reft of
the Light, and by confequence was more refran-
gible 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
refratéd fideways: but the Rays which were
more refracted than the reft in the firft Prifin
were alfo more refraced in all the reft, and that
without any Dilatation of the Image fideways:
and therefore thofe Rays for their conftancy of a
greater Refra&ion are defervedly reputed more
refrangible. .

But that the meaning of this Experiment may
more clearly appear, it is to be confidered that
the Rays which are equally refrangible do fall
upon a Circle anfwering to the Sun’s Difque.
For this was proved in the third -Experiment.
By a Circle I underftand not here a perfect geo-

. metrical Circle, but any orbicular. Figure ‘whofe
length is equal to its breadth, and which, as
to Senfe, may feem circular, Let therefore AG

[in
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[in Fig. '15.] teprefent the Circle which al‘l'thd{?
moft refrangible Rays

' Propagated from the’
whole Difque of the Sun, would illuminate and”

paint upon the oppofie Wall if ‘they were 2
lone; EL the Circle which af] the leaft refran”
gible Rays would in like manner illuminate and’
paint if they were alone; BH, CJ, DK, the
Circles which fo many intermediate forts 0 ,
Rays would fucceffively paint -upon- the Wall,’
if they were fingly propagated from the Sus .
in fucceffive order, the reft being always inter-:

cepred; and conceive that there are other in-
termediate Circles without

Number, which.
. innumerable other intermedi

ate forts of Rays
would fucceflively paint upon the Wall if the.
Sun fhould fucceflively emit every fort apart. -
And feeing the Sun emirs 4l thefe forts at oncest
they muft all cogether lumina

long 'Spe&rum PTig compofed which I deferi~
bed in the third E i

ed in Xperiment. Now if the
Sun’s circular Image Y

in Fig. 14, 1¢.7 which
is made by an unx'efl'a&[ed beim 4of ii]ghc was.
by any Dilation of the fingle Rays, or by any
othcr‘lrr¢gularity in the Refra&ion of the firlt
Prifm, converted into

the obl .Spe&rund
PT: then ou ' Ceb ope

: ght every Circle AG, BH, C Jr
&e¢. in that Spectrum,

by the crofs Refraction
of the fecond Prifm again dilati



BOOK L 33

PT would be now as much augmented as the
length of the Image Y was before by the Refra-
&ion of the firft Prifm; and thus by the Refra-
tions of both Prifms together would be formed
‘a four {quare Figure p7r#17, as I defcribed a-. -
bove. Wherefore fince the breadth of the Spe-
&rum P'T is not increafed by the Refraction
fideways, it is certain that the Rays are not {plit -
or dilated, or otherways irregularly fcatter'd
by that Refraction, but that every Circle is by’
a ‘I_‘egul‘ar and uniform Refraéion tranflated
éntire into another Place, as the Circle AG
by the greateft Refraction into the place g,
the. Circle BH by ‘a lefs Refraétion into the
Place 4 b, the Circle CJ by a Refraction (il
lefs into the place ¢4, and fo of the reft; by
which means a new SpeGtrum p¢# inclined to .
the former P T is in like manner compofed of
Circles lying in a right Line; and thefe Circles
“muft be of the fame bignefs with the former,
becaufe the breadths of all the Specrums Y,
PT and p¢ at equal diftances from the Prifms

are equal. . ‘ ‘
- I confidered farther, that by the breadth of
the hols F through which the Light enters in~
to the dark Chamber, there is a Penumbra
made in the Cirguit of the Spectrum Y, and
that Penumbra remains in the re@ilinear Sides
of the SpeGtrums P T and pz. 1 placed there-
fore at that hole a Lens or Obje&-glafs of a Te-
lefcope .which might caft the Image of the Sun
diftinétly on Y without any Penumbra at all,
and found thar the Penumbra of the rectilinear
Sides of the oblong Spectrums P T and p# was
D alfo
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alfc thereby taken away, {o that thofe Sjdes ap-
peared as diftin@ly defined as did the Circum-
ference of the firft Image Y. "Thus it happen$
if the Glafs of the Prifins be free from Veins
and their Sides be accurately plane: and well
polithed without thofe numberlefs Waves of
Curles which ufually arife from Sand-holes 2+
Mittle fmoothed in polithing with Putty. If the
Glafs be only well polithed and free from Veins;,
and the Sides not accurately plane, but a litte
Convex or Concave, as it frequently happens;
yet may the three SpeGtrums Y, PT and pt
want Penumbrag, but not in equal diftances
from the Prifms. Now from this want of Pe-.
numbras, I knew more certainly that every one:
of the Circles was refracted according to fome"
- moft regular, uniform and conftant Law. For
if there were any irregularity in the Refractions

» Which al] the Cir+

-t tranflated into the I.ines
aeand g/ as diftin@ and ftraight ag they wer¢

before, bur there would arife in thofe tranflated
Lines {ome Penumbra or Crookednefs or Un-+
‘dulation, or other fenfible Perturbation contrary’
to what is found by Experience, Whatfoever,
Penumbra or Perturbation fhould be made in th¢
Circles by the crof§ RefraCtion of the fecond.

Prifm, al_l that Penumbra or Perturbation woul l'
be confpicuous in the right Lines ge and £
which touch thofe Circles.

~ And therefore fin¢®
there is no fuch Penumbra of Perturbation 1?
thofe right Lines, there muft be none in the C1~.,

cles.  Since the diftance between thofe Téngc’gi
3
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or breadth of the Spe@rum is not increafed
by the Refractions, the Diameters of the Circles
4re not increafed thereby. Since thofe Tangents
continue to- be right Lines, every Circle which
In the firft Prifm is more or lefs refracted, is
exactly in the fame proportion more or lefs re- .
fraCted in the fecond. And feeing all thefe
things continue to fucceed after thé fame man- .
ner when the Rays are again in a third Prifm,,
and again in a fourth refrafted fideways, it is
evident that the Rays of “one and the fame Circle,
as to their degree of Refrangibility, continue al--
Ways uniform and homogeneal to one ‘another,
and that thofe of feveral Circles do differ in de~
gree of Refrangibility, and that . in fome certain’
and conftant Proportion. Which is the thing I

Was to prove.
. There is yet another Circumftance or two of
this Experiment by which it becomes ftill more
Plain and convincing. Let the fecond Prifm
DH [in Fjg 16.] be placed not immedi-
ately after the firft , but at. fome diftance
from jt; fuppofe in the mid-way between it
and the Wall on which the oblong SpeGtrum
PT is caft, fo that the Light from the firft
Prifm may fall upon it in the form of an ob-
long Spe@trum o1 parallel to this fecond Prifm,
and be refracted fideways to form the oblong
Spectrum p# upon the Wall. And you will
nd as before, that this Spe@trum p # is inglined
10 that Spe@rum P T, which the firft Prifm
forms alone, without the fecond; the blue ends
P and p being farther diftant from one another
than the réd ones T and #, and by confequence
' D2 " that



that the Rays which go to the blue end 7 of-
the Image = 7, and which therefore fuffer the
greateft Refraction in the firft Prifm, are again
in_the fecond Prifin more refradted than the
-reft.

- The fame thing T 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 . Prifnds

"ABCand 8y placed at thofe holes (one at.
each ) refracting thofe two beams of Light to
the oppofite Wall of the Chamber, in fuch man-
ner that the two colour’d Images P'T and M N
which they there painted were joined -end to end
and lay in one ftraight Line, the red end T of
the one touching the blue end M of the other.
For if thefe two refratted Beams were again
by a third Prifm D H placed crofs to the two
firft, refracted fideways, and the SpeGrums.
thereby tranflated to fome other part of the.
Wall of the Chamber, fuppofe the Spe@rum-
PT to p £ and the SpeGtrum M N to n, thefe
tranflated SpeGtrums p £ and m # would not lie
in one firaight Line with their ends contiguous -
as before, but be broken off from one appther
and become parallel, the blue end  of the I~
mage mn being by a greater Refrattion tran-

{lated farther from its former place M'T, than
the red end 7 of the other Image p# from the
fame place MT; which puts the Propofition
paft Difpute.  And this happens whether the
third Prifm D H be placed immediately aftef
the two firft, or at a grear diftance from
them, fo that the Light vefracted in the %WQ 4
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firft Prifms be eicher white and circular, or co- -
Joured and oblong when it falls on the third:
" “Bxper. 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;
Iplaced a Prifm behind the Shut in that beam
| 0 refrat it towards the oppofite Wall, and
clofebehind the-Prifm I fixed one of the Boards, -
in fuch manner that the middle' of the refracted
Light mighe paf§ through the hole made in if,
-and the reft be intercepted by the Board. Then
at the diftance of about twelve Féet from' the
firft Board I fixéd the other Board in fuch man-
ner, that the middle of the refracted: Light which
came through the hole in' the firft Board, and
fell upon the oppofite Wall, might pafs through
the hole in this other Board, and the reft being
-ntercepted by the Board might paint upon it
the coloured Spe@trum of the Sun. And clofe
behind this Board I fixed another Prifm to re-
fra& the Light which came through the hole.
Then I returned fpeedily to the firft Prifm, and
by turning i 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 fucceffively pafs thrqugh
the hole in' that Board and fall upon the Prifm
chll‘ld“'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 ‘refracted in the
D 3 ' firft



firft Prifim did go to the blue end of the Images
was again more refraed in the fecond Prilm
than the Light which went 6 the red end of |
that Image, which proves as well the firft Pro~
pofirion as the fecond.  And this happened whe-
ther the Axis of the two Pri{ms were parallel, or.
inclined to one another, and to the Horizon 11
any given Angles. : )
- Illufiration. Let F [in Fig. 18.] ‘be the wide’
hole in the Window-fhut, through which the
Sun fhines upon the firft Prifm, BC, and let
the refragted Light fall upon the middle of the
Board DE, and the middle patt of that Lighe
upon the hole G made in the middle part of t;iat
Board. Let this traje®ed part. of that Light
fall again upon the middle of the {fecond Board
d e, and there paint fuch an oblong coloured I-
mage of the Sun as was defcribed in the third/
‘Experiment. By turning the Prifm A B C flow.
ly to and fro about its Axis, this Image will be
made to move up and down the Board de,
and by this means all its parts from one end to
the other may be made to pafs fucceffively
thrpufgh the hole ¢ which is made in the mid~
dle 6f that Board, 1In the mean while anothef
Prifm ab¢is to be fixed next after that hole g
to refra&k the trajeted Light a fecond tim¢
And thefe things being thus ordered, I makad
the plages M and N of the oppofie Wall upo#
which the refracted Light fell, and faund- that
whilt the two Boards and fecand Prifm 1
mained unmoved, thofe places by turning the
firft Prifm about ‘its Axis were changed perpe”
tually, For when the lower part of the ngh}g;
s ; IR . ISR b B S ‘Vhlg '
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. which fell upon the fecond Board de was caft
through the hole g, it went to a lower place M

on the Wall, and when the higher part of that
Light was caft through the fame hole g, it went
10 a higher place N on the Wall, and when any
Intermediate part of the Light was caft through
that hole, it went to fome place on the Wall be-
tween Mand N. The unchanged Pofition of
the holes in the Boards, made the Incidence
of the Rays upon the fecond Prifin to be the
fame in all cafes. And yet in that common In-
cidence fome of the Rays were more refracted,
and others lefs, . And thofe were more refracted
An this Prifi, which by a greater Refradtion in
the firft Prifm were more turned out of the
‘way, and therefore for their Conftancy of being -
‘more refraced are defervedly called more refran-

gible. . .

Exper.77. At two holes made near.one ano-
ther in my Window-fhut I placed two Prifins,
one at each, which might caft upon the oppo-
fite Wall (after the manner of the third Expe--
riment) two oblong coloured Images of the:
Sun. And ata litde diftance from the Wall 1
placed a long {lender Paper with ftraight and pa- -
rallel edges, and ordered the Prifms and Pa-
'ger fo, that the red Colour of one Image might
tall dire@tly upon one half of the Paper, and
the violet Colour of the other Image upon the
Other half of the fame Paper; fo that the Pa-
Per appeared of two Colours, red and violet,
much after the manner of the painted Paper
In the firt and fecond Experiments. Then
with a black Cloth I covered -the Wall behind*

D 4 ' the
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the Paper, that no Light might be refleted from
it to difturb the” Experiment, and viewing the
Paper through a third Prifm held parallel to it
I faw that half of it which was illuminated by
‘the violet Light to be divided from the othef
half by a greater Refraction, efpecially when I
went a good way off from the Paper. For
when I viewed it too near at hand, the two halfs
of the Paper did not appear fully divided from
one another, but feemed contiguous 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.I ufed a white
Thred, and this appeared through the Prifin
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 t0 G,
and de fg are {he parts of the Thred feen by
Refraction. If one half of the Thred be con-
ftantly illuminated with red, and the other half
be iiiuminated with all the Colours fucceffivelys
(which may be done by caufing one of the
Prifms to be turned about its Axjs whilft the
other remains unmoved ) this other half in view*
ing the Thred through the Prifin, will appeal’
in a continual right Line with the firft half when
illuminated with red, and begin to be a little:
divided from it when illuminated with Orang®;
and remove farther from it when illuminate®
with yellow, and ftill farther when with gfef[”
and farther when with blue, and go yet farther
off when illuminated with Indigo, and fal‘t-l]“;n'
: ~ | " when
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when with deep violet. Which plainly thews,
that the Lights of feveral Colours are more and
more refrangible one than another, in this Order
of their Colours, red, orange,. yellow, green,
blue, indigo, deep viclet; and fo proves as well
the firft Propofition as the fecond. o
I caufedalfo the coloured Spetrums P'T
'Em Fig.17.] and M N made in a dark Cham-
ber by the Refractions of two Prifms to lie 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
L?ngth, they appeared ‘no’ longer in' a Rigﬁc
Line, -but became broken from oneanother, as
‘they ‘are reprefented at p ¢ and m 5, the violet
‘end ‘m of the Spectrum'm n being by a greater
Refraction tranflated farther from its former
Place MT than the red end # of the other
‘SpeGtrum p+. . '
1 farther caufed thofe two Spectrums PT.
[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 vidlet end of the o-
ther, as they are reprefented in the oblong Fi-
gure PTMN ; and then viewing them through
2 Prifm DH held paralle} to their Length, they
appeared not co-incident, as when view'd with
the naked Eye, but in the form of two diftinct
Bpedtrums ptand mn crofling one another 1n
the middle after the manner of the Letter X.
‘Which fhews that the red of the one Spectrum
and violet of the other, which were co-incident
at PN and MT, being parted from one another
by a greater Refracion of the violet to g aqc%1 m

78 . chan
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}ﬁan,of the red toz and 7, do differ in degrees of
Refangbiliy. . - s

.- 1 lluminated alfo a little Circular Piece of
‘white Paper all over with the Lights of both
Prifms intermixed, and when it was illumingd
ted with the red of one Spetrum, and deep,
-violet of the other, fo as by the Mixture of
_thofe Colours t0a pear all over purple, I view-
ed the Paper, firlt at a les diftance, and thed
.at a greater, through a third Prifm; and as I
-went from the Paper, the refracted Image therer
.af became more and more divided by the une
qual Refraction of the two mixed Colours, and
at Jength parted into two diftin¢t Images, a red
-one and. a violet one, whereof the violet wa$
fartheft from the Paper, and therefore fuffered
the greateft RefraQion.. And when that Prifm
at the Window, which caft the violet oy the Par
per was taken away, the violet Image difapr
peared ; but when the other Prifin was takes.
" away the red vanithed ; which fhews, thar theff
two Images were nothing elfe than the Lights
of the two Prifms, which had been intermixed
on the purple Paper, but were parted again by
their unequal Refractions made in the thif!d
Pri{m, through which the Paper was view'd:
This alfo was obfervable, that if ope of. th?
Prifms at-the Window, fuppofe that which C?ﬁ
the violet on the Paper, was turned about i
Axis to make all the Colours in this order, V‘l%"‘
ler, indigo, blue, ‘green, yellow, orange, 1¢%
fall fucceflively on the Paper from that Prifi®
the violet Image changed Colour according!?

wrning fucceflively to indigo, blue, greeny {,fiﬁ
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low and red, and in changiﬁg Colour came nearer
anq nearer to the red Image made by the other
rifm, until when it was alfo red both Images be-

. €ame fully co-incident. -
I placed alfo two Paper Circles very near ong
another, ‘the one in the red Light of one Prifm,
‘and the other in the violet Light of the other.
The Circles were each of them an Inch in diame-
ter, and behind thiem the Wall was dark, that the
Experiment might not be difturbed by any Light
coming: from thence. Thefe Circles thus illu-
minated, I viewed through a Prifm fo held, that
the Refra@ion might be made towards the red
Circle, and asI went from them they came nearer
and nearer together, and at length became CO=.
incident; and afterwards when I went ftill far-
ther off, they parted again in a contrary Order,
the violer by a greater Refraction being carried
beyond the red. o
- Exper.8. In Summer, when the Sun’s Light
ufes to_be firongeft, I placed a Prifm at the
Hole of the Window-fhut, asin the third Expe-
riment, yer {o that its Axis might be parallel to
the Axis of the World, and at the oppofite
Wall in the Sun’s refracted Light, I placed an
open Book. Then going fix Feerand two Inches
from the Book, I placed there the above-
mentioned Lens, by which the Light refletted
from the Book might be made to converge and
-Ineet again at the diftance of fix Feet and tWo
Inches behind the Lens, and there paint the
Species of the Book upon a Sheet of white Pa-
per much after the manner of the fecond Ex-
periment,  The-Book and Lens being madc:I faft,
no-
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Tinoted the Place where the Paper was, whett
the Letters of the Book, luminated by ,th? ;
fulleft red Light of the Solar Image falling upo?
it, did caft their Species ‘on that Paper mot.
diftinctly: And then I ftay'd il by the Motio?
of 'the Sun, and confequent Motion of his Tmage,

~on the Book, all the Colours from that red 9
the middle of the blue pafS'd- over thofe ‘Let":

ters; and when thofe Letters were illuminatcd‘fi

by that blue, 1 noted again the Place of the P#

per when they caft - their Speeies moft diftin@ly.

uponit: And I found that this lift Place. of th¢'

Paper was nearer to the Lens than its. formet

Place by’ about two Inches and an half, or two

and three quarters. So much f{ooner therefor?

did the Light in the violer end of the Imag?

- by‘*a- greater Refraction _converge and meef
thari the Light in the red end. "But in trying

this, the Chamber was as dark as.] could mak®

it - For, if thefe Colours be diluted and weak

ned by the Mixture of any adventitious Lj hf}

the diftance between - the Places of the ~Papef

will not be fo great. 'This diftance in the #*

cond Experiment, where the Colours of Vnat,lif_?fl

Bodies -were made ufe of, was butan Inch an

an half, by reafon of the Imperfe@ion of fh&@

Col‘ours. Here in the Colours of the*Prif?m

which are manifeftly more full, intenfe, - ans

lively than thofe of natural Bodies, the diftanc®

is two Inches and three quarters. And wereth

Colours ftill more full, I queftion not but th?t',

the diftance would be confiderably greater. F Oé

the coloured Light of the Prifim, by the-intef;

fering of ‘the Circles deferibed in the fecof
o . Fig?
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Fi‘gure 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 feattered by the Inequalities in ‘the
Polith of the Prifim, ~was fo very much com-
pounded, thart the Species which thofe-faint and
dark Colours, the indigo and violer, caft upon
the Paper were not diftin& enough to be well ob-
{erved.

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 refract-
ed by it began to be reflected by its Bafe, at
which till then it went out of the Glafs, T ob-
ferved that thofe Rays which had fuffered the
greateft Refraction were fooner refle€ted than
the reft. I conceived therefore, that thofe Rays
of the refleed 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 4 rotal
Reflexion, became as copious as thefe. To try
this,” I made the reflected Light pafs through-
another Prifm, and being refracted by it to fall
- afterwards upon a Sheet 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 abour its Axis as above, I obferved t}}llat

when
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whén thofe Rays, which in this Prifin had' fof"
fered the greateft Refration, and appeared -of #
blue and violet Colour began to be totally re7,
flected, the blue and violer Light on the Papefs,
which was moft refracted in the fecond Prifthy.
received 2 fenfible Increafe above that of the!
red and yellow, which was leaft refracted ; %ﬂ‘sij‘;
afterwards, when the reft of the Light whlchg
was green, yellow, and red, began to be totallf:
refleCted in the firfk Prifm, the Light of thofcg
Colours on the Paper received as great an 10
. creafe as the violer and blue had done befort:
Whence ’tis manifeft, that the Beam of Light,
refleted by the Bafe of the Prifm, being augr,
mented firft by the more refrangible Rays, andé
afterwards by the lefs refrangible ones, is com?,
pounded of Rays differently refrangible, Aﬂdz
that all fuch refle@ted Light is of the fame N#,
-ture with the Sun’s Light before its Incidend?,
on the Bafe of the Prifm, no Man éver doub®”.
ed; it being generally allowed, thae Light‘bff
fuch Reflexions fuffers no Alteration in its Modi
fications and Properties. 1 do not here take N,

tice of any Refra@ions made in the fides of th°,
firft Prifm, becaufe the Light enters it penpcﬂdﬁg
cularly at the firt fide, and goes out perpendic?”
larly at the fecond fide, and therefore fuffcff:f
none. So then, the Sun’s incident Light being %
the fame Temper and Conftitution with his em"r}f
gent Light, and the laft being compounded .
Rays differently refrangible, the firft muft be 1
like manner compounded. - ¢

Dlyftration. In the twenty-firft Figure, AB, q
is the firft Prif, BC its Bafe, B and C

- eqv®
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equal Angles at the Bafe, each of 45 Degrees,
A 1ts reCtangular Vertex, FM a beam of the
Bun’s Light let into a dark Room through 2
hole F one third part of an Inch broad, M its
Incidence on the Bafe of the Prifm, M G a lefs
refracted Ray, M H a more refracted Ray, M N
the beam of Light refle@ed from the Bafe,
V XY the fecond Prifm by which this beam in
paffing through it is refralfed, N # the lefs re- -
frafted Light of this beam, and N p the more
refradted part thereof. When the firft Prifm
ABC is turned about its Axis according to the
order of the Letters ABC, the Rays MH e-
merge more and more obliquely out of that
Prifm, and at length after their moft oblique
Emergence are refle¢ted 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 Rays MG are alfo refleted
to N and increafe the number of the Rays N7
And therefore the Light M N admits into its
Compofition, firft the more refrangible Rays,
and then the lefs refrangible Rays, and yer af-
ter this Compofition -is of the fame Nature with

“the Sun’s immediate Light F M, the Reflexion
of the {pecular Bafe BC caufing no Alteration.
therein, | ‘ :

. Exper. 10. Two Prifms, which were alike
in Shape, I tied fo together, that their Axis and
oppofite Sides being parallel, they compofed 2
Parallelopiped.  And, the Sun fhining -into_mYy
dark Chamber through a little hole in the Win-
dow-fhut, I placed that Parallelopiped in his
beam at fome diftance from the hole, in fucha

~ Pofture,
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]?o}iuré,, that the Axes of the Prifins might b%f
perpendicular to the incident Rays, and thgc
thofe Rays being incident upon the firft Sid%
of one Prifm, might go on through the f‘”‘%
contiguous Sides of both Prifms, and emerg%
out,of the laft Side of the fecond Prifm,  TH
 Side being parallel to the firft Side of the firh
Prifm, caufed the emerging Light to be parad
lel to the incident Then, beyond thefe t#9
Priftms T placed a third, which might refrfl&
that emergent. Light, and by that Refractio?
caft the ufual Colours of the Prifm upen th
oppofite Wall, or upon a theet of white Papef
held at a-convenient Diftance behind the Prifry
for that refratted Light to fall upon it.  Aftef
this T turned the Parallelopiped about its Axif'?"
and found that when the contiguous Sides o
the two Prifins became fo oblique to the inci
dent Rays, that thofe Rays began all of them t9
be refle@ted, thofe Rays which ip the thira;
Prifm had fuffered the greateft Refra&ion, and
painted the Paper with viglet and blue, wev
firft of all by a total Reflexiop taken out of tHY
tranfmitted Light, the reft rémaining and 0%
the Paper painting their Colours of green, Y&
low, orange and red, as before; and afrerward
by continuing the Motion of the two Prifm®
the reft of the Rays alfo by a total Reflexio®”
vanifhed in order, according to their dcg{&&

of Rcfrangibility. . The Light therefore wh!‘é)
emerged out of the two Prifms is compou .

ed of Rays differencly refrangible, feeing ,‘l.lt

more refrangible Rays may be taken out of 1;
while the lefs refrangible remain, But

.Ligh‘



‘Light being trajected only through the parallel
Superficies of the two Prifins, if it fuffer'd any
change by the Refraction of one Superficies it
loft that Impreffion by the contrary Refration
of the other Superficies, and fo being reftor’d to
Its priftine Conftitution, became of the fame Na-~
ture and Condition as at firft before its Incidence
on thofe Prifins ; and fherefore, before its Inci-
- denice, was as much compounded of Rays diffe-
rently refrangible, as afterwards. . o

- Hlyffration. In the twenty fecond Figure
ABCand BCD are the two Prifms tiéd together
in the form of a Parallelopiped, their Sides
BC and CB being contiguous, and their Sides
A B and C Dparallel. - And H JK is the third,
Prifm, by which the Sun’s Light propagatcd
through the hole F into the dark Chamber, and
there paffing through thofe fides of the Prifms
AB, BC, CBand CD, is refratted at O t0
the white Paper P T, falling there partly upom .
P bya greater * Refraction, partly upon T bya
lefs Refra@tion,” and partly upon R and other 1~
termediate places by intermediate Refractions.
By turning the Parallelopiped A C BD about its -
Axis, according 16 the order of the Letters A,
C,D,B, a length when the contiguous Planes
BCand CB become fufliciently oblique to the
Rays F M, which are incident npon them at M,
there will vanifh totally out of the refracted
,nght OPT, firft of all the moft refracted Rays
OP, (the reft OR and O T remaining S bg—
fore) then the Rays O R and other imermﬁdI‘
ate ones, and laftly, the leaft refradted Rays OT
or when the Plane BC becomes fﬂﬁlC1€PtlY

‘ ' - oblique
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obliqxic to the Rays incident upon- it , tﬁ‘?.{e';
Rays will begin to be totally reflected by it o
wards N; “and firft the moft refrangible Ray®
will be totally reflected (as was ‘explained 4+
the preceding Experiment ) and by Confequenc®
muft firft difappear ac P, and afterwards the:
reft as they are in order totally refle@ed to N
they muft difappear in ‘the fame order at. B
and T. So thén the Rays which at O fof~
fer the greateft. Refra@ion, may be ‘taken out
of the Light MO whilft the roft of the Ray¥
remain in'it, and therefore that Lighe MO
is compounded of Rays differently refrangj«
ble. And becaufe the Planes AB and CD
are parallel, and therefore by equal and con*
trary  Refractions deftroy one ~anothers Ef
felts, the incident Light FM muft be of the
fame Kind and Nature with the emergent Ligh‘f’
MO, and therefore doth alfo confiff of Ray®
differently refrangible. Thefe two Lights F M
and M O, before the moft refrangible Rays %%
feparated out of the emergent Light M O, #
gree in Colour, and in all other Properties a
far as my Obfervation reaches, "and therefor®
are defervedly reputed of the*fame Nature an®
Conftitution; and by Confequence the one
- compounded as well as the other. But afté®

the moft refrangible Rays begin to be total
reflected, and thereby feparated oy of the “

mergent Light M O, that Light changes its Cor
lour from white to 2 dilure and faint ye,ll'o"'zl
a pretty good orange, a very full red fucc? f
fively, and then totally vanifhes, For after P
moft refrangible Rays which paint the P-'%P"r.gi1
' 2 . . e ' P wlt g
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' Prwith o purple Colour, are by a total Refle-
xlon taken out of the beam of Light M O, the
fe_ﬁ of the Colours which appear on the Paper
a R and T being mix’d in the Light MO
compound there a faint yellow, and after the
lue'and part of the green which ‘appear on-the

Paper between Pand R are taken away, the re
which appear between R and T ( that is the yelt
lo“,” orange, red and a little green) being mix-
ed in the beam M O conipound there an orange;
and when all the Rays are by Reflexion taken
out of the beam M O, except the leaft refran-
gible, which at T appear of a.full red, thei
Colour is the fame in that beam M O as after-
wards at T, the Refracion of the Prifm H JK
ferving only to feparate the differently refrangible
Rays, “without making any Alteration in their
Colours, as fhall be more fully proved hereafter.
All which confirms as well the firft Propofition
as the {econd, : :
 Scholium. If this Experiment and the former
be conjoined and made one by applying 2 fourth
Prifim VXY [in Fig.32.] to refract the reflected
beam MN towards ¢ #, the Conclufion will be
clearer. For then the Light Np which in the
fourth Prifm is more refracted, will become ful-
ler and ftronger when the Light O P, which in
the third Prifm H JK is more refracted, “va-
nithes at P; and aferwards when thic lefs re-
fradted Light O'T vanifhes at T, the lefs re-
fracted Light N ¢ will become increafed whilt
the more refradted Light at p receives no far-
ther increafe, And as the traje@ted beam M O
in vanifhing is always of fucha Colour as ought
E 2 - ' Tt
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to refult from the mixture of the Colours Whi"g?;{
fall upon the Paper PT, fo'is the reflecte g
beam M N always of fuch a Colour as ought t9"
refult from the mixture of the Colours whicht’
fall upon the Paper pz. For when the mOf)ﬁg
refrangible Rays are by a total Reflexion taket:
out of the beam M O, and leave that beam ‘}f“ :
~an orange Colour, the Excefs of thofe Rays iff]
the reflected Light, does not only make the vio-
let, indigo and blue at p more full, buc alfo’
makes the beam M N change from the yellowifl
Colour of the Sun’s Light, to'a pale white in-
- clining to blue,. and afterward recover its el
lowith Colour again, fo foon as all the reft of the
tranimitced Light MO'T is refleted. ‘
Now fecing that in all .chis variety of Expe<
riments, whether the Trial be made in Light
refleéd, and that either from natural Bodiess
as in the firt and fecond Experimhent, or {pe~
cular, as in the ninth; or in Light refracteds
and that either before the unequally refracted,
Rays are by diverging feparated from one an”
other, and lofing their whitenefs which thef
have altogether, appear feverally of feveral Co”
Tours, as in. the ﬁ(lt)lg Experiment; or after they’
- are feparated from one another, ‘and appear €0
lour’d as in the fixth, {eventh, and eighth Ex~
periments; or in Light trajected through paral
lel Superficies, deftroying each others Effe&ts,
as in the tenth Experiment; there are alway®
found Rays, which at equal Incidences on th,‘,’f
{fame Medium -fuffer unequal Refra&ions, a8
that without any fplitting or dilating of fing g

Rays, or contingence in the inequality of &
3 Rcfl’ﬂ‘f
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Refrattions, as is proved in the fifth and fixth

Experimenes.  Apd fecing the Rays which dif-

fer in Refrangibility may be parted and forted
fr om one anether, and that either by Refraction .
as in the third Experiment, or by Reflexion as 1n

“the tenth, and then the feveral forts apart at

equal Incidences fuffer unequal Refractions, and

thofe {orts are more refraced than others after

- Separation, -which were more refracted before

It, as in the fixth and following Experiments,

and if the Sun’s Light be trajected through three

or more crofs Prifms fucceffively, thofe Rays

which in the firft Prifm are refrated more than

others, are in all the following Prifms refracted

‘more than others in-the fame Rate and Propor-
tion; as appears by the fifth Experiment; it’s

manifeft that the Sun’s Light is an heterogeneous

Mixture of Rays, fome of which are conftantly

more refrangible than others, as was propofed, ‘

: - S Y

PROP. I Turory IIL

The Sur's Light. confifts of Rays differing

in Reflexibility, and thofe Rays are more

“reflexible than others which are more
refrangible. ‘ g

THIS is manifeft by the ninth and tenth
Experiments: For in the ninth Experi-
ment, by turning the Prifm about its Axis, Un=
al ¢ ¢ Rays within it which in going out into
the Air were refratted by its Bafe, became fo
oblique to that Bafe, as to begin to be totally
o E 3 refleted
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refle€ted thereby; thofe Rays became firft of all:
totally refle¢ted, which before: at equal Inciden=
ces with the reft had fuffered the greateft Rcfra";
¢tion. * And the fame thing happens in the Refle

xion made by the common Bafe of the two'
Prifins in the tenth Experiment.

PROP.1V. Pros L
To ﬁ?ﬂmte fram one another the beterogﬂ‘
neous Rays of compound-Light.

T HE heterogeneous Rays are in fome mea#
' fure feparated from one another b the
Refraction of the Prifm in the third Experl
ment, and in the fifth Experiment, by taking 27

way the Penumbra from the reilinear fides 0F
the coloured Image,

that Separation in thofe v€*

ry refilinear fides or ftraight edges of the ¥
mage becomes perfe@t. Byt i all places b¢”
tween thofe reGilinear edges, thofe innumer®:
ble Circles there deferibed, which are feveral

~ ly illuminated by homogeneal Rays, by interf¢”
ring with one another, and being every whet®.
commixXd, do render the Light fufficienty,
compound. But'if thefe Circles, whilft the
Centers keep their Diftances and Pofitions, cov*”
be made lefs in Diameter, their interfering oﬂé‘f
with anOthCP, and by Confequepce the MiXtut:
of the heterogeneous Rays would be proporvé'
tionally diminifh’d, 1n the twenty third Figu.{,,"
let AG, BH, CJ, DK, EL, FM be the Clwa
cles which fo many fores of Rays flowing fr-?’hé
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the fame difque of the Sun, do in the third Ex~
periment illuminate; of all which and innu-
merable other intermediate ones lying in 2 con-
tnual Series berween the two re@ilinear and pa-
rallel edges of the Sun’s oblong Image P'T,
that Image is compos'd, as was explained in
the fifth Experiment. Andlet ag, bb, ¢, d&,
el, fm be fo many lefs Circles lying in a like
continual Series between two parailel right Lines
2fand g m with the fame diftances between their
Centers, and illuminated by the fame forts of
Rays, that is the Circle 2 g with the fame fort
by which the correfponding Circle A G was il-
luminated, and the Circle 4 4 with the fame fort
by which the correfponding Circle B H was iHu-
minated, and the reft of the Circles ¢7, d 4, ¢/,
S m refpetively, with the fame forts of Rays by
which the feveral correfponding Circles C J,
DK, EL, ' M were illuminated. In the Fi-
gure P 'T compofed of the greater Circles, three
of thofe Circles AG, BH, C]J, are fo ex-
ﬁanded into one another, that the three forts ‘of

ays by ‘which thofe Circles are illuminated,
togethet with other jhnumerable forts of inter-
mediate Rays, are mixed at QR in the middle of
the Circle BH. And the like Mixture happens
throughout ‘almoft the whole length of the Ii-
Bure P'T.  But in the Figure p¢ compofed of
the lefs Circles, the three lefs Circles 4 g bb, cis
which anfwer to thofe three greater, do not €X-
‘tend into one another; nor are there any where
mingled {o much asany two of the three {orts ot
Rays by which thofe Circles are illuminated, and

E 4 whiclk
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which in the Figure P'T are all of them inte*
mingled at B H. :
. Now he that fhall thus confider it, will eaﬁ!y'”
underftand that the Mixture is diminithed 10
the fame Proportion with the Diameters of - t_hcf
Circles. If the Diameters of the Circles whili®
their Centers remain the fame, be made thre®
times lefs than before, the Mixture will be alfor
three times lefs; if ten. times lefs, the Mixtur®
will be ten times lefs, and o of ather Propor=
tions. That is, the Mixtureé of the Rays in th®
greater Figure P'T will be to their Mixrure iff
. the lefs. p#, as the Latitude of the greater Fid
gure is to the Latitude of the lefs. For the Las
titudes of thefe Figures are equal to the Diad
meters of their Circles.  And hence it eafily fol4
lows, that the Mixture of the Rays in the re+
fraGed SpeGrum pt is 1o the Mixture of thﬁé
Rays in the direct and immediage Light of the
Sun, as the breadth of that Spectrum i to the
difference between the length and breadth of the
fame Spectrum, o
~ So then, if we would diminifh the Mixtur®
of the Rays, we are to diminith the Diameters
of the Circles. Now thefe would be-djrpinith?
ed if the Sun’s Diameter to. which they anfwe"
could be made lefs than it s, or (which com¢?
to the fame Purpofe) if without Doors, at &
great diftance from the Prifin-towards the Suny
fome opake Body were placed, with a round
hole in the middle of it, to intercept all thH¢

Sun’s Light, cxcepting fo much as comitd

from the middle of his Body could pafs dlro:l‘%ﬁg
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that Hole to the Prifm. For fo the Circles AG,
BH, and the reft, ewould not any longer anfwer |
to the whole Difque of the Sun, but only to that
* Part of it which could be feen from the Prifin

t}}mugh that Hole, that it is to the apparent Mag-
nitude of thatHole view’d from the Prifm. . But
that thefe Circles may anfwer more diftin&ly 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 AG, BH, &.) diftin&tly upon
the Paper at P'T, after fuch a manner, as by a
Lens placed at a Window, the,Species of Ob-
Jects abroad are caft diftinétly upon a. Paper
within the Room, and the re&ilinear Sides of .
the oblong Solar Image in the fifth Experiment
became diftiné&t without any Penumbra. If this
be done, it will.not be neceffary to place that
Hole very far off, no not beyond the Win-
‘dow. And therefore inftead of that Hole, I
vfed the Hole - in. the Window-thut, as fol-
lows, o

-Exper. 11. In the Sun’s Light let into my
g,arken’d Chamber through a {mall round Hole
in my Window-fhut, at about ten or twelve
Feet from the Window, I placed a Lens, by
which the Image of the Hole might be diftin&ly
caft upon a Sheer of white Paper, placed at
. the diftance of fix, eight, ten, or twelve Feet
from the Lens. For, according to the differ
fence of the Lenfes I ufed various diftances,
which 1 think not worth the while to defcribe.

1N immediately after the Lens I placed 2
. Prifm, by which the trajefted Light‘nnght be
tefracted cither upwards or fide-ways, and therg}—r
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.bY the round Image, “which the ‘Lens alone d’»f‘«

caft upon the Paper might be drawn out into 2
long one with Parallel Sides, as in the third E¥*
periment. Thj \

s oblong Image I let fall upo®
another Paper at aboug the fame diftance from
the Prifm

as before, moving the Paper eithe®
towards the Prifm or from it, until I foyund the
. Jluf’c diftance where the Re&il

mage. became moft difting.

the Circular Images of the Hole, which compo_fo.ﬂ
that Image after the fame manner, that the Cir%
cles ag, bb, ci,&c. do the Figure ¢ [in Fig.zi'}
-were terminated moft’ diftin&ly without a -
Penumbra, and therefore extended into one ano
ther the leaft that they could, -and by confequenc?
the Mixture of the heterogericous Rays was nov
the leaft-of all. By this means I ufed to-for?
an oblong Image (fuch as is pt) [in Fig. 2%
and 24.] of Circular Images of the Hole, ({ucbﬂ"
as are ag, bh, ci, &c.) and by’ ufing a greaté
or lefs Hole in the Win’dow-fhut,- I made t°
Circular Images o g, 44, ¢iy &c. of which ¥
was formed, to become greater or lefs a¢ plcafuf55
and thereby the Mixture of the 'Rays in f‘bc,.
1I_rnzge Pt 1o be as much, or g litcle as T d¢
1red. .

Uluftration. In the twent
reprefents the Circyl
fhut, MN the Lens,

inear Sides of the;}
For in this Ca{e?

y-fourth Figure; F
ar Hole in the Windo""
: . Whereby the Image or Spe.
cies of that Hole is caft diftinaly upon a Papetj
at J, ABC the Prifm, Wheteby the Rays are 4
their emerging out of the Lens refracted froﬁ;«,
J towards another Paper at p £, and the rous%

Image at J is turned into ap ablong. Im?gﬁi{:gﬂ
. . allily
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falling on that other Paper. This Image p# con-
fifts of Circles placed one ‘after another ina Recti-.
near Order, as was {ufficiently explained in the:
fifth Experiment; and thefe Circles are equal to
the Circle J, and confequently anfwer in magni-
tude to the Hole F ; and therefore by diminifthing
thag Hole they may be at pleafure diminifhed, -
whilft their Centers remain in their Places. By.
this means I made the Breadth of the Image p#
to be forty times, and fometimes fixty or feventy
times lefs than its Length. As for inftance, if
the Breadth of the Hole F be one tenth of an
Inch, and MF the diftancé of the Lens from the
Hole be 12 Feet; and if B or pM the diftance
of the Image p# from the Prifm or Lens be 10
Feet, and the refracing Angle of the Prifm be
62 Degrees, the Breadth of the Image pz will
be one twelfth of an Inch, and the Length about
{ix Inches, and therefore the Length to" the
Breadth as 72 to 1, .and by confequence the
Light of this Image 71 times lefs compound’
than the Sun’s direct Light. And Light thus far
fimple and homogeneal, is fufficient for trying
all the Experiments in this Book about fimple
Light, For the Compofition of heterogeneal
Ray&f 1s I this'Lighe fo litcle, that it is fcarce to
difcovered and perceiv’d by Senfe, except per-
haPS in the indigo and viclet. For thefe being
dark Colours, do eafily fuffer a fenfible Allay
‘"Ee)’rt}gt dlittle {cattering Light which ufes- tfo Eﬁ
~facted jr ities of the
Prif, regularly by the Inequahncf: ;
- Yet inftead of the Circular Hole F, ’tis better
%0 fubftitute an oblong Hole fhaped like aplonlg
- ' aral-
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;parallelo'gram with its Length parallel to th‘?:
Prifm ABC. For if this Hole he an Inch oF.

two long, and buta tenth or twentieth Pat of a%
Inch broad, or narrq

ower; . the Light of the Image -
pt will be as fimple as before, or fimpler, an¢
the Image will become much broader, and there*
fore more fit to have Experiments try’d in 16
.Light than before. . o
Inftead of this Parallelogram Hole may be fub-
ftituted a tfiangular one of equal Sides, whofe
Bafe, for inftance, is about the tenth Part of an
Inch, and its Height an Inch or more. F or by
this means; if the Axis of the Prifm be paralle] ¢
- the'Perpendicular of the Triangle, the Image yir
[in Frg. 25.] will now be form'd of equicrural’
Triangles ag, bh, ci, dk, el, fm, &c. and in-
numerable other intermediate ones anfwering 1@
the triangular Hole in Shape and Bignef: s,and lying
one after another in 2 continual Series berwee$

their Vertices; and therefore the Light on the
bright_er'Sidf_: af of the Image, where the Bafét
of the Triangles are, is a little compounded, bvt
on the darker Si

¢ &m is altogether uncom
pounded, and in all Places between the Sides th¢
Compofition is proportional to the diftances of

the Places from that ob{curer Sjde gm. And b
‘ving a Speftrum pt-of fuch a. Compofition, ¢
may try Experiments cither in jeg ftronger and lefé
fimple Light near the Side 4 £, OF in its weaker aP .
fimpler Light near the other $ide gm, as it halt
feem moft convenient, ‘

Bt
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But in making Experiments of this kind, the
Chamber ought to be made as dark as can be,.
left any Foreign Light mingle it felf with the
Light of the Speftrum p ¢, and render it com-
pound; efpecially if we would try Experiments
in the more fimple Light next the Side gm of-
the Spectrum; whigh 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, fuch as may ferve for opti~
cal Ufes, and thé Prifm ought to have a large
Angle, fuppofe of 6z 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-glafles, and not fuch as is ufually wrought
with Putty, whereby the edges of the Sand-
“holes being worn away, there are left all over
the Glafs 2 numberlefs Company of very lictle
convex polite Rifings like Waves. The edges
alfo of the Prifm and Lens, fo far as they may
make any irregular. Refraction, muft.be covered
with a black Paper glewed on. And all the
ng_ht of the Sun’s-Beam let into the Chamber,
which is ufelefs and unprofitable to- the Experi-
ment, ought to be intercepred with black Pa-
P, or other black Obftacles. For otherwife
the ufelefs Light being refleGted every way 18-
the hamber, will mix with the oblong Spe-
ctrum, and help o difturb it. In trying thefe

1ngs, {o much diligence is not altogether ne-

Ceflary, bue i will promote the Succefs (g the
: LEPe-
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eriments, and by a-véry {crupuldus Ex’amiﬁef'_

Efz( ?l"hings deferves }tro_ be apply%. It's di{—'ﬁcu}ﬁy
to get Glafs Prifms fit for this Purpofe, and there”
" fore 1 ufed fometimes prifmatick Veflels madg
with pieces of broken Looking-glaffes, and fille¢
-withRain Watér. And to increafe the Refraction

1 fometimes impregnated the Water ftrongly with
Saccharum’ Saturm. '

R
PROP.V. Tizor IV.

Humogeneal Light is refratted regularly,
“without any Dilatation [plitting or [baster-.
ing of the Rays, and the confufed Viffon of
Objects feen through refracting Bodies by
heterogeneal Light arifes from the af’zjﬂ’f
7ent Refrangibility of feveral forssof Ray

THE firk Part of this Propofition has bee?
" A already fufficiently proved in the fifth EX

periment, and will farther appear by the Exper”
ments which follow. T

Exper. 12. 'In the middle of a black Paper I,
made 2 round Hole about a fifth of fixth Part Qf'
an Inch in diameter, Upon this Paper I caui® i
the Spectrum of homogeneal Light defcribe®
in the former Propofition, fo to fall, that fo°
part of the Light ‘might pafs through the H"lay :
of the Paper. This tranfmitted part of th‘
Light I refra®ed with a Prifm placed bch“,‘u
the Paper, and letting this refracted Light ¢
perpendicularly upon a white Paper’ .two Ot
three Feet diftant from the Prifm, 1 found t.?;gf
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the Spe€tram formed on the Paper by this);igllt
‘wasnot oblong, as when *tis made (in-thé third
E?{Peflment) by refracing the Sun’s compound.-
Light, but was (fo far as I could judge by my
]:‘Yf_:) perfe@ly circular, the Length being no
greater than the Breadth. Which thews, that this
ight is refracted regularly without any Dilatation
of the Rays, ' ‘ 7 I
Exper. 13. In the homogeneal Light I placed
2 PaPef, Circle of a quarter of an Inch in diameter,
and in the Sun’s unrefracted heterogeneal white
Light I placed another Paper Circle of the fame
Bignefs. And going from the Papers to the di-
ﬁange of fomeFeet, I viewed bothCircles through:
a Brifm. 'The Circle illuminated by the Sui’s he~
terogeneal Light appeared very oblong, as in the
fourth Experiment, the Length being many times’
greater than the Breadth; but the other Circle,
Alluminated with homogeneal Light, appeared cir-
cular and diftinétly defined, as when 'tis view'd
with the naked Eye, Which proves the wholePro-
Ppofition, - ) -

. ,Exl’f”‘ . 14. In the homogeneal Light 1 placed
Flies, and fuch-like minute Obje@s, and view-
ing them through a Prifin, I faw their Parts as
diftin@tly defined, as if I had viewed them'with
the naked Eye. The fame Objets placed in

the Sun’s unrefraced heterogeneal Light, which
7as white, I viewed alfo through a Prifin,; and

AW them moft confufedly defined, fo that, I
~could no¢ dii’cinguifh their {maller - Parts from
On¢ another, placed alfo the Letters of a
fmall Print, one while-in the homagencal Light,
and then in the heterogeneal, and viewing them
' ‘through
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‘through a Prifm, they appeared in the latter Ca{s’i f
fo confufed and indiftin&, that I could not rea’.
them; but in the former they appeared fo diftin&r

‘that I could read readily, and thought I faw the®
as ditin&, as when I vi

ew'd them with my nake?,

Eye. In both Cafes I view'd the fame Objeas’g
through the famePrifm at the fame diftance fro?
me, and in the fame Situation. * There was 10
difference, but in the Light by which the ()bje&s,}
were 1lluminated, and which in one Cafe Wi
fimple, and in the other compound ; and thef‘?;}j
fore, the diftin& Vifion in the former Cafe, a0¢:
confufed in the latter, could arife from nochingg;i
elfe than from that difference of the Lighté
Which proves the whole Propofition. ifﬂ'
And in thefe three Experiments it is farthet

very remarkable, that the Colour of homogene’}ﬁ?
ight was never cha

nged by the Refra@ion, . -
—
PROP. VI - Tugon, V. )
The Sine of Incidence of every Ray o,

. dered apart, is 1o its Sine of Rgfmﬁ/"m
& given Ratip. |

/ I 'I;AT every Ray conﬁder"d‘apart; is co

. ltant to it {elf in fome degree of ‘Reffa{f’
gibility, is fufficiencly manifeft out of what b@,
been faid. Thofe Rays, which in the firft

R
fraction, are at equal Incidences moft re,fraa"d"’

are alfo in the following Refracions at ee};fy
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Incidences moft refracted ; and fo of the lealt
refrangible, and the reft which have any mean

egree of Refrangibility, as is manifeft by the
fifth, fixch, feventht, eighth, and ninth Expe-
Tments. . And thofe which the firft Time at
like Incidences-are equally refraced, are again
at like Incidences equally and uniformly refra&-
ed, and that whether they be refracted before
they be feparated from one another, as in the.
fifth Experiment, or whether they be refracted
apart, as in the twelfth, thirteenth and four-
teenth Experiments. The Refradion therefore
of every Ray apart is regular, and what Rule that
Refraction obferves we are now to fhew®.

The late 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 Refradions, or otherwife
€xperimentally examining this Proportion, do
4cquaint us that they have found it accurate.
But whiltt they, not underftanding the diffe-
rent Refrangibility of feveral Rays, conceived
them all to be r¢fraded according to one and
the fame Proportion, ’tis to be prefumed that
they adapted their Meafures only to the middle
of the refracted Light; fo that {rom their Mea~
res we may «conclude only that the Rays
Whlcb have a mean Degree of Refrangibilitys
that 15, thofe which when feparated\from the
Teft aPpear green, are refraéted according to 2
8iven Proportion of their Sines. And there-
se;. fﬁ’j’ % 0ery fully treated of in our Author's Le@. Optic. Part L

F ' fore
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fore we are now to thew, that the like give?
Proportions obtain in all the jeft. That i
fhould be {o is very reafonable, Nature being
ever conformable to her felfi; but an ‘experimen’”
tal Proof isdefired. And fuch a Proof will be hads
if we can fhew that the Sines of Refraction o
Rays differently refrangible are one to another i
a given Proportion when their Sines of Incidenct
“areequal. For, if the Sines of Reéfra@ion of all
the Rays are in given Proportions to the Sine © ;
Refractions of 2 Ray which has a mean Degree ng;
Refrangibility, and this Sine is in a given Propof*
tion to the equal Sines of Incidence, thofe othef,
Sines of Refraction will alfo be in given Propor*:
tions to the equal Sines of Incidence, Novs
when the Sines of Incidence are equal, it wil
appear by the following Experiment, that thé'
Sines of RefraGion arein a given Proportion @
one’ another, _ N A
-+ Exper.15, The Sun fhining into a dark Cham”:
ber through a little round Hole in the WindoW?.
fhue, let’S [in Fig. 26.] reprefent his' round.
w.hlte‘Image Painted on the oppofite. Wall bf’
- his dire& Lighe, pT his oblong colour®.
Image made by refraQing that Light with %
Prifm placed at the Window 5 apd pt, 00
2p 2, or 3p 3¢ his oblong colour’d Imagé
made by refra@ing again the fame Light fide
ways with a, fecond Prifin placed immediatclxi;,é
after _thp firft in a crofs Pofition to it, as W¥
explained in the fifth Experiment ; that is &
fay, p¢ when the Refraction of the fecor,. .
Prifm is fmall, » p 2 ¢ when its Refraction ;{f
greatery and ' 3p 3¢ when it is greateft. ffd.;;;
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fuch will be the diverfity of the Refractions, if
the refracting Angle of the fecond Prifm be of
various Magnitudes; fuppofe of fifteen or twen-
ty Degrees 1o make the Image p#, of thirty or,
forty to make the Image 2p 24, and of fixty to’
make the Image 3p 3z ' But for waht of folid
Glafs Prifms with Angles of convenient Big-
nefles, there may be Veffels made of polithed
Plates of Glafs cemented together in the form of
Prifms and filled with Water. Thefe things be-
Ing thus ordered, I.obferved that all the- folar
Images or coloured Spe¢trums PT, pt, 2p°
2%, 3p 3¢ did very nearly converge to the place
S on which the dire& Light of the Sun fell
and painted his white round Image when the
Prifms were taken away. 'The Axis of the Spe~
&rum P'T, that is the Line drawn through the
-middle of it paralle] to its retilinear Sides,
did when produced pafs exa®ly through the
middle of that white found Image S. And when
the Refra@tion of the fecond I%ifm was equal
to the Refraction of the firft, the refracting An-
gles of .them both being about 6o Degtees, the
Axis of the Spe&trum 3p 3¢ made by that Re-
fraftien, did when produced 'pafs alfo through
the middle of the fame white round Image S.
But when the Refraction of the fecond Prifm
Was lefs than that of the firft, the produced
Axes of the Spectrums #p or 2¢ 2p made by .

- WAt Refraction did cur the produced Axis .Of
the Spe@trym T p in the points 7 and 7, a lit-
Ue beyond the Center of that white round..If
Mmage S. Whence the proportion of the Line |
32T to the Line 3 pP was a little greater than

’ F 2 thc;
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the Proportion of 2¢T to 2pP, and this Pro~
portion 2 little greater than that of #T to pP
Now when the Light of the Spe@Grum P T falls
perpendicularly upon the Wall, thofe Lines
3¢tT, 3pP, and 2T, 2pP, and ¢T, pP, ar©
the Tangents of the Refra@ions, and therefor€

by this Experiment the Proportions of the Tan-

gents of the Refradtions are obtained , . from
whence the Pro

portions of the Sines being de*
rived, they come out equal, {o far-as by view~
ing the Spectrums, And ufing fome mathemat®
cal Reafoning I could eftimate. For T did not,
- make an accurate Computation. So then thé ;
Propofition holds true in every Ray .apart, f0
far as appears by Experiment. And that it 5
accurately true, may be demonftrated upon thi¥
‘Suppofition. That Bodies refract Light by afting,
ufon its Rays in Lines perpendicular to_their SU?
Jaces. But in order to this Demonftration, I muit.
diftinguith the Motion of every Ray into tW%
Motions, the one perpendicular to the refradting’
Surface, the other parallel "to it, and concerning
the perpendiculir Motion ' :

; _ lay down the follow”
ing Propofition. . i

If any Motion or moving thing whatfoever bz
incident with any Velogi b

: oCity on any broad 2 I
thin fpace terminated on both fides by two par? i:
lel Planes, and.in i Paffage through ¢hat
fpace be urged perpendicularly towards thc'fﬂg,‘.
ther Plane by any force which at given diftan®”

from the Plane is of given Quantities; the Pcr-

pendicular velocity of that Motion or Thif g;
ax is emerging out of that fpace, fhall be alwa});e:
equal to the fquare Root of the fum of tréf
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{quare of the perpendicular velocity of that
Ytouon or Thing at its Incidence on' that fpac.:e‘;_
and'of the fquare of the perpendicular velocity
which that Motion or Thing would. have at its
Emergence, if ‘arits Incidénce its perpendicular
velocity ‘was inﬁnitely lictle. '

And the fame Propofition holds true of any
Motion or Thing perpendicularly retarded in its
paflage through that {pace, if inftead of the fum .
of the two Squares you take their difference.
" The Demonftration Mathematicians will ealily
find out, and therefore I fhall not trouble the
Reader with it. L e

’Suppofe‘ now that a Ray coming moft oblique-
ly in the Line MC Yin Fig. 1.] be refracted at. "
C by the Plane RS into the Line CN, and-if
it be required to find the Line CE, into which
any other Ray A C fhall be refra@ted; ler MC,
AD, be the Sines of Incidence of the two Rays,
and NG, EF, their Sines of Refradtion, and
let the gqual Motions of the incident Rays be
‘reprefented by the equal Lines MC and AC,
“and the Motion MC being confidered as paral-
lel to the refracting Plane, let the other Motion
AC be diftinguifhed into two Motions AD .
and DC, one of which AD is parallel, and the
other DC perpendicular to the refra&ing Sur-

ace. In like manner, let the Motions of the
“merging Rays be diftinguifh’d irito two, whereof
the Perpendicular ones are %—{g *CG- and 21;’»2 -CF.
And if the force of the refracting Plane begins -
10 act upon the Rays eicher in that Plane or at .
@ certain diftance from it on the one fide, and
®nds at a cergain diftance frem it on the other
F 3 o Side



fide, and in all places between thofs two limits
acts upon the Rays in Lines perpendicular ©
that refracting Plane, and the A&ions upon th

Rays at equal diftances from the refracting Plant

be equal, and at unequal ones either equal or up”

qqual according to any rate whatever ; that Mo-

don of the Ray which is parallel to the e

fra&ing Plane, will fuffer no Alteration by that
. Force ; dnd that Motion which is perpendiculaf"
to it will be altered according to the rule of the
foregoing Propofition. If therefore for the per:

pendicular velocity of the emerging Ray CN-
you'write NM—(& CG as above," then the perpendi-

.cular velocity of any other emerging Ray CE
which was £5 CF, will be equal to the fquare
‘110? cg C11)‘g +d%—€.—g-dtCGq. And by fquarirflgi
thele Equals, and adding to them (he Equals.
ADg and MCy — CDy, anq dividing %
Sums by the Equals CF 9+EFg and CGg+.

: : MCyq, e MCq e,
NGg, you will have oy equal to o When¢

AD, the Sine of Incidénce, sto EF tghe Sine Of.
Refraction, as MC to NG, that is, in a givel
~7at10. And this Dempnftration beip genefdh
without determining what Light is, or by wha

kind of Force it is refra@ed, or affuming 20y
thing farther than that: the refracting Body at®
upon the Rays in Lines perpendicular to its S¥5.
face; I take it tobe a vtry convincing Argumem’:.

-of the full truth of this Propofition, -,
So then, if the ratio of the Sines of Inc¥
dence and Refradtion of any fort of Ra%’suﬁg”
. ound
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-found in any one cafe, ’tis given in all cafes; and

this may be readily found by the Method in the
ollowing Propafition.

e—

| PROP. VII. Turor. VL
The Perfeltion of Telefcopes, is impeded by
the different Refrangibility of the Rays
of Lighs. . | ' |
T HE ImperfeGtion of Telefcopes is vul-
A -garly ateributed to the fpherical Figures of
th§_ Glafles, and theréfore Mathematicians have
Propounded to figure them by the conical Secti-
ons. To fhew that they are miftaken, I have in-
{erted this Propofition ; the truth of x_zvhich will
appear by the meafure of the Refractions of the
fevera] forts of Rays; and thefe meafures 1 thus:
determine, ' :
In the third Experiment of this firft Pare,
where the refra ing Angle of the Prifm was 623
Degrees, the half of that Angle 31 deg. 15 min. |
15 the Angle of Incidence of the Rays at'their go-
ing out of the Glafs into the Air *; and the Sine of |
this Angle is £ 188, the Radius being 10000. When
the Axis of this Prifin was parallel'to the Horizon,
and the Refra@&iop of the ans at their Incidence
on this Prifm equal to that at their Emergence out
of it, T obferved with a Quadrarit the Angle which
e mean refrangible Rays, ( that is thofe which
Went to the middle of the Sun’s coloured Image)
made with the Horizon, and by this Anglgand the
Sun’salticude obferved at the fame time, [ f8und the

* See our Author's Le&. Optic. Part I, Sed. 1L §. 29. .
. ’ F 4 Angle
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Anglewhich the'emergentRays contained with th%
incident to be 44 deg. and 40 min. and the half o!
this Angle added to the Angle of Incidence 31deg
15 min. makes the Angle of Refracion, which 18
therefore 53 deg, 35min. and itsSine 8o47. Thefe
are the Sines of Incidence and Refraction of the
mean refrangible Rays, and their Proportion 1
rourid Numbers is 20 to 31. This Glafs vas of 2
Colour inclining to green. 'The laft of the Prifms
mentioned in the third Experiment was of clear
white Glafs, Its refracting Angle 631 Degrees.
~'The Angle which the emergent Rays contained,
with the incident 45 deg, somin. The Sing of
half the firft Angle 5262. ~ The Sine of* half the
Sum of the Angles 8157: And their Proportion in
round Numbers 20 to 31, as before. T
" From the Length of the Image, which was
about g} or 10 Inches, fubdu its Breadth, which
was 2} Inches, and the Remainder 7% Inches
~would be the Length of the Image weére the Sun
but a Point, and therefore {ubtends the Angl‘?"
which the moft and leaft refrarigible Rays, when
incident. on the Prifin in the fame Lines, do
contain with one another after their Emergence:
Whence this Angle is 2 deg. o. 7", For the
iftance between the Image and the Prifin
where this Angle is made, was 181 Feer, and
at that diftance the Chord 72 Inches fubtends
an Angle of 2 deg. 0. 7", Now half this Angl?
is the Angle which thefe emergent Rays con:

tain with the emergent mean refrangible Rays

and a quarter thereof, that is 30" 2", may b¢
accounged the Angle which they would contallt
with the fame emergent mean refrangible Ra}’rsé,

, LR e



- were 'thS?Y-Co.-incident to them within the Glafs,
and fuffered no other Refraction than that at their
Emergence. For, if two equal Refractions, the
:0%¢ 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 Refrations
Will make about.a quarter of that Angle, and this
quarter added to, and fubdu&ed . from the Angle
of Refraftion of the mean refrangible Rays,
whic_h Wwas' 53 deg. 35', gives the Angles of Rer
fraction of the moft and leaft refrangible Rays
54 deg. 572" and 53 deg. 4' 58", whofe Sines
are 8ogg and 7995, the common Angle of In-
cidence being 31 deg. 15’, and its Sine 5188;
and thefe Sines in the leaft round Numbers are in
_proportion to one another, as 78 and %7 to 5o.
Now, if you fubdu¢t the common Sine of In-.
cidence 5o from the Sines of Refraction 77 and
8, the Remainders 277 and 28 fhew, that in {mall
efractions the Refraction of the leaft refrangi-
ble Rays is to the Refraction of the moft refran-
gible ones, as 27 to 28 very nearly, and that the
difference of the Refractions of the leaft refran-
gible and moft refrangible Rays is about the
274ith Part of the whole Refraction of the mean
Tefrangible Rays, ,
. Whence they that are skilled: in Opticks will
cafily under ftand, * that the Breadth of the leaft
Tireulat Space, info which Object-glaffes of Te-
I £°0P¢S can Colle@ all forts of Paralle] Rays, is
about the 275th Part of half the Aperture of the
Clafs, or 55th Part of the whole Aperture; and
* This iy demonfirated in our Author's Le&.Optic. Part1. 8¢l IV,

Prop. 37
‘ that
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that. the Focus of the, moft refrangible Rays ®
nearer to the Object-glafs than the Focus of d‘?
leaft refrangible omes, by about the 27jth Part 0
the diftance between the Obje&t-glafs and ‘hck
Focus of the mean refrangible ones, L
And if Rays of all forts, flowing from anf.
one lucid Point in the Axis of any convex Lené
be made by the Refraction of the Lens to cof”
verge to Points not too remote from the Lef
the Focus of the moft refrangible Rays fhall b
‘nearer to the Lens than the Focus of the lea!
refrangible ones, by 'a diftance which is to th?
27ith Part of the c{if’cancc of the Focus of Lh"
mean refrangible Rays from the Lens, as'the 'di”:
ftance between that Focus and the lucid Points.
from whence the Rays flow, is to the diftance be,
tween that lucid Point and the Lens very nearly:
Now to_examine whether the Difference b¥:
tween the Refractions, which the moft refrangt
ble and the leaft refrangible Rays flowing' fro®
the fame Point fuffer in the Objc&-glaﬁ"es of T
lefcopes and fuch-like Glafles, be fo great as ¥
here deferibed, T contrived the following EXPC"I:,‘
ment, ’ . . Lo
Exper. 16. The Lens which I ufed in the &
cond and eighth Experiments, being placed ﬁf
Feet and an Inch diftant from any Obje&, €0
JeGed the Species of that Obje& by the meaa‘;
refrangible Rays at the diftance of fix Feet 3 by
an Inch from the Lens on the other fide. Aﬂlf
therefore by the foregoing Rule, it ought to Coci»
le&t the Species of that ‘Obje& by the leaft *
frangible Rays at the diftance of fix Feet ‘afé‘-’
35 Inches from the Lens, and by the anﬁ.glg
: i frangl ‘ :
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frangible ones at the diftance of five Feet and
10} Inches from it: So that between the two
Places, where thefe leaft and moft refrangible:
Rﬂys colle& the Species, there may be the di-
ftance of about 51'Inches. For by that Rule,
as fix Feet and an Inch (the diftance of the Lens
“from the lucid Obje@) is to twelve Feet and
two Inches (the diftance of the lucid Object
from the Focus of the mean refrangible Rays)
that is, as Ope is to. Two; {o is the 27ith Part
of fix Feet and an Inch (the diftance between
the Lens and the fame Focus) to the diftance
“between the Focus of the moft refrangible Rays -
and the Focus of the leaft refrangible ones,
which is therefore 5% Inches, that is ve:i&qearly
53Inches. Now to know whether this Meafure
was true, I repeated the fecond and eighth Ex-
periment with coloured Light, which was lefs
compounded than thar I there made ufe of:
For I, now feparated the hetcro(%eneous Rays
,;from one ancther by the Method I defcribed
In the eleventh Experiment, fo as to make a
coloured Spectrum about twelve or fifteen Times
IO{Iger than broad. This Spectrum I caft on 2
El'lnted Book, and placing the above-menti ned
Lens at the diftance of fix Feet and an- Inch
from this Spe@rum. to colle¢t the Species of
the illuminated Letters at the fame diftance on
the other fide, I found that the Species of the

ctters illuminated with blue were nearer O
the Lens than thofe illuminated with deep
red by abour three Inches, or three and 2 quar-
fer 5 bur the Species of the Letters illumi-

nated ?Fh indigo and violet appeared f_o ffx?::lé
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fufed and indiftin@, that I could not read them’
‘Whereupon viewing. the Prifm, I found it w#s
full of Veins running from one end of the Glaff'
16 the other; fo that the Refracion could not-
be regular. I took another Prifm therefor®
which was' free from Veins, and inftead of thé"
Letters T ufed two or three Parallel black Lin€s
a lictle broader than the Strokes of the Lev.
ters, and cafting the Colours upon thefe Lints:
in fuch .manner, that the Lines ran along the
Colours from one end of the Spé&rum to the
other, I-found that the Focus w}l:ere the indigo.
or confine of this golou.r and violet caft th¢:
Species ‘of the black Lines moft diftin&ly,
be about four Inches, or 4; nearer to the Lens
than' the Focus,” where the deepeft red caft the.
Species of the fame black Lines moft diftiné”.
ly. The violet was o faint and. dark, that 1

could not difcern the Species of the Lines dir

fin&ly by that Colour and therefore confi*

dering that the Prifin was made of a dark o
loured Glafs inclining to green, I took anothe!’
Prifm of clear white Glafs ; but the Spe&trut®
of Colours which this Prifm made had long
white Streams of faint Light ﬂlooting out fro®
both ends of the Colours, which' made me co™
clude that fomething was amifs; and viewi™®
the Prifm, 1 found two or three lictle Bubbles
in the Glafs, which refracted the Light irreg?
Jarly. Whercfore I covered that Pare of the GI#%
with black Paper, and letting the Light. Pafs'
through dnother Part of i¢ which was free fro®™
{fuch Bubbles, the Spe@rum of Colours beca™
free from thofe irregular Streams of Light, 3\%5'
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Was now fuch as I defired. But ftill I found
the violet fo dark and faint, that I could fcarce
¢¢ the Species' of the Lines by the violet, and
70T at all by the deepeft Part of it, which was
next the end of the Spectrum. - I fufpected there= -
fore, that this faint and dark Colour might be
allayed by that {cattering Light which was re-
fratted, and reflected irregularly, partly by fome
very fmall Bubbles in the Glaffes, and partly
y the Inequalities 'of their Polith ; which
Light, tho’ it was but litele, yet it being of a
white Colour, might fuffice to affe@ the Senfe
fo ftrongly as to difturb the Phenomena of that
weak and dark Colour the violer, and there-
fore I tried, as in the 12¢h, 1 3th, and 14th Ex-
periments, whether the Light of thissColour
did not confift of a fenfible Mixture of heteroge-
neous Rays, but found it did not. Nor did the
Refractions caufe any other fenfible Colour than
violet to emerge out of this Light, as they
Wwould have done -out of white Light, and by
confequence out of this violet Light had it been
fenfibly compounded ‘with white Light. And
therefore | concluded, that the reafon why I
could not fee the Species of the Lines diftinctly
by this Colour, was only the Darknefs of tth‘
Colour, and Thinnefs of its Light, and its di-
ﬁance'from the Axis of the Lens; I divided
therefore thofe Paralfel black Lines into-equal~
arts;, by which 1 might readily know the di-
aNCes of the Colours in the Spe@rum- from
O0C. another, and ‘noted the diftances of the
Lens.ﬁ-om the Foci of fuch Colours, as caft the
Species of the Lines diftinély, and then c(?nﬁc-l- :
‘ ere:
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dered whether the difference of thofe diftances
bear. fuch proportion to r% Inches, the greate ¢
Difference of the diftances, which the Foci o5
the"deepeft red and violet ought to have from
.the Lens," as “the diftance of the obferved CO”.
lours from one another in the Spe@rim bear tg
the greateft diftance of the deepeft red and
violet meafured in the Re&ilinear Sides of the
Spectrum, that is, o the Length of thofe Sidess
or Excefs of the Length of the Spectrum above
%ts Breadth, And my Obfervations were as fol
ows, : -
When I obferved and . compared the deepeﬁ'
fenfible red, and the Colour in the Confine of
green and blue, which at the Reilinear Sides:
of the Spe@trum was diftant from it half the
Length of thofe Sides, the Focus where the Con=
fine of green and ‘blue caft the Species of th¢.
Lines diftinély on the Paper, was nearer o tht
Lens than the Focus, where the red caft thoff
. Lines diftin@ly on it by about 2; or 23 Inche®
For fo.metimes the Meafures were 3 ]ittle‘ greateh,
fometimes a little lefs, bue feldom varjed fro®
one another above § of . an Inch. Fy; it was very
‘difficult to define the Places of the Foci, with”
out fome little Errors. Now, if the Colouf
diftanc half the Length ‘of the Image, (me?":
fured at its Reilinear Sides) give 2 or 23 Diff"
rence of the diftances of their Foci from ‘hg
Lens, then the Colours diftant the whole Lcﬂgtfé
ought 1o give 5 or 5i Inches difference of thf’
diftances. . . BT
But here it's to be noted, that I could 5%

fee the red to the ful] end of the SPe&n?lbﬂ;%
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bup only td the. Center of the Semicircle which-
bounded that end, or a little farther; and there-
fo_r§1 Compared .this red not with that Colour
Which was exadtly in the middle of the Spectrum,
or Confine of green and blue, but with that which
verged a little more to the blue than to the greenz
And as I reckoned the whole Length of "the
Colours not, to be the whole Length of the
Spedtrum, but the Length of its Réctilinear Sides,
fo compleating the femicircular Ends into Circles, .
when either 6f the obferved Colours fell within
thofe Circles, | meafured the diftance of that
Colour from' the femicircular End of the Spe-
- &rum, and fubdudting half this diftance from
- the meafured diftance of the two Colours, I,
took the Remainder for their: corrected di~
.ftance; and in thefe Obfervations fet down th.xs
corre@ted diftance for the difference of the di-
ftances of their Foci from the Lens. For,. as
the Length of the Rectilinear Sides of the Spe~
@rum would be the whole Length of all the

olours, were the Circles of which (as we
fhewed) (hat Spectrum confifts contracted and
reduced to Phyfical Points, fo in that Cafe this
corrected diftance would be the real; diftance of
the two obferved Colours,

When therefore [ farther obferved the deepeft
fenfible red, and that blue whofe corretted di-
pnce from it was 7 Parts of the Length of
the Retilinear Sides of the Spetrum, the diffe-
1Snee of the diftances of their Foci from the

HEDS was ahoye 34 Inches, and as 7 to 12, 0 18
‘33 o 53 ~ ‘

Sthn .
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When I obferved the deepeft fenfible red, fn‘}i
that indigo whofe corre@ted diftance was § or §°)
the Length of the Re&ilinear Sideg of the SP‘fz!
&rum, the difference of the diftances of the¥
Foci from the Lens, was about 3% Inches, and#
‘210 3, {ois 33 to 1. 4

'When I obferved the deepeft fenfible red, 2%
that deep indigo whofe corrected diftance fro?,

one another was g or : of the Length of th"’
'Redilinear Sides of the Spectrum, the  difft’
rence of the diftances of their Foci from t¥,
Lens was about 4 Inches; and ag 3 to 4, ff
18 4 to i ’

When I obferved

i

. ~ens was, about 41 Inches, a9 ’
3 510 6, fois 4lto sz Fop fometimes, whe’
the Lens was adyg

4
: ntageoufly placed, {o that i®
Axis refpected the blue, anc)l all Tlcu)ings elf‘?{
were well ordered, and the

Sun thone clear, ag
Ye very near 1o the Paper
which the Tep i P

> Y That Part of the ‘violer whicly was 1€
the indigo ; and" fometimes 1 could fee the{éi‘
by above half the violet, For g maling %,

Xperiments [ had obferved, that the SPCCflCe’
of thofe Colours only appear diftinét, which Wegé:;
in or near the Axis of the Lens: So that if t{eg’
lue or indigo were in the Axis, T could *™

t}le’ir Species d,if’cinétly ;.and then the 1‘6;16&?5;’
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- peared much lefs difting than before. Wherefore
1 contrived to make the Spe€trum of Colours fhor-
‘ter than before, fo that both its Ends might.be
ncarer to the' Axis of the Lens.: And now its
ngth was aboug 2% Inches, and Breadth a-
Ut 5 or , of an Inch. Alfo inftead of the
‘black Lines on which the Spectrum was caft, I
Imade one black Line broader than thofes that I
might fee its Species more eafily ; and this Line I
divided by fhort crofs'Lines into equal Parts, for
meafuring the diftances of the obferved Colours.
And now I could fometimes fee the Species of
this Line with its Divifions almoft as far' as the
Center of the femicircular violet End of the
Spcﬁ‘grum, ~and made ;thefe farther Obferva-,
tions:. o . o
When I obferved the deepeft fenfible regl,‘ and
that Part of the violet, whofe corrected diftance
from it was about £ Parts of the Rectilinear Sides
of the Spe&trum, the Difference of the diftances
of the ‘Foci of thofe Colours from the Lens,
Was one time 42, another time 4%, another time
4% Inches ; and as 8 to'g, o are 43, 4%, 4% 10
5% 555 5i; refpetively. _ o
When 1. obferved the deepeft fenfible red,
-and deepeft fenfible violet; (the coireted di-
ftance of which Colours, when all Things were
ordered to the beft Advantage, and the Sun
one very clear, was about 4 or i Parts of -the,
Length of the Reétilinear Sides of the colour-
ed Speé’crum,) I found the Difference of the di-
.»f’c;a nces of their Foci from the Lens fometimes
4 "{Om‘?tlmes.s%,, and for the moft part 5 {“"’
. ches



-ches or thereabouts; and as 11 to 124 Of’l‘fv”;ﬂ
‘16, fo is five Inches to 53 or gaIniches, i
- - And'by. this Progreffion of xperiments I {a e
fied my felf, that had the Light at: the very E o
~of the Spectrum been*ftrong enough to make e’

Species of the black Lines appear plainly Onéﬁg
"Paper, the Focus of the ecpeft violet W!

have been found fiearer to the Lens, than' "
Focus of the deepeft red, by"about"g;.’l‘“v"{a{{,fl
at leaft. And this is a farther Evidehce, e
the Sines, of Incidence -and. Refraction of the”
veral forts of Rays, hold thefame 1007

do in the greateft. . £h g

My Progrefs in making this nice and 'trdug.l?‘f
fome Experiment I have fer down more at 14,
that they that fhall try it after me may be awﬂi,
of the Circumfpe@ion requifite to make ‘it [ﬂc’
vceed well. And i they cannor gl it 8
ceed fo well as [ did, they ma notwithﬁ“%bf;
ing colle@ by the Proportion of the diﬁan"’f,;aﬁ
‘the Coloufts of the Spedtrum, to the Differe?.
‘of the diftances of ‘thejr Foci from the 1y
what would be the Succefs in the ‘more d‘f%
Colours-by a better .ria]. And yer, if they 7,

‘@ broader Lens than. I did, and fix it to 310;'
Atrait Staff, by means of ‘which j; may be .
"dily and truly dire@ed 10 the Colour whofe ¥4

cus s dgfired, 1 queftion not but ‘the EXPfﬂd
ment will fucceed better with them than 1 °f

- . Colours, ‘and ld;@
“the faint-Ends of the Spectrum being 767 o

B . 1 ] g
from the Axis, caft their Species lefs difti? o
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on the Paper thap they woiild have done, had the
Axis been fuceffively directed to them, .
. :Now by what has been faid, it’s certain that the
Rays which differ in Refrangibility do notconverge -
tothe fame Focus; bur'if theyflow from' a'lucid
-OInt, as far from' e Lénson one fide as their
. ocrare on the other, the Focus of the moft re-
fran ‘b1§ Rays thall be nearer to the Lens than that -
of the leaft refrangible, by above the fourteenth
Part of the whole diftance ;. and if they flow from
a lucid Point, o very remote from the Lens, that
before their Incidence they may bé accounted pa-
Tallel, the Focus of the moft refrangible Rays fhall
De nearer to the Lens than the Focus of the leaft
Tifrangible, by about the 27th or 28th Part of their
whole-diftance fromvit. - And the Diamieter of the
"Circle in the middle Space between thofe two
Foci which they illuminate, wheri they fall th'ere
OhanyPlane, perpendicular to the Axis (which
“Circle ‘is the leaft into which they can all be ga-
‘thered) " i about the 5sth Part of the Diameter
Jof the Aperturc-of the Glafs. So that "tis a won-
der, thae T elefcopes reprefent Objects fo diftinét
‘s they do., { Bur were all the. Rays of Light
«Equally refrangible, the Error arifing only from
the Sphericalnefs of the Figures of Glaffes would
“be many hundred times lefs. - For, if the Object-
‘,,gla_fs O a Telefcope be. Plano-convex, and the
;a0 fide be turned towards the Object, and
~the Diamieter of the Sphere, whereof this .Gl.ﬁf?-
" 152 Segmeng, e called D, and. the Semldlame&
ter of the Aperture of the Glafs be called S, an
(8¢ Sine of Incidence out of Glafs into Al, be
o the Sine”of ‘Réfraction ‘as’T 1o Ry -the Rays
T G 2 ‘which
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which come parallel to the Axis of the Glafs, (hﬂg
in'the Place where the Image of the Object is mo**
diftin&ly made, be fcattered all over a little Circle

» e . Ryg S-cub.
whofe Diameter js X o very nea‘rly,*,ﬁ?
q % : PR

1 gather by computing the Errors of the Rays bY
the Method of infinite Series, and rejecting ¢
Terms, whofe Quantities:are inconfiderable. 'AS;'
for inftance, . if the Sine of Incidence I, be t0. the’
Sine of Refraction R, as 20 to 31, and if D thf‘;,
Diameter of the Sphere, to which the Conve¥*
fide of the Glafs is ground, be 150 Feet or 1299
Inches, and S the Semidiameter of theApe,rture,Al?‘,}”"
two Inches, the Diameter of the liftle Circl

. Rgx S cub. . 31X 31 X8 (3{
(that is =) will be I
?X D guad. 20 X 20 X 1200 X 12007

961

i
7zoooooo> ,Parts O_f an Inch. But the Dlametelj?f

the little Circle, through which thefe Rays afc.
{cattered by unequal Refrangibility, will be ab"{?t.‘,
the 55th Part of the Aperture of the Obje&—g‘laffs’f
which-here is four Inches. And therefore, “‘thc/.
Error arifing from the Spherical Figure of A
Glafs, is to the Error arifing from the differentR? .
frangibility of the Rays, as ;—zﬁi\ to . thag}‘s"
) . ©00000 il
a5 110 5449 ; and therefore, being in-cosmpaf‘{oﬂj
{o very litcle, deferves not to be’confidered. ;15
.. Butyou will fay, if the Errors caufed by e
different Refrangibility be 'fo very grear, vohi
‘comes It to pafs, that Objects appear '.thfou.%is'
Telefcopes fo diftiné as they do? I anfwer,

- How to do this, is ﬂ’ﬂ(’” in our Author's Le&. OPtiC- P‘ﬂ'{ 3
&’5. Iv. ‘Pi‘dﬁ. 3 PO . , A ufcl
| becat®”
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becaufe the efring Rays are not_fcaetered” uni-
formly over a1l that Circular Space, but colletted
lnﬁmtely more_denfely - in ¢he’ Center than In
any other Part of the Circle, and in the Way
tom the Centgr to the Circumference, grow
continually rarer and rarer, fo as.ag the Circum-
crence to ‘become Anfinitely rare; and by.rea-
fon of their Rarity are not ftrong enough to be
" vifible, unlefs -in the Center and very near it

“¢t ADE [in Fig. 277.] . reprefent one of «tho{e_-
er‘cles“ defcribed with. the Center C, and Semi-
‘diameter AC, and let BFG be a fmaller Circle

goncentrick to the former, cutting with its Clrz

Cumference the Diameter AC in B, and bife&

ACinN; and by my reckoning, che.‘D,enﬁtY of
the Light in any Place B, will be to its Denfity

1N, as AB to BC; and the whole Light  with-

In the leffer Circle BFG, will be to the whole

Light within the greater AED, as the Excefs

of the Square of AC above the Square of AB,

18 to the Square of AC. As if BC be the fifth

‘ParF of AC, the Light will be four times den-

ferin B than in N, and the whole Light within.
the lefs Circle, will be to the whole Light with-

11} the greater, a5 nine to twenty-five. WIJCH_CC-
1Us evident, thar the Light within the lefs Cir-

cle, muft ftrike the Senfe much more ftronglys

than that faine -and" dilated Light round about.
t:rtwef’n it and the Circumference -of the grea

'.But s farcher to be noted, that the moft 1u-
IMINOus. of the Prifmatick Colours are the yel-
i‘?w and Orange, Thefe affect the Senfes more
“rongly than 311 the reft together, and next to

) “ . G 3 . thc-c
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 thefe”in firength are the féd and green. . Thg ]
blue compared wvith thefe is 4 fainr and dars

Colour,” and the indigo .and. violet' are much

darker and fainter, fo that thefe compared Wit—q,'

the ftronger Colours are little to be regard‘? ;
The Images pf- Objects are therefore to be P%
ced,. not in the Focus of ;_thefmean"refrangi‘ba
Rays; which are in the Confine. of green aff
~ blue, but in the Focus of thofe Rays which aré
in the middle of the orange and yellow ; thé,_‘_'é,
‘where the Colour is mofttluminous and fulgenh.
-that is in the brighteft yellow, that yellow which
inclines more to orange 'than to ‘greeit.. Ai§4
by the Refraction of thefe Rays (whofe Sines ¢
Incidence and Refra@ion in Glafs are as 1y aht
11) the Refraction of Glafs and Cryftal for OPj
tical Ufes is to be meafored. - Let us t\}‘re_refOfi§ '
‘Place the Image of the Obje& in ilie Focus 5f
thefe Rays, and all the ° ellow and: o'r‘én'ge Wﬂ;
fall within a Circle, w ofe Dianfeter i abott
‘the 250th Part of the Diameter of the Ap\er’t’ﬁ“’é
of the Glafs, And if you add the brighter haf?
of the red, (that half which is next the .oran'gé%
and the brighter half of the green, ( that palt
- which is next the yellow ) ah y ﬁffh

Parts of the Light of thefe two Colours W
- fall- within the fame, Circle, and two fifth .P?ffﬁ
- will fall withoue it round about; and chat whi¢ i

falls without will be fpread through alimoft *
much more fpace as that which, falls ,Wit,hmf‘
and {0 in the grofs be almoft three times 'faf‘fi'
OF the other half of the red and green, (chat
of the deep dark red and willow “green) ?b‘i’ﬁg
- One quarter will ‘fa1) within this. Circle:“thics'.
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three quarters without, and that which falls
Without will be fpread through about four of’
11ve times more fpace than that which falls with=
; and,fo in the grofs be rarer; and if com-
bared with. the whole Light within it, will be
‘about 25 times rarer than all that taken in the
grofs; or rather more than 30 or 40 times'ra-
Ter, becaufe the deep red in' the end of the
SP_E&rum of Colours. made by ‘a Prifin is very
»th.;n and rare, and the willow green is fome-
thing ‘rarer than the orange and yellow. The
Light -of thefe Colours therefore being {o very
much raret than that within the Circle, will
fcarce affe& the Senfe, efpecially fince the deep
red and willow: :green ‘of this Light, are much
darker Colours than thereft. And. for the famg¢
reafon the blue and violet being much darker
Colours thanthefe, and much more rarified,
ay be negleGted. For the denfe and bright
Light of the Circle; will . obfeure the rare and
‘weak Light of thefe dark. Colours roynd about
1, and render them almoft infenfible. The
fenfible Image of.2 lucid Point is therefore
fearce broader thap a Circle, whofe Diameter is
the 250th Pary. of the Diameter of the Aperture
of. the Obje&-glafs of a good Telefcope, or not
‘much brorder, if you except a faint and dark mifty
Light round about ir, which a Spectator wil
Jearce regard,  And therefore in a Telefcope,
K ofe Aperture is four Inches, and Length ag
‘Bundred Feer," it exceeds not 2" 45", or 37 AR
M 2 Telefeope whofe Aperture is two }_ﬂChef‘;‘
and angth 20, or 30° Feet, it may be 5'"or 67
and {carce aboye; ~And this anfwers well ©
G 4 Expe-
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Experience: For fome Aftronomers_have fO‘.”;?'
‘the Diameters of the fix'd Stars, in Telefcop "
of between 20 and 6o Feet in length, to ]35 a
boyt 5 or 6% or.at moft 8" or 10" in dla}mf’
ter.  But if the Eye-Glafs be tincted faintlf
with ‘the Smoak of a Lamp or Torch, to .:,0-112?
{cure the Light of the Star, the fainter Lag?
in the Circumference of the Star ceafes 'to ¢
vifible, dnd the'Star (if the Glafs be fufficient!]
foiled with Smoak ) appears fomething mof?
like a mathematical Point. And for the fan¥
Reafon,. the enormous Part -of the Light in- fhg
‘Circumference of every lucid Point ought ;1o B
lefs difcernible in fhorter Telefcopes than in forr
ger, becaufe the thorter tranfmic lefs Lighy o th%
Eye. ' : o
yNow, that the fix'd Stars, -by reafon of. the
immenfe Diftance, appear like Points, unlcfsufq k
far as their Light is dilated by Refracion, m¥
-appear from hence ; that when the Moon - pafi®
over them and eclipfes them, their Light vanifbe®
not gradually like that of the Planets, bue all#
once; and in the end of t'he_,Eclipfe it rztuff}s,j
into Sight all at once, or certainly in lefs »tiﬂ‘%
.than the fecond of a Minute ; the Réfra&ioﬂia":
the Moon’s Atmofphere a little protraéting #*
time in which the Light of the Star firft vanifhe®
and afterwards returns into Sight, - L
Nowy if we fuppofe the fenfible Image of a It

cid Point, 1o be even 250 times narrower ¢
the Aperture of the Glafs ; yet this'Tmage wov’

be ftill much greater than if it were only fwr&

‘the {pherical Figure of the Glafs. . For ‘W:hc,
it not for the different Rcfr‘amgibil»ity'Ofl-1 a)’sa



BOOK I 89
Bays, its breadth in an 100 Foot. Telefcope
Whgf;apérgtirc’ js'4.‘111chcs, would be bUthﬁ%%gg
- Parts of an Inch, as is manifeft by the foregoirg
COmputatiOn. " And ' therefore - in this cafe the
greateft Errors arifing from. the: {pherical Figure
of the Glafs; would be to the greareft fenfible
EYTOYS arifing from the different Réfrangibiliey
of the Rays as 7z22;eo<{t° ;5 at moft, chat is an-
lyastto 1200,  And this fufficiently fhews that
At is not the {pherical Figures of Glaffes, but the
Jifferent Refrangibility of "the Rays which hin-

ders the perfe&tion of Telefcopes. - . ,
 There is another Argument by which it may
appear ‘that the different Refrangibility of Rays, -
is the true caufe.of the.imperfedtion of Tele-
fcopes. For the Errors of theRays arifing from
the fpherical Figures of Object-glafies, are as the
-Cubes .of: the Apertures of the Object Glafles;
and thence to make Telefcopes of varigus’
Lengths magnify ‘with equal diftin¢nefs ;- the
Apertures of the Object-glaffes, and the Charges
O magnifying Powers ought to be as the
CU]?ES of the {quare Roots of their length85
which doth nor anfwer to Experience. But
;{h_e Erfq_rs of the Rays arifing from the different
-qef»:r angibility, are as the Apertures of the Ob-"
JeC-glaffes ; and thence td make Telefcopes of
Yinous lengths, magnify with equal diftinétnefs,
N € Apertures and Charges ought to be a5 the
quare Roots of their lengths; and +his anfwers

10 Experience; as is well known, For Inftance,

& Telefcope of 64 Feet in length, with an Apst-
: . 2 ) wre



gare of 2} Inches, magnifies about 120 times

with: as fauch diftinénefs as one of a2 Foot n
Tength, with - of an Inchaperture, magnifies 15
times. , ‘ 4 -
- Now were it not.for this different Refrang

bility of Rays,” Telefcopes might be brought @

a greater perfeGtion than we have yet defcrib'dy

by compofing the Object:glafs of two Glafles
with Water between them. "Let ADFC [in Fig:

28.] reprefent the Obje&-glafs compofed of w0
Glifles ABED and BEFC; alike convex on th®

outfidess AGD and CHF, and alike conca¥é’
on the infides BME, BNE, with ‘Water in
the concavity BMEEN. - Let the Siné of Inci

‘dence out of Glafs into Air be as I to R, ‘_and"
out of Witer into Air, as KtoR, and by con”

fequence out of Glafs .into’ Water, as I to K‘j
‘and’let the Diameter of the Sphere to which th¢
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 tht
Cube Root of RK—RI: and the Refractio®®
on the concave fides of the Glaffes, will vetf

much corre@ the Errors of the Refra@ions Oﬂ

~the convex fides, fo far as they arife from tH°.
fphericalnefs of the Figure. And by this meaf®
-might Telefcopes be brought to fufficient pet”
_-fection, were it not' for the different Refr,ang‘;
‘bility of feveral forts of Rays. But by reaf‘;'
of this different Refrangibility, I do not _«yet'fl;

‘any other means of improving Telefcopes ei}ll"
Refradtions alone, than that of increafing tP of
-lengths, for which end the late Congr‘ivanc"f«;%
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Hugenius, feems: well acéommodated. . For very’
long' ‘Tubes are: cumberfome; and fcarce to be
readily, managed, ahd by feafon of their: length;
are very apt to bend, afd.fhake by bending, 0
as. to- caufe a continual trembling in ‘the Objedts,
Whereby 1t becomes difficult to fee them diﬁ-in&,'{
1Y=.'~Whereas by his Contrivance the Glafles are
readily manageable; and’ithe, Object:glafs being -
fead upon a ftrong ‘upright Pole becomes more
- Seeing thereforeé the Improvefnért of Tele
fcopes of given lengths by Refra&tions s defpe-
tate; I contrived heretofore a Peifpective by
Reflexion ;- ufingt inftead of an Objed-glafs 2
concave. Metal: = The diamerer* of: ‘the ‘Sphere
to which, the Metal wds ground concave ‘was a=
bout 2¢ Englifh Inches, and by confequence
tht length of the Inftrument about fix Inches
dnd a quatter. The Eye-glafs was Plano-con-
vex, and:the diameter of the Sphere to which
th? convek fide was gound was about ¥ of-an
nch, or a little lefs, and by confequence 1t
magnified between 30 and 40 times. ~ By ano-
ther way of meafuring 1 found that it magnified
abpun 35 times. The concave Métal bore an
Aper ture of an Inch and a third part; but the -
perture was. limited not by an opake Circley”
'EOV‘?F}Hg ‘the Limb of the Metal round about
but By an opake Circle placed between the Eye-
glafs and the Eye, -and perforated in the mid-
he With'a 1ittle rotnd hole for the Rays to Pﬁfs
! 'TQF!gh to the Eye, ‘For this Circle by being
JPlaced here, ftopp’d much of the errroneous .
Light, which ‘otherwife would hdve 'diﬁurb;d
the
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.the Vifion. By comparing it with a pretty gO_"d;w
Pérfpedtive.of four Feet in length, ‘made Wlth_
a concave Eye-glafs, I could read at 2 greater:
diftance with my own, Inftrument than with the
‘Glafs. Yet Objects appeared  much darker. 17
it "than in the "Glafs, and that . partly becaufe.
more Light was loft by Reflexion in the Metaly
. than by. Refracion in .the Glafs, and partly be-.
caufe my.Inftrument was overcharged.: ., Had It
magnified but 30 or 25 times, it would have
made therObject appear more brisk and pleafhnt
Two of thefe I made about 16 Years ago, and
have one of them ftill by me, by which I can,
prove the truth of whag T write.” Yer it is not
fo good as at the firft. For the concave has bee+
.divers. times tarnifhed and cleared again, by rubs
bing it with very foft Leather. When 1 thadé
thefe an-Artift in' London undertook to imitate it7
but ufing another way of polithing them than J
did, he fell much fhort of what I had attained
to, as I afterwards underftood by difcourfing
the Under-workman he had employed. Th¢
Polith I ufed was in [this manner, I hf{d"
two round Copper Plates, -each fix Inches ™
Diameter, the one convex, the other concavés
ground very true to one another. Op the con=,
vex I ground: the Obje@t-Metal or Conca¥
which was to be polifh’d, till it had. taken the:
Figure of "the Convex ‘and was ready for 2
Polith. Then I pitched over the convex Vcré
thinly, by drepping melted Pitch upon it, &%
warming it to, keep the Pitch foft, whﬂf"‘c,d;,,
ground -it with the concave Copper- wette-,
to make it fpread eavenly all over the con%g

THR
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*"Thus by working it well. I made it ‘2§ thin asa
Toat, and after the convex was cold I ground .
1t again to give it+ as true a. Figure'as I couldj'
.Then I took Putty -which I had made very finé -
by wathing it from all its groffer Particles, and
laying a little of this Jipon the Pitch, I ground
It upon, the Pitch with the concave Copper, till
1t had done rmaking a Noife; and then upon the
Pitch 1 ground the Objet-Metal with a brisk
motion, for. abdut.two :or three: Minutes of
time, leaning hard.upon it. Then I put freth
Putty upon the Pitch, and ground it again till it
. had done making a noife, and afterwards ground.
the Objéct-Metal upon it as before.. . And this
‘Work I/ repeated-till the Metal was-polithed,
grindmgit the daﬁ time \With‘alL my ﬁrength
for a good while . together , and frequently
-breathing upon the Pitch, to keep it maift with-
.out laying on any more freth Putty. The Ob-
Jet-Metal was two Inches broad, and about one
‘third part of an Inch thick, to keep it from
bending. T had two of thefe Metals, and when
I haq polithed them both, I tried which was
beft, and grqund the other again, to fee if Icould
make it betrer. than that which I kept. And
thus by many Trials I learn’d the way of po-
lithing, il I’ made thofe two reflecting: Per{pe-
éjt“\'.e s I fpake of, above. For this Art of po-
h{.h‘.ng will be better learn’d by repeated Pra- .
ice than by my Defcription. ’ Before I groﬂnd
the Objet-Metal on the Pitch, T alway$ gl‘?un._d,
the Putty on it wich the concave Coppes, dll it
had done making a noife, becaufe if the Parti-

Cles of the Purty were not by this means made
o
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to-ftick: faft ‘in.the Pitch; . they would by folling
up and, down grate and frev the, Object-Metal and
fill it-full-of ‘little holes, >
" Butbecaule Metal is more difficult to polifh,
than “Glafs, .and is afterwards very apt to b
{poiled by tarnithing, andyrefle@s  not o much
Light as:Glafs quick-filverd over does : I would
propound to ufe inftead.of the «Metal, a Grlﬁl_-fs ‘
ground concave on.the -forefide, .and as much
convex on. the back-fide, .and -quick-filver'd o~
-ver on the convex fide.: ‘The Glafs muft be €
very where of . the fame: thicknefs exadly, O’
therwifesit will make Obje&ts: l,gok:Acolour"d,,and.,
indifting. - By fuch:a Glafs;I tried about five o
fix Years ago to make a reflecting Tch:fcop«':f(?f /
four Feet in length to magnify about. 150 riméh
and [ fatisfied. my felf. that there wants nothing
‘butd good Artift 1o bring' the Defign to perfe,
‘&ion. - For the: Glafs being wrought by onequ;
-our London Artilts - after.- er :

; fuch a manner a5 thef
grind Glaffes for Telefcopes, though it fegmed %
‘well wrought as the Obje&-glaffes ufe 16 be, thl

when it was quick-filver'd, the: Reflexion .d.‘,{“
covered .innumerable Inequalities all gyer the
Glafs. - And by reafon of thefe Inequalities, OP”
-jects appeared indiftin& in this Inftrument. - o
the Errors of reflected Rays caufed by any: 10"
quality of the Glafs, are. about fix times great®
than the Errors of refradted Rays caufedij?);‘
the like Inequalities. Yet by ‘this Expefim‘?ﬁa
I fatisfied my felf "that the Reflexion on ?1 :
concave fide of the Glaf§, which I feared Wo-l.]ioi
difturb the Vifion, did no fenfible prejudice; s
-1ty and by confequence that. nothing. is want! f:é
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to perfedt thefe Teleopes, but.good Workmen
‘who can gtind ‘and polifth Glafes. truly {pherical.
‘An,objeé’c—glafs of .a fourteen Foot Telefcope,
made by an Artificer at London, T once mended
“confiderably, by grinding it on'Pitch with Put-
"ty, and leaning very eafily on it in ‘the “grinding,
Jeft vth'e Putty thould fcratch it. ‘Whether this
‘way may not do well enough for_ polithing ‘thefe
refle@ting Glaffes, I have not yet tried. ‘But he
-t_hat fhall -try either this or any other way of po--
lithing-which he ay think better, may do well
to make his Glaffes ready for polithing, by grind-
*Ing them without that Violence, -wherewith our
-London Workmen prefs their Glaffes.in/ grinding.
: Fer: by, fuch ‘violent: prefiure, : Glaffessare- apt' t0.
‘bend a little-in the grinding; “and fuch bending
“will certainly {poil their Figure. To recom-
“tnend therefore the confideration of thefe refle@-
ing Glafles to fuch Artifts as are curious in fi-
“guring Glaffes, I thall defcribe this optical Inftru-
"Ment in the following Propofition.

| ——
> I

PROP. VIIL Pros. IL
o fhorten Telefeopes.

J ET ABDC [in Fiz. 29.] reprefent a Glafs
~4 {pherically concave on the forefide A'B, and

s much conyex on the_backfide’ CD, fo that
it be every where of an equal thicknefs. Lett
?ot be thicker on one fide than on the other,
}jﬁ' 1t make . Objeéts appear colour’d and 'ﬁipdélt-
" Ring®,
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flin€&, and let it be. véy truly wrought ?‘?‘1’%
quick-filver'd over on_the backfide; and fer 12
“the Tube VXYZ which muft be very blaCkf,
~within.  Let BFG reprefent a Prifm of Glaf¥
or Cryftal placed near the other end, of thé
_Tube, in the middle of it by means of a han”
-dle of Brafs or Iron FGK, to the end of “which:
made flac it is cemented. Let this Prifm b
-re@angular at E, and let the other twWo 1.";{1,‘;1@?'5I
‘at F and G- be accurately equal. to each othefs,
and by confequence -equal to half right oné%.
and let the plane fidés FE and GE be. {quare’.
*and by confequence the third fide FG a reCtap”
-~ gular - Para]lelogram ,  whofe length is to i
breadth in a fubduplicate proportion of two 90
one. Let it be {o placed in_the Tubpe, thaf
-the Axis of the Specilum may pafs through th"
,Iwniddlcko,ﬁ, the sfquare fide EF perpendiculai@?{é
and by confequence through the middle of .0
.fide FG at an Angle of 45 Dagrees, arid let thY:
~fide EF be turned towards the Speculum, and‘
the diftance of this Prifin from the Speculu?
be fuch that the Rays of the Light PQ, RS, g
which.are incident upon the Speculum in Lin¢
' pal‘allel,to the Axis thereof, may eﬁtér the Pl'i{mdl
at the fide EF, and be refledted by ‘the ,ﬁd?%
FG, and thence go 0 fd?f’

ut of it through the 157
-GE, 10 the point T, which muft . be the co®’

mon Focus of the Speculum ABDC, and of‘;%
- Plano-convex Eye-glafs H, through which *th?éfﬁ;
Rays muft pifs to the Eye. And let the Rays™.
. their coming out of the Glafs pafs throulif}}ff
. @ fmall round hole, or aperture made’in @ o
tle plate of Lead, Brafs, or Silver, whereWsy

e
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the Glafs is to be covered, which hole muft be
no bigger than is neceffary for Light enough to’
Pafs through, For o it will render the Obje&t .
diftingt, ‘the Plate in which ’tis made intercept--
ng all the erroneous part of the Light which
Comes from the verges of the Speculum AB.

uch an Inftrument well made, if it be fix Foot
long,’ ( reckoning the length from the Speculum
to the Prifim, and thence to the Focus T') will
bear an aperture of fix Inches at the Speculum,
apd magnify between two and three hundred-
tmes.  But the hole H here limits the aperture
with more advantage, than if the aperture was
Placed at the Speculum. If the Inftrument be
made Jonger or fhorter, the aperture muft be in
proportion as the Cube of the {quare-fquare Root:
of the length, and the magnifying as the aper-
ture, But it’s convenient that the Speculum be
an Inch or two broader than the aperture at the
le-?l_f’f,. and that the Glafs of the Speculum be
thick, that it bend not in the working. 'The
Prifm EF G mutt be no bigger than is neceffary,
and its back: fide F (3 muft not be quick-filver'd
over. - For without quickfilver it will reflet all
the Light incidenc on it from the Speculum.

In this Infirument the Object will be inverted, -
Fut may be erected by making the fquare fides
fﬁ and EG of the Prifin EFG not plane but
Pherically convex, that the Rays may crofs as
well before they come at it as afterwards between
I and the Byc plafs, If it be defired that the
a?f lgmﬁm bear a larger aperture, that may be

© fone by compofing the Speculum of tWo

Glafles withy Water between them. .
H If
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- If the Theory of making Telefcopes could 9‘& :
length, be fully brought into Praice, yet th"*f"
would be certain- Bounds beyond which Tele .
fcopes could not perform. For the Ajr thl’Oug']i
which we look upon the Stars, is in a perpet?
Fremor 5 as may be feen by the tremulous Mot
on of Shadows caft from high Towers, and by
the twinkling of the fix'd Stars, Bug thefe S2%
do not twinkle when viewed through TelechPef
which have large apertures, For the Rays ¢
Light which pafs through divers parts of
aperture, tremble each of them apart, and by
means of their various and fometimes contraf
Tremors, fall at one and the fame time upon dit*
ferent points in the bottom of the Eye, and che¥
trembling Motions are too quick and confufed
be perceived feverally.  And all thefe illuminat®
Points conftitute one broad lucid Point, co®”
ofed. of thofe many trembling Points confiufed”
y and infenfibly mixed with ope another by vely
thort and fwift Tremors, and thereby caufe ¢
Star to appear broader than it is, and witho?”
any trembling of the whole, Long TclechF&:,
may.caufe Objes to appear bsighter and la,,fg? :
than fhort ones can do, but they cannot be 3'
formed as to take away. that confufion of ‘th,«
Rays which arifes from ‘the Tremors of the Aﬁ i
mofphere. The only Remedy is a moft fcmn,';
and quiet Air, fuch as may perhaps be found 0;,
the tops of the higheft Mountains above the g%

fer Clouds,

T HY
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OPTICKS.

PART IL

PROP. 1 Turor L

The Phaenomenaf Colours in refratted or
 reflected. Light are not caufed by new
Modifications of the Light varioufly im-
prefsd, according to the various Termi=

nations of the Light and Shadow.

The Prosf by Experiments.
e OR if 'the Sun fhine into 3
"/@C\}?‘ very dark Chamber through
G- 3’4 an oblong hole I, [in Fig. 1.]
oo BN whofe breadth is the fixth or
'e{ghth part of an Inch, or fomething lefs; and
his beam FH do afterwards pafs firft through a
' -~ He - very
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vety largé Prifm ABC, diftant abotit 20 Fegt
from the hole, aiid parallel to it, and then (with
its white part) through an oblong hole H, whpfﬁ
breadth is about the fortieth or fixtieth part of
an Inch, and which is made in a black opake
Body GI, and placed at the diftance of two OF
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
2%, placed after that hole H, at the'diftance of
three or four Feet from it, and there paint the -
ufual. Colours of the Prifm, fuppofe red at # -
yellow at s, green at 7, blue at ¢, and violet
at p; you may with an Iron Wire, or any fuch
like flender opake Body, whofe breadth is a-
bout the tenth part of an Inch, by intercepting,
‘the Rays at &, '/, m, #n or o, take away any oné
of the Coloursaty, s, r, g or p, whilft the other
Colours remain upon the Paper as before; oF.
with an Obftacle fomething bigger you may
tak away any two, or three, or four Colours
together, the reft remaining: ‘So that any oné
of the Colours as well as violet may become
outmoft in the Confine of the Shadow towards
2> and any one of them as well as red may be-
come outmott in the Confine of the Shadow t0-
wards 7, and any one of.  them may alfo bor
der upon the Shadow made within the Colours
by the Obftacle R intercepting {ome intermes,
diate part of the Light; and, laftly, any one of
them by being left alone, - may border upon t €
Shadow on either hand. All the Colours hav®
themfelves indifferently to any Confines of ‘i])?;'- ‘
?
A L .
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fdow,.an'd therefore the differences of thefe Co-
‘ours: fromy one another, do not arife from the
'filﬁ'ermlt Confines of Shadow, whereby Light
15 %ariouﬂy modified, as has hitherto been the
Opinion of Philofophers. In trying thefe things
“us tobe obferved, that by how much the holes
F and H are narrower, and the Intervals be-

vtween ‘them ‘and the Prifm greater, and the
Chamber darker, by fo much the better doth the
Experiment fucceed ; provided the Light be
not fo far diminifhed, but that the Colours at
27 be fufficiently vifible. To procure a Prifm
of folid Glafs large enough for this Experiment
will be:difficult, :and therefore a prifmatick Vef=
{el :muft- be made ‘of , polifh’d:.Glafs Plates ce-
mented together, and filled with ‘falt 'Water or
clear Oil. o C
- Exper. 2. The Sun’s Light let into a dark
- Chamber through the round hole F, [in Fig. 2.]
half ‘an Inch wide; pafled firft through the Prifm
ABC placed at the hole, and then through 2
Lenis:pT fomething more than four Inches
broad; and about eight Feet diftant from the
Prifm, rand thence converged to O the Focus
Pf. the Lens diftant from it about three Feet,
and there fell upon a white Paper DE.- If that
. B".‘Pel‘ was perpendicular to that Light incident
upon: jt, ‘as ’tis reprefented in the pofture D_E,'
all> the Colours -upon it at O. appeared white.
But if-the Paper being turned about an AXis
Parallel to the Prifm, became very much incli-
“{d,\_to the Light, as ’tis reprefented in the Po- .
UOns deand §e; the fame Light in the one
cqf;; dppeared yellow and red, in the other blue.-
A H 3 Here:
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Here orie and the fame part of the LighF' n On?
and the fame place, according to the varicus I‘,‘-;
clinations of the Paper, appeared in onc ©
white, in andther yellow or red, ina third b}U@
whilft -the Confine of Light and Shadow, a8
the Refrattions of the Prifm in all thefe Ca@?
remained the fame, . Y
Exper. 3. Such another Experiment may b
more eafily tried as follows. Let a broad bea®
of the Sun’s Light coming into a dark Cham~
ber through a hole in the Window-fhut f.be rex
fra&ed by a large. Prifm ABC, [in Fzg.:'*g-']
whofe refra&ing;Angle C is'more than ‘6o ‘«'Def
grees, and fo foon as it comes out of the Prifm
let it fall upon the white Paper DE glewed :up*
onadtiff Plane; and this Laght, when the Pas
per is perpendicular to it, as ’tis reprefented 18
DE, will appedr perfectly white upon the Pas
per; but when the Paper is very much inclin’®
to it in fuch a manner’ as to keep always Pa"al.*'
lel to the Axis of the Prifm, the ‘whitcnefs'of
the whole Light upon-the Paper will according
to the inclination of the Paper this way or thef
way, change ecither into yellow and red, as: 18
the pofture de, or into blue and violet, .48 i‘;
the pofture fe. And if the Light before. it 2%
upon the Paper be twice refracted the :ﬁm}‘i-
way by two parallel Prifms, thefe Colours wilk-
become the more confpicuoys. Here all -.thQ'
middle parts of the broad beam.of white .L_lghﬂ
which fell upon the Paper, .did without' any;
Confine of Shadow to modify it, became €0
lour'd all over with one uniform Colour, t

e
Colour being always the fame in the middle‘t‘gg
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the Paper as-ar the edges, and this Colour chan-
ged according to the various Obliquity -of the
reflecting Paper, without any change in the Re-
ractions or Shadow, or in the Light which fell
‘Upon the Paper. And thetefore thefe Coldurs
are to be derived from fome other Caufe than the
new Modifications of Light by Refractions and
‘Shadows, - o
 If it be afked, what then is their Caufe? I
‘anfwer, “That the Paper in the poftute d¢; being
more ‘oblique to thé more refrangible Riys than
to the lefs refrangible ones, is more ftongly illu-
minated by the latter than by the former, and
“therefore the lefs refrangible Rays are predomi-
nant in the refle@ed Light.  And where-ever:
they are predominant in-any Light, they tinge it
with red or yellow, as may in I%l'x‘l'c”meafure ap-
pear by the firft Propofition of the firft Part of
this Book, and will more fully appear hcreafter.
And the contrary happens in the pofture of the
faper o¢, the more refrangible Rays being then
Predominant which always tinge Light . with
blues and violets. o , -
" Expery, The Colouts of Bubbles with which
Children ‘play are various, and change their Si-
tuation varjoufly, without any refpet ta any
‘Confine ot Shadow. If fuch a Bibble be co-
Yer'd with a concave Glafs, to keep ‘it from' be-
Ing agitated by any Wind or Motion of the Air,
the Colours will flowly and regularly .change
their Situation, even whilft the Eye and the
Bubble, and all Bodies which emit any Light,
Or caft ariy Shadow, remain unmoved, And
erefore their Colours arife from fome regular
‘ H 4 Cauvle



Caufe which depends not on any Confine of Sha-.
dow. 'What this Caufe is will be thewed in 't ¢
‘next Book. , . : ‘

To thefe Experiments may be added the{,
tenth Experiment of the firft Parc of this 1
}3001{, where the Sun’s Lightina dark Room b"?
ing trajected through the parallel Superficies ©
two Prifms tied together in the form ofP a Paraller
lopipede, became totally of one uniform yelloW
orred Colour, at its emerging out of the Prifmé
Here, in the produ&ion of thefe Colours, the
Confine' of Shadow' can have. nothing ta 4o
For the Light changes from white ta yellow
orange ind red fucceffively, 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 produc?
different Effe@ts, the.Colour is one and
fame, whether it be white, yellow, orange o
red: And in the middle of the emerging Light
where t‘l}ere 1s no Confine of Shadow at all, the
Colour is the very fame a5 at the edges, 1
whole Light at its very firft Emergence Eeing f
one uniform .Colour, whether white, yellows
orange ‘or red, and going on tHence perpetudt”
ly without any change of Colour, fuch as ©%¢
Confine of, Shadow is vulgarly fuppofed to wor:
In refrafted Light after its Emergence. N&v
ther can_thefe Colous,arife from any new M9
djxﬁcatlonsv of the Light by Refraions, becaule
tuey change fucceflively from white to yellos
orange ‘and red, while' the Refrackions remél?
the fame, and alfo becaufe the Refractions ¢
made contrary ways by parallel SuPcrﬁdcdeE;zj"

, o St e .
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-deftroy one another’s Effe@s. They arife not
- therefore from' any Modifications of Light made
‘byRefra@ions and Shadows, but have fome other
Ca.ufe, Whdt that Caufe is we thewed above in
this tenth Experiment, and -need not here re-
peat it. : R
‘There is yet another material Circumftance of
this Experiment. For this emerging Light being
by a third Prifm HIK [in Fig. 22. Part1] re-
fracted towards the Paper P'T', and there painting
the ufual Colours of the Prifim, red, yellow, green,
blue, violet: If thefe Colours arofe from the Re-
fractions of that Prifm modifying the Light, they
-would not be.in the Light before its Incidence on
that Prifm. :And yet in that Experiment we
found, that when by:turning the two firft Prifms
about their . common Axis all the Colours were
made to vanith but the red; «the Light which
‘makes that red being left alone, appeared of
the very fame red Colour before its Incidence
on the “third. Prifm. - And in general we find
by other 'Experiments, . that when the Rays
which differ in Refrangibility are feparated from
one another, and any one Sort of them is con-
fidered apare, the Colour of the Light. which
they compofe cannot be changed by any Re-
\fra&lon_-_valj’_va;ﬁexionl whatever, as it ought to
be. were Colours nothing elfe than. Modifica-
Hons of Light caufed by Refrattions; and Re-
fiexions, and Shadows.  This Unchangcablex}cfs
©f Colqur ] am now to defcribe in the following
+Topafition, * | o

‘PROP.
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Al bomogeneal Light has its proper COZ?Z(
anfwering 1o its Degree of Refrang’ g
lity, and that Colour cannot be charg®

by Reflexions and Refrattions.

N the Experiments of the fourth Propoﬁﬂoﬁ
of the firft Parc of this firft Book, when 152
{eparated the heterogeneous Rays from -one af;a
‘ther, the Spe@rum p# formed by the feparty
Rays, did in the Progrefs from its End p, on wh’q’f
the moft refrangible Rays fell, unto its Othie"
End #, on which the leaft refrangible RayS;ﬁe{
‘appear tinged with this Seties of Colours, VIOI'?"; |
indigo, blue, green, yellow, orange, red, ‘toge* 1
-with all thein intermediate Degrees in a contif®
Succeffion Perpetually varying, 8o that ther® ai:%
peared as many Degrees of Co ours, asther¢ w;c.’;? '
forts of Rays differing in Refrangibility: - 0
" Exper:s. Now, that thefe Colours conld not"aj.
changed by Refra@ion, 1 kriew by refraé’cini’?""’1 ¢,
2Prifm fometimes one very little Partof thisk l%bed
lometimes another very little Part, as-is defc?? 18
in the twelfth Experiment of the firft Part of tf,h‘
Bgok. - For by this Refraction the Colour of Z
Light was never changed in the leaft. -If, it
Part of *the red Light was refracted, it rem#'g
totally of the fame red Colour as before. o
orange, no yellow, no green or blue, no 2. 4
new Colour was produged by that"Rcfra&l%Y
Neither did the Colour any ways chang® the
repeated Refractions, but continued alWaysfagiﬂ'
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fame red. entitely as at firft. The like Con-
Ltancy ang Immutability I found alfo in the blue,
_8feen, and other Colours. So alfo, if I looked
through a Prifm upon any Body illuminated with
-any Part of this homogeneal Light, as in the four-
teenth Experiment of the firft Part of this Book
1s defcribed; I could not perceive any new Co-
lour generated this way. - All Bodiks illumina-
ted with compound Light appear through Prifins
confufed, (as-was faid above) and tinged with
warious new Colours, but thofe illuminated with
homogeneal Light “appeared through Prifims
neither lefs ,diftiné, nor otherwife colour'd, .
than when viewed with the naked'Eyes. - Their
Colours were "not in“the leaft‘changed byitheé
Refraction ‘of the: interpofed Prifm. - I fpeak
here of a fenfible Change of Colour : For the
Light which I here call homogeneal, being not
ablolutely . homogetieal, . there, tught to arife
fome little Change of Colour from its Hetero-
geneity, -But, if thac Heterogeneity was {o lic-
tle as’it might be made by the faid Experiments
of the: fourth Propofition, that Change was not
fenfible, and therefore in Experiments, where
Sﬁniﬁ is Judge, ought to be accounted. none
at all, IR S R e L
© Bkper. 6. And-. as thefe Colours were "mot
thangeable by Refrattions, fo neither were they
Y Reflexions.. For all white, ‘grey, red, yel-
Ow, green, blue, violet Bodies, as Paper, Athes,
ted Lead, Orpiment,; Indico, Bife, Gold, " Sil-
ver, - Copper, Grafs, blue Flowers, Violets,
Bubbles of Water tinged with various Colours,
Pcacock’s Feathers, the Tincure of Lignum
Nephri-
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. eél
Nepbriticum, and fuch-like; in red .h.omogCﬂl
ﬁtghn appeared totally red, in blue Light Eotf 7.
blue, in green Light totally green, and {fo 01 0 Co’
Colouts. - In the homogeneal Light of any Cor
lour they all appeared totally of that fame per?
lour, with this only Difference, that fome of t oft
refleted that.Light more ftrongly, others lgb?
,faintly. I never yet found any Body, whic ‘x;ge
reflecting homogeneal Light could fenfibly che i
its Colour, L e gun'®

- From all which it is manifeft, that if the et
Light confifted of but one fore of Rays, 10
would be but one Celour in- the whalé W(’éa’, f
nor would it be, poffible to produce any new. e
lour by Reflexions and Refractions, and by co o
cfcnce that the Variety of Colours depends up%;.
the Compofition of Light..,

DEFINITION,

TEYHE 'homogeneal Light and Rays*l‘”hwg
X appear red, or rather make Objcﬁs"”l’{ol
pear {o, 1 call Rubrifick or Red-making ; ‘[}vigé}
which make Objecs appear yellow, green,- bng;
and violet; I cal] Yellow-making, Greep-malflc i
lue-making, Violet-making, and fo'of thc"ay‘s“\
And if at any time T fpeak - of Light andeuId,
as coloured or endued with Colours, ‘ I"'W(?m g
be underftood 1o {peak not',pllilofophlcallykucﬁ
properly, but: grofly, and-accordingly 0 hef®
-onceptions. as vulgar People in {eeing auf‘: the
Experiments would be apt to frame.. de,,’;ﬂ;
Rays to fpeak properly are not coloured:, *,

g
. . 3 g OWB
them there is nothing elfe than a certain P and



"BOOK L , 09

and Difpofition to ftir up aSenfation of this or that
Colour. For as Sound in a Bell or mufical String,
or other founding Body, is nothing buta trem-
ling Motion, and in the Air nothing but that.
otion ‘propagated from the Obje&, and in the.
Senforium ’tis 2 Senfe of that Motion under the
Form of Sound ; fo Colours in the Object are no-~
thing but a Difpofition 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.’

PROP. ML Pron L

To define the Refrangibility of the [everal

" Jforts of homogeneal Light anfwering to
the feveral Colours.

FOR determining this Problem I made tke
' following Experiment. * ‘
Exper.7. When I had caufed the Re&ilinear
Sides AF, GM, [in Fig.4.] of the Spe@rum of
Colours made by the Prifm to be diftinctly de-
Jfined, as in the fifth Experiment of the firft Part
of this Book is defcribed, there were found in it
all the homogeneal Colours in the fame Order.
and Situation one among another as in the
Sperum of fimple Light, defcribed in the
ourth Propofition of that Part. For the Cir~
cles of which the Spectrum of compound Light

~* See our Author’s Ledt. Optic. PartIL Seft. I 2. 239- - P T
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PT is compofed, and which in'the middle P4
of the Spe¢trum interfere, and are intermix’d Wit )
one another, are not intermix’d in their outf?gcg
Parts where they touch thofe Reilinear Si .
AF and GM. "And therefore, in thofe R,eaxo,.

- linear Sides when diftin&ly defined, there is Zd
new Colour generated by Refraction. 1 obfer?
alfo, that if any where between the two OUtm03 .
Circles TMF ‘and PGA a Right Line, as 7y o
was crofs to the Speftrum, fo as both Ends !
fall perpendicularly upon ‘its Re@ilinear Sldcs.:

ere appeared one and the fame Colour, and @

gree of Colour from one End of this Line ©

‘the other. T delineated therefore in a Pap?

the Perimeter of the Spe&rum FAP G.MT’

and in trying the third Experiment of the fﬁg
Part of this Book, 1 held the Paper fo
the Spe&rum,might fall upon this delineat

Figure, and agree with it exa&ly, whilft
. Affiftant, whof

fe Eyes for diftinguithing CO‘?"ﬁ
were more critical thap mine, did by R
Lines « 3, 7% ¢4, & drawn crofs the SP
¢rum, note the Confines of the Colours, ¢
1 of the red M o F, of the orange a7

of the yellow ,, eC9, of the green ¢1§(, of
blue nixd, of the indico i px, and of the ."’02
lec A\GAu. An i |

> 1 found that the Obfervations agrc; ,
well enough with one another, and that 4

Rettilinear Sides MG and FA were by the far

. o il
- crofs Lines divided after the manner of a MU

¢

cal Chord. Let GM be produced 1o X, t};:c

MX may be equal to GM, and ConCGe}Q
- |
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.(?X’« AXJ "X, "X, e X, ]’X’ “X: MX’ to be

N Proportion to one another, as the Numbers,
Ii. "% % 4, 4, ¥ & and {o to reprefent the Chords
? the Key, and of a Tone, a third Minor, a.
ourth, a fifth, a fixth Major, a feventh and an.
Cghth above that Key: And the Intervals Ma,
2% ye eny ni, in, and AG,. will be the Spaces
Which the feveral Colours ( red, orange;, yel-:
0w, green, blue, indigo, violet) take up. '

‘Now thefe Intervals or Spaces fubtending the

Differences of the Refractions of the Rays go-
Ing to the Limits of thofe Colours, that is, to
the Points M, «, Y & 1 4, A, G, may without
any fenfible Error be accounted proportional
W the Differences of the Sines of Refraction of
thofe Rays having one common Sine of Inci-
dence, and therefore fince the common Sine of
Incidence of the moft and lealt refrangible Rays
out of Glafs into Alr was. (by a Method defcri-

ed above) found in proportion to their Sines
of Refraction, as 50 o 77 and 78, divide the -
Hference between the Sines of Refraction 77

%“d 78, as the Line GM is divided by thofe |
tervals, and you will have 77, 77%, 775 775

7% 773 771, =8, the Sines of Refraétion of thofe
ans out of Glafs into Air, their common Sing
& Inm_dence being 0. So then the Sines of

¢ Incidences of all the red-making Rays out
ra&_lafs into Air, were to the Sines of their Re-
: anmnS, not greater than go to 77, nor lefs

‘the. 50 1t 774, but they varied from on¢ ano-

e according to all intermediate Proportions.

Bd the Sines of the Incidences of the green-

making



making Rays were to the Sines of their Reffa,&"‘,
ons in all Proportions from that of ro to 777
unto thatof o to 775 And by the like Limi®

above-mentioned were the Refractions. of the
Rays belonging to the reft of the Colours ¢
fined, the Sines of the red-making Rays extend”
Ing from 7% to 771, thofe of the orange-makinb -
from 273 to 771 thofe of the yellow-makin8.
from “77; 1o 27!, thofe of the” green-makin®

from 77110 771, thofe of the blue-making frof®
77% 10 772, thofe of the indigo-making fro®

7?‘{0 77% and thofe. of .the violet from 77; o
7°- | o ‘

Thefe are the Laws of the Refra@ions mad?
out of Glafs into Air, and thence by the thif
Axiom of the firft Part of this Book, the Laws?®

e Refra@ions madé out of Ajr into Glafs are ¢~
fily derived. = . '

Exper. 8. 1. found thoreover, that when Light.
goes out of Ajr through feveral contiguous’ e
tracting Mediums a5 through Water and Glafsy
and thence goes oy again into Air, wheth®
the refracting Superficics be parallel or incli®
o one another, that Light as often as by ¢0%
trary Refrgé’clons ‘tis {o corrected,. that it eme”
geth in Lineg parallel to thofe in which it W&
Incident, continues ever after to be white. BV
if the cmergent Rays be inclined to the 1867
dent, the Whitenefs of the emerging Light W
by degrees in Paffing on from the Place of Emcl’:
. gence,  become tinged in it Edges with C-oh

lours, This I try’d by refracting Light w“{,‘
Prifms of Glafs Placed within a Prifmatick Vg»,
fel of Water, Now thofe Colours argue 2 o
. verglng
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Verging and feparation of the heterogeneous Rays
*Om one another by means of their unequal Re-
ractions, as in what follows will more fully ap-
Pear.  And, on the contrary, the permanent
Whitenefs argues, that in like Incidences of the
ays there is no fuch feparation of the emerging
Rays, and by confequence no inequality of their
- Whole Refra@ions. * Whence I feem to gather
the two following Theorems.

I. 'The Excefles of the Sines of Refracion of
{everal forts of Rays above their common Sine of
Incidence when the Refra@ions are made out of
divers denfer Mediums immediately into one and
the fame rarer Medium, fuppofe of Air, are to
. one another in 2 given Proportion.

2. The Proportion of the Sine on%,lncidence
to the Sine of Refra&ion of one asi the fame
fort of Rays out of one Medium into another,
s compofed of the Proportion of the Sine of
Incidence to the Sine of Refraction out of the
firft Medium into any third Medium, and of the
Proportion of the Sine of Incidence to the Sine
of Refraction out of that third Medium into the
fecond Medjum, ' :

‘By the firft Theorer the Refracions of the

ys of every fort made out of any Medium .In-
0 ‘Ajr are known by having the Refraction of
the Rays of any one fort. As for inftance, U
the Refractions of the Rays of every fort out
©f Rain-water into Air be defired, let the com-
‘mon Sine of Incidence out of Glafs into Air be

fubdu@ed from -the Sines of Refraction, ar;ld
- , 1 ‘ -~ the
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the fles will be 27, 271, 271, 274 27%
’;};eg,EZX;; 28. Sllppofe7 now that the Sine ©

. 0
Incidence of the leaft refranglblq Rays.bC_nEo
their Sine of Refracion out of Rain-water: 1

. ofe
Alr as 3 to 4, and fay as 1 the difference of thoi .

. . 4
Sines is to 3 the Sine of Incidence, fo is 27 :'th
leaft of the Exceffes above-mentioned to a fou!

O
Number 81; and 81 will be the common Siti€ ©

. . . 'C
Incidence out of Rain-water into Air, to whi

-

Sine if you add all the abovementioned Excefi¢.

you will have the defired Sines of the Refraﬁl%‘%s
108, 108%, 108;, 108", 108%, 108% 10 ’
- 109. o of
By the latter Theorem the Refra&ion out o
one Medium into another is gathered as Ofgﬂ_'
as you have the Refractions out of them bot%1 o
to-any third Medium. . As if the Sine of ~nit
dence of ‘any Ray out of Glafs into Ajr be o p
-Sine of Refradtion, as 20 to 31, and the Sn{;; -
Incidence of the fame Ray out of Air into hjﬁ
ter, be to its Sine of RefraGtion as 4 to 33'.tto
Sine of Incidence of that Ray.out of Glafs ¥
Water will be to its Sine of Refra&ion as zo t0 go
and 4 1o 3 jointly, that is, as.the Factum of 3
and 4 to the FaGum of 31and 3, or as 80109 ;
And thefe Theorems being admitted into

- , dﬂ
ticks, there would be {cope enough of ban®
ling that Science vo

ner*

s notonly by teaching thofe things V}’h‘g},
tend 10 the perfeftion of Vifion, but .31,1‘;1]26»,
determining - mathematically . all kinds of h ’c o
nomena of Colours which’ could be prodv

. e
¥ s is dowe in our Author's Le&. Optic. Part 1. Seft; i
IV. and Part 11, Sest. 11. RO by

. : af
Iummouﬂy after a new W&
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bY,Ri‘-fra@cions. For to do this, there is nothing
¢lfe requifite than to find out rhe Separations of
Clerogeneous Rays, and their various Mixtures
and Proportions in every Mixture. By this way
,of arguing I invented almoft all the Phenomena -
deferibed in thefe Books, befide fome others lefs
heceffary to the Argument; and by the fucceffes:
I met with in the Trials, I dare promife; that to
him who fhall argue truly, and then try all things’
with good Glafles and fufficient Circumfpection,
the expected Event will not be wanting. But he
s firft to know what Colours will arife from any-
others mix’d in any affigned Proportion.

PROP. IV. Turor. IIL
Colours may be produced by Compofition
.awhich fhall belike tothe Colowrs of homo-
geneal Light as to the Appearance of Co-
“lour, but not as to the Immutability of
Colour and Conflitution of Light. And
- thofe Colours by how much they are more
compounded by fo much are they lefs full
and intenfe, and by too much Gompofition
they may be diluted and weaken'd till they
ceafe,” and the Mixture becomes white or
- grey. There may be alfo Colours prodzzcgd |
by Compofition, which are not fully like
.. @iy of the Colours of homaogeneal Light.
FOR a Mixture of homogeneal red and yel-

low compounds an Orange, like in appea-
) 12 ) rance
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rance of Colour to that orange which in the
feries of unmixed prifmatick Colours lies betweeﬂ ‘
them; but the Light of one orange is homogene?
as 1o Refrangibility, and that of the other is h¢?
terogeneal, and the Colour of the one, if viewe ¢
through a Prifim, remains unchanged, that'®"
the other is changed and refolved into its compo”
nent Colours red and yellow. And after the f2m°
manner other neighbouring homogeneal Colow®
may compound new Colours, like the 2°
termediate homogeneal ones, as yellow and gree™
the Colour between them both, and aferwyard®
if blue be added, there will be made a gree?
the middle Colour of the three which enter #°
Compofition. "For the yellow and blue on eith®*
hand, if they are equal in quantity they draw cbe
ntermediate green equally towards themfelves ¥
Corppoﬁuor_x; and fo keep it as it were in £
librio, that. it verge not more to the yellow on thc '
one hax}d’, and to the blue on the other, but by
their mix'd Adtions remain ftill a middle Colo”;
To this mix’d green there may be farther adf "
fome red and violer, ang yet the green will n'd,
prefently ceafe, buc only grow lefs full and vi¥'
and by increafing the red and violer, it will g%
more and more dilute, until by the 'prévalﬁncfj
the_added Colours it be overcome and turned
whitenefs, or fome other Colour. So if 10 ‘tPe
Colour of any homogeneal Light, the Sun’s Wh’(ti :
Light compofed of all forts of Rays be adde 5"
that Colour will not vanifh or change its %Pc‘?lez’
but‘ be diluted, and by adding more an moé;
white it will be diluted more and more perp c;'fc
ally. Laftly, If red and violet be mingleds L il
2 ' v

*
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will be generated according to their various Pro-
Portions varjous Purples, fuch as are not like in
2PPearance to the Colour of any homogeneal

ight, and of thefe Purples mix'd with yellow
and blue may be made other new Colours.,

L

4 PROP. V. Tueor IV.

V4 hitenefs and all grey Colours between
white and black, may be compounded of
Colours, and the whitenefs of the Sun's
Light is compounded of all the primary

Colowers mix’d in a due Proportion.

_ ~ The Proof by Experiments,
Exper. g.T HE Sun thining into a dark Cham-
o ber through a little round hole in
the Window-thut,” and his Light being there
refradted by a Prifm to caft his coloured Image
PT [in Fig. ¢.] upon the oppofite Wall : I held
- @ White Paper V to that Image in fuch manner
that it might be illuminated by the colourd
nght reflected from thence, and yet not inter-
CEPt any part of that Light in its paffage from
the Pri{in to the Spe@rum.. And I found that
When the Paper was held nearer to any Colour
tan to the reft, it appeared of that Colour to
Which it approached neareft; but when it was
SQually or “almoft equally diftant from all the
teoloul‘S, fo that it might be ‘equally illumina- -
d by them all j¢ appeared white. And in this

lagg fitmation of the Paper, if fome Colours were

I3 ° inter-
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intercepted, the Paper loft its white Colouf, _"‘it
appeared of the Colour of the reft of the Lig -
‘which 'was not intercepted. So. then the P a."
per was illuminated with Lights of various Co:
lours, namely, red, yellow, green, blue m}s
violet, and every part of the Light rerained It
Pproper Colour, until it was incident on the I'#”
per, and became refleed thence to the EY¢i
fo that if it had been eithér alone (the reft.9".
the Light being. intercepted ) - or if it had ¥,
“bounded moft, and been predominant in
Light refleed from the Paper, it would 2%,
unged the Paper with its own Colour ; and Y€°
being mixed with the reft of the Colours in *
due proportion, it made the Paper look whit
and thercfore by a Compofition with the 1€
" produced that Colour. The feveral parts. ©
the coloured Light reflected from the Spe@ruy
whillt they are propagated from thence throug
the Air, do perpetually retain theiy ‘pr'operf'rcp g
lours, becaufe wherever they fall upon the EY®
of any SpeQator, they make the feveral paft‘sk'o )
the Spedirum o appear under their proper cor
lours” They rewin therefore their proper €%
ours when they fal upon the Paper V, and
Y .1he confuficn and perfe@ mixture of t'}_’or?’
Colours compound . the whitenefs of the Ligh*
l’f‘:ﬁ;&ed from thence, .
wxper. 10, Let that Spe@rum or folar Image
PT [in Fiz. 6] fall no%v upon the Lens N
above four Inches broad, and abour fix Feet &7,
flant from the Prifm ABC and fo figured tha¢
It may caufe the coloured Light which diverg”
cth from che Prifm 1o converge and meet aga:: :

3
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at its Focus G, about fix' or eight Feet diftant
rom the Lens, and there to fall perpendicularly
upon a white Paper DE. And if you move:
th{s Paper to and fro, you will perceive that
hear the Lens, as at de, the whole folar Image:
(fuppofe at pt) will appear upon it intenfely
coloured after the manner above-explained, and’
thﬁt by receding from the Lens thofe Colours:
will perpetually come towards one another, and’
y mixing more and more dilute one another’
continually, until at length the Paper come to’
the Focus G, where by a perfe@& mixture they
will wholly vanifh and be converted into white-
nefs, the whole Light appearing/now upon the-
Paper like a little' white Circle. And-after=
wards by :receding farther from the Lens, the
Rays which before converged will now crofs
one another in the Focus G, and diverge from
thence, and thereby make the Colours to appear
again, but yet.in a contrary order; fuppofe at

&, where the red ¢ is now above which before:
Wwas below, and the violet p is below which be--
Ore was above, '
Let us now ftop the Paper at the Focus G,
Where the Light appears totally white and cir-
cular, and letr us confider its whitenefs. I fay,
th‘?}t this is compofed of the converging Colours.
or if any of thofe Colours be intercepted at
t ¢ Lens, the: whitenefs will ceafe and degene-
Tate’ into that. Colour which arifech from the
cOmpofition of the other Colours which ‘are not
ntercepted, Apd then if the intercepted Co-
ours be let pafs and fall upon that compound
olour, they mix wich it, and by their mixture

I4 reftore
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frare the whitchefs. So if the violet, blue and
green be intercepted, the remainin yeellow;
orange and red " will compound upen the PaPcs
an orange, and then if the intercepted Colodf
be let pafs, they will fall upon this compound‘3
orange, and together with it decompouorld 9’,
_white, 8o alfo if the red and violet be inter”
cepted, the remaining yellow, green and bluér
will compound a green upon the Paper, 3“__
then the red and violet being let pafs will fall UPd‘ :
on this gréen, and together with it decompou??

a white. - And that in this Compofition of whif¢
the feveral Rays'do not fuffer any Chanige in .the“:.
colorific Qualities by acting upon one anothefy
but are only mixed, and by a wmixture of thetf

Colours produce white, may farther. aPPear,,byﬁ

thefe Arguments.

_If the Paper be placed beyond the Focus G
{uppofe at 8¢, and then the red Colour at t
Le_ns be altemately intercepted, and let Pafs a

' acted upon one another lﬁ
the Focus G, where they crofs. Neither W

the red upon the Paper be-changed by any altet”
nate ftopping, ang letting pafs the violer whi¢
croflech it ;

And if the Paper be placed at the Focus Gé‘
and the white round Image at G be viewe™
through the Prifm HIK, and by the Refraé’flon;
of that Prifm be tranflated to the place 7v, 37
. there appear tinged with various Colours, namC: ,

ly, the violet at 9 and red at 7, and others be

. s
tween, and then the red Colours at the Lc{)‘ .
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be often ftopp’d and let pafs by turns, the red
at 7 will accordingly difappear, and return as of-
ten, but the violetat v will not thereby fuffer any

hange. And fo by fopping and letting pafs
alternately the blue ac the Lens, the blue at @
will accordingly difappear and return, without
any Change made in the red at 7. The red there-
fore depends on one fort of Rays, and the-blue
on another fort, which in the Focus G where
they are commix’d, do not a& on one another..
‘And there is the fame Reafon of the other Co-
lours. - ' ‘
* I confidered farther, that when the moft re-
frangible Rays Pp, and the leaft refrangible
ones T'#, are by converging inclined to one ano-
ther, the Paper, ifsheld 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 refleted Light would be
tinged in that Focus with the Colour of the pre-
dominant Rays, provided thofe Rays feverally
retained their Colours, or colorific Qualities in
the Compofition of White made by them in that
' Yocus. Bur if they did not retain them in that
hite, but became all of them feverally endued
there with a Difpofition to ftrike the Senfe with
the Perception of White, then they could never
lo.fe their Whitenefs by fuch Reflexions. I in-
clined therefore the Paper tothe Rays very oblique-
Y; as in the fecond Experiment of this fecond Part
of the firft Book, that the moft refrangible Rays
Might be more copioufly reflected than the reft,
and the Whitenefs at Length changed fucceflively
o blue, indigo, and violet. Thenlinchnedllc
e
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the contrary Way, that the leaft refrangible Ray®
might be more copious in the reflected Light tha?
the reft, and the Whitenefs turned fucceffively ©
yellow, orange, and red, L
- Lattly, T made an Infirument XY in fathio?
of a Comb, whofe Teeth being in number 1%
wen, were about an Inch and an half broad, an¢
the Intervals of the Teeth about two Inches
wide. Then by interpofing fucceffively the
. Teeth of this Inftrument near. the Lens, I intef7
cepted Part of the Colours by the interpd"'
" Tooth, whilft the reft of them went on throug--
“the Interval of the Teeth to the Paper DE, aﬂ‘i
there painted a round Solar Image. But the P#
per I had firft placed fo, that the Image might
appear white as often as the Comb was . take?,
away ; and then the Comb being as was faid 10~
terpofed, .that Whitenefs by reafon of the intef”,
cepted Part of the Colours ar the Lens did a7
ways change into the
thofe Colours which were not intercepted, 2%
that Colour ‘was by the Motion of the Comb'.
perpetually varied fo, thatin the pafling of evetd
Tooth over the Lens 4] thefe Colours, red, il
ow, green, blue, and purple, did- always {U¢
ceed one another, I caufed cherefore all th.
Tceeth to pafs fucceflively over the Lens, 0%
when the Motion was {low, there appeare 8.
perpetual Succeflion of the Colours_ upon t f
Paper: But if T fo much accelerated the 'Ok
tion, that the Colours by rcafon of their qu-lcc’
Succeffion could not be diftinguithed from ‘?”rs;
another, the Appearance of the fingle Colot a.
ceafed.  Thee was 1o red, no yellow, B>
. * gl'eenl
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green, 'no blue, nor purple to be feen any lon-
ger, but from a Confufion of them .all there a-
IO{(‘: 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 Parc re-
tains its proper Colour till it firike ‘the ‘Senfo-
rium.  If the Impreffions follow one another
flowly, fo that they may be feverally perceived,
there is made a diftin& Senfation of all the Co--
lours one after another in a continual Succel-
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 neicher of this
Colour alone nor of that'alone, but hath it felf
indifferencly to ’em all, and this is a Senfation
of Whitenefs. By the Quicknefs of the Succef~
fions, the Impreflions of the feveral Colours are
confounded in the Senforium, and out of that
Q_OPfUﬁon arifeth a2 mix’d Senfation. If 2 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 Senfacion of the Coal in the feve-
ral Places of that Circle remains imprefs'd on,
the Senforium, until’ the Coal return agail to
the fame Place. And fo in a quick Confecu-
Ton of the Colours the Impreflion of every Co-
OUr remains in the Senforium, until a Revolu-,
tion of al} the Colours be compleated, and that
firft Colour return again. The Impreflions there-

fore of all.the fuccellive Colours are at-once 11]11
the



the Senforium, and jointly ftir up a Senfation C{E
them all; and {o it is manifeft by this Expeft
ment, that the commix’d Impreflions of all* the
Colours do ftir up and beget a Senfation of whites

thatis, that Whitenefs s compounded of all the
Colours, ‘ i
~And if the Comb-be now taken away, that all
the Colours may at once pafs from the Lens t©©
the Paper, and be there intermixed, and tog*

ther refleted thence to the Spetator’s Eyes; the

Impreffions on the Senforium being now mof®
fubtill

y and perfe@ly commixed there, ought
nn'{l_ch more to {hir up a Senfation of Whites
nefs.

_You may inftead of the Lens ufe two Prifn
- HIK and LMN, which by refrating the ¢o

loured Light the contrary Way to that of
firft Refradtion, may make the diverging Rays

- converge and meet again in G, a5 you fee rep™’:

{ented in the feventh Figare. For where they
meet and mix,

they will compofe a white Lights
as when a Lens i ufed. ‘

. Ex]?er. IT. Let the Sup’s coloured Image P T/
[in Fig, 8.] fall

_ upon the Wall of a dark Cham”
ber, as in the third Experiment of the firft Books
and let the fame be viewed through a Priff®
456, held parallel to the Prifin ABC, by whol®
Refra&ion that Image was made, and let it Vn,ow'
appear lower than before, fuppofe in the Plac®
S over-againt the red Colour T. And if ¥
80 near to the Image PT, the Spectrum S ‘?’Il‘
appear oblong and coloured like the Image P hé
ut if you recede from i, the Colours of the
Speétrum § will be contracted more and m:f:ii
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and at length vanith, thar Spe@rum S becoming
perfectly round and white ; and if you recede yet

rether,” the Colours will emerge again, but in 2
contrary Order. Now that Spetrum § appears

» White in that Cafe, when the Rays of feveral
forts which converge from the feveral Parts of
the Image P'T, to the Prifm zbc, are fo re-
fraGted unequally by ir, that in their Paflage
from the Prifm to the' Eye they may diverge
from one and the fame Point of the Spedtrum
S, and fo fall afterwards upon one 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 fucceffively intercepted ; the Spectrum §,
‘when the Comb is moved {lowly, will be perpe-
tually tinged with fuceflive Colours: But when
by accelerating the Motion of the Comb, the
Succeflion of the Colours is fo quick that they
€annot be feverally-feen, that Specrum §, by 2
confufed and mix'd Senfation of them all, will
appear white. |

Exper. 12, The Sun fhining through a large
Prifm ABC [in Fig. 9.] upon a Comb XY,
Placed immediately behind the Prifm, his Light
Which pafied through the Interftices of. the
Teeth fell upon a white Paper DE. 'The
‘B"eafiths of the Teeth were equal to their Inr
;erﬁ;lces’ and feven Teeth together with thelr

Nterftices took up an Inch in Breadth. Now,
XZ €0 the Paper was about two or three Inches
flﬁam from the Comb, the Light which paf-
-ded through ifs feveral Interftices painted fo

" many
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many Ranges of Colours, 2/, mn, op, g7, &ece
which were parallel to one another, and cont¥
guous, and without any Mixture of white. An 1
thefe Ranges of Colours, if the Comb was move
continually up and down with a reciprocal Mo~
tion, afcended and defcended .in the Paper, 20
when the Motion of the Comb was {o quick, that,
the Colours could not be diftinguifthed fro®*
one another, the whole Paper by their Co%;
fufion and Mixture in the Senforium appear®
white, . o

Let the Comb now reft, and let the PaPCF’,
be removed farther from the Prifm, and the fe&
veral Ranges of Colours will be dilated a8 i
expanded into one another more and more, .af?‘
by mixing their Colours will dilute one an?

ther, and at length, when the diftance of &

Ifaper from the Comb is about a Foot, ©of
little more

A (fuppofe in the Place 2D 2E) they
wlllll fo far dilute one another, as to becom®
wahite, . .

With any Obftacle, let all the Light be ﬂo“i
ftopp'd which paffes through any one Inter¥
of the Teeth, (o that the Range of Colours wh® 4
comes from thence may be taken away, 4% 5
you will fee the Light of the reft of the Rang®
to be expanded into the Place of the Range 25"
away, and there to be coloured. Let the ¥
tercepted Range pafs on as before, and its Cor
lours falling “upon the Colours of the 'Oth}fc'
Ranges, and mixing wich them, will reftore ™
Whitenefs. v oL L

Let the Paper 2D 2E be now very much.g;c.
clined to the Rays, fo that the moft reffa“%:ays
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Rays may be more copioufly. reflected than the .
Teft, and ‘the white Colour of the Paper through
»the Excefs of thofe Rays will be changed into
bl}‘e and violet. Let the Paper be as much in-
clined the contrary way, that the leaft refran-
gible Rays may be now more copioufly reflect-
ed than the reft, and by their Excefs the White-
nefs will be changed into yellow and red. The
feveral Rays therefore in that white, Light do
retain their colorific Qualities, by which thofe
of any fort, whenever they become. more co-
pious than the reft, do by their Excefs and Pre-
dominance caufe their proper Colour to ap-
pear. - o ‘
- And by the fame way of arguing, applied to the
-third Experiment of this fecond Part of the firft
Book, it may be concluded, that the white Colour
-of all refracted Light at its very firft Emergence,
Wwhere it appears as white as before its Incidence,
1s compounded of various Colours.

Exper, 13. In the foregoing Experiment the
feveral Intervals of the Teeth of the Comb do
the Office of fo many Prifms, every Interval pro-
ducing the Phenomenon of one Prifm. Whence
inftead of thofe Intervals ufing feveral Prifms,

try'd to compound Whitenefs by mixing their
Colours, and did it by ufing only three Prifms,
af',s alfo by ufing only two as follows. Let two
f-.“ﬁ?s ABC and abe, [in Fig. 10.] whofe re-
xa.&mg Angles B and 4 are equal, be fo plaCﬁd
P;“allel to one another, that the refracting An-
%e{_B of the one may touch the Angle ¢ at the
; Ze\ of the other, and their Planes CB and
% at which the Rays emerge, may lic in Di-

' A retum,
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‘reum. Then let the Light trajeted throvgl
"them fall upon the Piper MN, diftant about,,’
‘or 12 Inches from the Prifms. And the €
lours .generated by the interior Limits B a0

of the two Prifims, will be mingled at P T, e
°f¢ compound white. For if ejther Prifid ill

taken away, the Colours made by the other ¥
appear in that Place P'T, and when the Prif®
1 reftored to its Place again, fo that its O
lours may there fa] upon the Colours of 1.
other, the Mixture of them both will reftore d}gl»
Whitenefs. e
 This Experimefic fucceeds alfo, as I have tfic-é’lk
when the Angle 4 of the lower Prifm, is 4%
tle greater than the Angle B of the upper, a-nf
ctween the interior Angles B and ¢, there &7
tercedes fome Space B¢, as is reprefenf“’d 13
the Figure, and the refracting Planes BC #5°
be, are neither in DireGum, nor parallel t0 9 e
another. For there s nothing more rﬁq“‘ﬁti
to the Succefs of this Experiment, than £ h%(f
the Rays of 4 forts ‘may 'be uniformly M 1X€ﬁ,,
upon the Paper i ¢he Place PT. If the m? ¢
refrangible Rays coming from the fUPerloﬁi
rifm take up all the Space from M to Ps t}l’
Rays of the fame fory which come from, the ¥
ferior Prifin ought to begin at P, and take o
all the reft of the Space from thence tow#™
If tl}e leaft refrangible Rays coming fro ¢
the fuperior Prify take up the Space M T’ e
Rays of the fame kind which come from © p
other Prifm ough 1o begin at T, and take 111? |
the remaining Space TN. If one fort Ofltlc“
2ys which have intermed;ate Degrees Of'l'f)”

- frangibi!
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fral}g'i.bmt)’s and come from the fuperior Prifm
be extended through the Space M Q, and ano-
" ther'fort of ‘thofe Rays through the Space MR,
2nd a third fort of them through the Space MS,
‘the fame forts of Rays coming from the Jower
Prifin, ought to illuminate the reriaining Spaces
QN; RN, SN, refpectively. And the fame is
10 be underftood of all the other forts of Rays.
For thus the Rays of every fort will be fcattered
-uniformly and ievenly ‘through the whole Space
MU, and fo being every where mix’d in the fame
Proportion, they muft every where produce the
fame Colour. And therefore, fince by this Mix-
-ture they praduce white in the Exterior Spaces
"MP and TN, they muft alfo produce white
“in the Interior Space PT. ‘This is the reafon
of the Compofition by which Whitenefs was pro-
duced in this Experiment, and by what other
way foever I made the like Compofition, the Re-
fult was Whitenefs. o _

- Laftly, If with the Teeth of a Comb of a due
Size, the coloured Lights of the two Prifms
:Which fall upon the Space PT' be alternately in-
tercepted, that Space PT, when the Motion of

¢ Comb is flow, will always appear coloured,
but by acceleraring the Motion . of the Comb fo
Much that the fucceffive Colours cannot be
ftinguifhed from one another, it will appear
ite. . o -
Lxper. 14. Hitherto I have produced White-
I‘lefs"b}’ mixi-ng the Colours of Prifms. If now -
. ‘e Colours of natural Bodies are to be min-
8 gd, let Water a little thicken’d with Soap be
glated  to raife 4 F roth, and after that Froth
| K has
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has ftood a little, there will appear to one t-haz
4hall view it intently various Coloiirs every Whe{b
in the Surfaces of the feveral Bubbles ; bgt.f‘;
one that fhall go fo far off, that he cannot dlﬁmc
guith the CO'IOurs. from one another, the Wh_Q,

Fl‘?th will grow white with a perfe&t Wh“?"
nefs, . & _
T ,Ex]ﬁe_r. 15. Laﬁly, In attempting to Compol{nd
‘a'white; by mixing the coloured Powders whlq‘
‘Painters ufe, I confider’d that all colour'd Poji@’
-ders do fupprefs and ftop in them a very C?n;?

ing the Light of.their own Colours mo‘ra;“j?é'
pioufly, and that of al] otheg Colours more {pﬁ’
ringly, and yer they do not refle@ the Light,..

. . ( i
‘their own Colours {p copioufly as white Bod!

do. If ved Lead, forinftance, and g white ¥
per, be.placed in ¢

he red Lighe - ‘colout”
SpeGtrum made ; © 1ed Light of the colop
fradtion of 5 Prif

n 2 dflrk Chamber by fh‘z}ﬁf&
m, : . (i’
EXPCf§ment of the ﬁrfis o defcribed in the Pe

Part of this Book ;- th¢:;
per will appear. more lucid than the red eﬁg;
and therefore refle@s the red-making Rays 0%

}‘;:ngﬂy. lt1han Ted Lead doth, - And if thexfbg
tiop - the Lighe of any other: Colouts Gy
Light reflected gb}’ the Pzper willcexceed'ﬂ%’;
nght reﬂe&ed by the- l'ed Lead '-in a mu‘ﬁ
Bomer Froportion.  And. the-ike happer®
P owders of other Colours. And thereforé -3
mixing fuch -POWders', Wwe are not to eXPCV?é";
ftrong and fu}) White, fuch as is that Of iy
per, but fome dusky obfcure one, fuch as m‘%;g,
srife. from a Mixeire. of Light and Dark? of

1 L
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3:1 lfrom white and black, -that is, a grey, or

of % Or ruffet brown, fuch 4s are the Colours

di 2 Man’s Nail, of a Moufe, of Afhes, of or-
*dinary Stones, of Mortar, of Duft and Dirt. in
ngh—Ways, and the like. And firch a dark white

! have often produced by mixing colour’d Pow-

vdt?rs.' For thus one Part of red. Lead, and five
arts of Viride Aris, compofed a dun Colour

;hkle that of a Moufe. For thefe two Colours
were feverally o compounded of others, that
an both together were a’ Mixture of all Co-
lours; and there was lefs red Lead ufed than
Viride Fris, becaufe of the Fulnefs of its Co-
]091‘, ‘Again, one Part of red Lead, and four
Parts ‘of blue Bife, compofed a. dui Colour
‘verging a lirtle to' purple, and by adding to
‘this a certain Mixture of Orpiment and Viride
ZEris in a due Proportion, the Mixture loft its
Purple TinGure, and became perfectly dun.
But the Experiment fucceeded beft without Mi-
/Dlum thus. To Orpiment I added by liitle
2nd little a certain full bright purple, which
Paintets ufe, untl the Orpiment ceafed to be
_Yellow, and’became of a pale red. Then I di-
tuted that red by adding a lictle Piride ZBris,
F}ld.a lide more blue Bife than ¥iride Aris, un~
"t it became of fuch-a grey or pale white, as
Yerged to no one of the Colours more than to -
2nother,  For thus it became of. a Colour equal
10 Whitenefs to that of Afhes, or of Wood newly
»iciut" or of a Man’s Skin. ‘The Orpiment €=
.P‘*?‘ed more Light than did any other.of the
30Wwders, ‘and therefore conduced.more to the

},\thtenefs of the compounded Colour than they.
K 2 - To
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#T'o affign the-Proportions accurately may be diffc
cult, by reafon of the different Goodnefs of Pow-.
ers of the fame kind. Accordingly, ‘as the ee
dour Of:' any Powder is more or lefs full and lum*”
nous, 1t ought-to be ufed in a lefs or greatcl' Pro
portion, R "0
Now, confidering that thefe grey and dun €97
Tours may be alfo produced by mixing Whit%
and Blacks, and by confequence differ fro®
~perfect Whites, not in Species of Colours, bu;
‘only in degree of Luminoufnefs, it is manifeft !
there is nothing more requifite to make hef?
perfectly white than to increafe their Lighe fuff¢%.
ently; and, on the contrary, if by increafi’®,
their Light they can be brought to perfec Wh!%; -
nefs, ic will thence alfo follow, that they are %
.the.faxpe Species of ‘Colour with the beft Wh‘tcsf"
and differ from them only in the ‘Quantity =
Light. And this I tried as follows, I took o
third of the above-mention’d grey Mixtures, (b
which was compounded of Orpiment, Puf o
Bife, and Viride /Eris) and rubbed it thick)
upon the Floor of my Chamber, where therS”
thone upon it through the opened Cafemen'té;'
~and by it, in the thadow, I laid a Piece of Whi{p
Paper of the fame Bignefs. Then going fro"it
them to the diftance of 12 or 18 Feet, fo ! bi’ﬁ
T could not difcern the Unevennefs of the 5 rt(
face of the Powder, nor the little Shadows W
fall from the gritty Particles thereof s thc'Po‘,id'
der aI:Eearegi intenfely white, fo as to tfan[feﬂyf
even the Paper it if in Whitenefs, Cfpecl'aﬁt“
W the Paper were a little fhaded from the L]%é’&‘
of the Clouds, and then the Paper ,Comps,'id}"
3 ' o

¥
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-With the Poyder appeared of fuch a grey Colour
3 the Powder had done before. But by laying
_the Paper where the Sun fhines through the
G'lafs of the Window, or by fhutting the Win-
dow that the Sun might thine through,the Glafs
Upon the Powder, -and by fuch other fit Means of
Icreafing or decreafing the Lights wherewith the
owder and Paper were illuminated, the Light
Wherewith the Powder is illuminated may be
made ftronger in fuch a due Proportion_ than
the Light wherewith the Paper is illuminated, -
that they fhall both appear exadly alike in
Whitenefs. For when I was trying this, a Friend
coming to. vifit me, I ftopp’d him. at the Door,,
and before I told him what the Colours were, or
what I was doing ; I asked him, Which of the
two Whites were the beft, and wherein they dif-
fered? And after he had at that diftance viewed
them well, he anfwer’d, that they were both good .
Whites, ‘and that he could not fay which was
beft, nor wherein their Colours-differed. Now,
if you confider, that this White of the Powder
10 ehe Sun-fhine was compounded of the Co-
ours which the component Powders ( Orpi-
Ment, Purple, Bife, and Viride Zris) have in
th? fame Sun-fhine, . you muit acknowledge by
this Experiment, as well as by the former, that
ﬁ)e‘;'feﬁ Whitenefs may be compounded of Co-
I's. .
From what has been faid it is alfo evident,
that the Whitenefs of the Sun’s Light is com-
Pounded of 4]1 the Colours wherewith the feve-
12l forts of Rays whereof. that Light confifts,
When by their feveral Refrangibilities they are
K 3 fepa—



fe}ia'ratcd from one another, do tinge Paper of any
other ‘white Body whereon they fall. For thol®
Colours (by Prop.I1. Part 2.) are un‘changeab]c" ‘
and whenever all thofe Rays with thofe their €O

lours are mix’'d again, they reproduce the fam®
white Light as before,

) A‘-'/
 PROP. VI Pros IL

In a mixture of Primary Colours, ’/3':
Ruantity and Quality of each beit
Z1veny to know theColour of the Compouti™

]ITH the *Center O [in Fig. 11.] "mg
-\' & Radius OD defcribe a Circle ADF, 3 s
diftiaguifh its Circumference into feven :Pa’rt:f
DE, EF, FG, GA, AB, BC, CD, propo™
. tional to the' feven Mufical Tones of Iﬂtervalsf :
of the eight Sounds, So/, la, fa, ol, la, i fﬂi
Jol, contained in ap eighe, that is, propof‘io i
10 the Number T W 3 1 %, L Let the
Part DE reprefent a red Colour, the fecond B
‘orange, the third F G yellow, the fourth €
green, the fifth AB blue, the fixth ‘BC indis”
_ :md~ the feventh CD violet. And conceive ¢ ac ‘
* thefe are 2l] the Colours of uncompounded ngdo
gradually pafling into one another, as they =
when  made by Prifms ; the Circumfcrcﬂ-cg
DEFGABCD, reprefenting the whole 5¢7,
of Colours from- one end of thé Sun’s colf’}’ be
Image to the other, o that from D to'hbc?
- all degiees of red, at E the mean Colouf 5"

_ de
tween red and orange, from E two F 2 lgref?f"
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grees of orange, at F the mean ‘between orange
and yellow, from F to G all degrees of yellow,
and fo on, Les p be the Center of Gravity
of the Arch DE,; and ¢, 7,5, % # %, the Cen-
ters of. Gravity of the Arches EF, TG, GA,
AB, BC, and CD ﬁrefpe&i\"ely-, and . about
thofe Centers of Gravity let Circles proportio-
nal to the Number of Rays of each Colour in
the given Mixture be defcrib’d; that is, the
Circle p proportional to the Number of the
red-making Rays in the Mixture, the Circle. g
proportional to the Number of the orange-ma-
king Rays in the Mixture, and fo of the reft.
Find the common Center of Gravity of all thofe
Circles p, ¢, 7, 6, 2, u, x. Let thar Center be
Z's and from the Center- of the Circle ADF,
through Z to the Circumference, drawing the
Right Line OY, the Placc of the Point Y in the
Circuference fhall thew the Colour arifing from
the Compofition of all the Colours in the given
Mixture, and the Line OZ fhall be propor-
tional o the Fulnefs or Intenfenefs of the
COI‘?UY, that is, to it§ diftance from Whitenefs.
As if Y fall in the middle between ¥ and G,
the compounded Colour fhall be the beft yel-
low; if'y verge from the middle towards F
O G, thé eompound Colour fhall accordingly
Ie‘a YEHOW,' verging towards orange Of green.

£7 ta upon the Circumference, the Colour .
fha.ll be intenfe and florid in the higheft Degrees
if e fall i, the mid-way between the Circum-
crence and Center, it fhall be but half {o
ntenfe, that is, it fhall be fuch a Colour as
would be made by diluting the intenfeft yellow

K 4 " with
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with an equal ‘quantity of whitenefs; and-lf""é
fall upon the center O, ‘the Colour fhall have let
all its intenfenefs, and become.a white. But %
is to be noted, That if the point Z fall in 0F
neat the line OD, the main ingredients bel’ g
the red and violet, the Colour compount™
fhall not be any of the prifmatick Colours, bt
2 purple,” inclining to red or violet, accordifé’
ly as the point Z lieth on the fide of the hn(‘{
DO towards E or towards C, and in geﬂéra
the compounded violet is more bright and mo®
fiery than the uncompounded. - Alfo if only w0
of the primary Colours which in the circle 8%
oppofite to one another be mixed in ah qual
proportion, the point Z fhall fall upon the ¢
ter O, and yet the Colour compounded of thofe
two fhall not be perfe@tly white, but’ for®
?:tmb ;nor}y;rxous 1Co\pur. For I could pe¥¢
by mixing only two primary ( s Pro”
duce'a perfect Whize. Wl?etherr}';t (r:noa};lge- C%m .
gp{}; nded of a mixture of three taken at €4
b1 ances in the circumference I do not kno™’
but of four or five I do not much queftion bu?
Jntlmay | But thefe are Curiofities of litsle o %
[ Oﬁent to the underftanding the Phenom®’
ot ANature. For in all whites produced by. Na}
are, there ufes 1o be-a mixture of all fort g
g%’s{l;.nd_ by C,Onfequence a compoﬁtign of &
To give an inftance of this Rule; fupPO{c :1"
Colour is compounded of thefe homoge®
Colours, of violet one part, of indigo one pe
of blue tWO parts, of. green three ParfS, of yel‘
low five parts, of orange fix parts, and of ign
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ten parts. - Proportional to thefe parts defcribe
the Circles x, v, 1,5, 7, ¢, p refpeltively, that is,
-fo that if the Circle x be. one, the Circle v may
De one, the Circle #two, the Circle s three, and
the Circles r, gandp, five, fix and ten.~ Then I
ﬁl_ld Z the common center of gravity of thefe
Circles, and through Z drawing: the Line QY,
the Point Y falls upon the circumference between
EandF, fomething nearer to E than to F, and
thence I conclude, that the Colour compounded
of thefe Ingredients will be an orange, verginga
little more to red than to yellow. Alfo { find
that O7Z isa litile lefs than one half of OY, and
thence I conclude, -that this orange hath a litile
lefs than half the fulnefs or intenfenefs of an un-=
compounded orange ;‘that is to fay,” that it is
fuch an orange as'may be made by mixing an ho-
‘mogzneal orange with a good white in the pro-
Portion. of the Line OZ to the Line ZY, this
Proportion being not of the quantities of mixed
orange and white Powders, but of the quantities
of the Lights reflected from them. ‘
_ This Rule I conceive accurate enough for pra-
&ice, though not ‘mathematically accurate ; and
the truth of j¢ may be fufficiently proved to Senfe, -
¥ ftopping any of the Colours at the Lens in the
tenth Experiment of this Book.. For the reft of
the Colours which are not ftopp’d, but pafs onta
the Focus.of the Lens, will there compound
g‘the‘: accurately or very nearly fuch a Col_our, as
ymememghtommhﬁmnmthmwm-

PROPL.
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PROP. VII. Tueor V.,
Al the Colours in the Univer[e which 7%
nade by Light, and.depend not on. the
- Power of Imagination, are.either t°
Colowrs of homogeneal Lights, or com
pounded of thefe, and that either- att®”
rately or very nearly, according 10 the
Rule of the foregoing Problesm.

FOR it has béen proved (in Prop. 1. Part 2)

that the changes of Colours made by Reffﬂz.
&tiens do not arife from any new Modificatipns &
the Rays imprefs'd by thofe Refracions, and bY
the various Terminations of Light and Shadow;‘
- as has been. thé conftant ard general Opinio? o
Philofophers, It has alfo been proved thatt ©
feveral Colours of the homogeneal Rays do cO%*

ftantly anfwer to their degrees of Refrangibility’?
( P;:oj.). 1. Parf g, and Pr%]).z_ Part 2.) a%ld[ 2,
their degrees of Refrangibility cannot be chang®

by Refractions and Reflexions (Prop. 2. Part 1'57
and by confequence that thofe their Colov”
are hlf.ewife immutable, It has al{o been P’
ved du'e.&ly by refratting and refleCting homg;
geneal nghts,apart, that their Colours cannot.PY
changed, (Prop. 2. Part 2,) - It has been proves
alfo, that when the feveral forts of Rays are 1 ﬂéﬂ
ed, and in croffing pafs through the fame, {pac g
they do not a& on one another {o as to Chang)
€ach others colorific qualities. ( Exper. 10, Part?:

e o AR RS oy be
but by mixing their A&ions in the Senforium Zet
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geta Senfation differing from what either would
O apart, that is a’Senfation of a mean’ Colour
tween their proper Colours; and particularly.
when by the concourfe and mixtures of.all forts-

'?f Rays, a white Colour is produced',”,'the white
18 a mixture of all the Colours which -the Rays
would have apart, ( Prop. 5. Part 2.) The Rays
In that mixcure do not lofe or alter their feveral.
‘colorific qualities, but.by all their vatious kinds-
of A&ions mix'd in the Senforium, beget a_Sen~
fation of "a middling Colour between all their Co-
lours, which is whitenefs. TFor whitenefs is a
mean between 4ll Colours, having it felf indiffe~
‘rently to them all, -fo as with equal - facility to be;
tinged with any of them. A red Powder mixed
with a little blue, or a blue with a little'red, doth

- not prefently lofe its Colour, buta white Powder
mix’'d with any Colour is prefently tinged with
that Colour, and is equally capable of being
tinged with any Colour whatever. ~ It has been
Thewed 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 ha-
ving from the beginning their feveral colorific:
qQualities as well as their feveral Refrangibilities,
and retaining them perpetually unchanged not-
Withftanding any Refractions or Reflexions they,
May atany time fuffer, and that whenever any
fore of the Sun’s Rays is by any means (as by

cflexion in Exper. 9. and 10. Part 1. or by .
Ciraction as happens in all Refractions) fepara-

‘ ted fromy; the reft, they then manifeft their proper
Colours, Thefe ‘things have been prov’d, and
the_ fum of all this amounts to the Propofition

’ here.
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tere to e proved. For if ‘the Sun’s Light ¥
mix’d offeveral forts of Rays, each of whxch;
‘have originally their feveral Refrangibilities and“
colorific Qualities, and notwithftanding their Re-
fractions'and Reflexions, and their various Sep%:

‘Fations or ‘Mixeures, keep thofe their o'l‘igmgflv
Properties perpetnally the fame without alterat”
on; then all the Colours in the World muft: b‘e’
fuch as conftantly ought to arife from the-orig”
nal colorific qualities of the Rays whereof ¢
Lighes confift by which thofe Colours- are fe€™
And therefore'if the reafon of any Colour what”
ever be required, we have nothing elfe to do th#?,
to'confider how the Rays in the Sun’s Light hs%
by Reflexions or Refracions, or other caufes, bee?
parted from one another, or mixed fogether’, &
otherwfe to find out what forts of Rays are in the.
Light b_}f which thdt Colour is made, and ifr- what
‘Proportxon;’ and then by the laft Problem . t0
Yearn the Colour which ought to arife by mix}’o
‘thofe Rays . (or their Colours) in that proportio™
Y peak here of Colours (o far as they arife fro™
ngh_t. For they appear fometimes by other C3%,
fes,. s when by the power of Phantafy we fec co
lours 02 Dream, or a Mad-man fees things P’
fgtq-hxm which are not there; or when we fee
Fire by ftriking the Eye, or fee Colours like

Eye of a Peacock’s Feather, by prefling our ye

in either corner whilft we look the othef WaY",
Where thefe and fuch like Caufes interpofe nob
the Colour always anfwers to the fort or-for?
of the Rays whereof the Light confifts, 25

have conftantly found in whatever Phznomen? %"
Colotirs T have hitherto begn able to CXaI“E;;d
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1 ﬂlall;ini the »folloWing' ,Rr_opoﬁfions{ give inftan-
<es of this in the Phenomena of chiefeft note.

S ———

PROP.VIL Pros.IIL
‘.B_y the difcovered ._QP-ffopgrtiesf ;f ngbt 10
explain the Colours made by Prifiss.

LET ‘ABC ""[if,,if':Fz;fg’{ﬁz‘.,],Qr&p‘r;efcnt a Prifm
,, refradting the Light of the Sun, which
comes into, a dark Chambeér through a hole F o
almoft as broad ds ;hé;;Pii‘fm,‘ and let. MN re-

prefent a “white Paper’ on whichthe refrated

Light is caft, and fiippofe ‘the ‘melt refrangible

or deepeft violet-making  Rays' fa11’ Upon the
Space P, the leaft refrangible or ‘deepeft red-
‘making Rays upon the Space T7,: 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 Space R,
‘the middle fort beeween the yellow-making and
‘orange-making Rays upon the Space S, and o-
‘ther intérmediate forts upon intermediate Spa-
ces.  For o the Spaces tipon which the feveral
forts adequarcly fall will’ by reafon of the diffe-
Tent Refrangibility of ‘thole forts. be one lower
‘than another. .’ Now if the Paper MN be fo
near the Prifin that the Spaces P'T and x1.do
- Dot interfere with one another, the “diftance be-
tween them T will be illuminated by all the
forts of Rays in that proportion to ofie anothet
Which they have at their very fisft coming '0“2,-
: : LA
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of the Prifm, and confequently be Whlté-;ll ot
“the'Spaces PT and 47 on either haand, wi il
‘be illuminated-by them all, and therefore et
appear coloured. = And particularly at P, W e
the outmoft violet-making Rays fall alone, ere
Colour nuftbe the deepeft violet. AtQW o
the violet-making and indigo-making ‘Raysh ©
.Mixed, it muft be a violet inclining muc? o.
indigo.- At R where the violet-making, mdl%hc
making , blue-making, and one half ofl e
green-making ‘Rays are mixed , their Co lgrb’ ,
muft (by the conftri&ion of ’;hef‘fggqu 3
blem ) ‘compound a ‘middle Colour- between e
digo -and ' blue. - Ar"S ‘where all the Rays -
mixed, . efx'Cép_t_-thé red-making and orangc—lﬂ?t'b
king, ‘their'Colours ought by the fame Ryl¢ ™

.....

compound i fint blue, verging more o 1%

than indigo. | And id the progrefs from S (tO‘a,. \
his blue' il grow more and more faint 0
dilute, till at T, where all the Colours beg!? ™
‘be mixed, ‘it ends in whitenefs, BRI
S0 again, o the othet fide of the white 37
Where the leaft refrangible or utmoft I‘Cd’r?h‘c
king' Rays are ‘alone, the Colour muft be ©

deepelt red. At o the mixture of red and &
Tange will compound a red inclining to Ofan-%d
At ¢ the mixwre of red, orange, yenOW’.;d'le
one half of the green muft compound a !
Colour between orange and yellow.. Atx .y
mixture of all Colours but violet and indig® ech.
compound a faint yellow, verging mor e o gyoW,
than to orange. And this yell’ow_wﬂ_1 gres
more faint and diluge continually in 1ts Pfof’;‘;m

.
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gom X tom, where by a mixture of all forts of
ays-1t will become white. o
. Thefe Colours ought to appear were - the Sun’s
ight perfe@ly white:' But becaufe it inclines to
ellow, the Excefs ‘of the yellow-making ‘Rdys -
‘Whereby “tis tinged with .that Colour,. being
‘ixed with the faint blue between Sand T, will-
‘draw it to a faint green. . And fo the Colours jii -
order from P 'to + ought to be violet, indigd;
blue, very faint green,- white, faint- yellow, 6=
range; red. Thus-it-is by the computation ‘And
they. that ' pleafe to:view the Colours made bya
-Prifm will ind it f6 in Nature. =~~~
Thefe are the Colours on bdth fides the white -
when the Paper isheld between the Prifmi- and
‘the' Point X whete-the;Colours meet, and the
‘interjacent white vanifhes. - For if -the Paper be
held ill farther off from the Prifin, the moft-
-refrangible and leaft refrangible Rays will be
‘Wanting in' the middle of the Light, and the reft
"of the Rays which'are found there, will by mix~
‘ture produce a fuller green than before. * Alfo
the yellow and blue will now become lefs com-
“pounded, and by confequence more intenfe than
“before. And this alfo agrees with experience.
P-xnd if one look through a Prifm upon 2
~White Obje@ encompaffed with blacknefs or
“darknefs, the reafon of the Colours arifing on
the. edges is much the fame, as will appear. t0.
one that fhall a little confider it. If 2 black Ob-
Jet be encompafled with a white one, the Co-
' lou;fs which appear through the Prifin are to be
- derived from the Light of the white.one {pread-
1ng 1nto the Regions'of the black, and »th_eref}(l)rc
: ‘ - they
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they appear in a contrary order to that, Whelt’h:
white Object is furrounded with blztc'lf.. And W'
fame is to be underfrood when an Obje is cho‘us
£d, whofe parts are fome of them lefs lumin e
than others. F or in the borders of the more and 5
- Juminous Parss, Coloyrs bught always by the [?'nllat
Principles to arife from the Excefs of the ng ’
of the more luminous, and to be of the f?m:o.
Kind as if the darker parts were black, but yet ™
e more faint and dilute, I ‘a},‘
.~ What is faid of Colours made by Prifins m‘e&
be eafily applied to Colours made by the Gla g
of Telefcopes or Microfcopes, or by the ]

-,
mours of the Eye., For if the Obje@-glafs of
2 Telefcope be thick

er on one fide than on t'hl%
other, .or if one half of the Glafs, or one fha‘y
of .the Pupil of the Eye.be cover'd with aﬂf

. Opake fubftance ; the Objeét-glafs, or thatp ”tﬁe

t ¢ - £ye which is not cover’d, maY lnd‘
-confider’d as a Wedge with crooked Sides, 2%
every Wedge of

-has the effeq of 2 s or other pelluci e

rifm in refracing the 148"

~which paffes through it *, ‘f- e o
How the Colours in
periments of the fr
rent Reﬂexibility of
was there fajg, But

the ninch 2nd tenthdg}%—'
{t Part arife from the hat
Light, is evident by Wnth
: it is obfervable in the M ht
Experiment, thar whilft the Sun’s direct Lﬁgays.
s yellow, the Excefs of the blue-making fices
10 the reflefted beam of Light MN, fu cli-
only to bring that yellow to a pale white 2.
ning o blue, and no to tin

nan¥”
ge it with a mal
(1]

; 269 ¢
* See our Author‘:‘L'eé’t. Optic. Part 11, Sed. IT: pag: Y
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feftly blue Colour. T obtain therefore a better
blue, T ufed inftead of the yellow Light of the
Sun the white Light of the Cloyds, by varying a
little the Expérimcnt, as follows, - .

. Exper.16. Let HF G [in Fig. 13.] repre=
fent a Prifm in the open Air, and § the Eye of
th.e_Speé‘cator, viewing the Clouds by their
Light coming into the Prifm at the Plane Side
FIGK,; and refleGed in it by its Bafe HEIG,
and thence --going out through its Plane Side
HEFK to the Eye. And when the Prifm and
Eye are conveniently placed, fo that the Angles
of Incidence and Reflexion at the Bafe may be
about.46 Degrees, the Spectator will fee a Bow
MN of a blue Colour, running from one End
of the Bafe to the other, with the Concave Side
towards him, and the Part of the Bafe IMNG
beyond this Bow will be brighter than the other
Part EMNH on the other Sideof it.  'This blue
Colour MN being made by nothing elfe than by
Reflexion of a fpecular Superficies, feems fo odd
2 Phenomenon, and {o difficult to be explain-
ed by the vulgar Hypothefis of Philofophers,’
that I could not but think it deferved to be taken
Notice of. Now for underftanding 'the Rea-
fon of it fuppofe the Plane ABC to cut the
Plane.Sides and Bafe of the Prifm perpendicu-

arly. " From the Eye to the Line BC, wherein
that Plane curs the Bafe, draw the Lines Sp
and 8¢, i the Angles Spc 5o degr. 3, and S¢¢

49 degr. & and the Poinc p will be the Limit

eyond which none of the moft rcfranglble

ay$ can pafs through the Bafe of the Prifm,
nd be refracted, whofe Incidence is fuch that
L * they
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they may be refleCted to the Eye; and the Pdﬂ,‘.;} |
¢ will be the like Limit for the leaft Tefrand’

ble Rays, that is, beyond which gone of thesn,

can pafs through the Bafe, whofe In'c'ideﬂc‘?“s‘

fuch that by Reflexion théy may come 10"t

Eye.  And ‘the Point » taken in' the ;m;qd‘lg;j

Way between p and £ will be the like it

for the meanly refrangible Rays. - And 't ), t’,ﬁ:{?

fore all the leaft refrangible Rays; which ful
upon the Bafe beyond #, that is, between # ?ﬂd o
and can come from thence to the Eye, will ?bg
reflected thither: But on this fide 7, that™’
betweep £ and ¢, many of thefe Rays will'-l?g.
tranﬁm.t_ted through the Bafe. And all the mw
refrangible Rays which fall upon- the Bafc;’b‘?’-
yond, p, that is, between p -and B, and ca? W
Reflexion come from thence to the Ey'e' willbe ¢
reflefted thither, but every where be’tween;ﬂ
and ¢, many of thefe Rays will get thmug‘h ¢he.
Ba{ie’-and be refratted ; "and the fame is. 0, ¢

underftood of the meanly réfrangible RayS o

either fide of the Poing s -Whence it follaw®’
that the Bafe of the Prifin mufl every S?fg’
b;twee“ tand B, by a total Reflexion ‘of all o
of Rays to the Eye, look white and brlg;g&'f
And every. where berween p and C, by reafo f“xﬁ'
the Tran(miffion of ‘many Rays of ‘every {0
look more pale, obfcure; and dark.” But at;v‘%
and in other Places between p and 7, Wherc‘f%e\
the more refrangible Rays are reflected o Lo
Eye, and many of the lefs refrangible al’ez'tfa'i}ff:
mitted, the Excefs of the moft *izefrﬁ'ﬂgib}w
‘the. refle@ed Light will tinge that Light ;ﬁ'&'
their Colour, which is violer and blue. 'féhis
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this happens by taking the Line C pi‘l‘Bfa'HY

where } \ 3
‘and ET. etween the Ends of the Prifm H G

PROP. IX. Pros IV.

By the difcovered Properties of Light 19
explain the Colours of the Rain-bow.

H 'HIS Bow never appears, but where it
rains in the Sun-thine, and may be made
aruficially by fpouting up Water which may
b_reak aloft, and {catter into Drops, and fall down
like Rain. For the Sun fhining upon. thefe .
Drops certainly caufes the Bow to appear to a
Spectator ftanding in a due Pofition to the Rain-
and Sun. And hence it.is now agreed upon,
that this Bow is made by Refracion of the Sun’s
Light in Drops of falling Rain. This was un-
derftood by fome of the Antents, and of late
more fully difcover'd and explain’d by the fa-
}nous. Antonius de Dominis Archbifhop of Spa-
fo, 1n his Book De Radiis Visiis & Lucts, pub-
Yhed by his Friend Bartolus at Venicé, in the
€ar 1611, and written above 20 Years before. -
Or he teach® there how the interior Bow 1S
Made in round Drops of Rain by two Refrati-
Ons of the Sun’s Light, and one Reflexion- be-
tWeen them, and the exterior by two Refracti-
o8, and two forts of Reflexions between them
lcn ¢ach Drop of Water, and proves his Expli-
;{tlons by Experiments made with a Phial full
Ot Water, and with Globes of Glafs filled
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'T‘;’i‘h Water, and placed in the Sun. to make the.
‘Colours of the two Bows appear in them. The
fame Explication Des-Cartes hath purfucd in bs#
Meteors, and mended that of the exterior BOV"
But whilft they. underftood not the true o
gin of Colours, it's neceffary to purfue it hes?
a little farther. For underftanding therefore 0
the Bow is made, let a Drop of Rain, of an(};‘
other {pherical tran{parent Body be reprefﬁnﬂ5 F
by the Sphere BNFG, [in Fig. 14.] deferi?
‘W‘lth the Center C, and Semi-diameter N
‘And let AN be one of the Sun’s Rays inc”
dent upon it at N, and thence refracted ° £,
Wher.e let it either go out of the Sphere Ab}’-Re&
fragxcin towards V, or be refle@ted to G3 ?
at et it either go out by Refracion toRs:
'};{: refleted to H,g and atyH let it go out by
. ef;;a&lon towards S; cutting the incided® R?y,
"}‘(‘ - Produce AN and RG, till they meet 2
’ ;“d upon AX and NF, Jet fall the quﬁ
Pe?‘ llculars CD and CE:o and pl‘OdUCC CD th
*g] all upon the Circumference at L. parallel !
¢ il Incident Ray AN draw the Diametel = ;
natlet‘[)the Sine of Incidence out of Alf wn
Now 2¢ o the Sine of Refradtion a5 It
o 1 you fuppofe the Point of Incidcnc.el it
move from the’ Point B, continually ti) 4
e’ 50 L, the Arch QF will firft increafe 2
then decreafe, and fo will the Angle " he
‘which the Rays AN and GR contain;; an.dt{t'
Arch QF and Angle AXR will be b’ggeﬁ
when ND is to CN'as ¢II—RR tov 3 RF; 11(0
wl\;hxch cafe NE willbeto ND as 2R to I AHS
‘the Angle AYS, which the Rays AN and *
0
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contain. will firft decreafe; -and then jncreafe and |

BrOW leaft when ND is to CN as’y/I—RR to
v 8RR, in which cafe NE will be to ND, as
3Rt 1 And fo the Angle which the next emer-
gent Ray (that is, the emergent Ray after three
eflexions) contains with the incident Ray AN
will come to its Limit when ND is to CN
as /[T—RR oy 15 RR, in which cafe NE will
"be to ND as 4 R tol. And the Angle which the
Ray next after that Emergent, thac is, the Ray
emergent after four Reflexions, contains with the
Incident, will come to its Limit, when ND is to
CN as /JI—RR to v 24 RR, in which cafe NE
will be to'ND as ¢ R to I; and fo on infinitely,
the Numbers 3, 8, 15, 24, &%. being gather’d by
continual Addition of the Terms of the arithme-
tical Progreflion 3, 5, 7, 9> &¢. The Truth of all

. this Mathematicians will eafily éxamine.*

Now it is to be obferved, that as when the Sun

Comes to his Tropicks, Days increafe and decreale
b“t, a‘very little for a great while together; fo when
by increafing the diftance CD, thefe Angles come
to their Limics, they vary their quanticy but very
little for fome time together, and theréfore a far
greater Number of the Rays which fall upon all
 the Points N in the Quadrant BL, fhall emerge in
the Limits of thefe Angles, than in any other Incli
Nations, And farcher it is to be obferved, chat the
ays which differ in Refrangibilicy will have dif-
erent Limits of their Angles of Emergence, and
By conféquence according to their different De-
grees of Reﬁ-angibility _emerge moft copiouﬂy

¥ This is demon, ; s Lett. Optic. Partl. 8e2.1V.
Prep. 3 and 4 G‘ﬂrmd inour Author..r Leét. Optic.
A L3 in
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in different Angles, and being feparated from
another appear each in their proper Colous™
And what thofe Angles are may be cafily 8%
ther'd from the foregoing Theorem by Com
putation, ,
For in the leaft refrangible Rays the Si
and R (as was found above) are 108, and °0
and thence by ‘Computation the greateft A8
AXR will be found 42 Degrees and 2 Minu®
and the leaft Angle AYS, zo Degrees and 57;
Minutes. And in the ‘moft refrangible Rays b
anesI and R are 109 and 81, and thenc® Z{
Computation the greateft Angle AXR will
found 40 Degrees and 17 Minutes, and the 1¢?
Ancgle AYS 54 Degrees and 7 Minutes. -,
suppofe now that O (in Fig. 15.] is the SP;
Qator’s Eye, and OP a Line drawn parﬁlne1 G,
the Sun’s Rays,-and let POE POF poOM
P1(\)/11-&1’ be Angles of 40 Degy. 17 Min. y2 DB
'24 m'_.5° Degr. 57 Min. and | D‘ f. 7Mm’
. refpe@ivel o4 BT 1 pout
heir Y, and thefe Aneles curne ¢
cigr Common Side OP, fhall wich their c"thcs
| k}des UL, OF; 0g, dH, defcribe the V&2 ;r
¢ pro Rinbows AF BE and CHDG: 'Fin
the F.’ G, H, be drops placed any whe? F,
OAE‘ conical Superficies deferibed by OE. ’ans
S EI, OH, and be illuminated by the Sun’® R e
L, SF, 8G, SH; the Angle SEO beif® it
qllial to the Angle POE, or 40 Degr. 17 Moﬁ
{hall bt} the greateft Angle in which the rer
refrangible Rays can after one Reflexiont P€
fracted to the Hye, and therefore all .the Dqﬁé'
n the Line OF “thall fend the moft refia?6 g
ays moft copioufly to the Eye, '\ndf f{riktg

4
one

CS‘ I
g1



BOOK L I5T
~'f§'lke the' Senfes with the deepeft violet Colour in
L at Region. And in like manner the Anigle SFO
being equal to the Angle POF, or 42 Degr.
2 Mu}. fhall be the greateft in which the leaft re-
frangible Rays after one Reflexion can emerge
out of the Drops, and therefore thofe Rays
thall come moft copioufly to the Eye from the
Dr0ps“in the Line OF, and ftrike the Senfes with
the deepeft red Colour in that Region. And by
the fame "Argument, the Rays which have inter-
mediate Degrees of Refrangibility {hall come moft
copioufly from Drops between E and F, and firike
the Sen’es with the intermediate Colours, in the
Order which’ their Degrees of Refrangibility re-
quire, that is in the Progrefs from Eto F, or
from the infide of the Bow to the outfide in this
order, violet, indigo, blue, green, yellow, orange,
red. But the violer, by themixture of the white
Light of the Clouds, will appear faint and in-
cline to purple.

- ~Again, the Angle SGO beirg equal to the
Angle POG, or £oGr. 51 Min. fhall be the leatt
Angle in which the leaft refrangible Rays can
after two Reflexions emerge out of the Drops,
.and therefore the leaft refrangible Rays {hall
tome mott copiouily to the Eye from the Drops
n the Line OG, and firike the Senfe with tae
deepeft red .in that Region. And the Angle
. HO being equal to the Angle POH, or 54 Gr-
7 Min. fhall be the leift Angle, in which the moft
refrangible Rays after two Reflexions can emerge
?lut. of the Drops; and therefore thofe Rays
. hall come moft copiouﬂ to the Eye from
the Drops in the Lipe OH, and ftrike the Senfes
L4 - with



he

with the deepeft violet in thatRegion. And by L .
fame Argument, the Drops in the Regions e
tween G and H thall firike the Senfe with the il
termediate Colours in the Order WhiCh,t cc
- Degrees of Refrangibility require, that is, 18 b
Progrefs from G to H, or from the infide of the
Bow to the outfide in this order, red, orange; Y&~
low, green, blue, indigo, violet. And finc®
thefe. four Lines OE, OF, OG, OH, may b
fituated any where in the above-mention’d €%
nical Superficies; what is faid of the DroP
and Colours in thefe Lines is to be underfto
of the Drops and Colours every where in th {c
Superficies: ‘ ' ‘
Thus fhall there be made two Bows of €%
lours, an interior and ftronger, by one Reflexi?®
‘In the Drops, and an exterior and fainter by
two ; for the Light. becomes fainter by €°
 Reflexion.  And their Colours fhall liein 2 €™
trary Order to one another, the red of both Bow
borderihg upon the Space GF, which i be-
tween the Bows. The Breadth of the in“i;
-Tior Bow EOF meafured crofs the Colours {ha—
be 1 Degr, 45 Min. ‘and the Breadth of the cxcr
terior GOH fhall be 5 Degr. 10 Min. and b !
diftance between them GOF fhall be 8 G- 15,
Min. the greateft Semi-diameter of the inncfz
moft, that is, the Angle POF being 42 Gr ~
Min. and the leaft Semi-diameter of the Outcrc'
moft POG, being ¢o Gr. g7 Min. Thef¢ a;e’
the Meafures of the Bows, as they would h
were the Sun but g Point; for by the Bfeaqt“
of his Body, the Breadth of the Bows will be 2

. ! a’
creafed, and their Diftance decreafed byplzglrfcca
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Degree, and fo the breadth of the interior Isis
g‘u be 2 Degr. 15 Min. that of the exterior 3
€gr. 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 are the Dimenfions
of the Bows in the Heavens found to be very
nearly, when their Colours appear firong and
perfe@. For once, by fuch means as I then had,
I meafured the greateft Semi-diameter of the
_interior Iris about 42 Degrees, and the’ breadth
of the red, yellow and green in that Iris 63 or
64 Minutes, befides the outmoft faint red ob-.
fcured by the brightnefs of the Clouds, . for
which we may allow 3 of 4 Minutes more. The
breadth of the blue was about 40 Minutes more
befides the violet, which was fo much obfcu-
red by the brightnefs of the Clouds, that I could
not meafure its breaddh. But fuppofing the
breadth of the blue and violet together to equal
that of the red, yellow and green together, the
whole breadth of this Iris will be about 23 De-
grees, as above. The leaft diftance between this
Iris and the exterior Iris was about 8 Degrecs and
30 Minutes, The exterior Iris was broader than
the interior, but fo faint, efpecially on the blue
fide, that .1 could not meafure its breadth di~
f’Cm&ly. At another time when both Bows ap-
_Peared more diftinc, I meafured the breadch of
the interior Iris 2 Gr. 10/, and the breadth of the
red; yellow and green in the exterior Iris, was t0
the breadth of the fame Colours in the interiof

a5 3 102,
This:
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. This Explication of the Rain-bow is yet .far-'~
ther confirmed by the known Experiment (102 ¢
by _dntonius de” Dominis and Des-Cartes) Of
hanging up any where i the Sun-thine 2 Glass
Globe filled with Water, and viewing it in fuc
a pofture, that the Rays which come. from
Globe to the Eye may contain with the S98°
Rays an Angle of either 42 or 50 Degrees. oc.
if the Angle be about 42 or 43 Degrees, thd
Spectator (fuppofe at O) fhall fee a full %
Colour 'in that fide of the Globe Oppofed v,
the Sun as ’tis reprefented at F, and if that A%
gle become lefs (fuppofe by deprefling the G10%
to E) there will appear other Colours, yellowz- |
~green and blue fucceflive in the fame fide °
the,DGlobe. But if the Angle be made abb"f;
50 Degrees (fuppofe by lifting up the Globe ¥
G) there wigl agll))ear ayred C%lm?r in thatvﬁdc

o{ t‘}):e Gl?ibe towards the Sun, and if the Aﬁ;
e i . »
Globe 1053 )grea‘ef (fuppofe by lifting P *

the red will ively 10
the other Colours, yellowi g;rerr? axflliictc;lalii; The

fame thing I have trieq by lettir lobe refls
and raifing or depre{ﬁngy the ll?‘frezl, (f)r ot,hcr:
wife moving it to make the Angle of a juft 0¥
nitude. » ' hf;
I have heard i reprefented, that if the Lig",
of a Candle be refragted by a Prifm to the Eycé'
when the blue Colour falls upon the Eye, t'n
Spgé‘cator thall fee red in the Prifm, and whﬁ'
the red fallg upon the Eye he fhall fee blfuﬁé
and if this were certain, the Colours of ¢ .
Globe and Rain-bow ought to appear in & <

s
trary order to what we find. But the Colotof

d

)



of the Candle being very faint, ‘the miftake feems
0 arife from the difficulty. of difcerning what
olours fall on the Eye. - For, on the contrary,,
ave {fometimes had occafion to obferve in the
Sun’s Light refracted by a Prifm, that the Spe-
¢tator always fees that Colour in the Prifim which
falls upon his Eye. And the fame I have found
true alfo in Candle-light, For when the Prifm
is moved flowly from the Line which is drawn
dire@tly.from the Candle tq the Eye, the red ap-
pears firft in the Prifin and then the blue, and
‘therefore each of them is feen when it fallsupon
the Eye. For the ¢d pafles over the Eye 4irft,
and then the blue. o
The Light which comes through drops of
Rain by two Refractions without any Reflexion,
ought to appear ftrongeft at the diftance of a-
bout 26 Degrees from the Sun, and to decay
gradually both ways as the diftance from him in-
Creafes and decreafes. And the fame is to be un-
derftood of Light tranfmitted through {phe-
rical Hajl-ftones. And if the Hail be a little
flatted, g5 it often is, the Light tranfmitted
may grow fo ftrong at a little lefs diftance than
that of 26 Degrecs, as to form a Halo about
the Sun or Moon; which Hale, as often as the
Hail-ftones are duly figured may be colour’d,
and then it muft be red within by the leaft re-
frangible Rays, and blue without by the moft
refrangible opcs, -efpecially if the Hail-ftones
ave opake Globules of Snow in their centet
10 intercept the Light within the Halo (as Hu-
&enius has obférv’'d) and make the infide there-

of ‘more diftincly defined than it would other-
‘ wife
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wite. be.. For. fuch Hail-ftones, though fplg‘;fv"’
cal; by terminating the Light by the Sn Jefs
may make a Halo red within and colour L
without, and darker in the red than wnhqcﬁ
as Halos ufed to be. For of thofe Rays vy*;lbc
pafs cldfe by the Snow the Rubriform wil i
leaft refracted, and fo come to the Eye in the
reCleft Lines, of
The Light which paffes through a drop e
Rain after two Refractions, and three or mo .
Reflexions, is fcarce ftrong. enough to cauffib \
{fenfible Bow; but in thofe Cylinders_of .Ice, y
which Hugeniys explains the Parbelia, it maY‘
perhaps be fenfible, '

——"

. PROP.X. Pros V. ,
By the difcovéred Properties of ngﬁt 20

explain the permanens Colours of Natw
ral Bodjes,"

HESE' Colours arife from hence, thﬂ;‘

fome natural Bodies reflect fome f ortstlzc‘
Rays, others other forts more copioufly than of
reft.  Minium refleqs the leaft refrangible %"
red-making Rays moft copiouily, and thence .‘g&_
pears red.  Violets reflet the moft refrang! ry
moft copioufly, and thence have their Colouhe’:f
and fo of other Bodies, Every Body'reﬂc&s'zhc
Rays of its own Colour more copiOUﬂY.than' a0
reft, and from their excefs and predominance

‘the reflected Light has its Colour. |
Expers
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ObE?‘P€r- 17. For if in the homogeneal Lights
tined by the folution of the Problem pro-
pOfed. In the fourth Propofition of the firft Part
of this Book, you place Bodies of feveral Co-
IOUFS, you will find, as I have done, that every
B9dy looks moft {plendid and luminous in the
ight of its own Colour. Cinnaber in the ho-
mogeneal red Light is moft refplendent, in the
green Light it is manifeftly lefs refplendent, and
in the blue Light ftill lefs. Indigo in the vi-
olet blue Light is moft refplendent, and its fplen-
dor is gradually diminifh’d, as it is removed
thence by degrees through the green and yellow
Light to thered. By a Leeck the green Light,
and next that the blue and yellow which com-
pound green, are more ftrongly reflected than the
other Colours red and violet, and fo of the reft.
But to make thefe Experiments the more mani-
feft, fuch Bodies ought to be chofen as have the
fulleft and moft vivid Colours, and two of thofe
Bodies are to be compared together. Thus, for
mf’cance,: if Cinnaber and z/tra-marine blue, or
fome other full blue be held rogether in the ted
omogeneal Light, they will both appear red,
but the Cinnaber will appear of a ftrongly lumi-
Nous and refplendent red, and the w/fra-ma-
Tine blue of a faint obfcure and dark red; and
if they be held ‘together in the blue homogeneal
ng}}t, they will both appear blue, -but the ultra-
‘Marine wiil appear of a ftrorigly luminous a0
,refplendent bilue, and the Cinnaber of 2 faint
and dark blue, Which puts it out of difpute,
that the Cinnaber refles the red Light much
more copioufly than the #/fra-marine doth, and
\ 2 -

the
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the w/fra-marine refle@s the blue Light much
more copioufly than the Cinnaber doth, The fame
Experiment may be tried fuccefsfully with re
Lead and Indigo, or with any other two colout’
Bodies, if due allowance be made for the diffe-
rent ftrength or weaknefs of their Colour an
Light. . ,

And as the reafon of the Colours of natuf“‘jl
Bodies is evident by thefe Experiments, {o it 18
farther confirmed and put paft difpute by the
two firft Experiments of the firft Part, where-
by "twas proved in fuch Bodies that the reflected
Lights which differ in Colours do differ atfo i?
degrees of Refrangibility.  For thence i’s cef-
ta\'in, that fome Bodies refle@ the more refran
gl.ble, others the lefs refrangible Rays more ¢0-
ploufly. = . : ‘

And that this is not only a true reafon of thefe
Colours, but even the only reafon, may ﬂPPear'
farther from thig Confideration, that the Colov!
of homogeneal Light cannot be changed by che
Reﬂex19n of natural Bodjes,

For if Bodies by Reflexion cannot in the leaft
change the Colour of any one fort of Rays, t¢Y
cannot appear colour’d by any other means 0"
by reflecting thofe which either are of the¥
own Colour, or which by mixture muft pro

duce it, . .
But in trying Experiments of this kind ¢&f
muft be hy

d that the Light be fufficiently hﬁ;
mogeneal.  Tor if Bodies be illuminated by ta
ordinary prifmartick Colours, they ‘will apPeof
neither of their own Day-light Colours, nor ¢

at O
the Colour of the Light caft on them, b‘}gmc
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§ome middle Colour between both, as I have
ound by Experience. Thus red Lead (for in-
ftance ) Yuminated wich the ordinary prifma-
tick green will ‘not 'appear either red or green,-
Ut orange or. yellow, or between yellow and
8leen, accordingly as the green Light by which
Us illuminated is more or lefs compounded.
or becaufe red Lead appears red when illumi-
Mted with white Light, wherein all: forts of
ays are equally mix’d, and ' in the green Light
Al fores of Rays are not equally mix'd, the Ex-
Cefs of the yellow-making, green-making and
1}16~mdki11 ‘Rays in the incident green Light,
Will caufe thofe Rays to abound {o much in the
teflected Light, as to draw the Colour from red
towards the;r Colour. And becaufe the red Lead
Teflets the red-making Rays moft copioufly in
Proportion to their number, and next ?fter them
¥ orange-making and yellow-making Rays;
thefe Rays in the reflected Lighe will be more 1n
PIoportion to the Light than they were in the 1n-
Cident greep Light, and thereby will draw the
eflected Light from green towards their Co-.
OUr. - And therefore the red Lead will appear
Ee;the; ‘red nor-green, but of a Colour between
oth, .9 > . :
" In tranfparenily colour'd Liquors ’tis obfer-
tla‘ &, that their Colour ufes to vary with their
119k{1¢f8. Thus, for inftance, 2 red Liquor 1n
% Contical Glafs held berween the Light and the
b}’e, looks ‘of a pale and dilute yellow at th.c
{tfltton} Where ’tis thin, and a little higher where
'8 thicker grows orange, and where Ui {till
! *?ker becomes red, and where 'tis thick?i’c
the
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the red is deepeft and darkeft. For it is t0 be
conceiv'd that fuch a Liquor flops the indigo-
making and violet-making Rays mott eafily, the
blue-making Rays more difficultly, the green-
making Rays ftill more difficuldly, and the red-
making moft difficulely: And that if the thick-
nefs of the Liquor be only fo much as fuffices
to ftop a competent number of the. violet-m#-
king and indigo-making Rays, withour dimi
nithing much the number of the reft, the r¢
muft (by Prop. 6. Part 2.) compound a pale
yellow. Butif the Liquor be fo much. thicker
as to ftop alfo a great number of the blue-ma-
king Rays, and fome of the green-making, the
reft muft compound an orange ; and where it IS
fo thick as to ftop alfo a great number of the
green-making and a confiderable number of the
yellow-making, the reft muft begin to compoun®:
ared, and this red muft grow deeper and darke”.
as the yellow—making and orange-making Rays
are more and more ﬁOpp’d by increafing the
thicknefs of the Liquor, fo that few Rays befide®
the red-making can get ,thl'ough. | y. .
Of this kind is an Experiment latcly related
t0 me by Mr. Halley, who, in diving deep int0
the Sea in a diving Veffel, found in & clear SU*
fhine Day, that when he was funk many
thoms deep into the Water, the upper part ¢
his Hand on which the Sun fhone direalf);
thr.Ough the Water and through a -fmall Gla;
Window in the Veflel appeared of a red CO;
lour, like that of a Damask Rofe, and the Wad
ter below and the under part of his Ha?cf
illuminated by Light refleted from the Y)Va
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Ihq"g (t)ﬁkd green. For thence it may be ga-
and biue ot th.e Sea-Water refleés back the violet
Téd-mak«_mak‘ng Rays moft eafily, and lets the
Rreat Demg Rays pafs mo‘i’c'freel}: an’d cgpiouﬂy to
at )] pths. For thereby the Sun’s dire&t Light
Datiy great DePths, by reafon of the predomi-
the g red-making Rays, muft appear red; and
tenfgreatef the Depth is, the fuller and in-
as tir muft -that red be. And at fuch Depths
the 1;3 violet-malking Rays fcarce penetrate unto,
Moy lue-making, greensmaking, and yellow-
o King Rays being reflected from belew more
Ploufly than the red-making oncs, muit com-
ound a green, I

W5 if there be two Liquors of full Colours,
~thPP°fe a red and a blue, and both of them fo
fmllck as fuffices to make theirColours fufficiently -
e 5 though either Liquor be fufliciently tran{pa-
' Oﬁ;}apart, yet will you not be able to fee .thro_ugh
Paf together. For, if only the red-making Rays
T S,throxl h one Liquor, and only the blue-
t iflng through the other, no 'Rays can pais
»Wi;iugfl both, ‘This Mr. Heok tned cafually
qu f‘(llafs Wedges filled with red and blue Li-
OIS, and wag furprized at the unexpedied Event,

the 1o .
o Teafon of j¢ being then unknown ; which
es me truft che more to his E.'Xpernnex;t,;
t he

t
th:tugv}; I have not m:icd, it my felf. Bu L
Quors l()buldﬁrcpeat ir, ‘muft wke care the Lt
o De of very good and. full Colouts. ‘
ing Ocr)‘:’r, Whll'ﬁ Bodies bccox1ne cplourqd by refie r(;
Qopiouﬂanﬁmttmg this or that fort of ‘Rg;‘sdmg‘ .
the PEY than the reft, it is to ,b§ conceived that.
: y op and ftifle in themfclves the Rays
\ M which
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which they do not refle& or tranfmit. For; if
Gold be foliated and held between your Eye aP
the Light, the Light looks of a greenifth blueé
and therefore mafly Gold lets into its Body ¢ .
- blue-making Raysto be reflefted to and .f]f f
within it gl} they be ftopp’d and ftifled, wh!

1t refle@s the yellow-making outwards, aﬂc
thereby looks yellow. And muchafter the {21 .
Mmanner that Leaf Gold is yellow b 1'eﬂ€acl’
-and blue by tranfmitted Light, and maffy GO .
s yellow in all Pofitions of the Eye; there 3

fome Liquors, as the Tinfture of Lignt ’ﬁ
Nephriticum, and fome forts of Glafs whic

tranfmit one fort of Light moft copioufly, a#

reflet another fore, and thereby look of feve”-
ral Colours, according to the Pofition of th
Eye to the Light.  But, if thefe Liquors o,i
Glafles were fo thick and mafly that no Ligh

could get through them, I queftion not but the%
would like all” other opake Bodies appear ¢

one and the fame Colour ip a]] Pofitions of tH
Eye, though this T cannor yet affirm by Exp®
rience, .For all colourd Bodies, fo far as 1Y,
Obfervation reaches, may be feen through !

made fufficiently thin, and therefore are in fo™
meafure tranfparent, and iffer only in degree®
0 Tranfparcncy from  tinged tranfparent >~
quors; - thefe Liquors, as well ag thofe Bodi€®
by 2 fuflicient Thicknefs becoming opake. b

traniparent RBody which looks of any Colout Z
tranfinitted Ligh, may alfo look of the famt‘
Colour by refledted Light, the Light of thae'
Colour being refleGed by the farther Surfac

of the Body, or by the Air beyond it. pen
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P;E;he reflected Colour will be diminithed, and
‘and ps Ceafe, by making the Body very thick,
Reﬂpl,tchlng‘ it on the backfide to diminith the
Tef] ?:‘OH of its farther Surface, fo that the Light
na tCted from the tinging Particles may predomi-
& In fuch Cafes, the Colour of the refleted
trlght will be apt to vary from that of the Light
anfmitted, But whence it is that tinged Bo-
iries and Liquors reflect fome fort of Rays, and
tromit or tranfmit other forts, fhall be faid in
€ next Book. In this Propofition I content my
®lf to have put it paft difpute, that Bodies have
Uch Properties, and thence appear colour’d.

~—— | I
PROP. XI. Pros VL

BJ’ mz’xing colour’d Lig/m t0 compozmd a
bearm of Light of the Jame Colour and
Natyre with a beam of the Sun's direét

Ligz’l‘, and therein to experience the
Trush of the foregoing Propofitions.

LET ABC gbe [in Fig. 16.] reprefent &
2 qe .Prlfm, by whiclt the Sun’s Light let into
refrdlk Chamber through the Hole T, may be
it a&ed towards the Lens MN, and paint upo?
letat P g, 7,5, and £, the ufual Colours vio-
diy bl}l e, green, yellow, and red, and 'let the
CODC Bing Rays by the Refracion of this LclnS
Ij Verge again towards X, and there, by tlf

Xture of 4] thofe their Colours, compounc &

it ; .
© according to what was {hewn a}lj“?z;
M 2
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Then let another Prifm DEG deg, para]lcl 1o
the former, be placed at X, to refract that whit
Light vpwards towards Y. Let the refraéing
Angles of the Prifms, and their diftances fro®
the Lens be equal, fo that the Rays which cot”
verged from the Lens towards X, and withott
efrattion, would there have crofied aﬂd\ J
verged again, may by the Refracion of the fe-.
cond Prifm be reduced into Parallelifm 2P
diverge no more. For then thofe Rays will 1¢
compofe a'beam of white Light XY. If the
refra&ir}g_ Angle of either Prifm be the biggt”
that Prifin muft be .fo much the nearer to th°
Lens.  You will know when the Prifims and th°
Lens are well fet together, by obferving if the
beam of Light XY, which comes out of the
cond Prifin be perfeétly white to the very edg®
gg nt:}e Light,f Elﬁd at all diftances from- the Prif%®
: nue pertectly and totally white like a be?
of the Sun’s Light, For ti¥1 this happens, the

Pofition of the Prifing and Lens to one anot®

muft be corre@ed ; and then if by the help of ®

long beam of Wood, as is reprefented in 0
igure, or by a‘Tube, or fome other fuch
riment made for that Purpofe, they be gpade.
alt in that Sitvation, you may try all the for
CXperiments in this compounded beam of Light

X'Y’ which have been mude in the Sun’s dire
ight.  For this compounded beam of ng-;

has the fame appearance, and is endow’d Wi

all the fame Properties with a dire@ beam of he

Sun’s Light, fo far as my Obfervation reachef;

And in trying Experiments in this beam ¥ 05

may by ftopping any of the Colours g, 9 2’11&
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?!1: dht” At the Lens, fee how the Colours produged
th the Experiments' are no other than thofe which
Ce Rays had a¢ the Lens before they entered th€
3ompofition of this Beam: And by confequences
tha they arife not from any new Modifications of
the Light by Refractions and Reflexions, but from
th_e Various Separations and Mixtures of the Rays
| ﬁrt‘_ginall}'r endow’d with their colour-making Qua-
les, ' ' :
So, for inftance,. having with a Lens 45 Inches
b}'oad’ and two Prifms on either hand 6} Feet
diftan, from ‘the Lens, made fuch a beam of
“Ompounded Light; to examine the reafon of
the Colours made by Prifins, I refraced this com-
Pounded beam of Light XY with another I_’rxfm
1IK kb, and thereby caft the ufual Pnfma-—»
Uck Colours PQRST upon the l?aper LV
Placed hepind, And then by flopping any of
™e Colours g, 7,51, at_the Lens, I found
that the fame Colour would vanith at the Pa-
P So if the Purple p was ftopp'd at the
€05, the Pyrple P upon the Paper would Yamﬂi, .
d the regy of the Colours would remain un-
alterq, unlefs perhaps the blue, {0 far as fome:
Urple lateng in it ac the Lens might be f{epa-
(ed from iy by the following Refractions. And
or, y intCrCepting. the green upon the Lens, d}c
gfeen R upon the Paper would vanifh, and hO
thhe reft ; which plainly fhews, that as t ?
e beam of Light XY was compounded o
o reral Lights varioufly colour'd at the Lens,
o he Colours which afterwards emel‘}%‘f Ou'lt ?fg
“of Y NEW Refra@ions are no other than thoid
9£Wh1ch its Whitenefs was compounded.  The
‘ M 3 Refraction
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Refracion of the Prifm HIK 25 generates £ he
Colours PQR ST upon the Paper, not by chan
ging the colorific Qualities of the Rays, but bY
feparating the Rays which had the very fame €010
rific Qualities before they enter’d the Compofitio®
of the refracted beam of white, Light XY. For
otherwife the Rays which were of one Colour &
the Lens might be of another upon the Pape’s
contrary to what we find. '
So again, to examine the reafon of the €0~
- lours of natura] Bodies, I placed fuch Bod®
n the Beam of Light XY, and found that they
all 2pPpeared there of thofe their own Colot®
which they have in Day-light, and that tho®
Colours depend upon the Rays which had th°
fame Colours at the Lens before they enter’d b
Compofition of that beam. Thus, for inftanc®
Cinnaber lluminated by this beam appears 9
the fame req Colour as in Day-light 5 and !
;ﬁ the chs you intercept the green-making &"
b 1111c—maklpg Rays, its rednefs will become mo -
‘ .u and' lively : But if you there intercept tbe
red-making Rays, i will not ‘any longer #F7
pear red, but become yellow or green, ©Of of
ome other Colour, according to the forts 2
Aays which you do not Intercept. So Gol
In this Light Xy appears of the fame chovi
olour as in Day-light, but by intercepting, :
the Lens a due Quantity of the yellow—makm%
2ys it will appear white like Silver (as 1 b2
tried ) which fhews that its yellownefs arifes froﬁz
the EXCGfS of the intercepted Rays tinging lzf
hitenefs with their Colour when they are "
Pafs, So the Infufion of Lignum Nephr mc(uzis
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(a;; I have alfo tried ) when held in this beam of
L{ght XY, looks blue by the reflected Part of the
L‘ghf, and red by the tranfmitted Part of it, as
When "tis view’d in Day-light; but if you intercept
the blue at the Lens the Infufion will lofe its re-
fleted blue Colour, whilft its tranfmicted red re-
Mmains perfe, and by the lofs of fome blye-
making Rays, wherewith it was allay’d, becomes
more intenfe and full. And, on the contrary, if
the red and orange-making Rays be intercepted at
the Lens, the Infufion will lofe its tran{mitted red,
whilft its blue will remain and become more full
and perfect. Which fhews, that the Infufion
does not tinge the Rays with blue and red, but
only tranfmic thofe moft copioufly which were
red-making before, and reflects thofe moft copi-
‘oufly which were blue-making before. And aiter
the {ame manner may the Reafons of other Ph:g:no-
Mena be examined, by trying them in this artificial
beam of Light XY.

M 4 THE
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Olfervations concerning the Reflexions, Re-
“fraitions, and Colours of thin tran/ps
rent Bodies..

T has been obferved by other
that tranfparent Subftances, as
Glafs,; Water, Air, &e. when
made very thin by being blown:
into Bubbles, or otherwife forme®
into Plates, do exhibit various C;O;

ldurs according to their various thinnefs, altho ar

' a greatC

N /7

e
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a greater thicknefs they appear very clear and
colourlefs. In the former Book T forbore to
treat of thefe Colours, becaufe-they feemed of a
more difficult Confideration, and were not necef~
. fary for eftablifhing the Properties of Light there
) difcourfed of. But becaufe they may conduce to
farther Difcoveries for compleating: the Theory of
Light, efpecially as to the conftitution of ‘the
parts of natural Bodies, on which their Colours
or Tranfparency depend ; I have here fet down
anr account of them. To render this Difcourfe
thort and diftin&, I have firft defcribed the prin-
cipal of my Obfervations, and then confider'd
and made ufe of them. The Obfervations are
. thefe. S | .
_Obf 1. Comprefling two Prifms hard toge-
ther that their fides (which by chance were a
very little convex ) might fomewhere touch one
another: I found the place in which they touch-
ed to become abfolutely tranfparent, as if they
had there been one continued piece of Glafs,
For. when the Light fell fo obliquely on the
Air, which in other places was between them,
as to be all reflected; it feemed in that place of
contact to be wholly tranfmitted, infomuch that
when look’d upon, it appeared like a black or
dark fpot, . by reafon that little or no fenfible -
Light was refle@ed 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 Glaffes. And through this hole Obje&is. that
were beyond might be feen diftinétly, which

‘could not ar all be feen through other parts lcle
| the
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the Glaffes where the Air was interjacent. Al-
‘though the Glaffes 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 .
by prefling them very hard together it would be-
come much broader than otherwife.
0bf. 2. When the Plate of Air, by turning
the Prifms about their common Axis, became {o
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
fhaped almoft like the Conchoid, as you fec
them delineated in the firft Figure. And by con-
tinuing the Motion of the Prifms, thefe Arcs
increafed and bended more and more about the
faid tranfparent fpot, till they were compleated
into 'Circlgs or Rings incompafling it, and af-
terwards continually grew more and more con-
tracted.
- Thefe Atcs 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 Limbs the
blue ‘was adjacent. So that the order of thefe
Colours from the central dark fpot, was at that
time white, blue, violet; black, red, orangé
yellow, white, blue, violet, &c. But the yel-
low and red were much fainter than the bluean
violet, |

The
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- . 'The Motion of the Prifms about their Axis
‘being continued, thefe Colours contracted more
and more, fhrinking towards the whitenefs on
either fide of it, until they totally vanithed into
it.  And then the Circles in thofe parts appear’d
black and white, without any other Colours in-
termix’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 6utward Limb the red and yel-
low. So that now their order from the central
Spot was white, yellow, red; black; violet,
blue, white, yellow, red, &¢. contrary to what
it was before. o

Off. 3. When' the Rings or fome parts -of
them appeared only black and white, they were -
very diftin¢t and well defined, and'the blacknefs
feemed as intenfe as that of the central Spor.
Alfo in the Borders of thie Rings, where 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
{ometimes number'd above thirty Succeflions
(reckoning every black and white Ring for one
Succeflion) and feen more of them, which by
reafon of their {malnefs I could rot number.
But in other Pofitions of the Prifms, at which
the Rings appeared of many Colours, I could
not diftinguifh above eight or nine of them, and
ﬂ‘llc Exterior of thofe were vcry'confufed and

llute, : '

In thefe two Obfervations to fee the Rings di-
ftin&, and without any other Colour than black
and white, I found it neceffary to hold my Eye

' at
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at a good diftance from them. For by ap-
proaching nearer, although in the fame inclina-
tion of my Eye to the Plane of the Rings, there
emerged a bluith Colour' out of the white,
which by dilating it felf more and more into
the black, render’d the Circles lefs diftin&, and
left the white a litde tinged with red and yel-
low. T found alfo by looking through a flit or
oblong hole, which-was narrower than the pupil
of my Eye, and held clofe to it parallel to the
Prifms, I could fee the Circles much diftin&er
and vifible to a' far greater number than other-
wife. L ' : .
0bf. 4. To obferve more nicely the order of
the Colours which arofe out of the white Cir-
cles as the Rays became lefs and lefs inclined
to the Plate of Air; I took two Object-glafles,
the one a Plano-convex .for a fourteen Foot
Telefcope, and the other a large ‘double Con-
vex for one of about fifty Foot; and upon this,
laying the other with its plane fide downwards,
1 prefled them flowly togethér, 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 fucceflively vanith
again in the fame place. 'The Colour, which
by prefling the Glafies together, emerged laft in
the middle of the other Colours, would upon its
firft- appearance look like a Circle of a Colour
almoft uniform from the circumference to the
center, -and by comprefling the Glafles ftill more,
grow continually ' broader until a new Colour
emerged in its center, and thereby it became &
Ring encompaffing that new Colour. And by
1 COIM~
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compreffing the Glaffes &ill more, the diameter
of this Ring would increafe, and the breadth of

- 1ts Orbit or Perimeter decreafe until another new
Colour emerged in the center of the laft: And
{o on until a third, a fourth, a fifth, and other.
following new Colours fucceflively emerged
there, and became Rings encompafling the inner-
meft Colour, the laft of which was the black
Spot. And, on the contrary, by lifting up the
Upper Glafs from the lower, the diameter of the
Rings would decreafe, and the breadth of their-
Orbit increafe, until their Colours reached fuc-
ceffively to the center ; and then they being of a
confiderable breadth, I could more eafily difcern

-and diftinguith their Species than before. And
by. this means I obferv’d their Succeffion and
Quantity to be as followeth. o

Next to the pellucid central Spot made by
the conta@ of the Glafles fucceeded blue, white,

Yellow, and red. The blue was {o little in quan-
uty, thar I could not difcern it in the Circles
Made by the Prifims, nor could I well diftinguifh
ANy violet in it,* but the yellow and red were
Pretty copious, and feemed about as much in
xtent as the white, and four or five times more
Wan the blue. The next Circuit in order of
C,°10i1r§ immediately encompaffing thefe were
Violer, ‘blue, green, yéllow, and red: and thefe
2 °Te all of them copious and vivid, excepting
ol green, which was very little in quantity, and

®med much more faint and dilute than the
‘j’thcr Colours. Of the other four, the vio-

13; Was the leaft in extent, and the blufi les

an.the yellow or red. The third Circuit or
' Order
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Order was purple; blue, green, yellow, and
red; in which the purple feemed more reddifh
than the violet in the former Circuit, and the
green was much more confpicuous, being as
brisk and copious as any of the other .Colours,
except the yellow, but the red began to be a lit-
tle faded, inclining very much to purple. Af-
ter this fucceeded the fourth Circuit of green
andred. "'The green was very copious and live-
ly, inclining on the one fide to blue, and on
the other fide to yellow. But in this fourth
Circuit there was neither violet, blue, nor yel-
low, and the red was very imperfe¢t and dir=
ty.. Alfo the fucceeding Colours became more
and more imperfect and dilute, till after three
~or four tevolutions they ended in perfect
whitenefs. - Their form, when the Glafles were
“moft comprefs'd fo as to make the black Spot
appear in the center, is delineated in the fe-
cond Figure; where @, 4, ¢, d, ¢ : f, g, b, A
k:lymon o p: g res, t:u, x:y 2 de
note the Colours reckon’d in order from the
center, black, blue, white, yellow, red: vio-
let, blue, green, yellow, red: purple, blue
green, yellow, red: green, red: greenifh blue
red: greenith blue, pale red: greenith blue,
reddith white. ‘ S
~ 04 5. To determine the interval of - the
Glafles, "or thicknefs of the interjacent Air, by
which each Colour was produced, I meafure

the Diameters of the firft fix Rings-at the mOik
lucid part of their Orbits, and fquaring them,

found their Squares to be in the arithmetical Pro=

, , 11
greflion of the odd Numbers, 1,3,5,7:9 *snd
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And fince one of thefe Glafles was plane,. and
the other {pherical, their Intervals at thofe Rings
muft be in the fame Progreffion. * I meafured alfo
the Diameters of the dark or faint Rings between
the more lucid Colours, and found their Squares
10 be in the arithmerica] Progreffion of the even

umbers, 2, 4, 6, 8, 10, 12. And it being very
hice and difficult to take thefe meafures exacily;
Irepeated them divers times at divers parts of
the Glaffes, that by their Agreement I'might be
confirmed in them. And the fame method I ufed
In determining fome others of the following Ob-
fervations,

04/ 6. The Di‘ametef of the fixth Ring at
‘the moft lucid part of its Orbit was Y= 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 1 ga-
thered the thicknefs of the Air or Aereal Inter- -
val of the Glaffes at'that Ring. But fome time
after, fufpe@ting that in making this Obfervation
"had not determined the Diameter of the
Sphere with fufficient accuratenefs, and being
Uncerain whether the Plano-convex Glafs was
]y plane, and not fomething concave or con-
X on that fide which I accounted plane; and
Whether I had not prefled the Glafles together,
%1 often did, to make them touch; ( For by
Prefling fuch Glafles together their parts eafily
Fﬂd inwards, and the Rings thereby become
énﬁbly broader than they would be, ‘did the
'VE,laﬁ‘es keep their Figures.) I repeated the
“¥periment, and found the Diamerter Offthle
ixth
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fixth lucid Ring about ;555; parts of an Inch. ‘I
repeated the Experiment alfo with fuch an Ob-
ject-glafs of another Telefcope as.I had ar hand.
This was a double Convex ground on both
fides to one and the fame Sphere, and its Fo-
cus was diftant from it 83% Inches. And thence,
if the Sines of Incidence and Refraction'of thF,
bright yellow Light be- affumed in proportion
as 11 to 17, the Diameter of .the Sphetre t0
which the Glafs was figured will by computa-
tion be found .182 Inches. This Glafs 1 Jaid
upon a flat one, fo 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 accuraktel)ymasi"I
could, I found it the fifth part of an Inch pre
cifely. This Meafure was taken with the poin®
~of a pair of Compaffes on. the upper Surfac®
on. the upper GlaE, and my Eye was “abot®
eight .or nine Inches diftance from:the Glafs
almoft perpendicularly oveér it, and the GI&%
was.» of an Inch thick, and thence it is eafy:-%©
colle&t that the true-Diameter of the Ring ?"‘b%
tween the Glafles was greater than its mgﬂfufﬂ
Diameter above the Glaffes in the ‘Propomqﬂ
of 8o to =9, or thereabouts, and by confequel .
equal to ¢ parts of anlInch, and its true SeH}:_’
diameter equal to 75 parts. Now. as the Dgi W
meter of the Sphere ( 182 Inches) is to the’ oF
mi-diameter of this fifth dark Ring (% parts ™
an Inch) fo is this Semi-diameter to the thick

el A X « . which®
nefs of the Alr at this fifth dark Ring;. W there-
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- therefore _32__ o 1% Parts of an Inch; and
| 567931 7 1774784 o
-the fifth ]Part thereof, wiz. the %‘s‘;;?) Part of an

‘Ifmh, is the Thicknefs of the Air at the firft
of thefe dark Rings. ' :

- The fame.Experiment I repeated with another-
double convex Chjet-glafs ground on both fides
9 one and the fame Sphere. Its Focus was di-
ftant from it 168! Inches, and therefore the Dia-
Teter of - that :Sphere was 184 Inches. This
“Glafs being laid upon the fame plain Glafs,
the Diameter of the fifth of the dark Rings,
‘When the black Spot in their Center. appear’d
Plainly without prefling the Glafies, was by the
‘eafyre of the Compafies upon the upper Glafs

%:" Parts of an Inch, and by confequence be-
R0
tween the Glafles it whs %ﬁfﬁ For the upperGlafs

Was 1 of an Inch thick, and my Eye was diftant
from it 8 Inches. And a third proportional to
alf 'this from the Diameter of the Sphere is
fsgs"@; Parts of an Inch. 'This is therefore the

Thicknefs of the Air at this Ring, and a fifth

P art thereof, viz. the gge;?gth Part of -an Inch is

;*;he Thicknefs thereof at the firft of the Rings, as
bove, o - ”

+ T tried the fame Thing, by laying thefe Object-
&lafles upon flat Picces of a broken Looking-
,ig{l.a,fs» andfound the fame Meafures "of the
Mngs s Which makes me rely upon them dll

they
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they can be determin’d more accurately by Glafles
ground to larger Spheres,; though in fuch Glafles
greater care muft be taken of a true Plane.
Thefe Dimenfions were taken, when my Eye
was placed almoft perpendicularly over the Glaf*
fes, being about an Inch, or an Inch and a quat-
ter, diftant from the incident Rays, and eight
Inches diftant from the Glafs; fo that the Ray®
were inclined to the Glafs in an Angle of about
four Degrees. Whence by the following Obfer-
vation you will underftand; that had the Rays
been perpendicular to the Glafles, the Thickne'fs'
of the Air at thefe Rings would have been lefs 1
the Proportion of the Radius to the Secant of fou*
Degrees, that is, of 10000 to 10024. Let the -
Thicknefles found be therefore diminifh’d in th®

N . . ) 1
Proporticn, and they will become v and ;7o)
or (to ufe the neareft round Number) th*

—th Part of an Inch. This is the Thicknefs of

#9000
the Air at the darkeft Part of the firft dark Rin%
made by perpendicular Rays; and half this Thick
nefs multiplied by the Progreffion, 1,3, 5,7, &
11, &¢. gives the Thicknefles of the Air at d}C
moft luminousParts of all the brighteft Rings, v/#*

I 3 3 o . I3 Ca
1780009 1780003 178000) 1780009 &e. their arlthm
. 2 6 L
tical Means oo . =¥~ 2 ' g5 being I

1780003 178000) 178000)

Thickneffes at the darkeft Parts of all the dark
ones.

/s
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O)f. 7. The Rings were leaft, when my Eye
Was placed perpendicularly over theGlafles in the
Xis of the Rings: And when I view'd them
leiquely they became bigger, continually {wel-
Ing as I removed my Eye farther from the Axis.
And partly by meafuring the Diameter of {he
ame Circle at feveral Obliquities of my Eye
Partly by other Means, as alfo by making ufe “of
the two Prifms for very great Obliquities, Ifound
s Diameter, and confequently the Thicknefs of
the Ajr at its Perimeter in all thofe Obliqui’ties to
¢ very nearly in the Proportions exprefs'd in
this Table.

Vng/e of In—’Ang/é of Re- Diameter ‘[bz’ckﬂq/j‘
cidence on) fraftionin-| of the| of fhe
the dir. | tothe dir.| Ring. | Air.

Deg. Min.

. 00 00 00 00 10, 10

o6 26 | 10 00 10+ 10
I2 45 20 ©o 10} 102

, 18 49 30 00 10X 114
24 30 40 00 11y 13
29 37 | 50 00} raic | gt
33 38 6o o0 14 20

35 47 65 oo 15% 23k
37 19 70 006 16% 28%
39 33 | 75 oo | 193 37
39 27 8o oo 227 52%

40 oo 85z oo 29 84.4¢
Qo 1r Qo 00 35" 1221

N 2 In
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~ In the two firft Columns are exprefs’d the Obli~,
quities of the incident and emergent Rays to the
Plate of the Air, that is, their Angles «of Inci-
dence and Refraction. In the third Column i
Diameter of any colour’d Ring at thofe Obliqui~
ties is exptefled in Parts, ofe which ten conftitute.
that Diameter when the Rays are perpendiculat,
And in the fourth Column the Thicknefs Of
the Air at the Circumference of that Ring 15
exprefled in Parts, of which alfo ten conftr
tute its Thicknefs when the Rays are perpen-
dicular. o
And from thefe Meafures I feem to ‘gathe
this Rule: That the Thicknefs of the Aif is pro-,
portional to the Secant of an Angle, whofe Sit
1s a certain mean Proportional between the Sine
of Incidence and Refra&ion. And that me?
Proportional, fo far as by thefe Meafures 1 ca?
determine it, is the firft'of an hundred and %
arithmetical mcan Proportionals berween tho¥e
Sines counted from the Bigger Sine, that
from the Sine of Refra@ion when the R¢”
fra&ion is made out of the Glafs into Afhé‘
Plate of Air, or from the Sine of Incidence whe?
the Refracion is made out of ‘the Plate of. Al
into the Glafs. Ry
- 0)f.8. The dark Spot in the middle Offhg
Rings increafed alfo by the Obliquation of che
Eye, althoughalmoft infenfibly. But, if infted "
of the Object-glafles the Prifms were madfi u
of, its Increafe was more manifeft when V“‘cwf;tr
fo obliquely that no Colours appear’d ’%bont
it. Ir was leaft when the Rays were -mc1dc:1 /
moft obliquely on the intetjacent Air, an¢ oo
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the obliquity decreafed it increafed more and
Iore until the colour'd Rings appear’d, angd
then decreafed again, but not {fo much as it in-
Creafed before. And hence it is evident, that
the T'ranfparency was not only at the abfolute
Conta® of the Glaffes, but alfo where they had
{ome little Interval. I have fomctimes obferved
the Djameter of that Spot to be, berween® half
and two fifth parts of the Diameter of the ex.
terior Circumference of the red in the firfy Cir-
Cuit or Revolution of Colours when view'd al.
Moft perpendicularly; whereas when view’d ob-
lquely it hath wholly vanifl’'d and -become
9pake and white like the other- parts of the
Glafs ; whence it may be colleéted that the
Glaffes did then fcarcely, or not at all, touch
one another, and that their, Interval at the pe-
Tmeter of that Spot when view’d perpendicu-
l»"‘erly was about a fifth or fixth part of their In-
terval at the circumference of the faid red.
Obfers. 9. By looking through the two conti-
8uous Object-glaffes, I found that the interja-
fent Ajr “exhibited Rings of Colours, as well
¥ tranfmitcing Light as by reflecting it. The
entra) Spot was now white, and from it the
Order of “the Colours were yellowith red; black,
‘olet, blue, white, yellow, red; violet, blue,
Steen, yellow, red, &c. But thefe Colours
"He very faint and dilute, unlefs when the
cBht wag trajeéted very obliquely through the
~affes: For by that means they became pretty

bid Only dhe firft yellowith red, like the
-3¢ in the fourth Obfervation, was fo little and

MR as feapcely to be diftcern’d.  Comparing
N 3 the
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the colour’d Rings. made by Reflexion, with
thefe made " by . tranfiniffion’ of the Light; I
found that white was oppofite to black, red to
blue, yellow to violetr, and green toa Compound
of red and violet. That is, thofe parts of the
Glafs were black when looked through, which
when looked upon appeared white, and on the
contrary. And {o thofe which in one cafe exhi-
bited blue, did in the other cafe exhibit red-
And the like of the other Colours. The man-
ner you have reprefented in the third Figure
where AB, CD, are the Surfaces of the Glaffes
contiguous at E, and the black Lines between
them are their Diftances in arithmetical Progref
fion, and the Colours written above are feen by
reflected Light, and thofe below by Light tranf
mitted, . ’ ;
Off. 10. Wetting the. Objet-glaffes a littld
at their edges, the Water crept in flowly be”
tween them, and the Circles thereby becami
defs and the Colours more faint: Infomuch that
as the Water crept along, one half of them 2¢
which it firft arrived would appear broken off
from the other half, and contratted into  leff
Room. - By meafuring them I found the P1‘0;,
portionis of their Diameters to the Diameters ©
the like Circles made by Air to be about feve?
toeight, and copfequently the Intervals of the
Glafies at like Circles, caufed by thofe two Me-
diums Water and Air, are as about three to four y
Perhaps it may be a general Rule, That if an};
other Medium more or lefs denfe than Wati;
be comprefs'd between the Glafies, their Intel”

vals at the Rings caufed thereby will be to thCﬁ;
) , ' Intel‘Va 3
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Intervals caufed by interjacent Air, as the Sines
are which meafure the Refraction made out of
that Medium into Air.

O/ 11. 'When the 'Water was between the
Glaffes, if I prefled the upper Glafs varioufly at
15 edges to make the Rings move nimbly from
ohe place to another, a little white Spot would
mmediately follow the center of them, which,
Upon creeping in of the ambient Water into thag
Place would prefenty ‘vanith.,  Its appearance
Was fuch as interjacent Air would have caufed,
and it exhibited the fame Colours. But it was
Dot Ajr, for where any Bubbles of Air were in
the Water they would not vanith. The Refle-
Xion muft have rather been caufed by a fubtiler
Medium, which could recede through the Glaf-
Tes at the creeping in of the Water.

04f. 12. Thefe Obfervations were made in
e open Air.  But farther to examine the Effects
of colour'd Light falling on the Glafles,-I dar-
ken’q the Room, and view’d them by Reflexion
of the Colours of a Prifm eaft on a Sheet of
White Paper, my Eye being fo placed that I
“uld fee the cofourd Paper by Reflexion in the
afles, a5 in g Looking-glafs. ~ And by this
Meahs the Rings became diftinéter and vifible to
Ar greater number than in the open Air. I

¢ {ometimes feen more than twenty of them,
Whereag in the open Air I could not difcern above

&Nt or nipe, : :
B, 4. 13. Appointing an Affiftant’ to move the
ifm 10 and fro about its Axis, that all the
th.Olours might fucceffively fall on that part of
e P aper which I faw by Reflexion from .thae
N4 part
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part of the Glafles, where the Circles appeal"dx
{o that all the Colours might be fucceflively re~
fle@ed from the Circles to my Eye whilft T held
it immovable, 1 found the Circles which. the
red Light made to be manifeftly bigger than
thofe which were made by the blue and violet:
And it was very pleafant to fee them gradually
fwell or contra& accordingly as the Colour of the
Light was changed. The Interval of the Glaf
fes atany of the Rings when they were made by
the utmoft red Light, was to their Interval at the
fame Ring when made by the .utmoft violets -
greater thaii as 3 to 2, and lefs than as 13 to 8
By the moft of my Gbfervations it was as 14 t0
And this Proportion feem’d very nearly the
fame in all Obliquities of my Eye; unlefs whett
two Prifms were made ufe of inftead of the Ob-
jeC-glaffes. For then at a certain great abliquity
of my Eye, the Rings made by the feveral Cor
lours feem’d equal, and at a greater obliquit¥
thofe made by the violet would be greater that
the fame Rings made by the red: the Refractio®
of the Prifm in this cafe caufing the moft refraf”
gible Rays to fall more obliquely on that plate of
the Air than the leaft refrangible ones. Thud
the Experiment fucceeded in the colour'd Light
which was fufficiently ftrong and copious’ ©
make the Rings f{enfible.  And thence it may bo
gather’d, that if the moft refrangible and leaﬁ?
refrangible Rays had been copious enougt e
malke the Rings fenfible without the mixtur€ ©
other Rays, the Proportion which here was 14 “L’
9 would have been a little greater, fuppofe 147

Qr 143 10 Q. \ ol



. OB 14. Whilft the Prifm was rurn’d about
¢ Axis with an uniform Motion, to make afl
the feveral Colours fall fucceflively upon the
Objei-glafles,” and thereby to make the Rings
contract and dilate s The Contraction or Dilata-
Ei@n of each Ring thus made by the variation of
ts Colour was fwifteft in the red, and floweft
in the violet, and in the intermediate Colours
it had intermediate degrees of Celerity. Coma
Paring the quantity of Contraction and Dilata-
liah made by all the degrees ‘of each Colour, I
found that it was greateft in the red; lefs in
the yellow, ftill lefs in the blue, and leaft in the
Violet. And to make as juft an Eftimation as I
could of the Proportions of their Contractions
or Dilatacions, I obferv’d that the whole Con-
tra&ion or Dilatation of the Diameter of any
Ring made by all the degrees of red, was to
that of the Diaméter of the fame Ring made by
all the degiees of violet, as about four to three,
or five tp 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 outmoft red,
And the leaft Diameter thereof made by the
Surmoft violet: Contrary to what happens in
the Colours of the oblong Spe@rum made by
the Refraction of 4 Prifm, where the red 1s
WMoft contracted, the violet moft expanded,
Md in the midft of all the Colours is the Con-
Me of green and blue. And hence I feem. to
Collect that che thicknefles of the Air between
Ye Glaffes there, where the Ring is fuccefiive-

ly
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1y made by the limits of the five principal Co-

Yours (red, yellow, green, blue, violet ) in or-
der (thatis, by the extreme red, by the limit
of red and yellow in the middle of the orange
by the limit of yellow and green, by the limit
of green and blue, by the limit of blue and
violet in the middle of the indigo, and by the
extreme violer ) are to one another very nearly
as the fixth lengths of -a Chord which found the
Notes in a fixth Major, fof, la, mi, fa, fil, Io:
Byt it agrees fomething better with the, Obferva-
tion to fay, that the thicknefles of the Air be+
tween the Glaffes there, where the Rings are
fucceflively made by the limits of the {feven Co-
lours, red, orange, .yellow, green, blue, indi- -
g0, 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, *
Jol, la, fa, fol, la, mi, fa, fol; that is, as the
Cube Roots of the Squares of the Numbers, Is

8 § 3 2 3 1
PHEHPBH 5 T 3

Of4f. 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 prifmatick Colours immediately
upon the Glaffes, I found that the Light whic?
fell on the dark Spaces which were betwee
the colour’d Rings was tranfmitted chrough the
Glafles without any variation of -Colour. Fof
on a white Paper placed behind, it would pait
Rings of the fame Colour with thofe whic
were reflected, and of the bignefs of their 10~

mediate Spaces. And from thence the orxgg;
. |
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of thefe Rings is manifeft; namely, that the Air
between the Glafles, according to its various
thicknefs, is difpofed in fome places to reflect,
and in others-to tranfinit the Light of any one
~olour (as you may fee reprefented in the
fourth Figure) and in the fame ’placq to refled
that of one Colour where it tranfinits that of
another, ' L
O4/; 16. The Squares of the Diambeters of
thefe Rings made by any prifmatick Colour were
I arithmetical Progreffion, as ‘in the fifth Ob-
fervation, And the Diameter of the fixth Cir-
cle, when made by the citrine yellow, and

Viewed almoft perpendicularly . was about ;%80

parts of an Inch, or a litdle lefs, agrecable to the
fixth Obfervation.
‘The precedent Obfervations were made with
4 rarer thin Medium, terminated, by a denfer,
fuch a5 was Air or Water comprefs’d between
Wo Glafles. In thofe that follow are fet down
the Appearances of a denfer Medium thin'd
Within a rarer, fuch as are Plates of Mufcavy
Glafs, Bubbles of Water, and fome other thin
ubftances terminated on'all fides with Air.
Off. 17. If a Bubble be blown with Water
firft ‘made tenacious by diflolving a litcle Soap
M it, tis 2 common Obfervation, that after a
While j¢ will appear tinged with a great variety of
“Olours, To. defend thefe Bubbles from being
“ltated by the external Aif (whereby their Co-
lours are irregularly moved one among ano-
€, {o that no accurate Obfervation can be
Made of them,) as foon as I had blown a.nir1 of
" . them
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them I cover’d it with a clear Glafs, and by that
means its Colours emerged in a very regular
order, like fo many concentrick Rings encom-
pafling the top of the Bupble. And as the Bub-
ble grew thinner by the continual fubfiding of
the Water, thefe Rings dilated flowly and over-
fpread the whole Bubble, defeending” in order t0
the bottom of 'it, where they vanifh’d fue-
ceflively.  In the mean while, afier all the Co-
lours were emerged at the top, there grew in the
center of the Rings a fmall round black Spof,
like that in the firft Obferyation, which con-
tinually dilated it felf dill it became f{ometimes
more than } or 3 of an Inch in breadch before
the Bubble broke. At firft I thought. there had
been no Light refletted from the Water in that
place, but obferving it more curioufly, I faW
within it feveral fmaller round Spots, which
appeared much blacker ‘and darker than the
reft, whereby I knew that there was {fome Res
flexion at the other places which were not 10
dark as thofe Spots.  And by farther Tryali
found that I could fee the Images of fome
things (as of a Candle or the Sun) very faintl¥
_reflected, not only from the great black Spots
but alfo from the little darker Spots which were
within it. o
Befides the aforefaid colourd Rings ther®
would often appear fmall Spots of Colours, 2~
cending and defcending up'and down thc..ﬁd,esﬁ
of the Bubble, by reafon of fome Inequalities 1
the fubfiding of the Water. And forpetimé?
{mal} black ‘Spots generated at the fides woul 1
3 afcend
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afeend up to the larger black Spor at the top of
the Bubble, and unite with it. * -

Ol 18. Becaufe the Colours of thefe Bubbles
were more extended and lively, than thofe of the
Air thinn’d berween two Glafles, and fo more
€afy o be diftinguifh’d, I thall here give you ‘a
afther defcription of their order, as they were
Obfery’d in viewing them by Reflexion of the
Skies when of a white ‘Colbur,. whilft a black
{ubftance was pldced behind the Bubble. = Aud
héy ‘were thefe, ted, blue; red, blue; red,

“blue; red, green; red, yellow, green, blue,
Purple; red, yellow, green, blue, violet; ted,
Yellow,  white, blue, black. ‘ o
" “The three firft(Succeflions of red and blue
Were very- dilute and dirty, efpecially the firft,
where the red feem’d in a2 manner to be white.
Among thefe there was fearce any other Colout
fenfible befides red and blue, only the blues (and
Principally the fecond blue) inclined a lictle to
green, " ) ‘ o o
- The fourth red was alfo dilute and dirty, but
hot {o much as the former three; #fter that fuc-
Ceeded lifile or no yellow, but a copious
green, which at firft inclined a lictle to yellow,
and then became a pretty brisk and good wils
OW oreen, and aftérwards changed to a bluaifh
“olour; but there fucceeded neither blue not
‘Violeg,
_ The fifth red at firft inclined very much to
Purple, and afrerwards became more bright
and brisk, but yet not very pure.. ‘This was
Jucceeded with a very bright and intenfe yel--
oW, which was but litde 1n quantity, an‘d foori
| chaag’d
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~chang’d’ to green: But that green was. copious
and {fomething more pure, deep and lively, than
the former green. After that follow'd an ex-
cellent blue of a bright Sky-colour, and then 2.
purple, which was lefs in quantity than the blue,
and much inclined to red. ‘

_ The fixth red was'at firft of a very fair and
lively fcarlet, and foon after of a brighter Co-
lour, being very pure and brisk, and the beft
of 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 greenith white than a green.
The blue which fucceeded became very good,
and of a very fair bright Sky-colour, bur yet
fomething inferior to the former blue; and the
violet was intenfe and deep with lictle or 0O
rednefs in it. -And lefs in quantity than the
blue. . ; :
~In the laft red appeared a tinGure of fearlet
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 goo
and lively, but afterwards it grew more diluts .
until by degrees it ended in perfe& whitenefs
And this whitenefs, if the Warer -was .very t€7
nacious and well-temper’d, would flowly {pre?
and dilate it {elf over the greater part of the
Bubble; continually growing paler at the tOP»
where at length it would crack in many place®

and thofe cracks, as they dilated, would appcgz.
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of a pretty good, but yet obfcure and dark
<y-colour; the white between the blue Spots
IMinithing, until it refembled the Threds of
40 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 fe_lf downwards,
until fometimes it hath overfpréad the whole
ubble, Inthe 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-
thiﬂg darker than the reft, there would emerge
One or more very black Spots, and within thofe,
Other Spots of ‘an interifer blacknefs, which I
Mention’d in. the former Obfervation ; and: thefe
Continually dilated themfelves until the Bubble
roke, . * : ,

_ If the Water was not very tenacious, the black
-Spots would break forth in the white, without
Any fenfible intervention of the blue. And fome=
Umes they would break forth within the prece-
ent yellow, or red, or perhaps within the blue
Of the fecond order, before the intermediate Co- '

lours had time to difplay themfelves.

y this defcription you may perceive how great

% affinity thefe Colours have with thofe of Air
cferibed in the fourth Obfervation, although
t down in a contrary order, by reafon that
they begin to appear when the Bubble is thick-
% and are moft convenijently reckon’d from
the loweft and thickeft part of the Bubble up-
Wards, o
04/ 19 ;Vic.:vwing in feveral oblique Pofitions
my EKye the Rings of Colours emerging ?111
the

of
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the top of the Bubble, I found that they wer¢
{enfibly dilated by increafing the obliquity, but:
yet not {o much by far as thofe made by thinn’
Air’in the feventh Obfervation. For there they
were dilated fo much as, when view’d moft ob-
liquely, toarriveata part of the Plate more than
twelve times ‘thicker than that where they ap*
pear’d when viewed perpendicularly ; whereas an
this cafe the thicknefs of the Water, at wht
they arrived when viewed moft obliquely, was t©
that thicknefs which exhibited them by per”
pendicular Rays, fomething lefs than as 8 to 5
By the beft of my Obfervatjons it was berwee?
15 and 15} to 10; an ihcreafe.about 24 timesdeld
than in the other cafe. o
- ‘Sometimes the Bubble would become of 'a?.
uniform thicknefs all over, except at the.top ¢
it near the black Spot, as I knew, becaufe _‘“
would exhibit the fame appearance of Colouf
in all Pofitions of the Eye. And then the €
lours which were feen at its apparent circum®
rence by the obliqueft Rays, would be differest
from thofe that were feen in other places,
Rays lefs oblique to ir. And divers,Spe:f’ca’,:ors
might’ fee the fame parc of ic of dif’fering,‘CQ,'
lours, by viewing it at very differing ~0blmqﬂ1;
ties. Now obferving how much the Colovs® ab
the fame places of the Bubble, or at divers P{a‘
ces of equal thicknefs, were varied by the";
veral Obliquitics of the Rays; by the afifta? ",
of ‘the 4th, 14th, 16th and 18th »Obfervatif’%é
as they are hereafter explain'd, 1 colle® ﬁn)’
thicknefs of the Water requifite to exh{blt_‘%'c ;
one and the fame Colour, at feveral Obllqumto’



10 be very nearly-in'the Proportion exprefled ip.
this Table,
{ {ncidence on |Refraction into: Thicknefs of
the Water. | _the Water.  the Water.
Deg. Min.| Deg. Min, * D
00 00 00 00 10
© 15 00 1T 11 1o
' .30 00 22 I IO;;,
45 00 32 2 .| g1
- 6o oo 40 30 13
75 @0 } 46 25 - 145
9900 48. 35 153 )

o Inithe two firft Columns. are exprefs'd. the
Obliquities of the Rays to.the Superficies of the
‘Water, that is, their Angles of Incidence and
Refraction.  Where I fuppofe, that the Sines
Which meafure them are jp round Numbers, .as
K

3to4, though probably the Diffolution of Soap
A0-the Water, may a little alter its réfractive
Yirtue, In the third Column, the ‘Thicknefs of
the Bubble, at which any one Colour is exhibit-
d in thofe feveral Obliquities, is exprefs'd in
~'Parts, of which ten conftitute its Thicknefs when
the Rays are perpendicular. . And. the Rule
ound by the feventh Obfervation agrees well
With thefe Meafures, ‘if duly afpply’d 5 naﬂl@l«)’:
“Rhat the Thicknefs of a Pla of Water re?uvi{;}tc
10 ¢ everal

.exhibit one and the fame Colour at
0 liquities of the Eye, is proportional to the
rocant of an Angle, whofe Sine is the firft of an
*’hllndrcd and fix arithmetical mean Proportio-

Q " nals

i
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nalsbetween the Sines of Incidence’and Refraction?”
counted from the leffer Sige, that is, from the:
Sine of Refraltion when the Refraction is made
out ¢f Alr into Water, otheszfe fmom the Sme
of Ihcidence. .

1 éJ'I‘:IVE‘**:["omemncs obferv’d vhat the Colouls
which arife on polifl’d Steel by heating it, or;en
Bellfmeral,  and fome other | metalline Spb'
ftanpes, when melted and pour d on the Ground,
Wh e thcy may'cool in the open Air, have; like
the !Colours of Water-bubbleg, béen a titeles
cha ged by viewing them at divers Obliquities,

paruculzulv that a deep’?’blue, or violety

hén.view’d very obhqu‘cly, hath been changed
t0'a decp red. But the Changes of thefe Co-
Toiré’ are not {6 great and fenfible as of thofé,
mhade’by Water!' For the Scoria, or vitrified Part
of the ‘Wetal, “‘which moft Metals when heated of
melted do* coptifbially protrude,” and fend ovf
o :their Surface, 'and which by coveung th"
Metals’in form of a thin- glafly Skin, caufes”
‘thefe Colours, is much denfer than Water ; ; an
T find that, the Chfmge made by the Obliquatio™
‘of 'the Eye is leaf’c in Colours of the denfeﬁ: thm‘
'Subf’cances '

0/}/ 20. As in the ninth Obfervation, fo hercy
‘the*Bubble by tranfmitced Light, appeard of 2
coiftrary Colour to that which it exhibited: g
Reflexion. Thus when the Bubble being 100k’
oit ‘by the Light of the Clouds refle¢ted from
“it;* feemed red at its apparent Circumferenc®
if the Clouds at the fame time, or immediaté! A
“after, were view’d through it, the- Colour at’ At

- i
ercumfez ence would be blue And, on-t
: ’contrarys
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gontrary, when by refleéted Light it appeated
blue, it would appear red by tranfmitted Light.
04, 21. By wetting very thin Plates of Mufs:
¢ovy Glafs, whofe thinnefs made the like Co~’
ours appear, -the Colours became more faint and
lfmguid, efpecially by wetung the Plates on
thar fide oppofite to the Eye: But I could noet
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
late, and not gn that of the ambient Medium,
4And hence, by the 10th and 16th Obfervations,
May be known the thicknefs which Bubbles of"
ater, or Plates of Muftovy Glafs, or-other
Subftances, ‘have at any Colour produced by
them, s R L
© Obf. 22. A thin tranfparent Body, which is.
denfer than its ambient Medium, exhibits more
tisk and vivid Colours than that which is fo
Much rarer; as I have particularly obferved in-
theAir and Glafs. For blowing Glafs very thin
At & Lamp Furnace, thofe Plates encompaffed:
With Ajr ‘did exhibit Colours much more vivid
}han thofe of Air made thin between two Glaf-
€8, - ' . ‘ »
o Oé/' 2. Comparing the - quantity : of nght
Tefledted %’rom th}z fev%ra‘l Ri%gs, nyound that
U was moft copious from the firft “or’ inmoft,"
gnd In the exterior Rings became gradually lefs
" efs. “Alfo the whitenefs of-the firft Ring
4. ftronger than that - refleted from thofe
pﬁrﬁ-of the thin Medium or Plate which were
“lthour the Rings; as I could manifeftly per«
. ¥e by viewing at a diftance the Rings made
(O
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by. the two Objeét-glafles; or by comparing two
Bubbles of Water blown at diftant Times, in the
firft of which the Whitenefs appear’d, which fuc-
ceeded®all the Colours, and in the other, the
Whitenefs which preceded them all. .

Obf. 24. When the two Objet-glafles were
lay’d upon one another, fo as to make the Ring?
of the Colours appear, though with my naked Eye
I could not difcern above eight or nine of thofe
Rings, yet by viewing them through a Prifm I
have feen a far greater Multitude, infomuch that
I could number more than forty, befides many
others, that were fo very {mall and clofe togethefy
that I could not keep my Eye fteady on them fe-
verally fo as to number them, but by the¥
Extent. 1 have fometimes eftimated them to b€,
more than an hundred. And I believe the Exp¢”
riment may be improved to the Difcovery of far
greater Numbers. For they {f€em to be really v2~
limited, though vifible only fo far as they can b¢
feparated by the Refraction of the Prifm, asI fhall
hereafter explain. o L1

But it was but one fide of thefe Rings, namelys
that towards “which the Refraction was mad%
which by that Refraction was render’d diftiné
and the other fide became more confufed th3#
when view’d by the naked Eye, infomuch that
there 1 could not difcern above one or tW%

and fometimes none of thofe Rings, of whic’s
1 could difcern eight or nine with my nag®
Eye. And their Segments or Arcs, which t‘l’]c"
the other fide appear’d fo numerous, for "‘:r‘"
moft part exceeded not the third Part of a Ctiw
cle. If the Refration was very great, '%‘ri fin
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Prifm very diftant from the Object-glaffes, the
middle Part of thofe Arcs became alfo confu-
ed, fo as to difappear and conftitute an even
‘Whitenefs, whilft on either fide their Ends, as
‘alfo the whole Arcs fartheft from the Center,
became diftin@ter than before, appearing in the
Form as you fee them defign'd in the fifth Fi-
- gure, . )
The Arcs, where they feem’d diftincteft, 'W.e:re:’l
only white and black f{ucceffively, without an:
other Colours intermix’d. But in other Places
there appeared Colours, whofe Order was inverted
by the Refracion in fuch manner, that if I firft
held the Prifin very near the Obje&t-glaffes, and
then gradually removed it farther off towards my .
Eye, the Colours of the 2d, 3d, 4th, and fol-
lowing Rings fhrunk towards the white that
emerged between them, until they wholly va-
nifl’d into it at the middle of the Arcs, and
afterwards emerged again in a contrary Order.
ut ar the Ends of the Arcs they retain’d their
rder unchanged. |
I have fometimes {o lay’d one Obje@-glafs
“Upon the other, that to the naked Eye they
ave all over feem’d uniformly white, without
Me leaft Appearance’ of any of the colour'd
Ings ; and yer by viewing them through a
“Ifm, grea:r Multitudes of thofe Rings have
Qfcoverd themfelves. And in like manner
lates of Mufcovy Glafs, and Bubbles of Glafs
?bl(}Wn at- a Lamp-Furnace, which were not fa
Hin a5 1o exhibic any Colours to, the naked Eye,
“ave: through, the Prifm exhibited a-great Va-
-Hety of them ranged irregularly up and down in
- (0 the

-



the Form of Waves. And fo Bubbles of Water,
before they began to exhibit their Colours to the
-naked-Eye of aBy-ftander, have appeared through
a Prifm, girded about with many parallel an
horizontal Rings; to produce which Effec, It
-was: neceflary to hold the Prifm parallel, oF
‘very' nearly parallel to the Horizon, and 0
difpofe it fo that the Rays mighe be nref_ra&f?_d.
Vpwards, | B |

T HE
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THE

SECOND BOOK

OPTICKS,

Remarks upon the foregoing Obfervations.

A VIN G given my Obfervations
of thefe Colours, before I make
ufe of them to unfold the Caufes
of the Colours of natural Bodles

it is convenient that by the ﬁm.,

left of them, fuch asare the 2d, 3d,

‘“h, 9th 12th 18th, 20th, and z4th I ﬁlﬁ: €Xn

04 , ~ plain
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‘plain the' more compounded. And' firft to fhew
EOWAthe'Cblduf‘s} in the fourth and eighteenth
Obfervations are produced, let there be taken in
any RightLine from the Point.Y, [in Fig.6.] the
Lengths YA, YB, YC, YD, YE,YE, YG, YH,
in proportion to one another, as the Cube-Roots
of the Squares of the Numbers, 5, % L b5 p 12
whereby+the Lengths of a Mufical Chord to found
all thg Notes in an eighth are reprefented; that
15, in the Proportion of the Numbers 6300, 6814
7114,.7631, 8255, 8855, 9243, 10000, And
at the Points A, B, €, D, E, F, G, H, let Perpen-
diculars A «, BB, &¢c. be ere&ed, by whofe In-
tervals the Extentt of the feyeral Colours fet under-
neath againft them, is'to be reprefented. Then
divide the Line A« in fuch. Proportion as the
Numbers 1, 2, 3, 5, 6, 7, 9, 10, 11, &c. fer at
the Points of Divifion™ denote. And'throu’%h
thofe Divifions frem Y draw Lines 11, 2K, 3Ls
5 M’ 6 N’J7 O> @Ce
Now, if A2 be fuppofed to. reprefent the
Thicknefs of any thin tran{parent Body, at which
the outmoft Viclet is moft copioufly reflected
in the firft Ring, or Series of Colours, then by
the 13th Obfervatios, HK will reprefent its
Thicknefs, at which the utmoft Red is moft co-
pioufly refletted in the fame Series, Alfo by
the gth and 16¢h Obfervations, A6 and HN
will denote the Thicknefles at which thofe €**
treme Colours are meft copioully reflected 11
the fecond Series, and A 10 and HQ_the Thick~
neffes at which they are moft copioudly reflect-
ed in the third Series, and fo on. And the,
Thicknefs at which any of the intermegdiare €0
N lours
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lours are refleted moft copioutly, will, accor-
d}ng- to the 14th Obfervation, be defined by the
iftance of the Line AH from the intermediate

Parts of the Lines 2 K, 6N, 10Q, &, againft
. Wﬁlich the Names of thofe Colours are written

elow., :

But farther, to define the Latitude of thefs

Colours in each Ring or Series,*let A1 defign

the lcaft thicknefs, and A3 the greateft thick-

Nefs, at which the extreme violet in the firft

Series is reflected, and ler HI, and HL, de-
Aign the like limits for the extreme red, and let

the intermediate Colours be limited by the in-

termediate parts of the Lines 11, and 3L, a-

gainft which the Names of thofe Colours are

written, and fo on: But yet with this caution,
that the Reflexions be fuppofed ftrongeft at the
intermediate Spaces, 2K, 6N, 10Q, &c. and
from thence to decreafe gradually towards thefe
limics, 11, 3L, sM, 70, &c. on either fide;
Where you muft not conceive them to. be: pre-
cifely [imited, but to decay indefinitely. And

Whereas I have affign’d the fame Latitude to e-

very Series, I did 1t, becaufe although the'Co-

Ours in the firft Series feem to be a liccle broad-

®fthan the reft, by reafon of a ftronger Re-

'*xion there, yet that inequality is fo infenfi-

t'le as fcarcely to be determin’d by Obferva-

ion, -

. Now according to this Defcription, concei-
Ving that the Rays originally of feveral Colours
are by turns reflected at the Spaces 11 L'3, §M
7> 9P R 11,6, and tranfmitted at the Spaces
AHI I, 3L Mg, 70Pg, &c. itiscaly to knﬁ:;

ki f. _ W



202 OPTICKS |
‘what Colour muft in the open Air be exhi~’
bit¢d at any thicknefs of a tranfparent thin Bo~
dy. For'if a Ruler be applied parallel to AH,
at that diftance from it by which the thicknefs
of .the Body is reprefented, the alternate Spaces
1I1L3, M Oy, & which ic croflech will de-
note the reflected original Colours, of whic
the Colour eghibited in the open Air js com”
pounded. ‘Thus if the conftirution of the greet
in the third Series of Colours be defired, apply
the Ruler as you fec at w po @, and by its pafiing
through fome of the blue at 7 and yellow at &
as well as through the green at ¢, you may cof”
clude that the green exhibited at that thicknefs of .
the Body is principally conftituted of origin®
green, but not without a mixture of fome blue
and yellow, .
" .By this means, you may know how the C07
lours from the center of the Rings outwar®
ought to fucceed in order as they were defer’?,
bed in the 4th and 18th Obfervations.. For i
you move the Ruler gradually from AH through
all diftances, having pafs'd over the firft Spacc
which denotes little or no Reflexion to be mad®
by thinneft Subftances, it will firft arrive ag 1 the
violet, and then very quickly at the blue a8°
green’, which together wish that violet co®”
ound blue, and then at the yellow and red, bi
whofe farther addition that *blue is converte
into. whitenefs, which whitenefs continues du—*‘
“ring the tranfit of the edge of the Ruler from
I to 3, and after that by the {uccefiive defict”
ence of its component -Colours, - turns firft 't(;-
¢ompound yellow, and then to red, and laft :ll
2 ”
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~all the red ceafeth at L. Then begin the Co-

lours of the fecond Series, which fucceed in
. order during the tranfit of the edge of the
Ruler. from ¢ to O, and are more lively than
‘before, becqufe more expanded and {evered.’
And for the fame reafon, inftead of* the former

white there intercedes berween the blue and

yellow a mixwire of orange, yellow, green,

blue and indigo, all which together ought to
exhibit g dilute and imperfect green. So the
Colours of the third Series all fucceed in or-

der; firft, the violer, which a litde interferes
with the red of the fecond order, and is there-
‘by inclined to a reddifh purple ; then. the blue ’
and green, which are lefs mix'd with other
"Colours,. and confequently more lively than *be-
fore, efpecially the green: Then follows the
“yellow, fome of which towards the green is di-
fting and good, but that part of it towards the

.ﬁlcceeding red, as alfo that red is mix’d with

‘the violet and blue of the fourth Series, where-
PY various degrees of red very much inclining

10 purple are ,compounded. This violet and
‘blue, which fhould fucceed this zed, being mix-
"¢ with, and hidden in it, there fucceeds a
8reen, And this at fft is much inclined to
Blue, but foon becomes a good green, the on-
1Y unmix’d and lively Colour in this fourth Se-

‘Fles, For as it verges towards the yellow, it
‘egins to interfere with the Colours of the fifth
IS Cries, by 'whofe mixture the fucceeding yel-
"OW and red are very much diluted .and matle

«Hlrey, efpécially the yellow, whiclt’ bciqg‘ the
Weaker Colour is fearce: able to fhew gtAi;@lf.
ter
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After this the feveral Series interfere more and
more, and their Colours become more and more
intermix’'d, till after three or four more revo-
lutiops (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. ‘ , N

And fince by the 15th Obfervation the Ray®
endued with one Colour are tranfmitted, wher¢
thofe of another Colour are reflected, the reafo?
of the Colours made by the tranfinitted Light 1#
the gth and 20th Obfervations is from hence
evident. ‘

If not only the Order and Species of thefe
Colours, but alfo the precife thicknefs of the
Plate, or thin Body at which they are exhibiteds
be defired in parts of an Inch, that may be alo
obtained by affiftance of the 6th or 16th Obfer
vations. ° For according to thofe Obfervatio
the thicknefs of the thinned Air, which b¢
tween two Glafles exhibited the moft luminot¥

. . : 1 3
parts of the firft fix Rings were 77855, 178090,

79 __ Inch.
178000, 178000, 178000, 178000 parts of an :

Suppofe the Light reflected moft copioufly 2
thefe thickneffes be the bright citrine yf:ll?w’
or confine of yellow and orange, and thefe thicks
nefles will be Fa, Fu, Fv, F§ Fo, F. A}’;t

this being known, it is cafy to determine W
thicknefs of Air is reprefented by G, or by any
ofher diftance of the Ruler from AH. he
But farther, fince by the roth Obfervation &
Watel

thicknefs of Air was to the thicknefs of W2 B
whic?
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Which between the fame Glafles exhibited the
fan}e Colour, as 4 to 3, and by the 21ft Obfer-
-Vation the Colours of thin Bodies are not varied
by varying the ambient Medium ; the thick-
nefs of a Bubble of Water, -exhibiting any Co-
l(?lll‘, will be § of the thicknefs of Air produ-
Cing the fame Colour. And {o according to
-the fame 10th and 21t Obfervations, the thick-
tefs of a Plate of Glafs, whofe Refra&tion of
the mean refrangible Ray, is meafured by .the
Proportion of the Sines 31 to 20, may be % of
the thicknefs of Air producing the fame Co-
1Ours; and the like of other Mediums. I do
Dot 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 littde
that I do not here confider them. On thefe
Grounds I have  compofed the following Table,
Wherein the thicknefs of Air, Water, and Glafs,-
, 3 which each Colour is moft intenfe and fpeci-
hick, i exprefled in parts of an Inch divided in--
10 ten hundred thoufand equal parts,

The
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The z‘/az’ckﬂéﬁ of colour'd Plates and Particles of |

{Very black
Black
Beginning of
Their Coloursof the i _ Biack

" firg Order, < %\lfl}]x?te

Yelfow
Orange
vRed

Violet
Indigo
Blue

‘Of the fecond Order,Sqr Gen
Yellow
Orange

Bright red
Scarlet

-~ Purple *
Indigo
. ) I
Of the third Order, grl;cen

Yellow
Red
Bluith red

Bluith green

Greer
Of the fourth Order, Yellowifh green

Red

Of the fifth Order, :([;(2 %cniﬂl blue

Of the fixth Order, gégemﬂx blue

Of the feventh Or- § Greenifh blue

Air.
3 52
T ¥ i
i .% ks
2
2 iy | %

' 2 : L
2-5‘« 1;{ 13‘,
5% 3% 33
15 54 Asos
S é 5?{

9 23 57 |

M

115 8% 75, b
123 o% 8yt
13 |10t | 9
I§y | It 97
167 | 124 j10% |
2 -
174’; 13 s 11? ‘
~18—5: 132 254
197 ) 142 ) 123 4
1!
2» 152 [ 1377
227% 1 162 147,
235 {1748 | 1IT7
25;‘ ISTB'; ’6f
27; | =05 177
29 213 IST
32 24 ‘2‘3;,
34 | 255 [ 22,
357 | 265 | 2%
36 27 2535
|26

der, Ruddy white

N
Water. G/ﬂ/

s
L




"BOOK I 209
_ Now if this Table be compared with the 6th
cheme, you'will there fee the conftitution of
E?Ch Colour, as to its Ingredients,  or the ori-
gnal Colours of which it is compounded, and
thence be enabled to judge of its Intenfenefs or
Mperfetion ; which may fuffice \in explication
of the 4th and 18th Obfervations, unlefs it be
arther defired to delineate the manner how
the Colours appear, when the two Object-glaf-
€ are laid upon one another. To do’ which,
et there be defcribed a large Arc of a Circle,
and a fireight Line which may touch 'that Arc,
Md parallel to that Tangent feveral occule
ines, at fuch diftances from it, as the Num-
ers fet againft the feveral Colours in the Ta-
ble denote. For the Arc, and its Tangent, will
Yeprefent the Superficies of "the Glafles termi-
Rating the interjacent Air; and the places where
We occult Lines cut the Arc will thow at what
: ftances from the center, or Point of - conradt,
fach-Colour is refle@ed. - S
. There are alfo other Ufes of this Tablé: For
‘by 1ts affiftance the thicknefs of the Bubble in
e 19t]y Obfervation was determin’d by the Co-
t(})l“rs which it exhibited. And fo the bignefs of
‘o’ parts of natural Bodies may be conje-
fed by their Colouss, as fhall be hereafter
®wn, ."Alfo, if two ‘or more very thin Plates
¢ laid one upon another, fo as to compofe one
inate equalling them all in thicknefs, tht refule-
) &g Colour may be hereby determin’d. For in-
vance, My, Hook obferved, as is mentioned in
A‘; Micrograplia, that a faint yellow Plate of
Yeovy Glafs laid upon a blue one, conftituted
: ' a very
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~ a very deep purple. 'The yellow of the firft Or«
der is a faint one, and the thicknefs-of the Plate
exhibiting it, according to the Tableis 4, to0
which add ¢, the thicknefs exhibiting blue of
the fecond Order, and the Sum will be 133
which is the thicknefs exhibiting the purple’ of
the third Order.

To explain, in the next place, thé circum~
- ftances of the 2d and 3d Obfervations; that i
how theRings of the Colours may (by turning
the Prifms about their common Axis the con”
trary way to that exprefled in thofe Obferva”
tions) be converted into white and black Ring$
and afterwards into Rings of Colours again, th¢
Colours of each Ring lying now in an inverte
order; it muft be remember’d, that thofe Ring®
of Colours-are dilated by the obliquation of the
Rays to the Air* which intercedes the Glafless
and that according to the Table in the 7th Ob-
fervation, their Dilatation or Increafe of thelf
Diameter is moft manifeft and fpeedy whe®
they arc obliqueft. Now ,the Rays of yello"‘%
being more refracted by the firft Superficies 2
~ the faid Air than thofe of red, are chereby
made more oblique to the fecond Superficié™
at which they are refle@ted to produce the €7,
lour’d Rings, and confequently the yellow C¥°
cle in cach Ring will be more dilated than he
red ; and the Excefs of its Dilatation will be i‘:
much the greater, by how much the great®
the obliquity of the Rays, until at laft 1t
come of equal extent with the red of the {aﬁ; 0
Ring. And for the fame reafon the green, b

and violet, will be alfo fo much dilated by &lﬁ
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fill greater obliquity of their Rays, as to be-
come all very nearly of cqual extent with the
red, that js, equally diftant from the center of
the Rings. And then all the Colours of the
fame Ring muft be coincident, and by their
Mixture exhibit a white Ring.” And thefe white

ings muft have black and dark Rings between
them, becaufe they do not fpread amtl interfere
With one another, as before. ~ And for "that rea-
fon alfo' they muft become diftinéter, and vifible
%0 far greater numbers. But yet the violet be-
Ing  obliqueft will be fomething more dilated,
In proportién to its extent, than the other Co-
~Jours, and fo very apt to appear at the exterior
- Verges of the white.
‘Afterwards, by a greater obliquity of the
ays, the violet and blue become more fenfibly
Qlaed than the red and yellow, and fo being
arther removed from the center of the Rings,
+the Colours muft emerge out of the white in an
Order contrary to that which they had before;
€ violet and blue at the exterior Limbs of
eac.h Ring, and the red and yellow at the in-
%rior, And the viole, by reafon of the great-
Rl obliquity of its Rays, being in proportion
thoﬁ of all expanded, will fooneft appear at
¢ exterior Limb of each white Ring, and be-
2me more confpicuous than the reft.  And the
l.G‘Verail Series of Colours belonging to the feve-
ia ngs,' will, by their unfolding and {pread-
4> begin again to interfere, and chereby ren-
' :1‘ the Rings lefs diftinét, and not vifible to fo
®at numbers,

P If
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If inftead of the Prifims the Obje@-glaffes be
made ufe of, the Rings which they exhibit be-
come not white and diftinét by the obliquity of
the Eye, by reafon that the Rays in their paffage
through that Air which intercedes the Glafles
are very nearly parallel to thofe Lines in which
they were firft incident on the Glaffes, and con-
fequently the Rays endued with feveral Colouss
are not inclined one more than another to that
Air, as it happens in.the Prifms. o

There is yet another circumftance of chefe
Experiments-to be confider'd, and that is why
the black and white Rings which when view'd
at a diftance appear diftin&, thould not only be-
come confufed by viewing them near at hands
but alfo yield a violet Colour at both the edges
of every white Ring. And the reafon is, that
the Rays which enter the Eye at feveral parts
of the Pupil, have feveral Obliquities to the Glal-
fes, and thofe which are*moft oblique, if confi.
der’d apart, would reprefent the Rings bigge®
than thofe which are the leaft oblique. Whent®
the breadth of the Perimeter of every whit®
Ring is expanded outwards by the obliqueft
Rays, and inwards by the leaft oblique. An¢,
this Expanfion is'fo much the greater by hoW
much the greater is the difference of the Obl”
quity ; that is, by how much the Pupil is widefy
or the Eye nearer to the Glafles. And th¢”
breadth of the violet muft be moft ’expand"'d’
becaufe the Rays apt to excite a Senfation Q'f
that Colour are moft oblique to a fecoﬂd.oh'
farther Superficies of the thinn’d Air ac whi¢

they are reflected, and have alfo the great
varia~
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Variation of Obliquity, which makes that Cos
our 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-
Minith’d, until the neighbouring Rings become
Continuous, and are biended, the exterior firft,
and then thofe nearer the center; fo that they
€an no longer be diftinguifh’d apart, but feem o
Conftitute an even.and uniform whitenefs.
Among all the Obfervations there is none acs
Companied with fo odd circumftances as the
twenty-fourch. ~ Of thofe the principal are, that
In thin Plates, which to the naked Eye feem of
an even and uniform tranfparent “whitenefs,
Without any terminations of Shadows, the Rex -
fraction of a Prifm fhould make Rings cf. Co-
lours appear, whereas it ufually makes Objects
appear colour'd only there where they are ter-
Minated with Shadows, or have parts uncqual-
Y luminous; and that it fhould make thofe
Rlngs exceedingly diftin@ and white, although
it ufudlly renders Obje&s confufed and colour-~
®d. The Caufe of thefe things you will under-
Rang by confidering, that all the Rings of Co-
Jursare really in the Plate, when view'd with
the naked Eye, although by reafon of the great .
Jreadth of their Circumferences they fo much
MNterfere and are blended together, that they
®m to conftitute an uniform whitenefs. But
When the Rays pafs through the Prifm to the
Y&, the Orbits of the feveral Colours in every
ng are refraéted, fome more than others, ac-
Oording 1o their degrees of Refrangibility : By
Which, means the Colours on one fide of the
P2 Ring
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Ring (that 18 in the circumference on one fide of
its center, ) become more unfolded and dilated,
and thofe on the other fide more complicated and
contralted, And where by a due Refra&ion they
.are {0 much contra@ed, that the feveral Rings
become narrower than to interfere with one ano-
ther, they muft appear diftin@, and alfo white,
if the conftituent Colours be fo much contracted
as to be wholly coincident. But on the other
fide, where the Orbit of every Ring is made
broader by the farther unfolding of its Colours,
it muft interfere more with other Rings than be-
fore, and {o become lefs diftingt. ,

To explain this a little Yarther, fuppofe the
concentrick Circles AV, and BX, [in Fig. 7.}
reprefent the red and violet of any , Order,
which, together with the intermediate Colours
conflitute any one of thefe Rings, Now thefé -
being view'd through a Prifim, the violet Circle
BX, will, by a greater Refracion, be farthe!
tranflated from its place than the red AV, afid
{o approach nearer to it on that fide of the Cir*
cles, towards which the Refracions are made~
For inftance; if the red be tranflated to 2%
the violet may be tranflated to & x, fo as to ap-
proach nearer to it at x than before; and if the
red be farther tranflated to av, the violet M3y
be fo much farther tranflated to bx as to co”
vene with it at x; and if the red be yet farthef
tranflated to 2 Y, the violet may be ftill fo muc .
farther tranflated to @¥ as to pafs beyond It %s
£ and convene with it at ¢ and £, = And ] 1_
‘being underftood not only of the red and V19

let, but of all the other intermediace Coll-:;fz{
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and alfy of every revolution of thofe Colours, -
you wil] eafily perceive how thofe of the fame
revolution or order, by their nearhefs at x v
and T¢, and their coincidence at xv, ¢ and f]
Ought to conftitute pretty diftin Arcs of Cir-
cles, efpecially at x v, or at ¢ and f5 and that
d}ey will appear feverally at x v, and at xv ex-

1bit whitenefs by their coincidence, and again
Appear feveral at T £, but yet in a contrary or-
der to that which they had’ before, and ftill re-
tin beyond ¢ and f. But on the other fide,
at ab, ab, ora B, thefe Colours muft become
Much more ‘confufed by being dilated and fpread.
{0 as to interfere with thofe of other Orders,
And the fame confufion will-happen at T £ be-
tween ¢ and f, if the RefraGtion be very great,
or the Prifm very diftant from the Object-glaf-
fes: In which cafeno parts of the Rings will
e feen, fave only two little Arcs at e and £
Whofe diftance from one another will be aug-
~Mented by removing the Prifm ftill farcher from
the Objc&-glaﬂes:. And thefe little Arcs muft
be diftinceft and ‘whiteft at their middle, and
3 their eénds, where they begin to grow con-
Uled, they muft be colour’d. And the Colours
4t 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,
t}‘l&ir ends, which verge towards ¥ £, will be
"ed apd yellow on that fide next the center,
Ad blye and violet on the other fide. But
their other ends which verge from T £, will on
™ convrary be blue and violet on that fide to-
. P 3 wards
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wards the centér, and on the other fide red and
ellow. '

- Now as all thefe things follow from. the pro-
perties of Light by a mathematical way of rea-
foning, fo the truth of them may be manifefted
by Experiments, For ina dark Room, by view-
ing thefe Rings through a Prifm, by reflexion
of the feveral prifinatick Colours, which an
afliftant caufes to move to and fro upon a Wall
or Paper from whence they are refleéted, Wbilﬁ
the Spectator’s Eye, - the Prifm, and the Object-
glafles, (s in the 13th Obfervation,) are placed
fteady ; the Pofition” of the Circles made fuc~
ceffively by the feveral Colours, will be found

Auch, in refpect of ‘one another, as I have de-
fcribed in the Yigures ¢ bx v, or abxv, OF
e B%£7Y. And by the fame method the truth of
the Explications of other Obfervations may bé
examined. )

By what hath been faid, the like Phenomens
of Water and thin Plates of Glafs may be un-
derftood, But in fmall fragments of thofe Plates.
there is this farther obfervable, that where they
lie flat upon a Tgble, and are turned about thet®
centers whilft they are view’d through a Prifm,
they will in fome poftures exhibit Waves of vd~
rious Colours; and fome of them exhibit thet®
Waves in one or two Pofitions only, but t2¢
molt of them do in all Pofitions exhibit themy
and make them for the moft part appear 27
moft all over the Plates. 'Fhe reafon Is,- th""‘?l
the Superficies of fuch Plates are not even, but
have many Cavities and Swellings, which, how
fhallow foever, do a little vary che-chickncfst}‘l’g

S
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the Plate. For at the feveral fides of thofe Ca-
vities, for the Reafons newly defcribed, there
ought to be produced Waves. in feveral po- .
Rures of the Prifm. Now though it be but
fome very {mall and narrower parts.of the Glafs,
by which thefe Waves for the moft part are cau-
fed, yet they may feem to extend themfelves
over the whele Glafs, becaufe from the narrow.- .
eft of thofe parts there are Colours of feveral
Orders, that is, of feveral Rings, confufedly re-
fleGed, which by Refraion of the Prifm are
unfolded, feparated, and, according to their
degrees of Refra@ion, difperfed to feveral pla-
.Ces, {oas to conftitute fo many feveral Waves,
as there were divers orders of Colours promifcu-
oufly refle¢ted from that part of the Glafs.
Thefe are the principal Ph@nomena of thin
Plates or Bubbles, whofe Explications depend
on the properties of Light, which I have here-
tofore deliver’d. And thefe you fee do necef-
Harily follow from them, and ‘agree with them,
even to their very leaft circumiftances; and not
only o, but do very much tend to their proof.
Thus, by the 24th Obfervation it appears, that
the Rays of feveral Colours, made as well by thin
lates or Bubbles, as by Refractions of a Prifm,
have feveral degrees of Refrangibility; where-
Y thofe of each order, which at the reflexion
from the Plate or Bubble are intermix’d with
thofe of other orders, are feparated from them
Y Refracion, and aflociated together fo as to
become vifible by themfelves like Arcs of Cir-
Cles. For if the Rays were all alike refrangi-
ble, > impoffible that the whitenefs,» which
' - P4 10
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to the naked Senfe appears uniform, fhould by
Refradtion have its parts tranfpofed and ranged
into thofe black and white Arcs. :
It appears alfo that the unequal Refractions
of difform Rays proceed not from any contin-
ent irregularities; fuch as are Veins, an uneven
olith, or. fortuitous Pofition of the Pores, ‘?f
Glafs; unequal and cafual Motions in the AIf
or Ather, the fpreading, breaking, or dividing
the fame Ray into many diverging parts; or the
like.  For, admitting any fuch irregularitics
it would be impofiible for Refrations to render
‘thofe Rings fo very diftin&, and well defined,
as they do in the 24th Obfervation. It is ne~
ceflary therefore that every Ray have its proper
and conftant degree of Refrangibility connat€
with it, according to which its refraction is evet
juttly and regularly perform’d; and that feveral
Rays have feveral of thofe degrees. a
And what is faid of their Refrangibilicy may|
be alfo underftood of their Reflexibility, that i
of their Difpofitions to be refleéted, fome at 2
greater, and others ar a lefs thicknefs of thif}
_l?la';eg or Bubbles; némély, that thofe Difp‘?ﬁ"
tions are alfo connate with the Rays, and im7?
mutable ; as may appear by the 13th, 14th, an¢
15th Obfervations, compared with the fourth anc

cighteenth, -

. By the precedent Obfervations it appears al
fo, that whitenefs is a diffimilar mixcure of 2"
Colours, and that Light is a mixtur¢ of Ray®
gndued with all thofe Calours, : For, confider-
ing the multitude of the Rings of Colours !

the 3d, 12th, and 24th Obfervations, it is,mfilen‘-“’
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feft, that although in the 4th and 18th Obfer-
vations there appear no more than eight or
-hine of thofe Rings, yet there are really a far
greatér number, which. fo much interfere and
Mingle with one another, as” after thofe eight
Or nine revolutions to djlute one another whol-
¥, and conititute 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
ibe a mixture of Rays endued with all thofe Co-
ours.

But farther; by the 24th Obfervation it ap-
pears, that there is a conftant relation between
Colours-and Refrangibility ; the moft refrangi-
ble Rays being violet, the’ leaft .refrangible red,
and thofe of intermediate Colours having pro-
portionably intermediate degrees of Refrangibi-
lity. And by the 13th, 14th, and.1rth Obfer-
vations, compared with the 4th or 18th, there
appears to be the fame -copftant relation be-
tween Colour and Reflexibility ; the violet be~
Ing in like circumftances reflected at leaft thick-
tefles of any thin Plate or Bubble, the red at
, ‘%feateﬁ thicknefles, and the intermediate Co-
_lours at intermediate thicknefles. Whence it
fallows, that the colorifick Difpofitions of Rays
are alfo connate with them, and immutable; and

Y confequence, that'all the Productions and

. Appearances of Colours in the World are de-
Ived, not from any phyfical Change caufed in
“ght by Refrattion or Reflexion, but only
- from the variops Mixtures or Separations of
Rays? by virtue of their different Refrangibility
or
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or Reflexibility. And in this refpe& the Sciencg
of Colours becomes a Speculation as truly ma-
thematical as any other part of Opticks. I mean,
fo far as they depend on the Nature of Lights
and are not produced or alter’d by the Power

%f Imagination, or by ftriking or preffing the
ye ‘

THE



THE

SECOND BOOK

OPTICKS,

Of ‘the permanent Colours of natural Bo-
dies, and the Analogy berween them and
o the Colours of thin tran/parent Plazes.

SRR AM now come to another part of
R this Defign, which is to confider how
| the Phznomena of thin tranfparent
Q&S Plates ftand related to thofe of all o-
ther pacural Bodies. Of thefe Bodies I have al,
Yeady told you that they appear of divers Co-

T lours,
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lours, accordingly as they are difpofed to reflect
moft copioufly the Rays originally endued with
thofe Colours. But their Conftitutions, where-
by they refleét fome Rays more copioufly than
others, remain to be difcover'd; and thefe I fhall
endcavour to manifeft in the following Propo-
fitions,

Pro'r 1.

Thaofe Superficies of tranfparent Bodies reflect the
greateft quantity of Light, which have the great-
et refracting Powery that is, which intercede
Mediums that differ moft in their refractive Den-
Sities.  And in the Confines of equally refracting
Mediums there is no Reflexion.

T HE Analogy between Reflexion and Re-
“fraction will appear by confidering, that
‘when Lighe paffeth obliquely out of one Medi~.
um into another which réfraéts from the per”
pendicular, the greater is the difference of thett
vefrative Denfity, the lefs Obliquity of II}CIT
dence is requifite to caufe a total Reflex10m
For as the Sines are which meafure the Refra~
&ion, fo is the Sine of Incidence at which the
total Reflexion begins, to the Radius of the;
Circle; and confequeritly that Angle of Inch
dence is leaft where there is the greateft dlﬂ:‘:}
rence of the Sines. Thus in the paffing °

Light out of Water into Air, where the Refra-
&ion is meafured by the Ratio of the Sines 3 flo
4, the total Reflexion begins when the Angle

of Incidence is about 48 Degrees 35 M inutﬁ'
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In Pafling out of Glafs into Air, where the Re~
fradtion is meafured by the Ratio of the Sines
2010 31, 'the total Reflexion begins when the |
Angle of Incidence is 40 Degrees 10 Minutes ;
and {o in pafling out of Cryftal, or more ftrong-
Y refracting Mediums into Air, there is ftill a lefs
_Obliquity requifite to caufe a total reflexion,
uperficies therefore - which refrat moft do
Tooneft refle@ all the Light which is incident
on them, and fo muft be allowed moft ftrongly
reflexive. '

Bu't the truth of this Propofition will farther -
Appear by obferving, thatin the Superficies in-
t‘érc?di'ng two tran{parent Mediums, (fuch as are
Air;, Water, Oil, common Glafs, Cryftal, me-
talline Glaffes, Ifland Glaffes, white tranfparent
Arfenick, Diamonds, &¢.) the Reflexion is
ftronger or' weaker accordingly, as the Super-

ficies hath a greater or lefs refrading Power.

“for in the Confine of Air and Sal-gem ’tis
fironger than in the Confine of Air and Water,
~and {}il] fironger in the Confine of Air and com-
Mon Glafs or Cryftal, and fironger in the Con-
fine of Air and"a Diamond. If any of thefe,
and fuch like tran{parent Solids, be immerged
In Warter, its Reflexion becomes much weak-
e than before; and ftill weaker if they be im-
Merged in the more firongly refra@ting Liquors.
of well rectified Oil of Vitriol or Spiric of Tur-
Pentine, If Water be ditinguifh’'d into two
Parts by any imagimary Surface, the Reflexion
0 the Confine of thofe two parts is none at all.
.1 the Confine of Water and Ice “tis very little;

‘W that of Water and Oil "tis fomething greater;
in
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in that of Water and Sal-gem ftill greater; and
in that of Water and Glafs, or Cryftal, or other

denfer Subftances fill greater, accotdingly as
thofe Mediums differ more or lefs in their re-
fracting Powers, Hence in the Confine of com-
mon Glafs and Cryftal, there ought to be 2
weak Reflexion, and a ftronger Reflexion 10
the Confine of common and metalline Glafs;
though I have not yet tried this. But in the
Confine of two Glafles of equal denfity, theré
1s not any. {enfible Reflexion; as was fhewn 1.
the firft Obfervafion. And the fame mdy be
underftood of the Superficies interceding two
Cryftals, or two Liquors, or any other Sub-
flances in which no Refracion is caufed. . 50
then the reafon why uniform pellucid Mediums
" (fuch as Water, Glafs, or Cryftal,) have no fen-
fible Reflexion but in their external Superficies;
where they are’ adjacent to other Mediums o
2 different denfity,. is becaufe all their conti-
guous parts have one and the fame degree ©

‘ denﬁty.

_ Pror IL v
The leaft parts of almoft all. natural Bodies are
mn fome meafure tranfparent : And the Op#
city of thofe Bodies arifeth Srom the multe=
'%de of Reflexions caufed in their internd
' arts.

HA'T thistis {o has been obferved by ©°
thers, and will eafily be granted by thet®
. that have been converfant with Microfcopes

. . ; {ub-
And it may be alfo tried by applying any fance
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ftance 10 2 hole through which fome Light is
Immitted into 2 dark Room. For how opake
foever that Subftance may feem in the open
Alir, ic will by that means appear very manifeft-
'y tranfparent, if it be of a f{ufficient thinnefs,
Only white metaliine Bodies muft be excepted,
Which by reafon of their exceflive denfity feem
0 refle@ almoft all the Light incident on their
firt Superficies; unlefs by folution in Menftru~
Ums they be reduced into very fmall Particles,
and then they become tranfparent.

Provr Il

Between the parts of opake and colour’d Bodies

- are many Spaces, either empty, or replenifl’d
awith Mediums of other Denfities; as Water
between the tinging Corpufcles wherewith a-
ny Liquor is impregnated, Air between the
aqueous Globules that conflitute Clouds or Mifts;
and for the moff part Spaces void of both Air
and Water, but yet perbaps not wholly woid of
all Subftance, between the parts of bard Bo-
dies.

HE truth of this is evinced by the twa
. 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 without
any fuch Interftices between them; becaufe Re-
Hexions are caufed only in Superficies, which
Ntercede Mediums of a differing denfity, by
- T, :
3 But
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But farther, that this difcontinuity of partd
is the principal Caufe of the opacity of Bodies
will appear by confidering, that opake Subftan-
ces become tranfparent by filling their Porés
with any Subftance of equal or almoft equal den-
fity with their parts. “Thus Paper “dipped io
Water or Oil, the Oculus Mundi Stone fteep’d
in Water, Linnen Cloth oiled or varnifh’d, and
many other Subftances foaked in fuch Liquors
as will intimately pervade their littlé Pores, be-
come by that means more tranfparent than other-
wife; fo, on the contrary, the moft tranfparent
Subftanges may, by evacuating their Pores, of
feparating their parts, be render’d fufficiently o-
pake; as Salts or wet Paper, or the Oculus Mur-,
di Stone by being dried, Horn by being fcrapeds
Glafs by being reduced to Powder, or otherwife
flawed;” Turpentine by being ftirred about with
Water till they mix imperfectly, and Water by
being form’d into many fmall Bubbles, ejther 3~
lone in the form of Froth, or by fhaking it 10
gether with Oil of* Turpentine, or Oil Olive, -0f
with fome other convenient Liquor, with whic
1t will not perfe@ly incorporate. And to the 10-
creafe of the opacity of thefe Bodies, it condu=
ces fomething, that by the 2 3d Obfervation the
Reflexions of very thin tranfparent Subftances 2r¢
confiderably ftronger than thofe made by the
fame Subftances of a greater thicknefs.

P ROP
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~Propr IV.

The Pares of Bodies and their Interflices mufl not
bc"lﬁj& than of fome definite bignefs, to render
them opake and colour’d.

OR the opakeft Bodics, if their_ parts be
fubtilly divided, (as Mctals, by being diffo]-
Ved in acid Ménftruums, &¢.) become perfe-
Y tranfparent.  And you may alfo remember,
that in the .eighth Obfervation there was na
fenfible reflexion at the Superficies of the Ob-
Je&-glafles, where they were very near one an-
Other, though they did not abfolutély touch,
And in the 17th Obfervation the Reflexion of
the Water-bubble where it became thinneft was
Amoft infenfible, fo as to caufe -very black Spots
' appear on the top of the Bubble, by the want
Of reflected Light.. -
On thefe grounds I perceive it is that Water,
Salt,. Glafs, Stones, and fuch like Subftances,
-Are, tranfparent.  For, upon divers Confidera-
Hons, they feem to be as full of Pores or Inter-
Ices between their parts as other Bodies are,
Ut yet their Parts and Interftices to be too

' fIhall to caufe Reflexions in their common Sur=
Aces

Q_ Pror
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Propr V.

‘The tran/parent parts of Bodics, according to theit'
- Jeveral fizes, refiect Rays of one Colour, %
tranfmit thofe of another, on the [ame grozt'ﬂaff
. that thin Plates or Bubbles do refleét or tranfmit
thofe Rays. " And this I take to be the ground of
“all their Colours, .

OR if a thinn’d or plated Body, “which
being of an even thicknefs, appcars all o=
ver of one uniform Colour, thould be flit 100
‘Threads, or broken into Fragments, of the {am¢
thicknefs with the Plate; 1 fee no reafon why
“every Thread or Fragment fhould not keep 1%
Colour, and by confequence why a heap of thofe
Theads or Fragments thould not conftitut® &
Mafs or Powder of the fame Colour, which the-
Plate exhibited before it was.broken. And the
parts of all natural Bodies being like fo many
Fragmients of a Plate, muft on the fame groun®®
exhibit the fame Colours, o
Now, that they do fo will appear by the aﬂ?&
nity of their Properties. The finely colod =~
¥eathers of fome Birds, and particularly thol€,
of Peacocks Tails, do, in the very fame part 01.
the Feather, appear of fevera] Colours in fc"era_
Pofitions of the Eye, after the very fame maﬁc
ner that thin Plates were found to do m'ht it
=th and 19th Obfervations, and therefore (ca‘
Colours arife from the thinnefs of the traf fhe
rent parts of the Feathers; thart is, from Jla-
- flendernefs of the very fine Hairs, or Capt che
menta, which grow out of ‘the fides oF

groffef
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groffer lateral Branches or Fibres of thofe Fea-
thers. And 1o the fame . purpofe 'it js, that the
ebs of fome Spiders, by being fpun very fine,
ave appeared colour’d, as fome have obferv’d,
and that.the colour’d Fibres of fome Silks, by
Varying the Pofition of the Eye, do vary their
Colour. Alfo the Colours of Silks,” Cloths,
and other Subftances, which Water or Oil cap
Intimately penetrate, become more faint. and
bfcure by being immerged in thofe Liquors,
and recover. their Vigor again by being dried ;
much after the manner declared of thin Bodies
in the roth and 2 rft Obfefvations. Leaf-Gold,
fome forts of painted Glafs, the Infufion of
Lignum Nepbriticum; and fome other Subftan.
ces, reflet one Colour, and tranfmit another
like thin Bodies in the gth and 2oth Obferva-
tions. And fome of thofe colour'd Powders
Which Painters ufe, may have their Colours a
litle changed, by being very elaborately and
flnely ground. Where I fee not what can be
Jultly pretended for thofe changes, befides the
reaking of their parts into lefs parts by that
Contrition, after the fame manner that the Co-
our of a thin Plate is changed by varying its
thicknefs: For which feafon alfo it is thar. the
Colour’d Flowers of Plants and Vegetables, by
cing bruifed, ufually become more tranfparent
than before, or at leaft in fome degree or o-
ther change their Colours. .. Nor is it much lefs
0 my purpofe, that, by mixing divers Liquors,
Very  odd” and remarkable Productions and
Changes of Colours may be effeGted, of which
90 caufe can be more obvious and rational than

Q2 that
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that the faline Corpufcles of one Liquor do vari-
oufly atupon'or unite with thetinging Corpufcles
of another, {0 as to make them fwell, or fhrink,
(whereby ot only their bulk but their denfity
alfo may be changed,) or to divide them int0
fmaller Corpufcles, (whereby a colour’d Liquor
may become tranfparent,) or to make many ©
them  affociate into one clufter, whereby two0
tran{parent Liquors may compofe a colour’d on¢.
For we fee how apt thofe faline Menftruums are
to penetrate and diffolve Subftances to Wh_lc.
they are applied, and fome of them to precipl
tate what others diffolve. In like manner, if we
confider the various Phxznomena of .the Atmo-
fphere, we may obferve, that when Vapours ar€
firft raifed, they hinder not the tran{parency ©
the Air, being divided into parts too {mall to
caufe any Reflexion in their Superficies. But.
when in order to compofe drops of . Rain they
begin to ccalefes and conflitute Globules of al

intermediate fizes, thofe Globules, when they
become of a convenient fize to refle fome Co-
lours and tranfinic athers, may conftitute Clouc?
of various Colours according to their fizes. An

I fee not what can be rationally conceived in 0
tranfparent a Subftance as Water for the pK‘Odu’
Gion of thefe Colours, befides the various {1268
of its fluid and globular Parcels. ’

PROF
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Propr VL

) The parts of Bodies on which their Colours depend,
are. denfer than the Medium which  pervades
their Iuterftices.

H 1S will appear by confidering, that the
% Colour of ‘a Body depends not only on
the Rays which are incident perpendicularly
on its parts, but on thofe alfo which are inci-
dent at all other Angles. And thar according
to the 7th Obfervation, a very little variation
of obliquity will change the reflected Colour,
Where the thin Body or {mall Particle is rarer
than the ambient Medium, infomuch that fuch
a {mall Particle will at diverfly oblique Inci- -
dences refle@ all forts of Colours, in fo great a
variety that the Colour refulting from them all,
Confufedly refiected from a heap of fuch Pard-
Cles, muft rather be a white or grey. than any
Other Colour, or at beft it muft be but a very
Inperfe@ and dirty Colour.  Whereas if the
thin Body or {mall Particle be much denfer than
the ambient Medium, the Colours, according to
the 1gth Obfervation, are fo little changed by
te variation of obliquity, that the Rays which -
e refleted leaft obliquely may predominate
Over the reft, fo much as to caufe a heap of fuch
loal'ticles to appear very intenfely of their Co- |
“Our, ' :
. It conduces alfo fom'ethihg to the confirma-
Uon of this Propofition, that, according to the
22d Obfervation, the Colours cxhibited by the
“enfer thin Body within the rager, are Inore

Q3 - biisk
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brisk than thofe exhibited by the rarer within the
denfer. '

Pror VIL

The bignefs of the component parts of natural Bo<
© dies may be conjectured by their Colours.

OR fince the parts of thefe Bodies, bY

- Prop. & do moft probably exhibit the
fame Colours with a Plate of equal thicknefs,
provided they have the fame refractive denfity 5
and fince their parts feem for the moft part 0
have much the fame denficy with Water of
Glafs, as by many circumftances is obvious o
colle@ 5 .to determine the fizes of thofe part
you need only have recourfe to the preceden®
Tables, in which the thicknefs of Watef of
Glafs exhibiting any Colour is exprefled. Thus
if it be defired to know the diameter of a Co™
pufcle, which being of equal denfity wich Gl
{hall reflect green of the third Order; the Nu®”

ber 16} fhews it to be 1%L parts of an Inch.
" 10000

The greateft difficulty is here to knoW of
what Order the Colour of any Body is. An
for this end we muft have recourfe to the 4ib
and 18th Obfervations; from whence may be
colle@ed thefe particulars. , 1

Scarlets, and other reds, oranges, and Je
Jows, if they be pure and intenfe, are moft Proﬁ
bably of the fecond order. Thofe of the ﬁrl
and third order alfo may be pretty good; O y

the yellow of the firft order is faint, and the
' orange
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~orange and red of the third Order have a great
Mixture of violet and blue. . .
There may be good Greens of the fourth Order,
but the pureft are of " the third. And of this
Order the green of all Vegetables feems to be,
partly by reafon of the Intenfenefs of their Co-
lours, and partly becaufe when they wither fome
of them turn to a greenith yellow, -and others
to a more perfedt yellow or orange, or perhaps
to red, ‘pafling firtt through all the aforefaid in-
. termédiate Colours. Which Changes feem to
be effcted by the exhaling of the Moifture
which may leave the tinging Corpufcles more
denfe, and fomething augmented by the Accre-
tion of the oily and carthy Part of that Moifture,
Now the green, without doubs, is of the fame.
Order with thofe Colours into which it changeth,
“becaufe the Changes are gradual, and thofe Co-
lours, 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 alcalizate
turns green.  For fince it is of the Nature of
Acids to diflolve or attenuate, and of Alcalies
to precipitate or incraffate, if the Purple Co-
lour of the Syrup was of the fecond Order, an-
acid Liquor by attenuadng its tinging Cor-
pufcles would change it toa red of the firft Or-
der, and an Alcali by incraffacing them would
change it 10 a green of the fecond Order

Q 4 - which
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vihich red and green, efpecially the green, feem
oo imperfet to be the Colours produced by
thefe Changes. But if the faid Purple be {up-
pofed of the third Order, its Change to red of th®
fecond, and green of the third, may withoutany
Inconvenience be allow’d. .

If there be found'any Body of a decper and lefs
reddifh Purple than that of the Violets, its Colour
moft probably is of the fccond Order. But yet
there being noBody commonly known whofe Co-
lour. is conftantly more deep than theirs, I have
made ufe of their Name to denote the deepeft and
leaft reddith Purples, fuch as manifeftly tranfcend
their Colour in purity. - C :

The blue of the firft Order, though very faint
and little, may poflibly be the Colour of fome
Subftances; and particularly the azure Colour
~of the Skies feems to be of this Order. For all

Vapours when they begin to condenfe and coa~
lefce into fmall Parcels, become firft of that Big-
nefs, Whereby fuch an Azure muft be refleéted be-
fore they can conttitute Clouds of other Colours.
And fo this being the firft Colour which Vapours
begin to refle@, it ought to be the Colour of the
fineft and moft tranfparent Skies, in which Va-
pours are not arrived to that Grofinefs requifite t0
reflect other Colours, as we find it is by Expe-
Tience. ) '

Whitenefs, if moft intenfe and luminous, 15
that of the firft Order, if lefs firong and lumi-
nous, a Mixture of the Colours of feveral Or-
ders.  Of this laft kind is the Whitenefs of
Froth, Paper, Linnen, and moft white Sub-

flances; of the former I reckon that of white
: Metals
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Metals to be.  For whilft the denfeft of Metals,
Gold, if foliated, is tranfparent, and all Metals
ecome tranfparent. if ditfolved in Menftruums
Or witrified, the Opacity of white Metals ari-
feth not from their Denfity alone. They be-~
Ing lefs denfe than Gold would: be more tran{-
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@ tlie white of
the firft order. For, if they be of other Thick-
Nefles they may reflect other Colours, as is ma-
Nifeft by the Colours which appear upon hot
S}Cel in tempering it, and fometimes upon the
Surface of melted Metals in the Skin or Scoria
Which arifes upon them in their cooling. And
25 the white of the firft order is the {ftrongeft
-Which can be made by Plates of tranfparent
ubftances, fo it ought to be fironger m the
eifer Subftances of Metals than in the rarer
of Air, Water, and Glafs. Nor do I fee buc
that meratlick Subftances of fuch a Thicknefs as
May fit them ro reflet the white of the firft or-
°, may, by reafon of their great Denfity (ac-
“ording “to the Tenor of the firfk of thefe Pro-
Ofitions) reflect all the Light incident upon
em,“and fo be as‘opake and {plendent as it’s
Poflible for any Body to be. Gold, or Copper
Mix’g. with lefs than half their Weight of Silver,

in, or Regulus of Antimony, in fufion, or

.mz}lg'amed with a very little Mercury, become

Ute; which {hews both that the Particles of

Ute Metals have much more Superficics, and

are fmaller, than thofe of Gold and Cop};el;i
dn
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and alfo that they are fo opake as ‘not to fuﬁ‘éf[

the Particles of Gold or Copper to fhine through
them. Now it is fearce to be doubted, ,b“z.
‘that the Colours of Gold and Copper are 2
the fecond or third order, and ‘therefore th¢
Particles of white Metals cannot be much big”
ger than is requifite to make them refle@ the
white of the firft order. The Volatility of M¢*
cury argues that they are not much biggeh
nor may they be much lefs, left they lofe theyf
Opacity, and become either tranfparent as thef
do when attenuated by Vitrification, or by Solu~
tion in Menftruums, or black as they do whe?
ground {maller, by rubbing Silver, or Tin, 0;
Lead, upon, other Subftances to draw blac
Lines. The firft and only Colour which whi'®
Metals take by grinding their Particles {mallets.
isblack, and therefore their white ought 0
that which borders upnn the black Spot in tho
Center of the Rings of Colours, that is, g'
white of the firft order. But, .if you woul
hence gather the Bignefs of metallick Particle®
you muft allow for théir Denfity. For ‘Wcrt
Mercury tranfparent, its Denfity is fuch tha,
the Sine of Incidence upon it (by my CompY
tarion) would be to the Sine of its Refraa}on: '
as 711020, or7to2. And therefore the T_hl_chc
nefs of “its Particles, that they may exhibit *
fame Colours with thofe of Bubbles. of he
ought to be lefs than the Thicknefs of ft 4
Skin of thofe Bubbles in the Proportion © 1es
to 7. Whence it’s pofiible, that the Paigsc 0
of Mercury may be as litcle as the Partic o
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,rome_tranfparent'and volatile Fluids, and yet

teflet the white of the firft order. '
Laftly, for the produétion: of dlack; the Cor-
Puicles muft be lefs than any of thofe which ex-
hibic Coelours. For at all greater fizes there is
t00 much Light refle¢ted to conftitute this Co-
lour, But if they be fuppofed a little lefs thay
Is requifitc to reflet the white and very faine
lue of the firft order, they will, according to
the 4th, 8th, 17thand 18th Obfervations, refle&
fo very little Light as to appear intenfly black,
and yet may perhaps varioufly refra@ it to and
fro .within themfelves fo long, uniil it happen
to be ftifled and loft, by which means they will -
appear black in all pofitions of the Eye without
any tran{parency. And from hence may be under-
. ftood why Fire, and the more fubtile diffolver Py.
trefaction, by dividing the Particles of Subftan-
ces, turn them to black, why fmall quantities
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 number, eafily o-
verfpreading the grofs Particles of others; why
Glafs ground very elaborately with Sand on 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
Effeqt may proceed partly from the multitude
~of Refracions in a litile room, and partly from
the eafy Commotion of fo very fmall Cor-
Pufcles; ) and why blacks are ufually a litle in-
o clined
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clined to a bluith Colour. For that. they are fo
may be feen by/illuminating white Paper by’
Light refle@ted from black Subftances. For the
Paper will ufually appear of a bluith white; and
the reafon is, that black borders on the .obfcure
blue of the order defcribed in the 18th Obferva-
tion, and therefore refleéts more Rays of that €0~
lour than of any other. S
In thefe Defcriptions 1 have been the more
particular, becaufe it is not impofiible but that
. Mifcrofcopes may at length be improved to the
difcovery of the Particles of Bodies on which -
their Colours depend, if they are not already in
.fome meafure arrived to that degree of per-
‘fe@tion. For if thofe Inftruments are or can be
fo far improved as with fufficient diftin@nefs
10 reprefent Objes five ‘or fix hundred times.
bigger than at a Foot diftance they appear 0
our naked Eyes, I fhould hope that we might
be able to difcover fome of the greateft of thofe:
‘Corpufcles. And by one that would magnify
three or four thoufand times perhaps they might
all be difcoverd, but thofe which produce
blacknefs. In the mean while I fee nothing ma~
terial in this Difcourfe that may rationally be
doubted of, excepting this Pofition: That tran-
{parent Corpufcles of the fame thicknefs and
denfity with a Plate, do exhibit the fame Co-
lour. ~ And this I would have underftood .0t
without fome Latitude, as well becaufe thofe
Corpufcles may be of irregular Figures, an
many Rays muft be obliquely incident on thend
and fo have a fhorter way through them tha?

the length of their Diameters, as becaufe the
' ftraitnels
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'fh:aitnefs of the Medium put in on all' fides
within fuch Corpufcles may a little alter its Mo~
tions or othér qualities on which. the Reflexion
depends, -But yet I cannot much fufpe& the
laft | pecaufe I have obferved of fome {mall.

lates of Mufcovy Glafs which were of an even
vthicknefs, that through a Mi_crofcope 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-
fation, if thofe Corpufcles 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 impoffible to
fee the more fecret and noble Works of Nature
within the Corpufcles'by reafon of their tranfpa-
Tency. "

Propr. VIII |

The Caufe of Reflexion is not the impinging of
Light on the folid or impervious parts of Bodses,
flS is comman/_y bé’/lé’.’l)b’[l’.

T H1IS will appear by the following Confi-
. . derations. - Firft, That in the paffage of.
nght out of Glafs into Air there is a Reflexion
% frong as in its paflage out of Air into Glafs,
oF rather a little ftronger,” and by many degrees
ﬁrohger than in its paflage out of Glafs into Wa-
®f. And it feems not probable that Air fhould
Baye more ftrongly refleting parts than Water .
& Glafs. Butif that fhould poflibly be fuppo-
% yet it will avail nothing; for the Reflexion
’ : 18
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is as {trong or ftronger when the Air is drawn
away from the Glafs, (fuppofe by the Air-Pump
invented by Otte Gueriét, and improved and inade
ufeful by Mr. Boyle) as when it is adjacent to it-
Secondly, If Lighe in ‘its- paffage out of Glhfs
+into Air be incident more obliquely than at an
Angle of 40 or 41 Degrees it is wholly rc‘ﬁc&?;d:
3f lefs obliquely it is in great meafure tranfimit-
ted. ' Now it is not to be imagined that Light at
one degree of obliquity thould meet with Pores
enough in the Air to tranfmit the greater part 0
it, and at another degree of obliquity fhould
meet with nothing but parts to reflect it wholly,
efpecially confidering that in its paffage out ©
Air into Glafs, how oblique {oever be its Incl
dence, it finds Pores enough in the Glafs to tran
mit a great part,of it. - If any Man fuppofe that -
1t is not reflected by the Air, but by the outmo
{uperficial *parts.of the Glafs, there is frill the
fame difficulty: Befides, that fuch a Suppoﬁtion
is unintelligible, and will alfo appear to be fali¢
by applying Water behind fome par of the Gl&f8
inftead of Air. For {o in a convenient obliquity
of the Rays, fuppofe of 45 or 46 Degrees, 3
which they arc all reflected where the Air is adja"
.cent to the Glafs, they fhall be in grear meaft™®
tranfmitted where the Water ig adjacent 0 165
which argues, that their Reflexion or Tranfmifli?
on depends on the conftitution of the Air 28¢
- Water behind the Glafs, and not on the ftriking
of the Rays upan the parts of the Glafs. Third-
1y, If the Colours made by a Prifm placed 25
the entrance of a Beam of Light into a darke?

Room be fucceflively caft .on a fecond Prifim
‘ place
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Placed at 5 greater diftance from the former,
In fuch manner that,they are all alike:incidenr.,
Upon it, the fecond Prifm may.be fo inclined to-
.the incident Rays, that thole which are of a
lue Colour fhali be all refleGted by it, and yet
ofg of a red Colour pretty copioudly tran{mit-
ed. Now if the Reflexion be caufed by the
Parts of Air or Glafs, I would ask, why at the
fame Obliquity of Incidence the blue fhould
Wholly impinge on thofe parts, fo asto be all
Teflected, and yet the red find Pores enough
1o be in a great meafure tranfinitted. Fourth-
!Y, Where two Glafles-touch one another, there
3 no fenfible Reflexion, as was declared in the
firfy 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
3% when contiguous to Air... Fifthly, When
the top of 2 Water-Bubble (in the 17th Obfey-
Vation, ) by the continual fubfiding and exha-
Ing of the Water grew very thin, there was
Uch a lirtde and almoft infenfible quantity of
Laght refle@ed from it, that it appeared ine
tnfly black; whereas round about that black
Spot, where the Water was thicker, the Refle-
lon was fo ftrong 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 .
Manifet Reflexion, but at many other thick-
Refles continually greater and greater. For in
the | zth Obfervation the Rays of the fame Co-
,20ur. were by turns tranfmitted at one thicknefs,
nd refle@éd at another thicknefs, for an in-
Sterminate number of Succeffions, And yet
I hh
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in the Superficies of the thinned Body, where
it is of any one thicknefs, there are as many
parts for the' Rays to impinge on, as where 1t
isof any other thicknefs. Sixthly, If Reflexio
were Caufed by the parts of reflecting Bodies,
- it would be impofiible for thin Plates or Bu -
bles, at one and the fame place, to reflect the
. Rays of .one Colour, and tranfmit thofe of ano~
ther, as they do according to the 13th and 15¢

Obfervations. For it is not to be imagined
that at one place the Rays which, for inftancé
exhibit 2 blue Colour, fhould have the fortun®
to dafh upon the parts, and thofe which exhl-
bit 2 red to hit upon the Pores of the Bodys
and then at another place, where the Body *
either a little thicker, or a litde thinner, that
on the contrary the blue fhould hit upon 105
pores, and the red upon its parts. Laftly, Wef®
the Rays of Light refleéted by inipinging. "
the folid parts of Bodies, their Reflexions fro®
,pol;ﬂl’d B(?dies could not be.fo regular as they
are. For in polifhing Glafs with Sand, Putty; o
Tripoly, it is not to be imagined that thofe
Subftances can, by grating and fretting the Glafs
bring all its leatt Particles to an accurate PoliP?
fo that all their Surfaces fhall be truly plﬁi” or,
truly {pherical, and look all the fame -way, :°
as togethier to compofe one even Surface. The
fmaller the -Particles of thofe Subftances 3"
the fmaller' will be the Scratches by which ;hey
continually fret and wear away the Glafs Ut

it be polifh’d; bur be they never fo fiviall’ they .
can wear away ‘the Glafs no otherwife that )

he

grating and ferarching it, and breaking w0
3 Protu-
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-Protiberandes; and therefore. - polith it no o-
therwife than by bringing its roughnefs to a ve-
Iy fine Grain, fo that the Scratches and Fret-
tngs of the Surface become too {mall to be
¥ifible, And therefore if Light. were, reflected
by impinging upon the folid parts of the Glafs,
It would be fcatter'd as much by the moft po-
lil'd Glafs as by the rougheft. So then it re.
Majns a Problem, how Glafs polillyd by fretting
Suhftances can refle@ Light fo regularly as ic
does. And this Problem is fcarce otherwife to
be folved, than by faying, that the Reflexion .of
3 Ray is etfected, not by a fingle point .of the
teflecting Body, but by fome power of the Bo-
dy which is evenly diffufed all over its Surface,
‘and by which it a&ts upon the Ray without im-
,mediate Contaét. For that the parts of Bodies-
do a& upon Light at a diftance fhall be thewn
‘hereafter. I ' _
<. Now if Light be refleCted, not by impinging
~on the folid parts of Bodies, but by fome other
Principle; it’s probable that as many of its Rays
%s impinge on the folid parts of Bodies are not
gefleCted bur ftifled and loft in the Bodies. - For
“Otherwife we muft allow two forts of Refle-
Xions, Should all the Rays be refleGted which
Ampinge on the -internal parts of clear Water or
Cryftal, thofe Subftances would rather have a
?Cloudy Colour than a clear Tran{parency.. To
Iake Bodies look black, it’s neceflary that ma-
Ry Rays be ftopp'd, retained, and loft in them;
‘nd it feems not probable that any Rays can be
fopp'd and fifled in them which do not im-
‘Plnge on their parts. =
"R And
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And hence we may underftand that Bodies
are much more rare and porous than is com~
monly believed. "Water is nineteen times light-
er, and by confequence nineteen times rarer
than Gold; and Gold is fo rare as very readily
~and without the leaft oppofition to tranfmit the
magnetick Effluvia, and eafily to admit Quick-
filver into its Pores, and to let Water pafs
through it. ~ For a concave Sphere of Gold fil-
led with Water, and folder’d up, has, upon pref-
fing the Sphere with great force, ler the Water
{queeze through it, and ftand all over its out-.
fide in multitudes of {mall Drops, like Dew,
without burftinig or cracking the Body of the
Gold, as I have been inform’d by an {ny:—vvit~
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 thac fhall find
out an Hypothefis, by which Water may be 10
rare, and yet not be capable of compreffion by
force, may doubtlefs by thé fame Hypothefis
make Gold, and Water, and all other Bodies, 5
much rarer as he pleafes; fo that Eight may:
find a ready paflage through -tranfparent Sub- -
{tances. : o
The Magnet acts upon Iron through all denfe "
Bodies not magnetick nor red hot, without 4
ny diminution of its Virtue; as for inftancé
-throigh Gold, Silver, Lead, Glafs, Wate"
The gravitating Power of the Sun is tranfmit-
ted through the vaft Bodies of the Planers with~
out any diminucion, fo as to att upon all thelf

parts to their very centers with the fame F Ol'cs
' ’ an
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‘and according to the fame Laws, as if the part
Upon which it ad&s were not furrounded with
the Bvody of the Planet. The Rays of Light;
Whether they be very f{mall Bodies projected,
O only Motion or Force propagated, are mo-
ved in right Lines; and whenever a_Ray of
<ight is by any Obftacle turned out of its re@;-
near way, it will never rerurn into the fame
TeCtilinear way, unlefs perhaps by very great ac-
Cident, And’ yet Light is tran{micted through
Pellucid folid Bodies in right Lines to very great
diftances. How Bodies. can have a fufficient
Quantity of Pores for producing thefe Effects is
Very difficult to conceive, but perhaps not al-
together impoffible. For the Colours of Bodies .
-rife from the Maghnitudes of the Particles which .
tefle@ them, as-was explained above. Now if
We conceive thefe Particles of Bodies to be {o
difpofed amongft themfelves, that the Intervals
Or empty Spaces between them may be equal in
Magnjryde to them all; and that thefe Parti-
tles may be compofed of other Particles much
Maller, which have as much empty Space be-
Ween them as equals all the Magnitudes of
Yefe fmaller Particles: And that in like man-
Ner thefe fmaller Particles ar¢ again compofed
O others much fmaller, all which together are
®Qual to all the Pores or empty Spaces between
;;Ihem; and fo on perpetually tll you come to
,folid-Particles, fuch as have no Pores or cmpty
Paces within them: And if in any grofs Body
‘,there Be, for inftance, three fuch degrees of
‘ articles; the leaft of which are folid; this Bo-
Y will have feven times more Pores than folid
4 ' R2 Parts.



244 OPTIC KS r'

Parts. But if there be four fuch .degrées of
Particles, the leaft of which are folid, the Bo-
dy will have fiftcen times more Pores than 'fol.ld
Parts. * If there be five degrees, the Body will
have one and thirty times more Pores’ than folid
‘Parts.  If fix degrees, the Body will have fixty
and three timés more Pores.than folid Parts, AD
{o on perpecually. And there are ather ways ©
conceiving how Bodies may he exceeding porous:
But what is really thetr inward Frame is not yet
known to us: ’ ‘

_ Pror IX.

Bodies refleét and refract Light by one and tht
Same power, varioully exercifed in various G-
cumftances.

TH IS appears by feveral Confideratiof®®:
Firft,* Becaufe when Light goes out of
Glafs into Air, as obliquely as it can poﬁibl‘y
do. If its Incidence be made fill more obligu
it becomes totally refle@ted. For the power ©
the Glafs after it has refracted the Light as ob-
liquely as is poffible, if the Incidence be &t il .
made more oblique, becomes too ftrong 0 Jet «
any of its Rays go through, and by conlequen<?

caufes toral Reflexions. = Secondly, Becay y

Light is alternately reflected and’ tranfmit®e®
by thin Plates of Glafs for many Succ?ﬂions.’**
accordingly as che chicknefs of the Plate mcreif«;

fes in an “arithmegical Progreffion.- Far, hﬁlf

the thicknefs of the Glafs determines’ Whﬁi lc .

that Power by which Glafs ats upon Lig)
thall caufe it to be reflected, or fuffer lt't

.
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tranfmitted. And, Thirdly, becaufe thofe Sur-
Aces of tranfparent Bodies which have the great-
ceft reffacting power, reflect the greateft quan-
. Uty of Light, as was thewn.in the firft Propofi-
Uon,

Propr X.
IF Light be. fwifter in Bodies than. in Vacuo, in
- the proportion of the Sines which meafure the
Refraétion of the Bodies, the Forces of the
Bodies to reflect and refract Light, are. Very
nearly proportional to the denfities of the fame
Bodies; excepting that unctuous and fulphureous
Bodies refract more than others of this fame den-

Jey |
LT AB reprefent the refracting plane Sur-

face of any Body, and IC a Ray incident .
Yery obliquely upon the Body in C, fo that the

I
A

Angle ACI may be infinitely little, and let CR
¢ the refrated Ray. From a given Point B
Perpendicular to the refracting Surface ere&t BR
‘Deeting with the refracting Ray CR in R, and
Fer reprefent the Motion of the refracted
R"‘}G and this Motion be diftinguifl'd into two
IVfOtions CB and BR, whereof CB is paral-
: - Rg3 B,
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1l to the refracting Plane, and BR perpendi-
~cular to it: CB fhall reprefent the Motion ©
" the incident Ray, and B R the Motion generd
ted by the Refraction, as Opticians have of Jate
explain’d, ~ - ‘ : '

Now if any Body or Thing, in moving through
any Space of a given breadch terminated o7
both fides by two parallel Planes, be urged for-
ward in all parts of that Space by Forces tend
ing directly forwardstowards the laft. Plane, and
before its Incidence on the firft Plane, had no
Motion towards it, or bur an infinitely licele
one; and if the Forces in all parts of that Spact
between the Planes, be at equal diftances fro
the Plangs equal to one another, but at f{ever?
diftances be bigger or lefs in any given Propo™”
tion, the Motion generated by the Forces ¥
the whole paffage of the Body or thing throug
that Space fhall'be in a fubduplicate Proportio”
of the Forces, as Mathematicians will " cafily’
u_nderf’c,and. And therefore, if the Space of adt
“vity of the refralting Superficies of the Body
be confidei’d as fuch a Space, the Motion ©
the Ray generated by the refracting Force Of
the Body, duting its paflage through that Space
that is, the Motion BR, muft be in fubdupl”
cate Proportion of that refracting Force-
therefore, that the Square of the Line BR, an¢
by confequence the refracing Force of the Bo-
dy, is very ncarly as the denfity of ‘the f’flmc Bo-
dy, For this will appear by the following ’].f‘a};'
ble, whercin the Proportion of the Sines whi¢!
meafure the Refractions of feveral Bodies, the

Square of BR, fuppoling CB an}!niféz the I?fg; ,_
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ities of the Bodies cﬁimatéd by their Specifick

Favities, and their Refra&tive Power in refpe

of theit Denfities are fet down in feveral Co-
Umns,

P ——

The Proportion | The Square |Tbeden-]The ye-
' of the Sines| of B R, [ fityand| fragip,
of Incidence| to which | pecifick| Powey
The refraéting Bo-| and Refra- | the refra-| gravi- | of the

dies. &ion of yel-| &ingforcel ty of | Bodyin
© Jow Light. of the Bo| 1he Bo-| refpest
dyis pre-| dy. . | of its
. - \ portionate derfity.

AP1eudo-Top.xZiL}s,
being a° natural,
© pellucid, brittle, 23 to 14]1'699 £27 | 3979
hairy Stone, of a \ : ‘

yellow Colour,

ir. 3201 to 3200|0'000625 lo’corz | 5208

Glafs of Antimony.{ 17 to 9 k2568 5’28 | 4864
A Selenitis, 6r to  41]r213, 2’252 | 5386
Glafs vulgar. 31 to 20ir’4024 2'58 | 5436
Cryftal of'the Rock] 25 to  16[1°445 2'65 | 5450
Mand Cryftal. sto  311'778 27z | 6536 |
Sal Gemmz. 17 $0 11{1°388 2’143 § G477
Alume, 35 to  24(1'1267 1'714 | 6570
orax, 2z to 15)1'151¢ 1’714 | 6716
Nxter, 32 to | 21 ;’34,5 1’9 7079
Dantzick Viniol. | 303 to 20017295 1’715 | 7551
il of Vitriol. . 10to 71’041 V7 ] 6iz4
2in Water. 529 to 3961077845 | ¥’ 7845
Gl}n_n Arabick. 31 to z21l1'179 1’375 | 8574
' ‘pll:{t}j%irme well 100 to  73]0'8765 0’866 CIED
amphire. ] 300 2|rzs 0’996, 12551
1 Olive, | o2z to agliisna o913 [12607
Infeed Qil. 40 to  27{1'1948 0'93z {12819
Plritof T'urpentine.| 25 to 171’1626 0’874 [13222
Amber, * - 14 to 91’4z 1’04 13654
QDiamond. . | jooto  4ilgosg | 3% ligsss

" The Refracion of the Air in this Table is de-
®rmin’d by that of the Atmofphere obferved

R 4 by
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‘by Aftronomers. For, if Light pafs thtough many
refracting Subftances or Mediums gradually denfer
and denfer, and terminated with parallél Surfaces,
the Sum of all the Refrations will be equal t0
the fingle Refraction which it would have fuffer'd
in pafling immediately out of the firft Medium
-into the laft. And this holds true, though the
Number of the refracting Subftances be increafed
10 Infinity, and the Diftances from one another
as much.decreafed, fo that the Light may be
refracted in every Point of its Paflage, -and by
continual Refraétions bent into a Curve-Line:
And therefore the whole Refradtion of Light
in pafling through the Atmofphere from the
higheftand rareft Part thereof down to the loweft
and denfeft Part, muft be equal to the Re-
fraction which it would fuffer in pafling’ at
like Obliquity out of a Vacuum immediately
into Air of equal Denfity with that in the lowelt
Part of the Atmofphere, - '

- Now, although a. Pfeudo-Topaz, a Selenitis
Rock Cryftal, Ifland Cryftal,” Vulgar -GlafS
(that is, 8Sand melted together) and Glafs %
Antimany, which are terreftrial ftony alcalizat®
Concretes, and Air which probably arifes from
fuch Subflances by Fermentation, be Subftances
very differing from one another in Denfity, Yt
by this Table, they have their refragtive Powers.
almott in the fame Proportion to one anothe”
as their Denfities are, excepting that the Re‘lf
fradtion of that ftrange Subftance, Ifland Cryftal
is a lictle bigger than the reft. And part
cularly Air, which is 3500 Times rarel’ Fflag’
the Pleudo-Topaz, and 4400 Times rarer tla{«
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Glafs'of Antimony, and 2000 Times rarer than
the Selenitis, Glafs vulgar, or Cryftal of the
Rock, has notwithftanding its rarity the fame re-
fraGive Power in re{pect of its Denfity which
thofe very denfe Subftances havc. in refpect of
theirs, excepting fo far as thofe differ from one
.Another. S .

- Again, the Refraction ofCamphire, Oil Olive,
Linfced Qil, Spirit of Turpentine and Amber,
which are fat {fulphureous unéuous Bodies, and
a Diamond, which probably is an un¢tuous Sub-
ftance coagulated, ‘have their refrattive Powers in
Proportion to one another as their Denfities with-
out any confiderable Variation. But the re-
fracive Powers of thefe. unétuous Subftances are
two or three Times greater in refpe@ of their
Denfities than the refractive Powers of the former
Subftances in refpect of theirs,

Water has a refraGtive Power in a middle de-

gree berween thofe two forts of - Subftances,
and probably is of a middle nature. For out
of it grow all vegetable and animal Subftances,
which confift as well of fulphureous fat and in-

amable Parts, as of earthy lean and alcalizate
Oneg, ~ '
Salts and Vitriols have refra&ive Powers in a
Middle degree between thofe of earthy Subftances
and Water, and accordingly are compofed of
thofe two forts of Subftances. For by diftillation -
And re@ification of their Spirits a great Part of
them goes into Water, and a great Part remains
behind in the form of & dry fix’d Earth capable
&f Vitrification. ‘

Spirit
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. Spirit of Wine has a.refractive Power’ in 2
middle degree between thofe of Water and oily
Subftances, and accordingly feems to be compo-
fed of both, united by Fermentation;* the Water,
by means of fome faline Spirits with which _’US
%mpregnated, diffolving the -Oil, and volatizin§
it by the Action. For Spirit of Wine is inflama- |
ble by means of its oily Parts, and being diftilled
often from Salt of Tartar, grow by every diftil-
lation more and more aquepus and phlegma-
tick. And Chymifts obferve, that Vegetables.
(as Lavender, Rue, Marjoram, &¢.) diftilled per
/¢ before fermentation® yield Oils without any
burning Spirits, but after fermenrtation yield ar-
dent Spirits without Oils: Which fhews, that
their Oil is by fermentation converted into Spi-
rit. They find alfo, that if Oils be poured in 3
{mall quantity upon fermentating ~Vegetables,
they diftil over afrer fermentation in the form
of Spirits, ‘

So then, by the foregoing Table, all Bodies .
feem to have their refra@ive Powers propof-
tional to their Denfitics, (or very nearly;) €¥-
cepting fo far as they partake more or lefs Qf
fulphureous oily Parricles, and thereby have thelr
refractive Power made greater or lefs, ‘Whence
it feems rational to attribute the refracive Power
of all Bodies chiefly, if not wholly; to the ful-
phureous Parts with which they abound. For
1t’s probable that all Bodies abound more or Jefs
with Sulphurs.  And as Light congregated by #
Burning-glafs a&s moft upon fulphureous Bo~
dies, to turn them into Fire and Flame; fo,

fince all Aétion is mutual, Sulphurs oughtto?
mo
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m'oPc upon Light, For that the action between
nght and’ Bodies is mutual, may appear from
this Confideratien; That the denfeft Bodies
which refra@ and refleét Light moft ftrongly,
grow hotteft in the Surhmer Sun, by the aétion
of the refracted or reflected Light.

I have hitherto explain’d the power of Bo-
“dies to refleét and refra@, and thew’d, that thin
tran{parent Plates, Fibres, and Particles, do, ac-
cording to their feveral thickneflfes and derifi-
ties, refle@ 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
Particles, do, according to their feveral thick-
nefles and denfities, reflect feveral forts of Rays,
I have not yet explain’d. To give fome infight
nto this matter, and make way for underftand-
Ing the next part of this Book, I fhall conclude
.this part witha few more Propofitions. Thofe
which preceded refpect the nature of Bodies,
thefe the nature of Light: For both muft be
underftood, before the reafon of “their Actions
Upon one another can be known. And becaufe
the laft pofition depended upon the velocity
of Light, I will begin witha Propofition of that

nd,

Pror.
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" Pror XL )
Light is propagated from lininous Bodies. 1"
time, and [pends _{z(bouf Seven or eight Mi-

nutes of an Hour in paffing from the Sun to the
Earth, '

‘ THIS was obferved firt by Roemer, an%.
then by others, by means of the Eclipfes©
the Satellites of Yupiter. For thefe Eclipfes,
when the Earth is between thé Sun and Fuprer
happen about feven or eight Minutes foonef
than they ought 1o do by the Tables, and whe?
the Earth is beyond the Sun they happen about
feven or eight Minutes later than they ought ©
“do; the reafon being, that the Light of the
Satellites has farther to go in the latter cal°
than in the former by the Diameter @
‘the Earth’s Orbit. Some inequalities of tlf,}’?
may arife from the Excentricities of the Orbs 0*
the Satellites ; but thofe cannot anfwer in all th¢
Satellites, and at all times to the Pofition an:
Diftance of the Earth from the Sun. The me#!
motions of Fupiter's Satellites is alfo fwifter n
his defcent from his Aphelium to his Periheliuf®
~than in his afcent in the other half of his OfP
But this inequality has no refpet to the pofito?
of the Earth, and in the three interior Satelhtees
is infenfible, as I find by computation from .
‘Theory of their Gravity.

PROP";
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- Prop XIL
Every Ray of Light in ifs paflage through any
refrabting Surface 15 put 1nto a certain tranfient
Conflitution or State, which in the progrefs
of ‘the Ray returns at equal Intervals, " gud
difpofes ~the Ray at every return fo be eafily
tranfimitted through the next refracting Syp.
face, and between the returns to be eafily reflefted
by it
T HIS is manifeft by the gth, oth, "12th,
and 15t Obfervations.  For by thofe Ob- -
fervations” ir appears, that one and the fame
fort of Rays at equal Angles of Incidence on a-
by thin tranfparent Plate, is alternately reflected
and tranfmitted for many Succeflions according-
ly as the thicknefs of the Plate increafes in
Arithmetical Progreffion of the Numbers, .o,
5,2, 3, 4 §5 0, 7, 8, &e. fo thag if the firft
Reflexion ( that which.makes the firft or inner-
moft of the Rings of Colours there deferibed )
‘he. made at the thicknefs 1, the Rays thall be
tranfmiceed at the thicknefles o, 2, 4, 6, 8, 1o,
12, &g and thereby make the central Spot and
Rings of Light, which appear by tranfiniffion, -
~and be refleéted at the thicknefs 1, 3, 5, 7, 9,
a1, S, and thereby make the Rings which
Appear® by Reflexion, And this -alternate Re-
flexion.and Tranfmiflion, as I gather by the 24th
‘Obfervation, continues for above an hundred
fViCiﬁitgdes, and by the Obfervations in the next
Pare of this Book, for many thoufands, being
‘Propagated from one Surface of a Glafs Plate lto,
' the
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the other, though the thicknefs of the?h\re be
a quarter of an Inch or above: So that this al-
ternatdion feems to be propagated from every
refraéing Surface to all diftances without end of
limitation. "

. This alternate Reflexion and Refraétion de-
pends on both the Surfaces of every thin Platé
becaufe it depends on their diftance. By the
21ft Obfervation, if either Surface of a thin
Plate of Mufiovy Glafs be wetted, the Colovrs
caufed by the alternate Reflexion and Refraction
grolx;v faint, and therefore it depends on them

oth. : s T
It is therefore perform’d at the fecand Surface; -
for if it were perform’d at the firft, before the
Rays arrive at the fecond, it would not depen
on the fecond. o

It is alfo influenced by fome aion or difpo-
fition, propagated from the firft to the fﬁCOnd’
_becaufe otherwife at the fecond it would not
depend on the firft. And this a&ion 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 a0
- ther to be tranfmitted by it, and that by equd
Intervals for innumerable vicifficudes. And be-
caufe the Ray is difpofed to Reflexion at th¢"
diftances 1, 3, , 7, 9, &e. and to Trantmiflio?
at. the diftances o, 2, 4, 6, 8, 10, &c. (for 1
tranfmiffion through the firft Surface, is at the
diftance o, and it is tranfmitted through Dot
‘together, if their diftance be infinitely little 9

much lefs than 1) the difpofition to be t‘fafe'
v mit
I L
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‘Mitted at (e diftances.2, 4, 6, 8, 10, &. istobe
ccounted 3 return of - the fame difpofition which
the Ray fitft had at che diftance o, " thar s at its
Yan{miffion through the firft refracting Surface.
which is the thing I would prove.
hat kind of a&ion or difpofition this is;
thther it confifts in a circulating or a vibra.
Ung ‘motion of the Ray, or of the Medium, o
Omething elfe, I do not here enquire. Thofe
tat are averfe from affenting to any new Dif-
Coveries, but fuch as they can explain by an Hy-
Pothefis, may for the prefent fuppole, that as
Stones by falling upon Water put the Water in-
© an undulating Motion, and all Bodies by
Percuffion excite vibrations in the Air; fo the
Rays of Light, by impinging on any refracting
or reflecting Surface,, excite vibrations in the
Tefracting or refle®ing Medium or Subftance,
d by exciting them agitate the folid parts of
the refrating or refleGing Body, and by agita-
Hng them caufe the Body to grow warm ‘or
hOt; that the vibrations thus excited are pro-
Pagated in the refra@ing or refleGting Medium
°F Subftance, much after the manner that vibra-
°s are propagated in the Air for caufing
“%und, and move fafter than the Rays fo asto
vertae them; and that. when any Ray is in
thay part of the vibration which confpires with
. otion, it cafily breaks through a refraéting
Srface, bur when it is in the contrary, part of
.'the vibration which impedes its Motion, it is
eaﬁly refleted ; and, by confequence, that e-
Yery Ray is fucceffively difpofed to be eafily re-
Seted, or'eafily tranfinitted, by every vibration
' which
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_which overtakes it. But whether this Hypothe-
‘fis be true ot falfe I do not here confider. T con~

tent my felf- with the bare Difcovery, that the

Rays of Light are by fome caufe or other aleer-

nately difpofed to be réfle@ed or refracted for
~many vicifficudes. o

DEFINITION.

The returns of the difpofition of any Ray 10 M
reflected I will call 7¢s Fits of ealy Reflex1ofly
and thofe of its difpofition to be tranfmitted 1!

- Fits of ealy Tran{miffion, and the [pact #

paffes between every return_and the next e
turn, the Interval of its Fits, .

o Propr. XIIL
The reafin why the Surfaces of all thick j;".ﬂf_i/_;
 parent Bodies. reflect part of the Light /per
dent on them, and refraét the reff, s, ;\a{;
Jome Rays at their Incidence are in Fits o edlf
Rcﬂc’X?Oﬂ, and others in Fits ?f a‘z/:y b ra;‘z//f‘
miffion. -

T HIS may be gather’d from the 24th '_Ob'
fervation, where the Light reflected ();

thin Plates of Air and Glafs, which to the nake 4
Eye appear’d evenly white all over che Plate, 14‘.
through a Prifm appear waved with many e
ceffions of Light and Darknefs made by {ﬁgﬁfl )

nate Fits of cafy Reflexion and eafy Trap™=
on, the Prifm fevering and diftingui(h0g. _
Waves of which the white reflected Light ¥ ‘

compofed, as was expla}in’d aboye. and
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~And bence Light is in Fits of eafy Reflexion
andveafy Tranfmiffion, “before its Incidence on
tranfparent Bodies. And probably it is put in-
o fuch Fits at its firft emiffion from luminous

ddies, and continues in them during all its pro-
gr.efs-- For thefe Fits are of a lafting nature, as
will appear by the next part of this Book,

In this Propofition 1 fuppofe the tranfparent
Bodies to be thick; becaufe if the thicknefs of
the Body be much lefs than the Interval of the .
Fits of eafy Reflexion and Tranfmiffion of the
Rays, the Body lofeth its reflecting power. For
If the Rays, which at their entering into the

ody are put into Fits of eafy Tranfmiffion; ar--
five at the fartheft, Surface of the Body before
they be out of thofe Fits, they inuft be tran{mit-
ted. And this is the reafon why Bubbles of
ater lofe their refleting power when they
80w very thin; and why all opake Bodies, when
.{Educed into very {mall parts, become tran{pa~
Cae,

Pror XIV.

Tb?/é" Surfaces of tranfparent Bodies, awhich if the -
Ray be'in a Fit of Refrallion do refract it moft
Sirongly, if the Ray be in a Fit of Reflexion do
reflect it moft eafily. ‘ ‘

OR we thewed above, in Prop. 8. that the

L caufe of Reflexion is not the unpinging of'
blght on the folid impervious parts of Bodies,
Ut fome other power by which thofe folid
slal‘ts a& on Light at a diftance. We thewed
fo in Prop. 9. that Bodies reflect and refrat

‘ S ' Light
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Light by one and the fame power, vatioufly éxfu
ercifed in various circumiftances; and in Prop. I+
that the moft ftrongly refradting Surfaces refle®
the moft Light: All which compared togethef

evince and ratify both this and the laft Propo-
fition. * '

Pror XV, '
In any one and the fame fort of Rays, emerging i”
any Angle out of any refraéting Surface into one.
and the fame Medium, the Interval of the fql’
Jowing Fits of eafy Reflexion and Tranfmiff’
are either accurately or very nearly, as the R{ﬁ‘
angle of the Secant of the Angle of Refrafiit
agnd of the Secant of another Angle, whofe Sin
is the firft of 106 arithmetical mean’ Propot®"
onals, between the Sines of Incidence and Refro
&ion, counted from the Sine of Refraction.

T H IS is manifeft by the 4th and 19th Obifer
~vations.

pro¥
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Pror XVIL
Jeveral Sorts of Rays emerging in equal Angles
out of any refracting Surface into the fame Me-
dium, the Im‘erfvalsq_gf the following Firs foﬂjj’
Reflexion and-eafy Tranfmiffion_are either” accu~
rately, or very mearly, as the Cube-Roots of the

'Squares of the lengths of a Chord, which found
‘the Notes in an Eight, fol, la, fa, fol, la, mij,

fa, fol, with all their imtermediate degrees an-
kwering to the Colours of thefe Rays, according to
the Analogy deferibed in the [eventh Experiment
of the fecond Part of the firjt Book.

H 1S is manifeft by the 13th and 14th Ob-

; fervations.

Provr. XVIL

-{f Rays of any fort pafs perpendicularly into frves

ral Mediums, the Intervals of the Fits af‘ eafy

Reflexcion and Tranfimiffiorn in any one Medium,

are to thofe I ntervals in any other, as the Sine of
Incidence to the Sine of Refraltion, when the
Rays pafs out of the firft of thofe two Mediums
into the fecond. '

[P HIS is manifeft by the xoth Obferva

tion..

S 2 Prowp -
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Pror. XVIL
If the Rays which paint the Colour tn the Confir.

of yellow and orange pafs perpendicularly out '.qf :
“any Medium into Air, ‘zéegnferwls of their Fits

| "of eafy Reflexion are the @-:;gstb part of an Inch.

And of the fame length are the Intervals of theif,
- Fits of eafy Tranfmiffion. '

T IS is manifeft by the 6th Obfervation.
From thefe Propofitions it is. eafy to co™
le& the Intervals of the Fits of eafy, Reflexion
and eafy Tranfmiffion of any fort'of Rays refra
&ed in any Angle into any Medium; and thenc®
to know, whether the Rays fhall be refleted %
tranfmitted at their fubfequent Incidence upo?
any other pellucid Medium. Which thing, b¢
ing ufeful for underftanding the hext part of th
Book, was here to be fer down. And for th¢
fame reafori I add the two following Propoﬁ‘
tions, '

Pxol’é
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- Pror XIX. »
[f any fort of Rays falling on the polite Surface

- of any pellucid Medium be refleéted back, the Fits
of eafy Reflexion, which they have at the point of
Reflexcion, fhall flill continue to return; and the
Returns fball be at difiances Jrom the poins of
Reflexion in the arithmetical progreffion of the
Numbers 2, 4, 6, 8, 10, 12, &c. and between
thefe Fits the Rays fhall be in Fits of eafy Tran/-
mze/f1072, ’

Fﬂ OR fince the Fits of eafy Reflexion and
ealy Tranfmiffion are of a returning na-
ture, there is no reafon why thefe Fits, which
“continued till the Ray arrived ac the refletting
Medium, and there inclined the Ray to Refle.
Xion, fhould there ceafe. And if the Ray at the
Point of Reflexion was in a Fic of eafy Reflexion,
the progreflion of the diftances of thefe Fits
fom that point muft begin from' o, and fo be of
the Numbers 0, 2;, 4, 6, 8, &r.  And therefore
e progreffion of the diftances of the interme-
llate Fits of ealy Tranfmiffion, reckon’d from
te fame point, muft be in .the progreffion of
the o0dd Numbers 1, 3, 5> 7> 9, &c. contrary
% what happens when the Fits are propagated.
¥om points of Refraction.

53 ‘Pror.
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: Pror. XX
The Intervals of the Fits of eafy Reflexion and
eafy Tranfiniffon, propagated from points of
Reflexion info any Medium, are equal to the
Tutcroals of the like Fits, which the Jame Rays
ould bave, if refratted into the fame Mediutm
" in Angles of Refraction equal to their Angles of
Reflexion, : : ,

O R when Light is refleted by the fecond

Surface of thin Plates, it goes out aftet-
wards freely at the firft Surface to make the
Rings of Colours which appear by Reflexions
and, by the freedom of its egrefs, makes the
Colours of thefe Rings more vivid and ftron2
than thofe which appear on the other fide O%
the Plates by the tranfmitted Light, The &
fle€led Rays are therefore in Fits of eafy Trani”
mifficn at their egrefs; which would not alway®
happen, if the Intervals of the Fits within th¢
Plate after Reflexion were not equal, both #
length and number, to their Intervals before 3
And this confirms alfo the proportions fet do®"
in the former Propofiion. For if the Ry’
both in going in and out at the firft Surface b°
in Fits of eafy Tranfmiffion, and the Interva®
and Numbers of -thofe Fits between the
and fecond Surface, before and after Reflexiof
be equal, the diftances' of the Fits of ety
Tranimiffion from either Surface, muit be 1’?
the fame progreffion after Reflexion as pefor€ 3
that is, from the firft Surface which granfmit”

i e {Tie Num-
ted them, in the progreflion of the even bers
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bers o, o, 4, 6, 8, Es’c.ﬁ and from the fccond
Which refleéted them, in that of the odd Num-
bers y, 5, 5, 7, 0 But thefe two Propoﬁ-
‘tons W1ll become much mare evident by the

{Ob ftf{ivaums in the following parc of this
00 : IR :

S 4 THIL



THE

SECOND BOOK

OPTICKS.

Obfervations concerning the Reflexions ﬂﬂ“l,
- Colours of thick tranfparent polz'/b,“’
Plates.

e Z) HER E is no Glafs or Speculum ho¥
imy==rgN well foever polifhed, but, befides the
e ]@3 | Light which it refracts or refleéts 1€
N "')"?é gularly, fcattersevery way irregularty
b 2 faint Light, by means of which th¢
polifh’d Surface, when illuminated ip a dark 1'091?;
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bY a beam of the Sun’s Light, may be eafily feen
In all pofitions.of the Eye. There are certain

Lhenomena of this fcatter’d Light, which when
1 firt obferved them, feem’d very ftrange and

: {Urprizing tome. My Obfervations were as fol-
ows,

Obf: 1. The Sun {hining into my darken'd
Chamber through a hole one third of an Inch
wide, I let the intromitted beam of Light falj
perpendicularly upon a Glafs Speculum ground
concave on one fide and convex on the other,
to a Sphere of five Feet and eleven Inches Ra-
dius, and Quick-filver'd over oy the.convex
fide. And holding a white opake Chart, or a
Quire of Paper at the center of the Spheres to
which the Speculum was ground, that i3, at the
diftance of about five Feet and eleven Inches
from the Speculum, in‘fuch manner, that the
beam of Light might pafs through a 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-
boizvs, encompafling the hole much after the
‘manner that thofe, which in the fourth and fol-
“lowing Obfervations of the firft part'of this third
Book appear’d between the Object-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 fcarce vifible. .Yet fome-
times, twhen the Sun fhone very clear, there
-appear’d faint Lineaments of a fixth and fe-
venth, If the diftance of the Chart from the
: . Specu~
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Speculum was much greater or much lefs than
that of fix Feer, the Rings became dilute and
vanih'd. And if the diftance of the Speculum
from the Window was much greater than that
of fix Fect, the reflected beam of Light would #
be o broad at the diftance of fix Feet from the
Speculum where the Rings appear’d, as to ob-
fcure one or two of the innermoft Rings. An
therefore I ufually placed the Speculum at 2
bout fix Feet from the Window; fo that 1ts
Focus might there fall in with the center of 1tS
concavity at the Rings upon the Chart. And
this Pofture is always to be underftood in' the
following Obfervations where no other is ex-
prefs’d.

04/. 2. The Colours of thefe Rain-bows fuc-
ceeded one another from the center ourwards
in the fame form gand order with thofe which
were made in the ninth Obfervation of the firft
Part of this Book by Light not refleGed, but
tranfmicted through the two Obje@-glafles.  For
firft, there was in their common center a -whit®
round Spot of faint Light, fomething broade
‘than the refle¢ted beam of Light, which bea™
fometimes fell upon the middle of the Spot, and
fometimes by a little inclination of the Spect”
lum receded from the middle, and left the Spot
white to the center, '
~ This white Spot was immediately encompaF”
fed with a dark grey or ruffer, and that dark gr¢y
with the Colours of the firft Iris; which Colouf®
on the infide next the dark grey were a Ltt
violet and indigo, and next to that a blue, Whic¢

on the outfide grew pale, and then fucccedfi‘tidz
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licde greenith yellow, and after that a brighter
yellow, and then on the outward edge of the
Liis a red which on the ottfide inclined to pur-
pie.

This Iris was immediately encompafled with a
fecond, whofe Colours were in order from the in-
fide ourwards, purple, blue, green, yellow, lighe
red, a red mix'd with purple. ,

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

The fourth and fifth Iris feem’d of a bluith
green within, and red without, but fo faindy
that it was difficule to difcern the Colours.
0. 3. Meafuring the Diameters of thefe
Rings upon the Chare as accurately as I could,
1 found them alfo in the fame proporticn to
one another with the Rings.made by Light granf-
mitced through the two Objedt-glafics. For
the Diameters of the four firft of the bright
Rings meafured betwcen the brigheeft pares of
their Orbits, at the diftance of fix Feet from the
Speculum were 14, 2%, 25 3% Inches, whofe
Squares are’ in arithmetical progreflion of the
numbers 1, 2, 3, 4. 1f the white circular Spot
in the middie be reckon’d amongft che Rings,
and irs central Lighe, where it {eems to be moft
luminous, be put equipollent to an infinitely
litle Ring ; theSquaresof the Diameters of the
Rings will be in the progreflion o, 1, 2, 3, 4,
&ec. 1 meafured alfo the Diameters of the dark
Circles between thefe luminous ones, and found
their Squares in the progreflion of the num-

‘ ) . bers.
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bers &, 14 2%, 3%, & the Diameters of the
"firft four at the diftance of fix Feet from' the
Speculum, being 13, 24, 27, 37 Inches, If
the diftance of the Chart from the Speculum
was increafed or diminifhed, the Diameters o
the Circles were increafed or diminithed pro-
portionally.

Ob/. 4. By the analogy between thefe Rings
~and thofe defcribed in the Obfervations of the
firft Part of this Book, I fufpefed that: there
-were many more of them which {pread N0
one another, angéby interfering mijx’d. their €o-
lours, and dilutdd one another fo that they could
not be feen apart. I viewed them therefore
through a Prifm, as I did thofe in the 24th Ob-
fervation of the firft Part of this Book, And
when the Prifm was fo placed as by refracting
the Light of -their mix’d .Colours to feparat®
them, and diftinguifh the Rings from one ano-
ther, as it did thofe in that Obfervation, I could
then fee them diftin@er than before, and eafily
number eight or nine of them, and fometimes.
twelve or thirteen. And had not their Light
been fo very faint, I queftion not but that I might
have feen many more. ,

O/f. 5. Placing a Prifm at the Window to re-
fragt the intromitted beam of Light, and caft
the oblong Spectrum of Colours on the Specu-
lum:"1 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 ghe Spe~
culum, whillt the reft were intercepted
the Paper. And now I found Rings of that Co-
lour only which fell upon the Specnlum. dff‘
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‘th.e Speculum was illuminated with red, the
. _Dgs were totally red with dark Intervals, if
Wwith blye they were totally blite, and fo of the
Other Colours. - And when they were illumi-
Nated with any one Colour, the Squares of their -
lameters meafured between their moft lymi-
hous Parts, were in the arithmetical Progreffion
of the Numbers, o, 1, 2, 3, 4, and the Squares
of the Diameters of their datk Intervals in the
rogreffion of the intermediate Numbers z, 14,
24, 33 But if the Colour was varied, they va-
ried their Magnitude. In the red they were lar-
geft, in the indigo and violet leaft, and in the
intermediate Colours yellow, green, and blue,
they were of feveral intermediate Bignefles an-
{wering to the Colour, that is, greater in yel-
low than in green, and greater in green than in
blue,” And hence I knew, that when the Spe-
culum was illuminated with white Light, the
red and yellow on the outfide of the Rings were
Produced by the leaft refrangible Rays, and the
lue and violet by the moft refrangible, and that
the Colours of each Ring fpread into the Co-
ours of the neighbouring Rings on either fide,
after the manner explain’d in the firft and fe-
Cond Part of this Book, and by mixing diluted
One gdnother fo that they could not be diftin-
Ruifh’d, unlefs near the Center where they were .
eaft mix’d. For in this Obfervation I could
¢e the Rings more diftinétly, and to a greater
umber than before, being able in the yellow
ight to number cight or nine of them, be-
fides a faint thadow of a tenth. To fatisfy my
¢lf how guch the Colours of the feveral Rings
' {pread
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fpread into one another, 1 meafured the Dia~
meters of the {econd and third Rings, and foun
them when made by the Confine of the red and
orange 1 be to the fame Diameters when made
by - the Confine of blue and indigo, as 9 to 8
or thereabouts, For it was hard to determin®
this Proportion accurately. Alfo the Circles
made fucceflively by the red, yellow, and greet
differ’d more front one another than thofe mad® .
fucceflively by the green, blué, and indigo- Fos.
the Circle made by the violet was too dark ©
be feen. To carry on the Computation, let US-
therefore fuppofe” that the Differences of the’
Diameters of the Circles made by the outmolt
red, the Confine of red and orange, the Confin®
of orange and yellow, the Confine of yello? .
and green, the Confine of green and blue, the
Confine of blue and indigo, the Confine of i
digo and violet, and outmoft violet, are in pr
portien as the Differences of the Lengths of ?
‘Monochord which found the Tones in an Eight.
Jol, la, fa, fol, la, mi, fa, fol, that is, as_.tlgc;y
Numbers %, 5, v, & =% =& 7r. Andif ’fh?‘
Diameter of the Circle made by the Confine ¢
red and orange be g A, and that of the Circle
made by,the Confine of blue and indigo be 87
as above ; their difference gA — 8 A will ,be
to the difference of the Diameters of the €1
cles made by the outmoft red, and by the CO%
fine of red and orange, as +% 4+ & 475 77 107
that is as L to}, or 8 to 3, and to the d‘ﬁcﬂ
rence of the Circles made by the outmoft Vo™
let, and by the Confine of blue and indig® as

77+ 4T 5 o35 4, that iS, as =7 10 0:./
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Of'as 16 to s, And therefore thefe differences
will be } A and £ A. Add the firft to g Aand
fubduét ‘the Iaft from 8 A, and you will have the
lameters of the Circles made by the leaft and

Moft. refrangible Rays 7;.5- A and 6—;% A. Thefe di~ .

AMmeters are therefore to one another as 5z ¢

Ijor o to 41, and their Squares as 2500 to
Y681, that is, as 3 to 2 very nearly. Which
Proportjon differs not much from the proportion
Of the Diameters of the Circles made by the
outmoft red and outmott violet, in the 13th Ob-
fervation of the firft part of this Book.

04/ 6. Placing my Eye where thefe Rings
appear’d plainett, I faw the Speculum tinged all
over with- Waves of Colours, (red, -yellow, &reen,

“blue;) like thofe which in the Obfervations of
the firft part of this Book appeared between
the Object-glafles, and upon Bubbles of Water,

ut much larger.  And after the manner of thofe,
ey were of various magnitudes in various Po-

'ﬁtiOns of the Eye, fwelling and thrinking as I
Moved m Eye this way and that way. They
Were formed like Arcs of concentrick Circles, as
thofe were; and when my Eye was over againft

- the center of the concavity of the Speculum, (that
%, 5 Feet and 10 Inches diftant from the Specu-
1\1m,) their common center was in a right Line
With that center of concavity, and with the

ole in the Window. But in other poftures of

Ty Eye theit center had other pofitions. They
8ppear’d by the Light of the Clouds propagated
10 the Speculum through the hole in the Win-
-S0w; and when the Sun fhong through that
L 2 hole
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hole upon the Speculum, his Light upon it wa¥
of the Colour of the Ring whereon it fell, but by
its fplendor obfcured the Rings made by'the Light
of the Clouds, unlefs when the Speculum W25
removed to a grear diftance from the Windows
fo that his Light upon it might be broad and fain
By varying the pofition of my Eye, and movitg
it nearer to or farther from the diret beam of the
Sun’s Light, the Colour of the Sun’s reflecte
Light conftantly varied upon the Speculum, asit.
did upon my Eye, the fame Colour always 2P~
pearing to a By-ftander upon my Eye which 12
- me appear'd upon the Speculum. And thence,
knew that the Rings of Colours upon the Chast,
‘were made by thefe reflected Colours, propagatet”
thither from the Speculum in feveral Angles, 48
that their production depended not dipon the t¢~
mination of Light and Shadow. 2
- 04! 7. By the Analogy of all thefe Phzn¢”
mena with thofe of the Tike Rings of Colov®®:
defcribed in the Hirft part of this Book, it fee®®””
ed tome that thefe. Colours were produced bY
‘this thick Plate of Glafs, much after the manse®
that thofe were produced by very thin Platé®
For, upon trial, T found that if the Qljcli'ﬁl'
- ver were rubb’d off from, the backfide of tH°
Speculum, the Glafs alone would caufe
fame Rings of Colours, but much’ more fail
than before; and therefore the Phenomend?
depends not upon the Guick-filver, unlefs fo &
as the Quick-filver by increafing the Reflex!o?
of the backfide of the Glafs increafes the Ligh*
of ,the Rings of Colours. I found alfo that?

Speculum of Metal without Glafs made 0%¢
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Years fince for optical ufes, and very well
Wrough, produced none of thofe 'Rings; and
thence T underftood that thefe Rings arife not
fom one fpecular Surface alone, burt 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
35 in the 7th and 19th Obfervations of the firft
Part of this Book a thin Plate of Air, Water,
Or Glafs of an- even thicknefs appeared of one
Colour whensthe Rays were perpendicular to
It, of another when they were a little oblique,
of another when more oblique, of another when
ftill more oblique, and fo on; fo here, in the
fixch Obfervation, the Light which emerged
out of the Glafs in feveral Obliquities, made the
Glafs appear of {evera] Colours, and being pro-
Pagated i thofe Obliquities to the Chart, there
Painted Rings of thofe Colours. And as the
Teafon 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-
fleted by the thin Plate at one obliquity and
tranfinicted at another, and thofe of other forts
tranfmitted where thefe are refleCted, and re-
e&ted where thefe are tranfmitted: So the
feafon why the thick Plate of Glafs whereof
the Speculum was made did appear of various
olours in various Obliquities; and in thofe
bliquities propagated thofe Colours to the
art, 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 towards. the Quick-filver
‘ T : ‘

by
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by the hither Surface of the 'Glafs, and accor ding-
1y as' the Obliquiry begcame greater and greatef
emerged and were refleGed alternately for ma-
ny Succeffions; and that in one and the {ame
Obliquity the Rays of one fort were reflecteds
and thofe of another tranfmitced. This is 2"
nifeft by the fifch Obfervation of this part of thi$
Book. For in that Obfervation, when the Spe”
culum was illuminated by any one of .the pri®
matick Colours, .that Light made many Rimngs
of the fame Colour upon the Chart with dar
Intervals, and therefore at its emergence out ©
the Speculum was alternately tranfinitted an
not tran{mitted from the Speculum to the Chatt
for many Succeflions, according to the variov’
Obliquities of its Emergence. And when @
Colour caft on the Speculum by the Prifm was
varied, the Rings became’ of the Colour caft Of
it, and varicd their, bignefs with their Coloth
and thercfore the Light was now alternately
tranfmitted and not tranfmitted from the 5p¢°
culum to the Chart at other Obliquitiss 'th3}
before. It feemed to me therefore that t Fiﬁ
Rings were of one and’ the fame original Wit
thofe of thin Plates, bur yer with this differen®®
that thofc of thin Plates are made by the alter”
nate Reéflexions and Tranfmiffions of the R&Y*’
at the fecond Surface of the Plate, after onepa™”
fage through it; but here the Rays go tWX<”
through the Plate before they are alternately ¢
fletted and tranfmitted. Firft, they go thf"“gd
it from the firft Surface to the Quick-filver, &
. . - : . 1 -ﬁlVe
then return through it from the Quick I

T grah
to .the firft- Surface, and there are either 27,
[ mlftc‘ .
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mitted 1o the Chare or reflected back to the
Quick-filyer, accordingly as they are in their

Its of eafy Reflexion. or. Trah{miffion when
they arrive at that Surface. For the Intervhls
of the Fits of the Rays which fall perpendicu-
!arly qn the Speculum, and are reﬂeé%;d back’
n the {amp~pcrpcndicular Lines, by reafon of
the equality of thefe Angles and Lines, are. of

“the fame length and number within the Glats -
after Reflexion as before, by the 1g9th Propofi-

tion.of the third part of this Books And there-

fore fince all the Rays that enter through the

firft Surface. are in their Fits of eafy Tranfmif~
fion at their entrance, and as many of thefe as
are refleéted by. the fecond are in their Fits of

eafy Reflexion there, all thefe muft be again in
their Fits of eafy 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 ithe reafon holds good in all forts of Rays, -

and therefore all forts muft go out. promifcu-

oufly o that Spot, and by their mixture. caufe

it to be white. But the Intervals of the Fits of

thofe Rays which are refle¢ted more obliquely

than they enter, muft be greater after Reflexion -

than before, by the 15th and 2oth Propofitions.

And thence it may happen that the Rays at their

Tetury to the firft Surface, may in certain Ob-

liquitjes be in Fits of eafy Reflexion, and return

back o the Quick-filver, and in other interme-

diam~0bliquitibs be again in Fits of eafy Tranf-

"Miffion, and fo go out to the Chart, and’ paint
On it the Rings of Colours about the white Spot.

) T 2 And
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- And becaufe the Intervals of the Fits ac equal’
obliquities are greater and fewer in the lefs re-
frangible Rays, and lefs and more numerous m.
thé more refrangible, therefore the lefs refrang!
ble at equal obliquities fhall make fewer Ring?
than the more refrangible, and the Rings, mac®
by thofe fhall be larger than the like number ©
Rings made by thefe; that is, the red Ring$
thall be larger than the yellow, the yellow tha®
the green, the green than the blue, and the blue
than the violes as they were really found to be-
in the fifth Obfervation. - And therefore the if
Ring of all Colours encompafling the whité
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 Obferva;
tion ; and thefe Colours.in the fecond Ring, 27
thofe that follow, fhall be more expanded, dll
~they {pread into one another, and blend one %"
other by interfering. .
Thefe feem to be the reafons of thefe Ring*
in general; and this put me upon obferving ©°
thicknefs of the Glafs, and confidering wheth®"
the dimenfions and proportions of the Rings may
be truly derived from it by computation. {
0lf’8. 1meafured therefore the thicknefs 0
this cencavo-convex Plate of Glafs, and fqund ‘t
every where § of an Inch precifely. Nows "
the fixch Obfervation of the firft Part of ©%
Book, a thin Plate of Air tranfinits the brigh‘cl
Light of the firft Ring, that is, the bright ¥¢

low, when its thicknefs is the g3 th past of 22
Inch; and by the tenth Obfervation of the I!;a;?te
)
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P?ff, a thin Plate of Glafs tranfmits the fame
Light of the fame Ring, when its thicknefs is
efs in proportion of the Sine of Refration to
the Sine of, Incidence, that is, when its thick-
nefs is the ,""‘“5:;'000 th or i?;?@ th part of an Inch,
_ﬁlppoﬁng the Sines are as 11to 17. And if this
thicknefs be doubled, it tranfmits the fame bright
Light of the fecond Ring ; if trippled, it tran{-
mits that of the third, and fo on; the bright
yellow Light in all thefe cafes being in its Fits
of Tranfmiffion. And therefore if its thicknefs
be multiplied 34386 times, fo as to become § of
an Inch, it tranfmits the fame bright Light of
the 34386th Ring. Suppofe this be the bright
yellow Light tranfmitted perpendiculdrly from
the reflecting convex fide of the Glafs through
the concave fide to the white Spot in the cen-
ter of the Rings.of Colours on the Chart: And
by a Rule in the 7th and 19th Obfervations in
the firft Part of this Book, and by the 1gth and
2oth Propoﬁtions of the third Part of this Book,
if the Rays be made oblique to the Glafs, the
thicknefs of the Glafs requifite to tran{mit the
fame bright Light of the fame Ring in any ob-
' thity, is to this thicknefs of { of an Inch, asthe
ecant of a certain Angle to the Radius, the
Sine of which Angle is the firft of an hundred
"and fix arithmetical Means between the Sines
f Incidence and Refracion, counted from the
Sine of Incidence when the Refraction is made
-0t of any plated Body into any Medium . en-
Sompaffing it; thatis, in this cafe, out of Glafs
o Air,  Now if the thicknefs of the Glafs be
T 3 increafed
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increafed by degrees, fo as to bear to ies firft
thicknefs, ( viz. that of a quarter of an Inch,

the Proportions which 34386 (the number ©
Fits of the perpendicular Rays in going throug

the Glafs towards the white Spot in the centet
of the Rings,) hath to 34385, 34384, 34383, 27

34382, (the numbers of the Fits of the oblique
Rays in going through the Glafs towards the
firt, fecond, third, and fourth Rings of ¢o*
lours,) and if the firft thicknefs be divided 10~

to 100000000 equal parts, the increafed thics=
nefles will be 100002908, 100005816, 1000087255
and 100011633, and the Angles of which thel€
thicknefles are Secants will be 26’ 13", 37" 57
456", and 527267, the Radius being 1000000003
and the Sines of thefe Angles are 762, 1079,
1321, and 1525, and the proportional Sines of
Refracion 1172, 1659, 2031, and 2345, the R
dius being 100000. For fince the Sines of In-
cidence out of Glafs into Air are to the Siné%,
of Refrattion as 11 to 17, and to the above”
mentioned Secants as 11 to the firft of 106 arieh”
metical Means between 11 and 17, that 15

11 to 11 ng, thofe Sccants will be t6 the Sines

Cof Refraétidn as 13 1—25 to 17, and by this Ana~

logy will give thefe Sincs. So then, if the 0D
liquities of the Rays to the concave Surface ©
the Glafs be fuch that the Sines of thelr Rc'fra;
&ion in paffing out of the Glafs through b
Surface into the Air be 1172, 1659, 2031, o 5,
the bright Light of the 34386th Ring f'hz;;laiﬁ

1o

merge at che chickneffes of the Glafs, whict
2 . -

s
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10 of anInch as 34386 to 34385, 34384, 34383,
34382, refpectively.- And therefore, if the thick-
efs in all thefe Cafes be ; of an Inch (as it is in
the. Glafs of which the Speculum was made)
the brighe Light of the 34385th Ring fhall e-
merge where the Sine of Refraction is 1172,
and that of the 34.384th, 34383th, and 3438a¢h
Ring where the Sine is 1659, 2031, and 234¢
refpectively. And in thefe Angles of Refra-
&ion the Light of thefe Rings fhall be propaga-
ted from the Speculum to the Chart, and there
‘paint Rings about the white central round Spot
of Light which we faid was the Light of the
34386th Ring. -.And the Semidiameters of thefe
Rings fhall fubtend the Angles of Refraction
made at the Concave-Surface of the Speculum,
and by confequence their Diameters fhall be to
the diftance of the Chart from the Speculum as
thofe Sines of Refraction doubled are to the
Radius, that is, as 1172, 1659, 20371, and 2345,
doubled are to 1000co. And therefore, it the
diftance of the Chart from the Concave-Surface
of the Speculum be fix Feet (as it was in the
third of thefe Obfervations) the Diameters of
the Rings of this bright yellow Light upon the
Chart fhall be 1688, 2’389, 2925, 3’375 Inches:

or thefe Diameters are to {ix Feet, as the above-
Mentjon’d Sines doubled are “to the Radius.

ow, thefe Diameters of the bright yellow
Rings, thus found by Computation are the
Very fame with thofe found in the third of thefe
Obfervations by meafuring themy, wviz. with
I% 2§ 21 and % Inches, and thercfore _thc
Theory of deriving thefe Rings from the thick-

N

T 4 “‘nefs
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nefs of the Plate of Glafs of which the Specu-
lum was made, and from the Obliquity of the
emerging Rays agrees with the Obfervation. In
this Compurtation 1 have equalled the Diameters
of the bright Rings made by Light of all Co-
lours, to the Diameters of the Rings ‘made by
the bright yellow. TFor this yellow makes the
brighteft 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, you may
find them readily by putting them to the Diame-
ters of the bright yellow ones in a fubduplicat®
Proportion of the Intervals of the Fits of the
Rays of thofe Colours. when equally inclined t0
the refra@ing or reflecting Surface which caufe
thofe Fits, that i5, by putting the Diameters ©
the Rings made by the Rays in the Extremitics
and Limits of the feven Colours, red, orangé
yellow, green, blue, indigo, violet, proportio-
nal to the Cube-roots of the Numbers, I, % b#.
% & % 5» which exprefs the Lengt}is of a Mono0~
chord founding the Notes in an Eighth: For
by this means the Diameters of -the Rings f?f
thefe Colours will be found pretty nearly, mn
the fame Proportion to cne another, whic!
they ought to have by the fifth of thefe Obfervd
fions. ‘

And thus T fatisfy’d my felf, that thefe Rings
were of the fame Kind and Original with thofe
of thin Plates, and by confcqﬁcnce that the Fues
or alternate Difpofitions of the Rays © >
reflected and tranfmitted are propagatcd 1o
great diftances from every refle¢ting and 1¢

. . . at,
tradting Surface,  But yet to put ;h‘-:‘m;ér
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ter out of doubt, I added the- following Obfer-
vation, , :
0Off. g. If thefe Rings thus depend on the
thicknefs of the Plate of Glafs, their Djameters
at equal diftances from feveral Speculumgs made
“of fuch concavo-convex Plates of Glafs g5 are
- ground on the fame Sphcre, -OU_ght to he recipro—
cally in a fubduplicate Proportion of the thick.
nefles of the Plates of Glafs. And if this Pro-
Pportion be found true byexperience it will amoung
to a demontftration that thefe Rings (like thofe
formed in thin Plates) do depend on the thick-
nefs of the Glafs. I procured therefore ano-
ther concavo-convex Plate of Glafs ground on
both fides to the fame Sphere with the former
"Plate. Its thicknefs was % Parts of an Inch ;-
and the Diameters of the three firft bright Rings
meafured between the brighteft Parts of their
Orbits at the diftance of fix Feet from the
Glas were 3. 4%. 5. Inches. Now, the thick-
nefs of the other Glafs being § of ‘an Inch was
to the thicknefs of thisGlafs as % to &, that is
as 31 to 10, or 310000000 0 10000Q000, and
theRoots of thefeNumbersare 17607 and 10000,
and in the Proportion of the firft of thefe Roots
to the fecond are the Diameters of the bright
Rings made in this Obfervation by the thinner
Glafs, 3. 4. 55, to the Diameters of the fame
.R_ihgs made in the third of thefe Obfervations
by the thicker Glafs 17+ 23. 224, that is, the Dia-
Ieters of the Rings are reciprocally in a fubdu-
. Plicate Proportion of the thicknefies of the Plates
of Glafs, ‘
1 So



282 OPTICKS.

So then in Plates ‘of Glafs which are alike-
concave on one fide, and alike convex on the
- other fide, and aljke quick-filver'd on: the con-
vex fides, and differ in nothing but their thick-
nefs, the Diameters of the Rings are reciprocally
in a fubduplicate Proportion of the thicknefles of
the Plates.  And this thews fufficiencly that the
Rings depénd on both the Surfaces of the Glafs-
“They depend on the convexSurface, becaufe they
are more luminous when that Surface is quick-
filver’d over than when it is without Quick-filver. .
They depend alfo upon the concave Surface, be-
caufe without that Surface a Speculum makes them
not. They depend on both Surfaces, and on the
diftances berween them, becaufe their bignefs. 15
varied by varying only that diftance. And this
dependance is of the farne kind with that which
the Colours of thin Plates have on the diftance
of the Surfaces of thofe Plates, becaufe the big-
nels of the Rings, and cheir Propoi’tion to oné
another, and the variation of their bignefs arifing
from the variation of the thicknefs of the Glafs
and the Orders of their Colours, is fuch as ought
to refult from the Propofitions in the end of the
third Part of this Book, derived from the Pheno-
mena of the Colours of thin Plates fet down in
the firft Part.. ' : .

There are yet other Phenomena of thefe Rings
of Colours, but fuch as follow from che fame
Propofitions, and therefore confirm both the
Truth of thofe Propofitions, and the Analogy be-
tween thefe Rings and the Rings of Colours
n}ade by very thin Plates, I fhall fubjoin fome.
of them. ol
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OJf. 10. When the beam of the Sun’s Light
was refle@ed back from' the Speculum not di-
rectly to the hole in the Window, Hut to a place
a lictle diftant from it, the common center of
}hat Spot, ‘and of all the Rings of Colours. fell
In the middle way between the beam of the in-
cident Light, and the, beam of the reflected
Light, and by confequence in the center of the.
(pherical concavity of the Speculum, whenever
the Chart on which the Rings of Colours fell
was placed at that center. | And as the beam of
reflected Light by inclining the Speculum re--
ceded more and more from the beam of inci-
dent Light and from the common center of the
colour’d Rings between them, thofe Rings grew
bigger and bigger, and {6 alfo did the white

‘tound Spot, and new Rings of Colours emer-
ged fucceflively out of their common center,
and the white Spot became a white Ring en-
compaffing them; and the incident and reflected
beams of Light always fell upon the oppofite
‘Partsof this white Ring, illuminating ifs Peri-
" eter 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 between the
Middle of the incident beam of Light, and the
middle of the refleGed beam meafured at the
Chart on which the Rings appeared: And the
Rays which form’d this Ring were reflected by
the Speculum in Angles equal to their Angles of
Ncidence, and by confequence to their Angles
Of Refraction at their entrance into the Glafs,

but
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but yer their Angles of Reflexion were not in
the fame  Planes wicth their Angles of Inci-
dence. : ) |
O4/- 11. The Colours of the new Rings were
in a contrary order to thofe of the former, an
arofe after this manner, The white round Spot
of Light in the middle of the Rings continuc
white to the center till the diftance of the inci-
dent and reflected beams at the Chart was about
i parts of anInch, and then it began to 8rOW
dark in the middle. And when that diftance was 2~
. bout 1+ of anlnch, the white Spot was become
a Ring encompaffing a 'dark round Spot which 10
the middle inclined to violet and indigo. And
the luminous Rings encompaffing it were grows
equal to thofe dark ones which in the four firft
Obfervations encompaflfed them, that is to fay,
the white Spot was, grown a white Ring equal to
the firft of thofe dark Rings, and the furft of
thofe luminous Rings was now grown equal to
the fecond of thofe dark ones,  and the fe-
cond of thofe luminous ones to the third of
thofe dark ones, and foon. For the Diameters
of the luminous Rings were now 17%, 23, 20
34%, &c. Inches.

- When the diftance between the incident and
reflected beams of Light became a lictle big-
ger, there emerged out of the middle of the
dark Spot 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 brighteft, being between yellow and
red, che bright Rings were grown equal ta thofe

Rings which in the four firft Obfervations next
encom-
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tncompafled them; that is to fay, the white
Spot in the middle of thofe Rings was now be-
Come a white Ring equal to the firft of thofe
bright Rings, and the firft of thofe bright ones
Was now become equal to the fecond of thofe,
and {o on. For the Diameters of the white
ing, and of the other luminous Rings encom-
Pafling it, were now 143, 24, 255 3h Ee ‘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 firft Obfer-
Vations, and the white Ring which ‘was now
ecome the fecond of the luminous Rings was
%rown equal to the fecond of thofe, and the
rft of thofe which was now become the third
ing was become equal-to the third of thofe,
ind fo on, For their Diameters were 134, 23,
274, 3% Inches, the diftance of the two beams
of Light, and the Diameter ‘of the.white Ring
eing' 2% Inches. _
When thefe two beams became more diftant
there emerged out of the middle of the pur-
-Plith red, firft a darker round Spot, and then
“Out of the middlc of that Spot a brighter. And
‘Row the former Colours ( purple, -blue, green,
Yellow, .and purplith red) were become 2 Ring
: ' equal
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equal to the firft of the bright Rings mentioned
in the four firft Obfervations, and the Rings
about this Ring were grown equal to the Rings
about that refpectively ;- the. diftance between
the two beams of Light and the -Diameter of the
white Ring ( which was now become .the thif
Ring) being about 3 Inches. : AT
‘The Colours of the Rings in the. middle ber
gan now to grow very dilute, and if ~she di-
‘ftance between the two Beams was increaled
half an Inch, or an Inch more, they van!
whilft the white Ring, with one ortwo of thF
Rings next it on either fide, continued fhill vi-
fible. But if the diftance of the two beams 0¥
Light was ftill 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 Speculug in feveral Angles of Incidences
made Rings of feveral bignefles, which diluted
and !)loued out one another, as I knew by inter”
cepting fome part of that Light. For if I i
tercepted that part which was neareft to the
Axis of the Speculum the Rings would be lef8)
if the other part which was remoteft from i
they would be bigger. o o
Obf. 12. When the Colours of the Prifm
were caft fucceflively 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 ic were greater 12
the green than in the blue, and ftill greater 1B
the yellow, and greateft in the red. - And, onth®
contrary, the Rings within that white Circle

were lefs in the green than in the blue, and (1*“ &
C
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lefs in the yellow, and leat in the red. For the
Angles of Reflexion of thofe Rays which made
this Ring, being equal to their Angles of Inci-

ence, the Fits of every refleted Ray within’
the Glafs after Reflexion are equal in length
and pyumber. to the Fits of the fame Ray with-
In the Glafs before its Incidence on the refle&-
g Surface. And therefore fince all the Rays
of all forts at their entrance into the Glafs were
n a Fit of Tranfmiffion, they were alfo in a Fie
Of Tranfiniffion at their returning to the fame
urface after Reflexion; and' by confequence
Were tranfmitted, and went out to the white

,"Ring on .the Chart. This is the reafon wh
that Ring was of the fame bignefs in all the Co-
lours, and why in a mixture of all it ‘appears
White. But in Rays which are refle@ted in o-
ther Angles, the Intervals of the Fits of the
l‘%aﬁ refrangible being greateft, make the Rings
Of their Colour in their progrefs from this white
ng, either ‘outwards -or inwards, increafe or
Screafe by the greateft fteps; fo that the Rings
9f this Colour without are greateft, and within
leagt, And this is the reafon why in the laft
bfervation, when the Speculum was illumina-
%ed with white Light, the exterior Rings made
Y all Colours appeared red without and blue
Ithin, and the interior blue without and red
Ithin, : ‘
Thefe are the Phenomena of thick convexo-
‘®ncave Plates of Glafs, which are every where
the fame thicknefs. There are yet other
N@Enomena when thefe Plates are a little thick-
on-one {ide than on the other, and others
when
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when the Plates are more or lefs concave thant
convex, or plano-convex, ‘or double-convex. For
in all thefe cafes the Plates make Rings of Co-
lours, but after various manners; all which, 0
" far as I have yet obferved, follow from the Pro-
pofitions in the end of the third part of this
Book, and fo confpire to confirm the truth ©
thofe Propofitions. But the Phznomena af€
t00 various, and the Calculations whereby they
follow from thofe Propofitions too intricate t0
be here profecuted. I content my felf with ha-
ving profecuted this kind of Phznomena {0 .f?”'
as to difcover their .Caufe, and by difcovering
it to ratify the Propofitions in the third Part 0
this Book.

04/ 13. As Light refleGted by a Lens quick”
filver'd on the backfide makes the Rings of €0~
lours above defcribed, fo it ought to maket e
like Rings of Colours in pafling through a droP
of Water. At the firft Reflexion of the Ray®
within the drop, fome Colours ought to
tranfmitted, as in the cafe of a Lens, and other®
to be refleted back to the Eye. For inftanc®
if the Diameter of a fmall drop or.globule ¢
Water be about the gooth part of an Inch, fo
that a red-making Ray in paffing through he
middle of this globule has 250 Fits of Caf){
Tranfmiffion wichin the globule, and that 2
the red,making Rays which are at a certain &7
ftance from this middle Ray round about 1;
have 249 Firts within the globule,"and all t
like Rays at a certain farther diftance round a:
bout it have 248 Fits, and all thofe at 2 cet~.

! . . " . thefe
tain farther diftance 247 Fits, and fo on; thel¢
' . ” conCCI‘n—
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Concentrick Circles of Rays after their tranf~
miffion, falling on a white Paper, will make
Concentrick Rings of red upon -the Paper, fup-
Pofing the Light which pafles through one fin-
gle globule, ftrong enough to be fenfible. And,
' like manner, the Rays of other Colpurs will
Make Ri'ngs of other Colours. © Suppofe now.
that ip 2 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 thall ap-
Rear encompaffed - with the like concentrick
ings of Colours, and the Diameter of the firft
Ring of red fhall be 7= Degrees,” that of the fe-
tond 10% Degrees, that of the third 12 Degrces
33 Minutes. And accordingly as the Globuics
of Water" are bigger or lefs, the Rings fhall be
lefy or bigger. This is the Theory, and Expe-
tience anfwersit. For in Sune 1692, 1 faw by
Teflexion in a Veffel of ftagnating Water three
2los, Crowns, or Rings of Tolours about the
un, like three little Rain-bows, concentrick
to his Body. The Colours of the firft or in-
Yermoft 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 orecn in the middle. And thofe of
the third were pale blue within, and pale red
Without ; thefe Crowns enclofed one another
f?lmediately, fo that their Colours proceeded
N this contintial order from the Sun outward:
e, white, red; Purple, blue, green, pale
u yellow
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yellow and red; pale blue, pale red. . The Di=
ameter of the fecond Crown meafured from
the middle of the yellow and red on one fide
of the Sun, to the middle of the fame Colouf
on the other fide was g+ Degrees, or therea~
bouts, The Diameters of the firft and third
I had not time to meafure, but that of the frft
feemed to be about five or fix Degrees, an
that of the third about twelve. The like
Crowns appear fometimes about the Moon ;
for in the beginning of the Year 1664; Féor:
19th at Night, I faw two fuch Crowns about
~her. The Diameter of the firft or innermo
was about three Degrees, and that of the fe-
cond about five Degrees and an half. Next 2~
bout the Moon was a Circle of white, and next
about that the inner Crown, which was of 2
bluith green within next the white, and of 2
yellow and red without, and next about thele
Colours were blue and green on the infide ©
the outward Crown, and red on the outfide ©
it. At the fame time there appear’d a Halo a;_
bout 22 Degrees 35’ diftant from the center &
the Moon. It was elliptical, and its long pia~
_meter was perpendicular to the Horizon, ver&}
_ing below fartheft from the Moon, Iam told
‘that the Moon has fometimes three or MO
concentrick Crowns of Colours encompafing
one another next about her Body. The more
equal the globules of Wacer or Ice are t0 00
another, the more Crowns of Colours Wll! ap-
pear, and the Colours will be the more lively:
‘The Halo at the diftance of 227 Degrees frf{;
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Ehe Moon is of another fort. By its being oval -
-&nd remoter from the Moon below than abové,
2 conclude, that it was made by Refra&ion in
fome fortof Hail or Snow floating in the Air in
an horizontal pofture, the refralting’ Angle being
about £8 or 60 Degrecs. '
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P

Obfervations cohcerm'ng the Inflexions of
the Rays of Light, and the Colours
wmade thereby. |

vl R [ M A L'DO has inform’d usi that
% Rl if a beam of the Sun’s Light be ler 177
{V;}%}Ji to a dark Room through a very {mal
« ,»/«!:‘5ﬁé;b§‘&x hole, the Shadows of things in th}S '
Light will be larger than they oughct to be !

the Rays-went on by the Bodies in ftrait Lin;fi
| a
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and that thefe’ Shadows have three parallel
_Fringes, Bandsor Ranks of colour’d Light ad--
jacent to them. But if the Hole be enlarged
the Fringes grow broad and run into one ano--
ther, {o that they cannot be diftinguifl’d,  Thefe:
brosd Shadows and Fringes have been reckon’d
by fome to proceed . from the or‘dix.mry'refrai&iou ’
of the Air, but without due examination of the
Matter. For the circumftances of the Phzno-
Menon, fo, far as 1 have obferved them, .are as
follows. | ‘

Off 1. 1 made in a piece of Lead 2 {mall
Hole with a Pin, whofe breadth was the 42d
part of an Inch. For21 of thofe Pins laid to-
‘gether tcok up the breadth of half an Inch.
Through this Hole I let into my darkend
Chamber 2 beam of the Sun’s Light, and found
that the Shadows of Hairs, Thred, Pins, Straws,
and fuch like flender Subftances placed in this
beam of Light, were confiderably broader than
they ought to be, if the Rays of Light pafled
on by thefe Bodies in right Lines. And parti-
cularly a Hair of a Man’s Head, whofe breadth
Was but the 28oth part of an Inch, being held in
this Light, at the diftance of about twelve Feet
from the Hole, did caft a Shadow which at the
diftance of four Inches from the Hair was the
fixtiech part of an Inch broad, that is, above

our times broader than the Hair, and at the di~
ance of rwo Feet from the Hair was about the
Sight and twentieth part of an Inch broad, that
15_» ten times broader than the Hair, and at the
liftance of. ten Feet was.the eighth part of an

Nch broad, that is 35 times broader. -
U3 - Nor
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Nor is it material whether the Hair be en--
compaffed with Air, or with any other pellucid
Subftancé. For I wetted a polifh’d Plate of
Glafs, -and laid the Hair in the Water upon the,
Glafs, and.then laying another polifh’d Plate of
Glafs upon it, fo that the Water might fill-up
_the fpace between the Glafles, I held them 12
the aforefaid béam of Light, fo that the Light:
might pafs thrpugh them perpendicularly and
“the Shadow of the Hair was at the fame di-
ftances as big as before. The Shadows of
Scratches made in polith’d Plates of Glafs wer¢
alfo much broader than thej ought tobe, an
the Veins in polifh’d Plates of Glafs did alfo caft
the Yike " broad Shadows. And therefore the
great breadth of thefe Shadows proceeds from
on_me other caufe than the Refradion of the

. . ¢

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

middle of- the Hair; ADG, BEH, CFIL,
three Rays paffing by one fide of the Hair af
feveral diftances; KN%LOR, MPS, three
other Rays pafling by the other fide of the Haif
-at. the like diftances; D, E, F, and N, O, P, the
places where the Rays are bent in their pa-
fage by the Hair; G,H,I, and %R, s, the
places where the Rays fall on a Paper GQs
1S the breadth of the Shadow of the Hair caft
on the Paper, and TI, VS, two Rays pafling
to the Points I and S without bending whel
the Hair is taken away. And ic's manifeft that
all the Light between thefe two Rays T1 an

V8 is bent in_paffing by the Hair, and curned
afide from the Shadow 1S, becaufe if any P2
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- of thig Light were not bent it would fall on the
Paper within the Shadow, and there illuminate
the Paper, contrary to experience. And becaufe
‘When the Paper s at a great diftance from the
Hair, the Shadow is broad, and therefore the
Rays T1 and VS are at a great diftance from
one another, it follows that the Hal.r acts upon
the Rdys of Light at a good diftance in their paf.
ﬁng by it. . But the Action is flrongeft on the
Rays ‘which pafs by at leaft. diftances, and
grows weaker and weaker accordingly as the
Rays pafs by at diftances greater and greater, ag
is reprefented in the Scheme : For thence ic
comes to pafs, that the Shadow of the Hair is
,much broader in proportion to the diftance of the.
Paperfrom the Hair, when the Paper is nearer
the Hair, than when it is at a great diftance
from it :
04f. 2. The Shadows of all Bodies (Metals,
Stones, Glafs, Wood, Horn, Ice, &c.) 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 broadeft
- and moft luminous, and that which was remo-
teft from it was narroweft, and {fo faints as not
eafily to be vifible. It was difficult to diftinguifh
the Colours, unlefs when the Light fell very ob-
llquely upon a fmooth Paper, or fome other
mooth 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 fuft or innermoft Fringe was
violet and deep blue next the Shadow, and thi¢n:
llght blue, green, and yellow in the middie, and

U4 red
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red without. The fecond Fringe was almoft
contiguous to the firft, and the third to the fe-
cond, and both were blue within, and yellow and
red without, but their Colours were very faint;
efpecially thofe of the third. The Colours there-
fore proceeded in this order from the Shadow
violet, indigo, pale blue, green, yellow, red;
blue, yellow, red; pale blue, pale yellow an
red. The Shadows made by Scratchés and
Bubbles ‘in polifh’d Plates of ‘Glafs were bor-
der'd with the like Fringes. of -colour'd Light.
And if Plates of Looking-glafs floop’d off near
the edgés with a Diamond-cut, be held in the
fame beam .of Light, the Light which pafles
through the parallel Planes of the Glafs will be,
border’d with the like Fringes of Colours where
thofe Planes meet with the Diamond-cut, an
by this means ‘there will fometimes appear fo‘_”:
or five Fringes of Colours. . Let AB, CD [12,
Fig. 2.] reprefent the parallel Planes of a Look-
ing-glafs, and BD the Plane of the Diamond-
cut, making at B a very obtufc Angle with the
Plane AB. And let all' the Light between the -
Rays ENI and FBM 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 GO and HD be refracted by
the oblique Plane of the Diamond-cut BD»
and fall upon the Paper between K and >3
and the Light which paffes dire@ly through the
parallel Planes of the Glafs, and falls upon t,hc
Paper between I and M, will be-border'd wit
three or more Fringes ar M, | 5o
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- So by looking on the Sun through a Feather .
or black Ribband held clofe to the Eye, ‘feveral
Rain-bows will appear ; the Shadows which the

ibres or Threds caft on the Tunic, Retina,
being border’d with the like Fringes of. Co-
Ours, :
Ob/.3. When the Hair was twelve Feet, diftant
from’ this Hole, and its Shadow fell obliquely

Upon a flat white Scale of Inches and Parts of an

Anch 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 -accu-
Tately as I could, and found them in Parts of an
Inch as follows,

The
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Af ;‘/Jé, Dzﬂmm of

'bd{}" a ]\7;7;;

: -~ Foot | Feet
{The breadth of the Shadow i B

YT he breadth berween the Middles
1 of the brighteft Light of the in-
nermoft Fringes on ecither fide

__ﬁg Shadow :

of the brighteft Light of the]
middlemoft Fringes on either
fide the Shadow

JThe breadth between the Middles

outmoft Fringes on either fide|
the Shadow -
The diftance herween the Middles

"The breadth between the Maddles| v

of the brighteft Light of the%of sl &

LI e
237
o anl

. of the brighreft Light of the firft] - ** r
~and fecond Fringes L.
The diftance berween the Middles .
of the brighteft Light of the fe-| "% | 37
-cond and third Fringes ' ——
The breadth of the luminous Part '
- (green, white, yellow, and red)| i |57
of the firft Fringe ° o
[ The bicadth of the durker Lpace -
between the firft and fecond] . | *F
Fringes i' N P
The breadch of the fuminousPard 5
of the fecond Fringe A
The breaddh of the darker Space
between. the fecond and third| s, | ¥

Fringes
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" 'Thefe Meafures I took by:letting the Shadow
of the Hair, at half a-Foot diftance, fall forob-
liquely on the Scale, .45 to appear twelve times
broader than when it fell perpendicularly on it
at the fame diftdnce, and fetting: down in this
Table the twelfth part of the Meafures I then
took., ..
- 04f. 4. When thie Shadow.and Fringes were
caft ‘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 datk Line or Shadow
between that and the fecond Fringe began to
_appear at a lefs diftance from the Hair than that
of the third partof an Inch.  The fecond Fringe
“began to appear at a diftance from the Hair of
lefs than half an Inch, and the Shadow between
that and the third Fringe at a diftance lefs than
an Inch, and the third Fringe at a diftance lefs
than three Inches. At greater diftances the
became much more fenfible, butr kept v;r§
nearly the fame proportion of their breadths
‘and intervals which they had at their firft ap-
Pearing. For the diftance between the middle
of the firft, and middle of the fecond Fringe,
Was to the diftance between the middle of the
fecond and middle of the third Fringe, as three
10 two, or ten to feven, "And the laft of thefe
two diftances Was equal to the breadth of the
bright Light or luminous part of the firft Fringe,
And this breadth was to the breadth of the
bright Light of the fecond Fringe as fevefn to
: ' our,



four, and to the dark Interval of the firft and
fecond Fringe as three to two, and to the like
dark Imterval between the fecond and third as
two.to one. For the breadths of the Fringes
feem’d to be in the progreflion of "the Numbers
1, V5 v} and their Intervals to be in f_h"'
fame progreffion with them; that is, the Frin-
ges and their Intervals together to be in 3¢
continual progreffion of the Numbers 1, VT
¥4, /4, or thereabquts. And thefe Proportions
-held the fame very ncarly ac all diftances from
.the Hair; the dark Intervals of the Fringes be-
ing as broad in proportion to the breadth of the
Fringes at their firft appearance as afterwards at
great diftances from the Hair, thoughnot fo dark
and diftinct. ' 1

.0f: 5. 'The Sun_fhining into my darken'd,
Chamber through a hole a quarter of an Inch,
broad, I placed at the diftance of two or three
Feet from the Hol¢a Sheet of Pafteboard, which
was black’d all over on both fides, and in the
middle of it had a hole about three quarters
of an Inch fquare for the Light to pafs through-
And behind the hole I faften’d to the Pafte-
board with Pitch the blade of a fharp Knife, @
intercept fome part of the Light which pafle
through the hole. The Planes of the: Pafte-
board and blade of the Knife were parallel ©
one another, and perpendicular to the Rays
And when they were fo placed that non¢ ot
the Sun’s Lighe fell on the Pafteboard, butall of
it paffed through the hole to the Knifc, and there
part of it fell upon the blade of the Knife; and
part of it paffed by its edge; I let this Parttﬁé
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“the Light which paffed by, fall on a white Pa-
Per two or ‘three Feet ‘beyond the Knife, and-
there faw two.freains ‘of* faint Light- fhoot out

oth ways from the beam of Light into the fha-
dow; like the Tails of Comets. ~ But becaufe the

.Sun’s_, direc Light by its. brightnefs upon: the
aper obfcured . théfe faint ftréams, fo thar ¥
Could fcarce fee them, I made a little hole in
the midft,of the Paper for that Light to pafs
t}‘.lrou'gh and fall’ on a' black Cloth' behind it;
and then I faw the two ftreams plainly. They
Were like one another, and pretty nearly equal
In length, and breadth, and’ quantity of Light.
Their Light ar that end next the Sun’s dire@

Light was, pretty ftrong . for the {pace.of about.
a quarter of an Inch, or half an Inch, :and in all

s progrefs from that dire@ Light decreafed
gradually till it became infenfible. The whole
fength of either of thefe fireams meafured up-
On the Paper at the diftance of three Feet from
the Knife was about fix or eight Tnches; fo that
Ut fubtended an Angle at the edge of the Knife:
Of about 10 or 12, or at moft 14 Degrees. Yet
{ometimes I thought 1 faw it fhoot three or four

egrees farther, but with a Light fo very faint
that I could fearce perceive it, and fufpected it

Might (in fome meafure at leaft) arife from
{ome other caufe than the two ftreams did.  For
Placing my Eye in that Light beyond the end

Of that fiream which was behind the Knife, and
10Oking towatds-the Knife, I could fee a 'line of

- Lighe upon its edge, and thdt not only .when

My Eye was in'the line of the Streams, but al-

' When it was without that line either towar}n]is

the
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the paint-of the Knife, or towards the handle-
“This lipe.of Light- appear’d contiguous to the
edge of the Knife, and was narrower than th¢
Light of the innermoft ‘Fringe, and narroweft
when my Eye was fartheft from the direét Lighf‘f
and therefore feem’d: to-:pafs between thé; Light
of -that Fringe and the' edge of the Knife, ap
that which paffed neareft the edge to be ‘molt
bent, though not all of it. et
0. 6. 1 placed another Knife- by this, {0
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 between theif -edges. -And when the
diftance :of their edges ‘was about the 4o0tf
part of :an Inch, the ftream’ parted in the mic”
dle, and left a Shadow between the two' part™
This Shadow was fo black and dark that ‘all th¢
Light which pafled between the Knives’ feem
to be bent, and turn’d afide to the one hand ¥
to the other.  And as the Knives ftill ap"p‘foachfd‘
one another the Shadow. grew broader, and ¢
ftreams thorter at their inward ends which were
next the Shadow, "umi_lfu'pon the contact of t c
Knives the whole Light vanifh’d, leaving its place
to the Shadaw.. .~~~ S
And hence I gather that the Light whichi 19
leaft bent, and goes to the inward ends of € i
ftreams, paffes by the edges of the. Knives 9;1
“the greateft diftance, and this diftance Wh;:c
the Shadow begins to appear between th
ftreams, is about the 8ooth partof an Inch. A?é.
the Light which paffes by the cdges of t

Knives at diftances ftill lefs and lefs, is morfna;e
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More bent, and goes to’ thofe parts of the’

fireams which are farther and farther from the
diret Light; becaufe when the Knives approach
'One another till they touch; thofe parts of the
freams vanith laft which are fartheft from the
diret Light: ' ' S |
0ff. 7. In the fifth Obferyation the Fringes
did norappeaf, but by reafon of the breadth of
Fhe hole in the Window became fo broad as to run,

Into one another, and by joining, to make:one.

Continued Light in the beginning of the fireams.
But in the fixth, as the Knives; approached one
anothier, a’little before the Shadow appeared
between the two ftreams, the Fringes. began:

o appear on the inner ends of the Streams on
either fide of the dire® Light; three on one

fide made by the edge of one Knife, and three
on the other fide made by the edge of the o-
ther Knife. They were diftinéteft when the

nives were placed at the greateft diftance from
.the hole in the Window, and ftill became more
diftin@ by making the hole lefs, infomuch that

could Tometimes 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-

Rincer and larger, until they vanifh’d. © The
outmoft Fringe vanifh’d firft, and the middle-
moft nexr, and the innermoft laft.” And after
they were all vanifh’d, and the line of Light
‘Which ‘was in the middle between them was

grown very broad, enlarging it {elf on both fides,

Into the fireams of Light defcribed dn the fifth
Obfervation, the above-mention’d Shadow be-
1 gan
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‘gan to appear in the'middle of this line, and
divide it along the middle into two lines ©
Light, and iricreafed until the whole Light va-
nifh’d.  This enlargement of the Fringes w45
fo great that the Rays which go to the innef
moft Fringe feem’d ‘to be bent abbve twenty
times more when this Fringe was ready to V4~
nith, than when. one of the Knives was taken
away. . . , :
. And from this and the former Obfefvation
compared, I gather, that the Light of the firft
Fringe paflfed by the edge of the Knife at 2 di-
ftance greater than the 8ooth part of an_Inch,
and the Light of the fecond Fringe pafled by
the edge of the Knife at a greater diftance tha”
the Light. of the firft Fringe did, and that ©
the third at a greater ‘diftance than that of the
fecond, and that of the ftreams of Light defcrt
bed in the fifth and fixth Obfervations paﬁbd y
the edges of the Knives at lefs diftances than'that
of any of the Fririges. . '
O4f:8. T caufed the 'edges of two Knives
to be ground truly firait, and pricking thelf
points into a Board fo' that their edges might
look towards one anojher, and meeting DCA!
their points containa reétilinear Anglc:, I faﬁien_d
their Handles together with Pitch to make this
Angle invariable.” The diftance of the edges ©
the Knives from one another at the diftance 0
four Inches from the angular Point, where the
edges of the Knives met, was the eighth Pa,ﬂ«
of an Inch; and therefore the Angle contain'd
by the edges was aboit one Degree 54" The
Knives' thus fix'd together I placed in a.bcaomf

i
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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 Feet from the Hole,
and let the Light which pafled between their edges
fall very obliquely upon a fmooth white Ryler at

.the diftance of half an Inch, or an Inch from
the Knives, and there faw the Fringes by the
two edges of the Knives run along the edges of
the Shadows of the Knives in Lines parallel to
thofe edges without growing fenfibly broader,
till they met in Angles equal to the Angle -
contained by the edges of the Knives, and
where they met.and joined they ended without
crofling one another. But if the Ruler was
held at a much greater diftance from the
Knives, the Fringes where they were farther -
from the Place of their Meeting,; were a little
narrower, and became fomething broader and
broader as they approach’d nearer and nearer to
.one another, and after they met they crofs’d
one another, -and then became much broader
than before. T
Whence I gather that the diftances at which .
the Fringes pafs by the Knives are not increafed
nor alter’d by the approach of the Knives, but
the Angles in which the Rays arc there bent
are much increafed by that approach; and that
the Kpife which is neareft any Ray determines
Which way the Ray fhall be bent, and the other
‘Knife increafes the bent. o
Olf: 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-
B X dow
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déw of one Knife, and the dark Line between
the firft and fecond Fringe of the Shadow of
the other Knife met with one another, at the
diftance of the fifth Part of an Inch from the
énd of the Light which paffed between the
Knives at the concolitfe of their.edges. AR
therefore the diftance of the edges of the Knives
at the meeting of thefe dark Lines was the 160t!
Part of an Inch: For as four Inches'to the
eighth Part of an Inch, fo is any Length of the
edges of the Knives meafured from.the point
of their concourfe to the diftance of the edge’
of the Knives at the eiid of that Length, and fo
is the fifth Part of an Inch to the 16oth Pait
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 half of th‘?t
Light paffes by the edge of one Knife at 2 di-
ftance not greater than the g2oth Part of an
Ingh, and falling upon the Paper makes the
Fringes of the Shadow of that Knife, and the
other half paffes by the edge of the other Knifes
at a diftance not greater than the 320th Part 0
an Inch, and falling upon the Paper ‘makes £
Fringes of the Shadow of the other Knife. But
if }he Paper be held at a diftance from chie
Knives greater than the third Part of an Inch,
the dark Lines above- mention’d meet at 2 greater
diftance than the fifth Part of an Inch fro®
the end of the Light which paffed between ic
Knives at the concourfe of their edges; 20
therefore the Light which falls upon the P alt’lf;

ot

where thofe dark Lines meet paffes betwee? 7
Knives
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Knives where the edges are diftant above the
160t part of an Inch.

For at another time, when the two Knives
were diftant eight Feet and five Inchies from the
little hole in" the Window, made with a fall

in as above, the Light which fell upon the Pa-
Per where the aforefaid dark lines met, pafed
berween the Knives, where the diftance betwecy
théir edges was 4s in the following Table, when
the diftance of the Paper from the Knives wag
alfo as follows,

Diftances of the Paper|Diftances  between  ihe
Jrom the Knsves in| ‘edges of the Knives iy
Tnches. millefimnal parts of an

: : Tnch.
I3 o'o1z
33 _ - 0’020
2 0’034
32. 0’057
9(), o’o8r-
'\ 131. 0’08 7

And hence I gather, that the Light which
Makes the Fringes upon the Paper is not the -
fime Light at all diftances of the Paper from.
the Knives, but when the Paper is held near
the Knives, the Fringes are made . by Light
Which paffes by the edges of the Knives at a
lefs diftance, and is more bent than when the

aper is held at a greater diftance from the

Nives,

X 2 o
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08/ 10. When the Fringes of the Shadows
of the Knives fe]l perpendicularly upon a Paper
at a great diftance from the Knives, they were
in the form of Hyperbola’s, and their Dimen=
fions were as follows. Let CA, CB [in Fig. 3
reprefent I'ines drawn upon the Paper Pafauel
10 the edges of the Knives, and between which
all the Light would fall, if it paffed between
the edges of the Knives without inflexion; DE
-a Right Line drawn through C making the An-
gles ACD, BCE, equal to one another, and
terminating all the Light which falls upon the
Paper from the point where the ¢dges of the .
Knives meet; ess, fis, and g/, three hyper-
bolical Lines reprefenting the Terminus of the,
Shadow of one of thfj Knives, the dark Line
berween the firft and’ fecond Fringes of that
Shadow, and the dark Line between the, fecond
and third Fringes of the fame Shadow ;, x7p, Y4
and‘zlr, three other hyperbolical Lines repre-
fenting the Terminus of the Shadow of the othef
Knife, the dark Line between the firft and fecond
Fringes of thar Shadow, and the dark line be-
tween the fecond and third F ringes of the fame
Shadow. And conceive thar thefe three Hypet-
bola’s are like and equal to the former three, an
crofs them in the pointsz, £, and/, and that t_hc
Shadows of the Knives are terminated and diftin-
guifh’'d from the firt luminous Fringes by the
lines ¢7s and w7 p, until the meeting and crol-
fing of the Fringes, and then thofe lines C}'Ofs
the Fringes in the form of dark lines, termind-
ting the firft luminous Fringes within fide, an
diftinguithing them fromanother Light ;)”2‘;};

: ¢
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begins to appear at 7, and illuminates all the
triangular {pace 7 pDEs comprehended by thefe
dark lines, and the right line DE, Of thefe
Hyperbola‘s one Afymptote is the line DE, and
their other Afymptotes are parallel to the lines
CA and CB. Let 7o reprefent a line drawn
any where upon the Paper parallet to the Afym-
Ptote DE, and let this line crofs the right lines
AC inm, and BC in », and the fix dark hy-
perbolical linesin p, ¢, 75 s, £, v; and by mea-
furing the diftances ps, ¢#, v, and thence
collecting the lengths of the Ordinates # p, # g,
#r or ms, mt, mv, and doing this at feveral
diftances of the line 7 v from the Afymptote DD,
you may find ‘as many points of thefe Hyperbo-
la’s as you pleafe, and thereby know that thefe
curve lines are Hyperbola’s differing little from
the conical Hyperbola. And by meafuring the
lines C7, C#, C/, youmay find other points of
thefe Curves. L o
 For inftance; when the Knives were diftant
from the hole in the Window ten Feet, and the
aper from the Knives nine Feet, and the An-
gle contairied by the edges of the Knives to
Which the Angle ACB is equal, was fubtend-
¢d by a Chord which ‘was to the Radius as 1
10 32, and the diftance of the- line » v from the
Af))glmptote DE was half an Inch: I meafured
the lines ps, ¢# 7, and found them o'35,
06z, 0’98 Inches refpedtively; and by adding
© their halfs the line ¥ m#, (which here was
the 128th part of an Inch;, or 0’0078 Inches,) the
Ums np, nq, nr, were 0’1828, 0’3328, 0’4978
nches, I meafured alfo the diftances of the
b X 3 brighteft
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brighteft parts of the Fringes which run between.
pg and sz, g7 and 7o, and next beyond » and 7
and found them 0’5, 0’8, and 1’17 Inches.

Obf: 11. ,Th’c Sun fhining into my dark.,@n’d
Room through a fmall round hole made in &
Plate of Lead with a flender Pin, as above;
placed at che hole a Prifim to refrac the Lighty
and form on the oppofitc Wall the Spedtrum
of Colours, deferibed in the third Experiment
of the firft Book. And then I found that thg
Shadows of all Bodies held in the _COIOW’d
Ligii between the Prifin and the Wall, werg
border’d with Fringes of the Colour of tha
Light in which they were held, In the full red
Light they were totally red without any fenfi=
ble blue or violet, and in the decp blue Light
they were totally blue without any fenfible red
or yellow ; and fo in the green Light they were
totally green, exceptipg a little yellow and blug;
wlpch were mixed in the green Light of the
Prifm.  And comparing the Fringes made it
the feveral colou_r’c{P Lights, I found that thoff
made in the red Light were largeft, thoft
made in the violer were leaft, and thofe mads
in the green were of a middle bignefs. Fof
the Fringes with which ‘the Shadow of 2 Mar's
Hair were bordered, being meafured crofs the
Shqdow at the diftance of {ix Inches from the
Hair, the diftance between the middle and me
luminous part of the firft or innermoft Fringe
on one fide of the Shadow, and chat of the like
Fringe on the other fide of the Shadow, was i

the full red Light ;;t of 'an Inch, and in the full
- ' yiolet
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violet . And the like, difiapce between the
. Tiddle and moft luminous parts of the fecond
Fringes on either fide the Shadow was in the full
1ed Light 5=, and in the violet 5% of ap Inch.
And thefe diftances of the Fringes held the {ame
proportion at all diftanges from the Hair withqut
any fenfible variation. '

. So then the Rays which made thefe Fringes
in the red Light paffed by the Hair at a greager
diftance than thofe did which made the like
Fringes in the violet; and therefore the Hay
- ip : caufing thefe Fringes acted alike upan the

red Light or leaft refrangible Rays at a %r¢;;t¢r
diftance, and upon the violet or mof refrangi-
ble Rays at g Jefs diftance, apd by thofe a@igns
difpofed the red Light inrg lprger Fringes, apd
“the violet into {maller, and the Lights of inter-
mediagce Colours jnto Fringes of intermediare big-
nefles withoue changing the Colour of any fort

of Light. - o

When therefore the Hair jn the firft and fe-
cond of  thefe. Obfervarions was held in the
~ White beam of the Sun’s Light, and caft a Sha-
dow which was border'd with three Fringes of
coloured Light, thofe Colours arofe not_from
any new modifications imprefs’d u,fpon the Rays
of Light by the Hair, byt only from the vari-
ous'inflexions whereby the feyeral Sorts of Rays
were feparated from one apother, -which before
{eparation, by the mixture of all their Colours,
compofed the white beam of the Sun’s Light,
but whenever feparated compofe Lights of the
feyeral Colours which they are originally difpo-
fed to exhibit, In this 11ch Obfervation, where

S X the
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the Colotirs ‘are” feparated before the Light paf-
fes by the Hair, the leaft tefrangible Rays, which,
when “feparated from “the reft make red, -were
infleéted at a greater'diftance from the Hair; 0
as to make three'fed Fringes- at a greater di~
ftance’ from ‘the middle of the Shadow of the
Hair; and the moft refrangible ‘Rays ‘which
when feparated make ‘violet,  wete 'inﬂeé’céd at,
a lefs diftance from' the Hair, fo as to make
thiee violet' Fringes at a lefy diftance from the.
middle of the-Shadow of the Hair.- And other’
RaQSOf :intermcdiavtf_: degrees iof: Reﬁ‘anglblllty :
were “infleCted ‘at intermediate- diftances from
the Haif, fo as to make Fringés of ‘intermediate’
- Colours at intermediaté diftances from the mid-
dle” of the Shadow of the Hair. And in the
fecond Obfervation, where all the Colours are
mix’d in the white Light which - paffes by the’
H‘aur,: thefe Colours are feparated by the var~
ous_‘mﬂexions of the Rays, and the Fringes
yvhlch';they make appear al] together, and ‘the
innermoft Fringes being contiguous make one
broad Fringe ‘compofed of all the Colours in
due order, the violet lying on the infide'of the
Fringe' next the Shadow,”the red on the out~
fide fartheft from the Shadow, and the blue,
green, and yellow, in'the middle, And, in like
manner, the middlemoft Fringes of all the Co-
lours lying in order, and being contiguous,
make another broad Fringe compofed-of all the
Colours; and the ‘outmoft Fringes of all the
Colours lying in order, and being contiguous
make a third broad Fringe comppfed of all the

Colours. Thefe are the three Fringes olf co-
‘ ~ lour
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lour'd Light with which the Shadows of all Bo-
dies are border’d in the fecond Obfervation.

" When I made the foregoing Obfervations, T
defign’d to repeat moft of them with more care
and exaltnefs, and to make fome new opes for
determining the manner how the Rays of Light.
are bent in their paflage by Bodies, for makip
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 far-
ther Confideration, And fince'l have not finith’d
this part of my Defign, I fhall conclude with
Propofing only fome Queries, in order to a far-
ther fearch to be made by others,

Query 1. Do not Bodies a& upon Light at
a diftance, and by their acion bend its Rays; and
is not this a&ion ( cateris paribus ) ftrongeft ac
the leaft diftance? -
-~ Qu.2. Do not the Rays which differ in Re-
frangibility differ alfo in Flexibity ; and are they
Not by their different Inflexions feparated from
one another, fo as after feparation to make the
Colours in the three Fringes above defcribed ?
And after what manner are they infle¢ted to make
thofe Fringes ? ] S

u. Are not the Rays of Licht in paffin

b}’Qt,he3 edges and ﬁdes'gf Bodiesg, bent'}}evcrfl
Umes backwards and forwards, with a motion
like that of .an Eel ? And do not the three Frin-
8es of colour’d Light above-mention’d arife from
three fuch bendings ? o
'Qu. 4. Do not the Rays of Light which fal]
Upon Bodies, and are refleGed or refracted, be-

gin



gin fo bend before they arrive at the Bodies ; and
are they not refle@ed, refraded, and infle@ed,
by ope and the fame Principle, acting yariouly
in varipus Circumftapces? o

" Qy. 5. Do not Bodjes and Light a& mutually
upon one another;, thar is to fay, Bodies npod
ng.}}t,m emitring, refleGing, refracting and 1~
fleting it, and Light ppon Bedigs for heating
them, and. purting their parts ipto g vibrating
motion wherein hear confifts? -

Ry. 6. Do npt black Bodjes congelve heat

more eafily from Light than thofg of other Co-
lours do, by reafon that the Lighe falling on thetd
is not refletted auiwards, but enters the Bodighs
and is often refle@ted and refracted within chem,
‘until it be fifled and loft? | L
" Qu.7. Isnot the fyength and yiggr of 1P
altion between Light and Lilplauréous%cdiﬁs obr
ferved above, one reafon why fulphureons Bodig
take fire more readily, .apd burn more vehement-
ly than other Bodies do.? - C ‘
Ry.8. Do not qll fix’d Bodies;, when heated
beyond 4 certain degree, emit Light and fhings
and is not this Emiflion perform'd by the Y2
‘brating mations of their pargs? And da not all
Bodlqs which abound with terreftrial péﬂs, K
efpecially -with fulphureens ones, emit I8
as often as thofe parts, are fufficienty agifatee?

ht

whether chat agitaion be made by Heat, o MY
Friﬁ}?ﬂ, or Percuffion; or Putrefaétion, qr by
any vital Motjon, ar any ofher Caufer As %0*

inftance ; ‘Sea-Water in a raging Storm ; Q}}Ck"
filver agitated in wpcyo; the Back of a £ab, or

_NCCk of 4 l‘lQ;’,fC, obliquely ftruck or éubgﬁéia ;1‘1
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a dark place; Wood, Fleth and Fifh while they
Putrefy; Vapours .arifing from putrefy’d Wa-
ters, ufually call’d Jgnes Fatui; Stacks of moift
Hay or Com gl‘OWin% hot b{y fermentation ;
ow-worms and the Eyes of {fome Animals' b

vital Motions; the vulgar Phofpborus qgimeg
by the attrition of any Body, or by the acid |
Particles of the Air; Amber and fome Dja-
monds by ftriking, preffing or rybbing them ;
§Crapin S of Steel ﬂrqcl; Oif with a Flint; Iron
hammer'd very nimbly till it become fo hot as
to.kindle Bulphur thrown upon ir; the Axle-
trees of Chariots taking fire by the rapid rota-
tion of the Wheels ; and fome Liquors mix'd
with gne another whofe Particles come toge-
ther with an Impetus, as Qjl of Vitriol diftilled
from its weight of Nitre, dnd then mix'd with
twice its weight of Qil of Annifeeds. - Soalfo a
Glohg of Glafs about 8 or 10 Inches in diameter,
being put into 2 Frame where it may be fwiftly
trp’d round irs Axis, will in turnipg fhine
where it yubs againt the palm of ongs Hand
apply’d to it: And if at the fame time a piege
of white Paper or white Cloth, or the end of
ones Finger be held at the diftance of abaqut 2
quarter of an Inch or half an Inch from that
Pare of the Glafs where it is moft jn motian,
the ele@rick Vapour which is excited by the
fridion of the Glafs againft the Hand, wj]l by
dafhing againft the white Paper, Clath or Fip-
ger, be put into fuch an agitation a5 to emit
Light, and make the white Paper, Cloth or Fip-
ger, appear lucid like a GlOW:WQT[Y}; and in
futhing oyt of the Glafs will fometimes puth

' ) againft
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againft the Finger {0 as to be felt. And the fam¢
things have been found by rubbing a long and.
large Cylinder of Glafs or Amber with a Papef
held in ones hand, and continuing the friction til
the Glafs grew warm. ‘

2. 9. Isnot Fire a Body heated fo hot as t0
emit Light copioufly? For what elfe is a red hot
Iron than Fire? And what elfe is a burning Coa
than red hot Wood? :

. Qu. 10. Isnot Flame a Vapour, Fume OF Ex-
halation heated red hot, that is, fo hot as 10
thine? For Bodies do not flame without emit-
ting a copious Fume, and this Fume burns n
the Flame.. The Ignis Fatuus is a Vapour fhi-
ning without heat, and is there not the fame
. difference” between this Vapour and Flame, 3
between rotten Wood fhining without heat an
burning Coals of Fire? In diftilling hot Spirits,
if the Head of the Still be taken off, the Va-

our which afcends out of the Still will take fire:
at the Flame of a Candle, and turn into Flame,
and the Flame will run along ‘the Vapour from
the Candle to the Still. Some Bodies heated by
Motion or Fermentation, if the heat grow in-
tenfe, fume copioufly, and if the heat be great
enough the Fumes will thine and become Flame.
Mctals in fufion do not flame for want of 2 €0~
plous Fume, except Spelter, which fumes €0~
pioufly, and thercby flames. All flaming Bo-
dies, as Oil, Tallow, Wax, Wood, fofil Coals,
Pitch, Sulphur, by flaming wafte and vanih in-
to burning Smoke, which Smoke, if the Flame
be pur out, is very thick and vifible, and fome-

~ times fmells ftrongly, but in the Flame lofes its
{mel
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, fmell by burning, and according to the nature
of the Smoke the Flame is of feveral Colours,
-as that of Sulphur blue, that of Copper open’d
‘With fublimate green, that of Tallow yellow,
' that of Camphire white. Smoke paffing through

lame cannot but grow red hot, and red hot
Smoke can have no other appéarance than that
of Flame. When Gun-powder takes fire, it
goes away into flaming Smoke. For the Char-
coal and " Sulphur eafily take fire, and fet fire to
- the Nitre, and the 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 diftils under a Bell into Oil of Sulphur,)
enering violently into the fix’d Body of the Ni-
tre, fets loofe the Spirit of the Nitre, and ex-
Cites a great Fermentation, whereby the Heat
1s farther augmented, and the fix'd Body of the
Nitre is alfo rarified into Fume, and the Explo-
fion is thereby made more vehement and quick.
For if Salt of "artur be mix’d with Gun-pow-
der, and that Mixture be warm’d till it takes
fire, the Explofion will be more violent and
quick than that of Gun-powder alone; which
cannot proceed from any other caufe than the
aétion 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, is rariﬁeg
- I and
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and converted into Fume and Vapour: which
Vapour, by the violence of that acion, bé
coming fo hot as to fhine, appears in the form of -
Flame. , '
. 24 11. Do not great. Bodies conferve theif

heat the longeft, their parts hedting one a1ne-
ther, and may not great: denfe and fix’d Bo-
dies, when heated beyond a certain degree; €~
mit Light fo copioufly, as by the Emiffion and
Re-action of its Light, and the Reflexlotts and
Refractions of its Rays within its Pores to grow
ftill hotter, till it comes to a certain petiod O
beat, fuch as is that of thé Sun? And ate not
the Sun and fix’'d Stars great Earths vehemently
hot, whofe heat is conferved by the greatnefs
of the Bodies, and the mutual A&ion and Re-
adtion’ between them, and the Light which they
~émit, 4nd whofe parts are kept from fuiming 4=
way, not only By their fixity, but glfo by the
vaft weight and denfity of the Atmofpheres in~
cumbent upon them; and very ftrongly com-
prefling them, and condenfing the Vapours and
Exhalations, which arife from them? Fof |
Water be made warm in any pellucid Veflel
emptied of Air, that Water in the Pacuun Wil
bubble and boil as vehemently as j¢ would i
?he open Air in a Veflel fer upon the Fire till
1t conceives 2 much greater  hear, For the
weight of the incumbent Atmofphere keepS
down the Vapours, and hinders the Water frofft -
boiling, until it grow much hotter than is re-
quifite to make it-boil 7z vacuo. Alfo a mix-
ture of Tin and Lead being put upon a red .ot
Iron iz wacuo emits 2 Fume and Flame, but the
3 ‘ fame
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- fime Mixture in the open Air, by reafon. of the
1h*l(-:urrwib’en.t Atmofphere, ‘dues not {6 nfuch as e=
Wit any Fume which can be perceived by Sighe,
' like manner the griar weight of ¢he Auno-
{phere which' lies upon the Globe of the Sun
May hinder Bodies therc from rifing up and
going away from the Sun in the form of v,
Pours and Fuines, unlefs by mieans of a fup
‘Breater heat than that which on the Surface of
Our Earch would very eafily turn ther into Va-
Pours and Fumes.  And the fame great weight
may condénfe thofe Viapotirs and Exhalations as
foon as they fhall at any time begin to afcend
from the Bun, and make them préfently fall
‘back again itito him, and by that a&ioft increafe
his Heat much ‘after the munner. that in out
Earth the Air increafes the Heat of a culinary
Fire, And the fame weight may hinder tle
Globe of the Sun from being dimitiifh’d, unlefs
by the Emiffion of Light, ahd 4 very fitall quan-
Uty of Vapours and Exhalations.

Qu. 12: Do not the Rays of Light in falling
Ypon the botrom of the Eye excité Vibratiots
A0 the Tunica Retina? Which Vibrations, be-
Ing propagated along the folid Fibtes of the.op-
tick Nerves into the Brain, caufe the Senfe of
fﬁéin‘g. For becaufe denfe Bodies conferve their

cat a long time, and the denfeft Bodies con-
&ive their Heat the lougeft, the Vibiations of
their parts arc of a laiting nature, and there-
fore may be propagated along folid Fibres of
Yniform denfe Matter to a great «diftarice, for
anvaing into the Brain the impreflions made
Upon al} the Organs of Senfe. Tor that Motion

‘ which
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‘which can continue long in one and the fame patt
of a Bod}, can be propagated a long way from
one part to apother, {uppofing the Body homo-
geneal, {o that the Motion may not be reflected,
refracted, interrupted or diforder'd by any vai-
evennefs of the Body. :

RQu. 13. Do not feveral forts of Rays make
Vibrations of feveral bignefles, which according
to their bignefles excite Senfations of feveral Coz
lours, much after the manner that the Vibrations
of the Air, according to their feveral bignefles
excite Senfations of feveral Sounds? And part¥
cularly do not the moft refrangible Rays excit®
the thorteft Vibrations for making a Senfation 0

“deep violet, the leaft refrangible the largeft fof
making 2 Senfation of deep red, and the fever?
intermediate fores of Rays, Vibrations of fever?
intermediate bignefles to make Senfations of the
feveral intermediate Colours? |

Qu. 14. May not the harmony and difcord Of
Colours arife from the proportions of the Vibr#”
tions propagated through the Fibres of the OPci
tick Nerves into the Brain, as the harmony a? ¢
difcord of Sounds arife from the proportions o f
the Vibrations of the Air? For fome Colours, ¥
they be view'd together, are agrecable to 08¢
another, as thofe of Gold and Indigo, and other?
difagree. ' :

Qu. 15. Are not the Species of Objects {ch;
with both Eyes united where the optick Nerve®
meet before they come into the 'Brain, the ! I
bres on the right fide of both Nerves umtl;llg6
there, and after union going thence into ¢ ¢
Brain in the Nerve which is on the right ﬁdc;};)e
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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
Whicly is on the left fide of the Head, and thefe
two Nerves meeting, in the Brain in fuch 3 man-
her that their Fibres make but one entire Spe-
Cies or Picture, half of which on the right {ide
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 mee,
and from thence on the right fide of the Head
into the Brain, and the other half on the left
Aide of the Senforium comes in like manner from
the left fide of both. Eyes. . For the optick
Nerves of fuch Animals ‘as look the fame way
With both Eyes (as of Men, Dogs, Sheep, Oxen,
c.) meet before they come into the Brain, but
the optick Nerves of fuch Animals 4s do not
look the fame way with both Eyes (as of Fifhes,
and of the Chameleon,) do notr meet, if I am
Tightly inform’d.

Qu. 16, When a Man in the dark prefles either
‘Corner of his Eye wiFh his F inger, ‘and turns his
Lye away from his Finger,- he -will fee a Circle
Of Colours like thofe in the Feather of a Pea-
‘Cock’s Tail. If the Eye'and the Finger remain
‘Quiet thefe Colours vanith in a fecond Minute of
Lime, -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

ottom of the [Eye by the Preffure and Motion
of the Finger, as at other times are excited
there by Lighe for caufing Vifion? And do not
.the Motions once excited continue -about a Sei
COI
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cond of Time beforé they ceafe? And when 2
Man by a ftroke upon his Eye fees a flath of
Light, are not the like Motions excited in the
Retina by the firoke? And when a Coal of Fir
‘moved nimbly in the circumference of 2 Cif~
cle, makes the whole circumference appear 11
a Circle of Fire; is it not becaufe the Motions
excited in the bottom of the Eye by the Ray$
of Light are of a lafting nature, and continu€
till the Coal of Fire in going round returns t0
“its former place? And confidering the lafting
nefs of the Motions excited in rhe bottom ©
the Eye by Light, are they not of a vibratiog
nature? i o
Qu. 17. If a’Stone be thrown into ﬁagnqtmg
Water, -the Waves excited thereby continu®
{fome time to arife in the place where the Stoné
fell into the Water, and are propagated from
thence in concentrick Circles upon the Surfac?
of the Water to grear diftances. And the Vi
brations or Tremors excited in the Air by pe&
cuflion, continue 2 little time to move from th°
place of percuffion in concentrick - Spheres ¥
great diftances. ‘And in like manner, when 2 R4
of Lighe falls upon the Surface of any pellu¢!
Body, .and is there reffacted or refle¢ted, may not
Waves of Vibrations, or 'Tremors, bc'tbere
.excited in the refra@ing or refleéting Medium 25
the poine of Incidence, and continue t© arié
there, and to be propagated from thence 25 1075
as they continue to arife and be propagated, ¥ ;‘1 .
.they are excited in the bottom-of the Eye by tht.
Preflure or Motion of the Finger, or by the Lig "

which comes from the Coal of Fire in the s
’ pcrnncnt
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periments abovemention’d? and are not thefe
Vibrations propagated from the point of Inci-

ence to great diftances? And do they not over-
take the Rays of Light, and by overraking them
fucceffively, do they not put them into the Fits
of eafy Reflexion and eafy Tranfmiffion deferibed
above? For if the Rays endeavour to recede {from
the denfeft part of the Vibration, they may be
alternately accelerated and retarded by the Vi.
brations overtaking them.

Qu. 18. If in two large tall cylindrical Vefs
fels of Glafs inverted, two little Thermometers
‘be fufpended {o as not to touch the Veflels, and
the Air be drawn out of one of thefe Veflels,
and thefe Veflels thus prepared be carried out
of a cold place into a warm one; the Thermo-
meter 71z pacwo will grow warm as much, and
almoft as foon as the Thermometer which is -
not iz vacwo. And when the Veflels are carri-
ed back into the cold place, the Thermometer
in wacuo 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: 2 much fubtiler Medium than
Air, which after the Air was drawn out remain-
ed in the Vacuum ¢ And is not this Medium the
fame with that Medium by which Light is re-
frated and reflefted, and by whofe Vibrations
Light communicates Heat to Bouies, and is
put into Fits of eafy Reflexion and eafy Tranf=
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

odies communicate their Heat to contiguous

‘ Y 2 “cold
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‘cold ~ones, by the Vibrations of this Medium
propagated from them inte the cold ones? And
1 not this Medium exceedingly more rare and
fubtile than the Air, and exceedingly more ela-
ftick and aGtive? And doth it not readily pet-
vade all Bodies? And‘is it not (by its claftick
force) expanded through all the Heavens?
Qu: 19. Doth not the Refraction of Light
proceed from the different denfity of -this Athe-
“real Medium in different places, the Light re-
ceding always from the denfer parts of the Me-
dium? And is not the denfity thereof greatef
in. free and open Spaces void of Air and other
grofler Bodies, than within the Pores of Wa~
ter, Glafs, Cryftal, Gems, and other compact
Bodies?, For when Light pafles through Glafs
or Cryftal, and falling very obliquely upon the
farther Surface thereof is totally refleéted, the
total Reflexion ought to proceed rather from the
denfity and vigour of the Medium wichout an
beyond the Glafs, than from the raricy and weak-
nefs thereof. ' )
Qu. 20. Doth not this Athereal Medium in
pafling out of Water, Glafs, Cryftal, and othef
compact and denfe Bodies into empty SpaccS
grow denfer and denfer by degrées, and by that
means refract the Rays of Light not in a point,
‘but by bending them gradually in curve Lines?
And doth not the gradual condenfation of this-
Medium extend to fome diftance from the Bo-
dies, and thereby caufe the Inflexions of the
Rays of Light, which pafs by the edges of denf®
Bodics, at fome diftance from the Bodies?

Qu
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Ru. 21. Is not this Medium much rarer with-
in the denfe Bodies of the Sun, Stars, Planets
and Comets, than in the empty celeftial Spaces
between them? And in pafling from them to
great diftances, doth it not grow denfer and
denfer perpetually, and thereby caufe the gra-
vity of thofe great Bodies towards one another,
and of their parts towards the Bodies; ever
“Body endeavouring to go from the denfer parts
of the Medium towards the rarer? For if this
Medjum be rarer within the Sun’s Body than at
its Surface, and rarer there than atr the hun-
dredth part of an Inch from its Body, and ra-
rer there than at the fiftieth parc of an Inch from
its Body, ' and rarer there than at the Orb of
Saturn; I {ee no reafon why the Increafe of
denfity fhould ftop any where, and not rather
“be continued through all diftances from the Sun
to Saturn, and beyond. And though this In-
creafe of denfity may at great diftances be ex-
ceeding flow, yet if the elaftick force of this
Medium be exceeding great, it may fuffice to
‘Impel Bodies from the denfer parts of the Me-
dium towards the rarer, with all thar power
which we call Gravity. And that the elaflick
force of. this Medium is exceeding great, may
be gather'd from the fwiftnefs of its Vibrations,
Sounds move about 1140 Englifb Feet in a fe-
cond Minute of Tims, and in feven or eight
Minutes of Time they move about one hundred _
Englifh Miles. Light moves from the Sun to.
Us in about feven or eight Minutes of Time,
which diftance is about 70000000 Englifh Miles,
_fuppoﬁng the horizontal Parallax of the Sun to

Y3 be
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be about 12”.  And the Vibrations or Pulfes of
this Medium, that they may caufe the alternate
Fits of eafy Tranfmiffion and eafy Reflexion,
muft be fwifter than Light, and by confequence
above 700000 times f{wifter than Sounds. An
therefore the elaftick force of this Medium, in
proportion to its denfity, mufl be above 700009
X 700000 (that is, above 490000000000 tiMES.
greater than the claftick rorce of the Air is 10
proportion to its denfiry. For the Velocities 0
the Fulfes of claftick Mediums are in a fubdupli-
cate Katio of the Elafticities and the Rarities @
the Mediums taken together. ‘

As Attraction is ftronger in fmall Magnets
than in great ones in proportion to their Bulk,
and Gravity is greater in e Surfaces of fmal
Planets than in thofe of gicat ones in propor-
tion to their bulk, and fmall Bodijes are agita-~
ted much more by ele@ric atiraGtion than great
ones; fo the fmallnefs of the Rays of Light
may contribute very much to the power ©
the Agent by which they are refracted. And
fo if any one fhould fuppofe that ALther (like
our A_i‘rgl may contain Particles which endeavou®
to recede from one another (for I do not know
- what this Zther is) and that its Particles aré
cxceedingly fmaller than thofe of Air, or €veR
than thofe of Light: The exceeding fmallnefs
of its Particles may contribute to the greatne®
of the force by which thofe Particles may ¢
cede from one another, and thereby make tbat
Medivm exceedingly more rare and elaftic
than Air, and by confequence exceedingly lefs

able to refit the motions of Projectiles,, 2"
- exeeed-
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exceedingly more able to prefsupon grofs Bodies,
by endeavouring to expand it {elf.

Qu. 22. May not Planets and Comers, and all
grofs Bodics,f perfor‘m their Motions more ﬁ'ee]ys
and with lefs réfiftance in this Athereal Medium
than in any Fluid, which fills all Space ade-
quately without leaving any Pores, and by confe-
quence is much denfer than Quick-filver or Gold?
And may not its refiftance be {o fmall, as to be
inconfiderable ? For inftance; If this Zthers( for
fo I will call it) fhould be {uppofed 700000
times more elaftick than our Air, and above
gooo’oo times more rare; its refiftance would

e above 600000000 times lefs than that of Wa-
ter.  And fo fmall a refiftance would fcarce
make any fenfible alteration in the Motions of
the Plasets in ten thoufand Years. If any one
would ask how a Medium can be f{o rare, let
him tell me how the Air, in the upper parts of
the Atmofphere, can be above an hundted thou-
fand thoufand times rarer than Gold. Let him
alfo tell me, how an ele@rick Body can by Fri-
&ion emit an Exhalation fo rare and fubtile, and
yet fo potent, as by its Emiffion to caufe no -
fenfible Diminution of the weight of the ele-
&rick Body, and to be expanded through a
Sphere, whofe Diameter is above two Feet, and *
'Yet to be able to agitate,and carry up Leaf Cop-
Eer,.or Leaf Gold, at the diftance of above a

oot from the elecrick Body? And how the
Effuvia of 2 Magnet can be fo rare and fubtile, as
to pafs through a Plate of Glafs without any Refi-
ftance or Diminution of their Force, and yet fo .
Potent as to turn a magnctick Needle beyond the

Glagg? Y 4 Q.
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Qu. 23. Ts not Vifion performd chiefly by the
Vibrations of this Medium, excited in the bot-
tom of the Eye by the Rays of. Light, and pro-
pagated through the folid, pellucid and uniform
Capillamenta of the optick Nerves into the place
of Senfation? And. is not Hearing perform’d by
~ the Vibrations cither of this or fome vther Medi-
um, excited in the auditory Nerves by the Tre-
mors of the Air, and propagated through the {o-
lid, pellucid and uniform Capillamenta of thof¢
Nerves_into the place of Senfation? And fo of
the other Senfes. :

Qu.24. Is not Animal Motion perform’d by
the Vibrations of this Medium, excited in the
Brain by the powet of the Will, and propagd
ted from thence through the folid, pellucid ar
uniform Capillamenta of the Nerves into the
Mufcles, for contracting and dilating them ?
fuppofe that the Capillamenta of the Nerves 21€
each of them folid and uniform, that the yibra-
ting Motion of the Aithereal Medium mdy be
propagated along them from one end to the othes
. uniformly, and without interruption: For Ob-
-ftru@ions in the Nerves create Valfies.  And that

they may be fufficientdly uniform, I fuppof®
them to be pellucid when view’d fingly, "tho’ the
‘Reflexions in their cylindrical Surfaces may n?ake
the whole Nerve-( compofed of many Capitld~
menta ) appear opake and white. For opacity
arifes from reflecting Surfaces, fuch as may &
fturb and interrupt the Motions of this Mediut™
.~ Qu. 2r. Are there not other original Proper™

‘ties of the Rays of Light, befides thofe alre? -
dy defcribed ? “An inftance of another origit

3
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Property we have i the Refraétion of Ifland
Cryftal , defcribed firft by Erafinus Bartholine,
and afterwards more exaly by Hugenids, in his
Book De la Lumicre. This Cryftal is a pel-
lucid fifiile Stone, clear as Water or Cryftal of
“ the Rock, and without Colour ; enduring a red
Heat without lofing its tran{parency, and in a
very firong - Heat calcining without Fufion,
Steep’d a Day or twd in Water, it lofes its na- .
tural Polifh. ~ Being rubb’d on Cloth, it attrads
pieces of Straws and other light things, like Am-
bar or Glafs; and with Agua fortis it makes an
Ebullition. It {feems to be a forc of Talk, and
is found in form of an oblique Parallelopiped,
with fix parallelogram Sides and eight folid An-
gles. The obtufe Angles of the Parallelograms
are each of thém 101 Degrees and 52 Minutes;
the acute ones 78 Degrees and 8 Minutes. Two -
of the folid Angles oppofite to one another, as
C and E, are compafled each of
them with thre¢ of thefe obtufe
Angles, and each of the other
fix with one obtufe and two acute ones.. It
cleaves eafily in plancs parallel to any of its
Sides, and not in any other Planes. It cleaves
with a glofly polite Surface not perfeétly plane,
but with fome little unevennefs. It is eafily
{cratch’d,” and by reafon of its foftnefs it'takes a
Polifh very difhicultly. It polifhes better upon
polith’d Looking-glafs than upon Metal,” and
perhaps better upon Pitch, Leather or Parch-
‘ment. Afterwards it muft be rubb’d with a lit-
tle Oil or white of an Egg, to fill up its Scratches;
whereby it will become very tranfparent and po-

lite.

Sea the follow-
ing Scheme,
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lite. But for feveral Experiments, it is not necef~
fary to polifh it. If a piece of this cryftalline
Stone be laid upon a Book, every Letter of the
Book feen through it will appear double, by
means of a double Refracion. And if any beam
of Light falls either perpendiclarly, ot in any
f)bhqu'e Angle upon any Surface of this Cl‘yﬁal’
it becomes divided into two.beams by means 0
the fame double Refraction. Which beams are
the fame Colour with the incident beam of I{,ight’
and feem equal to one another in the quantity 0
their Light, or very nearly equal. One of thefe
Refractions is perform’d by the ufual Rule of Op-
ticks, the Sine of Incidence out of Air into this
Cryftal being to the Sine of Refraction, as five to
three. The other Refradtion, which may be cal-
led the unufual Refraction, is perform’d by tho
following Rule. ‘
8y

'I.I, .
Let ADEC reprefent the refradting Surfaci_
‘ 0
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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 Cryftal CF,
an Angle of 19 Degr. 3% Join KF, and in it
take KL, fo that the Angle KCL be 6 Degr.
40", and the Angle LCF 12 Degr. 23" Andif
ST reprefent any beam of Light mc1dent at T
in any Angleupon the,refracting Surface ADBC,
let TV be the refta¢ted beam determin’d by the
given Portion of the Sines 5 to 3, according to
the ufual Rule of Opticks. Draw VX parallel -
and equal to KL. Draw it the fame way from
V in which L lieth from K; and joining T X,
this line T X fhall be the othér refraCted beam
carried from T to X, by the unpfual Refra-
&ion, e

If therefore the incident beam ST be perpen-
dicylar to the refracting Surface, the two beams
TV and TX, into which it fhall become di-
vided, fhall be parallel to the lines CK and CL ;-
one of thofe beams going through the Cryftal
Perpendicplarly, as* it ought to do by the ufual
Laws of Opticks, and the other T X by an unu-
fual Refraction diverging from the perpendicular,
~and making with it an Angle VT'X of about 63
Degrees, as is found by ‘Experience. And
hence, the Plane VTX, and fuch like Planes
which are parallel to the Plane CFK, may be
called the Planes of perpendicular Refraction.
And the Coaft towards which the lines KL, and
V X are drawn, may be call’d the Coaft of uny-
fua] Refraé&ion,

In like manner Cryftal of the Rock las a

3 double
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double Refradtion : But the difference of the two
Refraltions 1s not fo great and manifeft as 10
Ifland Cryftal. . -

When the beam S'T incident on Ifland Cry-
fral is divided into two beams TV and T X,
and thefe two beams arrive at the farther Surface
of the Glafs; ‘the beam TV, which was refra-
&ed ac the firft Surface after the ufual manner,
fhall be again refracted entirely after the ufual
manner at the fecond Surface ;.and the beam TX,
which was refracted after the unufual manner 11
the firft Surface, fhall be again refracted entirely
after the unufual manner in the fecond Surface;
{o that both thefe beams fhall emerge out of the
fecond Surface in lines parallel to the firft incident
beam S'T. : N
" And if two pieces of Ifland Cryftal be pla-
ced one after another, in fuch manner that a
‘the Surfaces ‘of the latter be parallel ro all the
correfponding  Surfaces of the former: ‘The
Rays which are refraéted’ afier the ufual man-
ner in the firft Surface of the firft Cryftal, fhall
be refrafed after the ufual ‘manner in all the
following Surfaces ; and the Rays which are re-
fracted after the unufual manner in the firft Sur-
face, fhall be refradted after the unufual manner
in all the following Surfaces. And the fame thing
happens, though the Surfaces of the Cryftals be
any ways inclined to one another, provided that
their Planes of perpendicular Refraction be pa-
rallel t0 onc enother, .

And therefore there is an original difference
i the Rays of Light, by means of which fome

Rays are in this Experiment conftantly 1'efrﬂit&
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ed after the ufual manner, and others conftant-
ly afer the unufual manner: For if the diffe-
rence be not origiﬁal, but arifes from new Mo-
difications imprefsS'd on the Rays ac cheir firfk
Refra&ion,‘ it would be alter’d by new Modi-
fications in the three following Refra@ions;
whereas it fuffers no alteration, but is conftant,
and has the fame effe& upon the Rays in all the
Refractions. 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.

Ru. 26. Have not the Rays of Light feveral’
fides, endued wth feveral original Properties?
For if the Planes of perpendicular Refraction
of the fecond Cryftal be at right Angles with
the Planes of perpendicylar Refraction of the
firft Cryftal, the Rays whicly are refracted after
the 'ufual manner in pafling through the firft
Cryftal, will be all of them refraced afier the
unufual manner in pafling through the fecond
Cryftal; and the Rays which are refratted af-
ter the unufual manner in pafling through the
firft Cryftal, will be all of them refraed after
the ufual manner in paffing through the fecond
Cryftal. And therefore thete are not twd forts
of Rays differing in their nature from one ano-
ther, one of which is conftantly and in all Po-
{fitions refracted after the ufual manner, and the
other conftantly and in all Pofitions after: the
anufual manner. The difference betwoen the
Two forts of Rays in the Experiment mention’d
an the 25th Queftion, was only in the, Poﬁticnsf

i o



334 -OPTICKS:

of the Sides of the Rays to the Planes of per~
E\endicular Refrattion. ~ For one and the fame
ay is here refracted fometimes after the ufual,
and fometimes after the unifual manner, ac-
cording to the Pofition which its Sides have tO
. the Cryftals. If the Sides of the Ray are pofi-
ted the fame way to both Cryftals, it is refra-
_é’ted after the fame manner in  them both: But
if that fide of the Ray which looks towards
the Coaft of the unufual Refraction of the firft
Cryftal, be’go Degrees from that fide of the
fame Ray which looks toward the Coaft of the
~ unufual Refracion of the fecond Cryital, (which
.may be effeted by varying the Pofition of, the
fecond Cryftal to the firft, and by confequence
to the Rays of Light,) the Ray fhall be refrated
after feveral manners in “the feveral Cryftals-
There is nothing more required to determine
whether the Rays of Bight which fall upon the
fecond Cryftal fhallebe refraGed after the ufual
or_after the unufual manner, but to turi about
this Cryftal, fo that the Coaft of this Cryftal’s
unufual RefraCtion may be on this «or on that
fide of the Ray., And therefore every Ray may
be confider’d ‘as having four Sides or Quarters
two .of* which oppofite to one another incliné.
the Ray to be refradted after the unufual man-
ner, as often as cither of them are turn’d to-
wards the Coaft of unufual Refraction s and d}c
other two, whenever ecither of them are turn’d
towards the Coaft of unufual Refraction, do not
incline’ it to be otherwife refracted than after
‘the ufual manner. The two firft may theré-
fore be call’d the Sides of unufual Rcﬁ'a&AZIZ
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And fince thefe Difpofitions were in the Rays
before their Incidenee on the fecond, third, and
fourth Surfaces of the two Cryfals, and fuffer-
ed no alteration ( fo far as appears, ) by the Re-
fraGion of the Rays in their paflage through
thofe Surfaces, and the Rays were refracted by
the fame Laws in all the four Surfdces; j¢ ap-
pears that thofe Difpofitions were in the Rays
originally, and fuffer’d no alteration by the firft
Refra@ion, ‘and that by means of thofe Difpofi-
tions the Rays were refracted at their Incidence
on the firft Surface of the firft Cryftal, fome of
them after the ufual, and fome of them after the
unufual manner, accordingly as their Sides of
unufual Refraction were then turn’d towagds the
Coaft of the unufual Refraction of that Cryftal,
or fideways from it. .

Every Ray of Light has therefore two oppo-
fite Sides, originally endued with a Property on
* which the unufual Refraction depends, and the
other two oppofite Sides not endued with that
Property. And it remains to be enquired, whe-
ther there are not more Properties of Light by
which the Sidcs of the Rays differ, and are di-
ftinguifh’d frogh one ancther. '

In explaining the difference of the Sides of
the Rays above mention’d, I have fuppofed that
the Rays fall perpendicularly on the firft Cry-
ftal, " But if they-fall obliquely on it, the Suc-
cefs is the fame. Thofe Rays which are refra-
¢ted after the ufual manner in the firft Cryftal,
will be refracted after ¢he unufual manner in the
fecond Cryftal, {uppofing the Planes of perpen-

' dicular
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dicular Refraction to be at right Angles with one
another, as above; and on the contrary. |
If the Planes of the perpendicular Refraction
of the two Cryftals be neither parallel nor per-
pendieular to one another, but contain an acute
Angle: The two beams of Light which emerge
out of the firft Cryftal, will be cach of them di-
vided into two more at their Incidence on the fe-
cond Cryftal. For in this cafe the Rays in €ac
of the two beams will fome of them have their
Sides of unufual Refraction, and fome of ther
their other Sides turn’d towards the Coaft of the
unufual Refraction of the fecond Cryftal.

- Qu. 27.° Are not all Hypothefes erroncous
which-have hitherto been invented for explain-
ing the Phenomena of Light, by new Modifica-
tions of the Rays? For thofe Phznomena de- |
pend net upon new Modifications, as has been
fuppofed, but upon the.original and unchange-
able Propertics of the Rays. . ’
Ry 28.  Are not all Hypothefes erroneous,
.in which Light is fuppofed to confift in Pref-
fion or Motion, propagated through a fluid Me-
dium? For in all thefe Hypothefes the Pheno-
mena of Light have been hithesto explain’d by
fuppofing that they arife from new Modifica-
tions of thie Rays; which is an erroneous Sup-
pofition. . .

[ Light confifted only ih Preffion propaga-
ted without a¢ual Motion, it would not he a-
ble to agitate and heat tie, Bodies which r cfralt
and refledt it.  If it confifted in Motion propa~
gated to all diftances in an inftant, it would re-

quire an infinite force every moment, in ?V.cry
{hining
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‘fhining Particle, to generate that Motion. And
if it confifted in Preflion or Motion, propaga-
ted either in an'inftant or in time, it would bend
nto the Shadow. For Preflion or Motion
cannot be propagated in a Fluid in righe Lines,
beyond an Obftacle which ftops part of the Mo-
tion, but will bend and fpread every way into
the quiefcent Medium which lies beyond the
Obftacle. Gravity tends downwards, but the
Preffure of Water arifing froth Gravity tends
every way with equal Force, and is propagated
as readily, and with as much force fideways as
downwards, and through crooked paffages as
through ftaait ones. The Waves on the Surface
of ftagnating Water, paffing by the fides of a
broad Obftacle which ftops part of them, bend
afterwards and dilate themfelves gradually into -
the quiec Water behind the Obftacle. = The
Waves, Pulfes or Vibrations of the Air, where-
In Sounds’ confift, bend manifeftly, though not
fo much as the Waves of Water. For a Bell
Or 3 Cannon may he heard beyond a Hill which
intercepts the fight of the founding Body, and
Sounds are propagated as readily through crook-
¢d Pipes as through fireight ones. But Lighe
15 never known to follow crooked Pafluges nor
0 bend into the Shadow. For the fix’d Stars
by the Interpofition of any of the Planets ceafe
t0 be feen. And fo do the Parts of the Sun
by the Interpofition of the Moon, Mercury or .
Venus. The Rays which pafs very near to the -
dges of any Body, are bent a little by the action
Of the Body, as ‘we fhew’d above; but this
ending is not towards but from the Shalow,
Z and
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and is perform’d only in the paffage 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
righton.” -~ V
. To explain the unufual Refra@ion of Ifland
Cryftal by Preflion or Motion propagated, has
not hitherto, been attempted (to my knowledge)
except by Huygens, who for that end fuppofe
two feveral vibrating Mediums within that Cry-
ftal. But when‘he tried the Refracions in two
fucceffive pieces of that Cryftal, and foun
them fuch as is mention’d above; he conicl-
fed himfelf at a lofs for explaining them. Fof
Preffions or Motions, propagated f’rgom a fhining
-Body through an uniform Medium, muft bé
on all fides alike; whereas by thofe Expertl
ments it appears, that the Rays of Light have
different Properties in their different Sides. He
fufpeéted that the Pulfes of Zther in pafling
through the firft Cryftal might receive certain
new Modifications, which might determiné
th‘em to be propagated in this or that Mediu®
within the fecond Cryftal, according to the
' Pofition of that Cry.ﬁ?‘!'
Mais pour dire commens But  what Modification$
ela f;”f;’f’.f." 29 % thofe might be he cov
rove W ici qui me [~ : 2 v
tisfafle. C. H. de la lymi- DOt fay, nor think of any
erc. 5. p9l. - thing fatisfactory in that
g Point. And if be had
known that the unufual Refraction depends not -
on new Modifications, but on the original a0
unchangeable Difpofitions of the Rays, he wou o
* have found it as difficult to explain I}OW th{f{é’
Difpofitions which he fuppofed to be impre 2 iy
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on the Rays by the firft Cryftal, could be in
them before their Incidence on that Cryftal,
and in general, how all Rays emitted by fhi-
ning Bodies, can have thofe Difpofitions in
"them from the beginning. To me, at leaft,
this feems inexplicable, if Light ‘be nothing
elfe than Preffion or Motion propagated through

Lther. o
And it is as difficult to explain by thefe Hy.
pothefes, how’ Rays can be alternately in Fits
of eafy Reflexion and eafy Tran{miffion; unlefs
perhaps one might fuppofe that there are in all
Space two Aithercal wvibrating Mediums, and
tlgat the Vibrations of one of them conftitute
Light, and the Vibrations of the other are {wift-
‘er, and as often as' they overtake the Vibrations
of the firft, put them into thofe Fits. But how
two ZEthers can be diffufed through al) Spac‘c’
one of which a@s upon the other, and by con-
fequence is re-acted upon, without retarding,
fhartering, difperfing and confounding one an-
others Motions, is inconceivable.+ :And againft
filling the: Heavens with fluid Mediums, unlefs
they be exceeding rare, a great Objection arifes
from the regular and very lafting Mortions 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

atter. . S
For the refifting Power of fluid Mediums a-
Tifes partly from the Atrition of the Parts of
the Medium, and partly from the Vis inertie
of the Matter, That part of the Refiftance of
Z 2 - afphe-
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a {pherical Body which arifes from the Attrition
of the Parts of the Medium is very nearly as the
Diameter, or, at the moft, as the Faffum of the
Diameter, and the Velocity of the {pherical Bo-
dy rogether, And that part of the Refiftance
which arifes from the Vis inertie of the Matter,
is as the Square of that Faffum. And by this
difference the two forts of Refiftance may be di-
ftinguifh’d from one another in any Medium;
and thefe being diftinguifh’d, it will be found
that almoft all the Refiftance of Bodies of a com-~
petent Magnitude moving in Ajr, Water, Quick-
filver, and fuch like Fluids with a competent Ve-
locity, arifes from the #7s fnertiee of the Parts of
the Fluid. |

~ Now that part of the refifting Power of an,

Medium which arifes from the Tenacity, Fri-
&ion or Attrition of the Parts of the Medium,
may be diminifh’d by dividing the Matter into
fmalle.r Parts, and making the Parts more fmooth
and flippery: But that part of the Refiftance
which arifes from the Vis inertim, is pr0p01‘ti0‘
nal to the Denfity of the Marrer, and cannot bé-
diminifh’d by dividing the Matter into fmallef
Parts, nor by any other means than by decrea”
fing the Denfity of the Medium: And for thefé
Reafons the Denfity of fluid Mediums is very
nearly proportional to their Refiftance. ¥
quors which differ not much in Denfity, as W#”
ter, Spirit of Wine, Spirit of Turpentine, hot
"Oil, differ not much in Refiftance. Water ¥
thirteen or fourteen times lighter than QuIC¥”
filver, and by confequence thirteen or fourtéc”
times rarer, and its Refiftance is lefs than that

of
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of Quick-filver in the fame Proportion, or there-
abouts, as I have found by Experiments made
with Pendulums. The open Air in which we"
breathe is'eight or nine hundred times lighter
than Water, and by confequence eight or nine’
hundred times rarer, and accordingly its Refi-
ftance is lefs than that of Water in the fame
Proportion, or thereabouts ; as I have alfo found
by Experinients made with Pendulums. And in
thinner Air the Refiftance is ftill lefs, and at
length, by ratifying the Air, becomes infenfi-
ble. For {mall Feathers falling in the open Air
meet with great Refiftance, but in a tall Glafs
well emptied of Air, they, fall as faft as Lead or
Gold; asT 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 f{enfible Refiftance than what arifes from
the Denfity and Tenacity of thofe fenfible Flu-
1ds, 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 chan in the open Air, it
would be about a million of times lefs than in
Quick-filver. But it feems to be much lefs in
fuch a Veffe), and ftill much lefs in the Hea-
‘vens, at the height of three or four hundred
Miles from the Earth, or above. For Mr. Boyle
has (hew’d that Air may be rarified above ten
thoufand times in Veflels of Glafs; and the

Heavens are much emptier of Air than any 7 a-.
Z 3 cuunt
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cuum we can make below. For fince the Aif
s comprefs'd by the Weight of the incumbent
Atmofphere, and the Denfity of Air is propof<
tional to the Force compreffing it, it follows by
Computation, that at the height of about fe-
ven and a half Englifb Miles from the Earth, the
Air is four times rater than at the Surface of the
Earth; and at the height of 17 Miles it is fix-
teen timesorarer than that at the Surface of the
Earth; and at the height of 224, 30, or 38 Mll'es"
it is refpeCtively 04, 256, or 1024 times Tarer,
of thereabouts’; and at the height of 76, 1525
228 Miles, it is about 1000000, 1000000000000,
o 1000000000Q00000000 times rarer; and {0 -
on. ,
" Heat promotes Fluidity very much, by dimi”
nifh_ing the Tenacity of Bodies. It makes ma-
ny Bodtes fluid which are not fluid in- cold, and
increafes the Fluidity of tenacious Liquids, 2%
of Oil, Balfam, and Honey, and thereby’ d¢
creafes their Refiftance. But ic decreafes pot
the Refiftance of Water confiderably, as it woul
do if any confiderablé part of che Refiftance of
Water arofe from the Attrition or Tenacity ©
its Pa!:ts. - And therefore the Refiftance of W2~
ter arifes principally and almoft entirely frof®
the Vs inertie of 1ts Marter; and by eonie-
quence, if the Heavens were as denfe 28 W#
ter, they would not have much lefs Refiftance
than Water; if as denfe as Quiek-filver, dhey
would: not have much lefs Refiftance than Quick=
filver; if abfolutely denfe, or full of Matter
without any Pacuum, lec the Matter be ‘never
fo fubril and fluid,. they would have a greatsr
' Refiftance
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Refiftance than @Ck—ﬁlvel'. A folid Globe in
fuch 2. Medium would lofe above half its Mo-
tion in moving three' times the length of' its
Diameter, and a Globe not folid (fuch asare”
the Planets, ) would be retarded fooner. And
therefore-to make way for the regular and laft-
ing Mdtions gf the Planets and Comets, i’s ne-
ceffary to empty the Heavens of all Matter, ex-
cept perhaps fome very thin Vapours, Steams,
or Effluvia, arifing from the Atmofpheres of the
Earth, Planets, and Comets, and from fuch an
exceedingly rare Athereal Medium as we de-
fcribed above. A denfe Fluid can be of no ufe
for explaining the Phenomena of Nature, the
Motions of the "Planets and Comets being better
explain’d without it. It ferves only to difturb
and rerard the Motions of thofe great Bodies,
and make the Frame of Nature languith: And
in the Pores ‘of Bodies, it ferves only to ftop
the vibrating Motions of their Parts, wherein
their Heat and Ativity confifts. And as it is
of no ufe, and hinders the Operations of Na-
wure, and makes her languifh, fo there is no e-
vidence for its Exiftence, and therefore it ought
to be rejected. And if it be rejected, the Hy-
pothefes that Light confifts in Preflion or Mo-
‘tion, propagated through fuch a Medium, are
rejected with it. | | ‘
"And for reje&ting fuch a Medium, we have
the Authority of thofe the oldeft’ and moft ce-
lebrated Philofophers of Greece and Phevicia,
who made 2 Vacuum, and Atoms, and the Gra-
vity of Atoms, the firft Principles of their Phi-,
lofophy; tacitly attributing Gravity to fome o-
o Z 4 ther
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ther Caufe than denfe Matter. Later Philofo-
phers banith the Confideration of fucha Caufe
out,of natural Philofophy, feigning Hypothefes
for explaining all things mechanically, and re-
ferring pther Caufes to Metaphyficks: Whereas
the ‘main Bufinefs of natural Philofophy is_t0
arguc from Phznomena without feigning HYy-
pothefes, and to deduce. Caufes from Effetts,
till we come to the very firft Caufe, which cer-
tainly is not mechanical ; and not only to un-
fold the Mechanifm of -the World, but chiefly
to refolve thefe and fuch like Queftions. What
is there in places almoft empty of Matter, an
whence is it that the Sun and Planets gravitate
towards one another, without denfe Matter be-
tween them? Whence is it that Nature doth
nothing in vain; and whence arifes all that Or-
der and Beauty which we fee in the World ?
"To what end are Comets, and whence is it that
Planets move all one and the fame way in Orbs
concentrick, while Comets move all manner of
ways in Orbs very excentrick ; and what hinders
the fix'd Stars from falling upon one another ?
How came the Bodies of Animals to be contrt-
ved with fo much Art, and for what ends wer¢
their feveral Parts? Was the Eye contrived
- without Skill' in Opticks, and the Ear without
Knowledge of Sounds? How do the Motions
of the Body follow from the Will, and whence’
is the Inftin& in Animals? Is not the Senfory of
Animals that place to which the fenfitive Sub~
ftance is prefent, and into which the fenfible
Species of Things are carried through the Nerves
and Brain, that there they may be perceive

by
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by their immediate prefence to that Subftance?
And thefe things being rightly difpatch’d, does
it not appear from .Pl'laenox.nena that there is a
Being incorporeal, living, intelligent, omnipre-
fent, who in infinite Space, as it were ip his Sen-
fory, fees the things themfelves intimately, and
throughly perceives them, and comprehends
them wholly by" their immediate prefence to
himfelf: Of which things the Images only car.
ried through the Organs of Senfe into our liule
Senforiums, are there feen and beheld by thar
~.which in us perceives and thinks. And though
every true Step made in this Philofophy brings us

not immediately to the Knowledge of the firft
Caufe, yet it brings us nearer to it, and on that

account is to be highly valued. :
Qu.29. Are not the Rays of Light very
fmall Bodies emitted from fhining Subftances?
For fuch Bodies will pafs through uniform Me-
diums in right Lines without bending into the
Shadow, which is the Nature of the Rays of
Light. They will alfo be capable of feveral
Properties, and be able to conferve their Pro-
perties unchanged in pafling through feveral
Mediums, which 1s another Condition of the -
Rays of Light. Pellucid Subftances a&t upon
the Rays of Light at a diftance in refrating, re-
fleting, and inflecting them, and the Rays mu-
tually agitate the Parts of thofe Subftances at a
diftance for heating them; and this AGion and
Re-action at a diftance very much refcmbles an
attraltive Force between Bodies. 1f Refration
be perform'd by AttraGtion of the Rays, the
Sines of Incidence muft be to the Sines of Re-
{ra&ion
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fraction in a given Proportion, -as we fhew’d in-
our Principles of Philofophy: And this Rule is
true by Expetience. Tﬂe Rays of Light in
going out of Glafs into a ¥acuum, are bent to-
wards the Glafs; and if they fall too obliquely
on the Vacuym, they are bent backwards into
the Glafs, and totally’ refleéted; and this Refle-
xion cannot be afcribed to the Réfiftance of an
abfolute Vacuum, but muft be caufed by the
Power of the Glafs attradting the Rays at  their
going out of it into the Pacuum, 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 refle¢ted 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 outof it. If they go out
of it into the Water, Qil, or Honey, they
go on, becaufe the Attraction of the Glafs is
almoft balanced and rendered ineffectual by
the contrary Attrattion of the Liquor. But if
they go out of it into a Pacuum which has no
Attradtion to balance that of the Glafs, the At-
traction of the Glafs either bends and refracts
them, or brings them back and refle@s them.
And this is ftill more evident by laying together
two Prifms of Glafs, or two Object-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 Glaffes is not above the ten
" hundred
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hundred thoufandth Part of an Inch, will go
through that Surface, and through the Air or
Vacuum berween 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 p,
cuum, will not go on forwards, but turns back
into the firft Glafs, and is refle@ted; and there-
fore it is drawn back by the Power of the firt
Glafs, there being nothing elfe to turn it back,
Nothing more is requifite for producing all the
variety of Colours, and degrees of Refrangibi-
lity, than that the Rays of Light be Bodies of
different Sizes, the leaft of which may take
violet the weakeft and darkeft of the Colours,
and be more eafily diverted by refracting Sur-
faces from the right Courfe ; and the reft as
they are bigger and bigger, may make the
fironger and more lucid Colours, blue, green,
yellow, and red, and be more and. mote diffi-
cultly diverted. Nothing more is requifire for
putting the Rays of Light into Fits of cafy Re-
. flexion -and eafy Tran{miffion, than that they be
fmall Bodies which by their attraétive Powers,
or fome other Force, ftirup Vibrations in what
they a&t upon, which Vibrations being fwifter
than the Rays, overtake them fucceflively, and
agitate them {0 as by turns to increafe and de-
ereafe their Velocities, and thereby put them
. into thofe Fits. And laftly, the unufual Refra-
&ion of Ifland-Cryftal looks very much as if it
were perform’d by fome kind of attrattive vir-
‘ tue
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tue lodged in certain Sides both of the Rays,
and of the Particles of the Cryftal. - For were
it not for fome kind of Difpofition or Virtue
lodged in fome Sides of the Particles of the
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 émerge perpendicu-
larly by a contrary Situation of the Coaft of -
unufual RefraGtion ‘at the fecond Surface; the
Cryftal acting upon the Rays after they have
pafs'd through i, and are emerging into the
Air; or, if you pleafe, into a Vacuum.  And
fince the Cryftal by this Difpofition or Virtue
does not aé upon the Rays, unlefs when one
of their Sides of unufual Refra&ion looks to-
wards that Coaft, this argues a Virtue or Difpo-
fition in thofe Sides of the Rays, which an-
{wers to, and fympathizes with that Virtue or
Difpofition of the Cryftal, as the Poles of two .
Magn'ets anfwer to one another, And as Mag-
neufm may be intended and remitted, and i
found only in the Magnet and in Iron: So this
Virtue of refralting the perpendicular Rays is
greater in Ifland-Cryftal, lefs in Cryftal of the
Rock, and is not yet found in other Bodies.
do not fay that this Virtue is magnetical: It
feems to be of another kind. I only fay, that
whatever it be, is difficult to conceive how
the Rays of Light, unlefs they be Bodies, can
have a permanent Virtue in two of their Sides
I ‘ which
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whichis not-in their other Sides, and this without
any regard to their Pofition to the Space or Me-
dium through which they pafs. '

What I mean in this Queftion by a Vacuum, -
and by the Attractions of the Rays of Light to-
wards Glafs or Cryftal, may be underfiogd by
what was faid in the 18th, 19th, and 20th
ftions. B ‘

Queft. 30. Are not-grofs Bodies and Light con-
vertible into one another, and may not Bodies re-
ceive much of their Activity from the Particles
of Light which enter their Compofition? For all
fix’d Bodies being heated emit Light fo long as
sthey continue {ufficiently hot, and Light mutually

flops in Bodies as often as its Rays ftrike upon
their Parts, as we fhew’d above. I know no

Body lefs apt to fhine than Water; and yet Wa-
* ter by frequent Diftillations changes into fix’d
Earth, as Mr. Boyle has try’d ; and then this Earth
being enabled to endure a fufficient Hear, fhines
by Heat like other Bodies. :
The changing of Bodies into Light, and Light -
into Bodies, is very conformable to the Courfe
of Nature, which feems delighted with Tranf-
mutations. Water, which is a very fluid taftelefs
Salt, {he changes by Heat into Vapour, which is
a fort of Air, and by Cold into Ice, which ‘is a
hard, pellucid, brittle, fufible Stone; and this
Stone returns into Water by Heat, and Vapour
returns into Water by Cold. Earth by Heat be-
comes Fire, and by Cold returns into Earth.
Denfe Bodies by Fermentation rarify into feve-
.ral forts of Air, and this Air by Fermentation,
- and fometimes without it, .returns into denfe
' Bodies.

uc~
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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 corro--
five pellucid Salt call'd Sublimate, fometimes in
the form of a taftelefs, pellucid, volatile white
Earth, call'd Mercurius Duleis ; or in that of a
red opake volatile Earth, call’d Cinnaber ; or in
that of a red or white Precipitate, ot in that 0
a fluid Salt; and in Diftillation it turns into
Vapour, and being agitated iz Vacuo, it thines,
like Fire. And after all thefe Changes it re-
turns again into its firlt form of Mercury.
Eggs grow from infenfible Magnitudes, and
change into Animals; Tadpoles into Frogs;,
and Worms into Flies. All Birds, Beafts and
Fifhes, Infects, Trees, and other Vegetables,
with their feveral Parts,  grow out of Water
and wartry Tinctures and Salts, and by Putre-
faction rerurn again into watry Subftances, And.
Water ftanding a few Days in the open Air,
yields a Tinure, which (like that of Malt) by
ftanding longer yiclds a Sediment and a Spi-
rit, but before Putrefacion is fir Nourithment
for_Animals and Vegetables. And among fuch
various and ftrange Tranfinutations, why may
not Nature change Bodies into Light, and Light
into Bodies? - . .
Queft. 31. Have not the fmall Particles of Bo-
dies certain Powers, Virtues, or Forces, by which
they at at a diftance, not only upon the Rays
of Light for refleting, refracting, and inflect-
ing them, but alfo upon one another for pro-
ducing a great Part of the Phanomena of Na-
ture? For i's well known, that Bodies act
one
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one upon another by th_e Atrattions of Gravit ,
Magneti{m, and EleCricity ; and thefe Inftances:
fhew the Tenor and Courfe of Nature, and make
it pot improbable but that there may be more at-
tra&ive Powers than thefe. For N)':lture is ver
confopant and conformable to her felf How
thefe Attractions may be perform’d, I do not here
confider. 'What I call Attraction may be per-
form’d by impulfe, or by fome other means ‘yp._-
known to me. I ufe that Word here to ﬁgnify
only in general any Force by which Bodies teng
towards one another, whatfoever be the Caufe,
For we muft learn from the Phenomena of
Nature what Bodies attra& one another, and
what are the Laws and Properties of the At~
traction, before we enquire the Caufe by which
the Attraction is perform’d. The Attractions of
Gravity, Magnetilm, and Ele@ricity, 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 Ob-
fervation; and perhaps ele@rical Attra&ion may
reach to fuch fmall diftances, even without being
excited by Frittion.

For when Salt of Tartar runs per Deliguinm,
is not this done by an Attrattion between the
Particles of the Salt of Tartar, and the Partj-
cles of the Water which float in the Air in the
form of Vapours? And why does not common
Salt, or Salt-petre, or Vitriol, run per Deliguium,
but .for want of fuch an Atra&ion? Or why
does not Salt of Tartar draw more Water out
of the Air than n a certain’Proportion to jrg
quantity, buc for want of an atraGive Force.

2 after
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after it is fatiated with Water 2 And whence
'is it but from this attractive Power that Water
which alone diftils with a gentle luke-warm
‘Hear, will not diftil from Sale of Tartar with-
out a great Heat? And is it not from the like
atcractive Power between the Particles of Oil 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 very
difficulcly ? * And when Water and Oil of Vi-
wriol poured fucceflively irito the fame Veflel
grow very hot in the mixing, does not this
Tleat argue a great Motion in the Parts of the
Liquors? And does not this Motion argue, that
.the Parts of the two Liquors in mixing coa-
lefce with Violence, and by confequence rufh to-
wards one another with an accelerated Mo-
tion ? And when Ayua fortss, or Spirit of Vi-
triol poured upon Filings of Iron, diffolves the
Filings with a great Heat and Ebullition, is not
. this Heat -and Ebullition cffeéted by a violent
Motion of the Parts, and does not that Motion
argue that the acid Parts of the Liquor rufh to-
wards the Parts of the Metal with violence,
and run forcibly into its Pores till they get be-
tween its outmoft Particles, and the main Mafs
of the Metal, and furrounding thofe Particles
loofen them from the main Mafs, and fet them
at liberty to float off into the Water © And
when the acid Particles, which alone would
diftil with an eafy Heat, will not feparate from

the Particles of the Metal without a very vio-
lent
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lent Heat, doesnot this confirm - thé Attra@ion
between them? o ‘

- Whén Spiric of Vitriol poured upon coms
mon Salt or Salt-petre makes an Ebullition with
. the Salt, and unites with it, and in Diftillation
-the Spirit of the common Salt or Salt-petre -
comes over. much- eafier than it would do Ye~
fore, and the acid part of the Spirit of Vicrig
ftays behind ; does not this argue that «the fix’d
Alcaly of ‘the Salt attraéts the acid Spirit of the
Vitriol more ftrongly than its own Spirit, and-
not being able to hold them both, lets go its
own! And when Oil of Vitriol is' drawn. off
from its “weight of Nitre, and from both the
Ingredients a compound Spirit of Nitre is diftil-
led, and two parts of this Spirit- are poured on
one part of Oil of Cloves or Carraway Seeds, or of
any ponderous Oil of vegetable or animal Sub-
ftances, or Oil of Turpentine thicken’d with a
lirtle Balfam of Sulphur, and the Liquors grow fo
very hot in mixing, as prefently to fend up a burn-
ing Flame; does not this very great and fudden
Heat argue that the two Liquors mix with vio-
lence, and that their Parts in mixing run to-
:wards one angther with an accelerated Motion,
‘and clath wich the greateft Force? And,is it
not for the fame reafon that well recified Spi-
rit of Wine poured on the fame compound Spi-
rit flathes; and that the Pulvis fulminans, com-.
pofed of Sulphur, Nitre, and Salt of Tartar,
goes off with a more fudden and violent Ex-
plofion than: Gun-powder, the acid Spirits of
.the Sulphur and Nitre rufbing towards one an~
~other, and towards the Salt of Tartar, with fo
' Aa ' greag
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great a violence; as by the thock to turn the
whole at once into Vapour and Flame? Where
the Diffolution is flow, it makes a flow qullk
tion and a gentlé Hear; and where it is quick-
er, it makes a greater Ehullition with more
_heat, and where it is done at once, the, Ebllll"
Jition is contrated into a fudden Blaft or vi0-
lnt Explofion, with a heat equal to that 0
fire and' Flame. So when a Drachm of the a-
~bove-mention’d compound Spirit of Nitre was
poured upon half a Drachm of Oil of Carraway
Seeds in wacuo, the Mixture immediately made
a flath like Gun-powder, and burft. the ex-
haufted Receiver, which was a Glafs fix Inches
wide, and eight Inches deep. And cven the
grofs Body of Sulphur powder’d, and with an
equal weight of Iron Filings and a little Water
made into Pafte, acts upon the Iron, and in five
or fix hours grows too hot to be touch’d, and
. emits 2 Flame.  And by thefe Experiments com-
ared 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, apd wich Damps, mi-
- neral Corufcations, Earthquakes, hot fuffoca-
ting .Exhalations, Hurricanes, and Spouts; we
~may learn that fulphureous Steams abound in
the Bowels of the Earth and ferment with Mi-
nerals, and fometimes take fire with a fudden
Corufcation and Explofion ; and if pent up in
fubterraneous Caverns, burft the Caverns with a
~great fhaking of the Earth, as in fpringing of 2
Mine, And then the Vapour generated by the
Explofion, expiring through the Pores of the
' 3 ‘Earth,
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Barth, feels hot and fuffocates, and makes Tem-
pefts and Hurricanes, and fometimes caifes the
Land to flide, or the Sca to boil, and carries
up the Water theteof in Drops, which by their
weight fall down again in Spouts. Alfo fome
fulphureous Steams, at all times when the Earth.
is dry, afcending into the Air, ferment there
with nitrous Acids, and fometimes taking fire
caufe Lightning and Thunder, and fiery Me-
teors, For the Air abounds with acid Vapours
fic 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 as
bove-mention’d Motions are fo great and violent:
as to-fhew that in Fermentations the Particles of
Bodies which almoft reft, are put into new Mo-
tions by a very potent Principle, which acts up-
on them only when they approach one another,’
and caufes them o meet and clath with great vi-
olence, and grow hot with the motion, and difh
one another 1nto pieces, and vanith into Aif; and
Vapour; and Flame, , ST
: ‘&’hen Sale of Tartar per deliguiuh, being
poured into’ the Solution of any Metal, preci-
pitates the Metal, and makes it fall down to the.
bottom of the Liquor in the form of Mud:
Does not this argue that the acid Particles are
attradted more ftrongly by the Salt of Tditar
than by the Metal, and by the ftronger Attra-
‘@ion go from the Metal to the Salt of Tartar?
And {o when a Solution of Iron in Agua fortis
diffolves the Lapis Calaminaris, and lets' go the
Iron, or a Solution of Copper diffolves Iron im-
o - Aa 2 ' merfed
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merfed ifi it and lets go the Copper, or a So-
lution of Silver diffolves Copper and lets go the
Silver, or-a Solution of Mercury in Agua fortis
being poured upon Iron, Copper, Tin;, or Lead,
diffolves the Meca] and lets go the Mercurys
docs .00t this argue that the acid Particles of
the Agua_ fortis are attracted more ftrongly by
the Lapis Calaminaris than by Iron, and more
ftrongly ‘by Iron than by Copper, and more
firongly by Copper than by Silver, and more
ftrongly by Iron, Copper, Tin, and Lead, than
by Mercury ? And is it not for the fame reafon
that Iron requires more Aqua _fortis ta diffolve
it than Copper, and Copper more than the other
Metals ; and that of all Metals, Iron is diffolved
moft eafily, and is moft apt to ruft; and nextaf-
ter Iron, Copper? ' '
When Oil of Vitriol is mix’d with a lictle

- Water, or is run per deliguium, and in Diftil-
lation the Water afcends difficultly, and brings
~over with it fome part of the Oif 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 thew that the acid Spirir is at«
tratted by the Water,” and more atracted by
the fix'd Body than by the Water, and there-
fore lets go the Water o clofe with che 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, Aqua fortis, and Spiric of .
Salt, cohere and rife’ together in Difti]lation ;
but if the. Menfruum. be poured on Salt of Tar-~
tr, or on Lead, or Irop, or any fix’d Body
which
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which it can' diffolve,. the Acid by a ftronger At-
traction adheres to the Body, “and lets go ths
Water? And is it not alfo from a mutual At-
traltion that the -Spirits of Soot and Sea-Sale
unite and compofe the Particles of Sal-armo-
niac, which are lefs volatile than before, be-
caufe groffer and freer from Water; and chae
the Particles of Sal-armoniac in Sublimation car-
1y up the Particles of Antimony, which will not
fublime alone; and that the Particles of Mer-~
cury uniting with the acid Particles of Spirit
of Salt compofe Mercury fublimate, and with
the Particles of Sulphur, compofe Cinnaber ;
and that the Particles of Spirit of Wine and
Bpirit of Urine well re@ified unite, and letting
go-the Water which diflolved them, compofe a
~confiftent Body; and that in {ubliming Cinna-
ber from Salt of Tartar, or from quick Lime,
the Sulphur by a ftronger Attra&ion of the ‘Salt
or Lime lets go the Mercury, and flays wich
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 actrads it more ftrongly, 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-
fible Salt, called Butter of Antimony, although
the Spirit of Salt alone be almoft as volatile as
Water, and the Antimony alone as fixd as’

Lead?
 When Agqua fortss diffolves Silver and not
Gold, and Agua regia diflolves Gold and not
Aa g Silver,
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Silver, may it not-be faid that Agua fortis is
fubtil enough to penetrate Gold as well as Sil--
ver, but wants the. attractive Force to give it
Entrance s and that Agua regia is fubtil enough
‘1o pepetrate Silver as well .as Gold, but wants
the attradtive Force to give it Entrance? For
dgua regia is nothing elfe than Agua Jorts
mix'd with fome Spirit of Salt, or with Sal-ar-
moniac ; and even common Salt diffolved in A
Yua fortis, enables the Menftruum to diffolve
Cold, though the Sajc be a grofs Body. When
therefore’ Spiric of Salt precipitates Silver out
of Agqua fortis, is it not done by attradting ind
“mixing with the Agua_fortis, and not attradt~
ing, or perhaps repelliig Silver? And whep
Water precipitates Antimony oyt of the Sublis
mate of Antimony and Sal-atmoniac, 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 attracts
ing, or perhaps repelling the Antimony? And
‘is it not for want of an attrattive virtue ber
tween the Parts of Water/and Oil, of Quick-
filver and Antimony, of Lead and Iron, thag
thefe Subftances do not ‘mix; and by a weak
Atcradion, that %cl&ﬁlver and Coppernmix
difficultly ; and from a {trong ope, 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 cangregatcs
‘homogencal Bodies, and feparates heterogenea
ones? -
When Arfénick with Soap gives a Regulus,

and with Mercury fublimate a volatilc.fuéiblle
y! | bl
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Salt, - like ‘Butter of Angimiony, doth not this
thew that Arfenick, ‘which is a Subftance torally
volatile, is compounded of fix’d and volatile
Parts, ftrongly cohering by a mutual Attraction,
{o that the volatile will not afcend without car-
rying up the fixed? And fo, when an equal
weight of Spirit of Wine and Oil of Vitriol
are digefted together, and in Diftillation yield
.two fragrant and volatile Spirits which will nog
mix with one another, and a fix’d black Earch
remains behind ; doth not this fhew that Oil of
Vitriol is compofed of volatile and fix'd Parts
{trongly united by Attraction, {o as to afcend to-
gether in form” of a volatile, acid, fluid Salg,
until the Spirit of Wine attraéts and feparates’
the volatile Parts from the fixed ? "And there-
fore, fince Oil of Sulphur per Campanam is of
_the fame Nature with Oil of Vitriol, may it not
be inferred, that Sulphur is alfo a mixwure of
volatile and fix’d Parts fo ftrongly cohering by
Atrraétion, as to afcend together. in Sublima-
idon. By diffolving Flowers of Sulphur in Oil
of Turpentine, and diftilling the Solution, it is
found that Sulphur is compofed of an inflama-
-ble thick Qil or ‘fat Bitumen, an acid Salr, a
very fix'd Earth, and a litde Metal.  The three
firft. were found not much -unequal to one
another, the fourth in fo fmall a quantity as
fearce to be worth confidering. ‘The acid "Salt
diffolved in Water, is the fame with Qil of Sul-
phur per Campanam, and abounding much in
the Bowels of the Earth, and particularly in
‘Markafites, unites it felf to the other Ingredi-
ents of the Markafite, which are, Bitumen, I-

Aag ~ ron,
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ron, Copper, and'Earth, and with them com~
pounds Allum, Vicriol, and Sulphur. With the
Earch alone it compounds Allum ; with the Me~
tal alone, or Metal and Earth together, it com-
pounds Vitriol; and with theBitumen and Earth
1t compounds ‘Sulphur.  Whence it comes to
pafs that Markafites abound with thofe three Mi-
nerals. -And is it not from the mutual Attraction.
of the Ingredients ‘that they ftick together for
compounding thefe Mincrals, and that the Bitu-
men carrics up the other Ingredients of the Sul-
hur, which without it would not fublime? And
the fame Cueftion may be put concerning all;
or almoft all the grofs Bodies in Nature. For
all the Parts of Animals and Vegetables are com-
pofed of Subfiances volatile and fix'd, fluid and
folid, as appcars by their Analyfis; and fo
arc Salts and Minerals, fo far as Chymifts have
been hitherto able to examine their Compoﬁ-.
tion,
. When Mercury fublimate is re-fublimed with
freth Mercury, and becomes Mercurius Dulcts,
which is a whit¢ taftelefs Earcth f{carce diflolva-
ble in' Water, and Mercurius Duleis re-fublimed
with Spirit of Salt returns inta Mercury {ubli=
mate ; and when Metals corroded with a little
acid tarn into ruft,, which is an Earth taftelefs
and indiffolvable in Water, and this Earth im-
bibed with more acid becomes a metallick
-8alt; and when fome Stones, as Spar of Lead,
diffolved in proper Menftruums become Salts 3
do not thefc things thew that Sales aré dry Earth
and watry Acid united by Attraction, and thag
the Earth -will not become a Salt without fo
much



BOOK III. . 36;
much acid as makes’ it diffolvable in Water? Do
not the fharp and pungent Taftes of Acids
arife from the ftrong Attraction whereby the
acid Particles ruth upon and' agitate the* Par-
ticles of the Tongue? And when Metals are dife
folved in acid Menftruums, and the Acids in
- conjunétion with the Metal a& after 2 differen
manner, {o that the Compound has a differen;
Tafte much milder than before, and fometimeg
a {weet one; 1is it not becaufe the Acids ad-
here to the metallick Particles, and thereby
lofe much of their A&ivity ? And if the Acid
be in too fmall a Proportion to make the Com-
pound diffolvable in Water, will it not by ad-
hering ftrongly to the Metal become unactive and
lofe its Tafte, and.the Compound be a taftelefs
Earth ?  For fuch things as are not diffolvable by
the Moifture of the Tongue, a& not upon the
Tafte, ‘ - |
As Gravity makes the Sea flow round the
denfer and weightier Parts of the Globe of ‘the
Earth, fo the Attraction may make the watry
Acid flaw round the denfer and compaéier Par-
ticles of -Earth for compofing the Particles. of
Salt.  For otherwife the Acid would not .do
the Ofhice 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
: denfeft
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-denfeft Matter may always enrdeavour to approach
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 Center; . and rare,
foft, moift, and. watry in the Circumference.

And hence it feems to be that Salts are of 2
lafting Narture, being fcarcé deftroy’d, unlefs by

diawing away their watry Parts by violence,

or by lerting them foak into the Pores of the

central Earth by a gentle Hear in Putrefa~

¢tion, until the Earth be diffolved by the Wa-
ter, and feparated into {maller Particles, which
by reafon -of their Smallnefs' make the rotten
Compound appear of a black Colour. Hence

alfo it may be, that the Parts of Animalsand
Vegetables preferve their feveral Forms, and
affimilate their Nourithment ; the foft and moift
Nourithment eafily changing its Texture by a
gentle Heat and Mortion, till it becomes like the
denfe, hard, dry, and durable Earch.in the Cen-
ter of each Particle. But when the Nourith-
ment grows unfic to be aflimilated, or the cen~
tra} Barth grows too feeble to affimilate it, the
Motion  ends in Confufion, PutrefaGtion, and
Death, L .
~ If a very {fmall quantity of any Salt or Vitriol

be diffolved in a great quantity of Water, the
Parvicles of the Salt or Vitriol will not fink to
‘the bottom, though they be heavier in Specie
“than the Water, but will evenly,diﬁllfﬁ them~-
felves into all the Water, {o as.to make it as fa-

line at the top as at the bottom: “And does not

this imply that the Parts of the Salt or Vitriol

-secede from one another, and endeavour to ex-
pand
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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 2 repulfive Force by which they fly
from one another, or at leaft, that they atra&
the Water more ftrongly 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 Earth; fo all the Particles of Sale.
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 at-
rracted Water. ’ \

When any faline Liquor is evaporated toa Cu-
ticle and let cool, the Salt concretes .in regular
Figures; which argtes, that the Particles of the
Salt before they concreted, floated in-the Liquor
at equal diftances in rank and file, and by confe-
quence that they acted upon one another by fome
Power which at equal diftances is equal, at une-
qual diftances unequal. For by fuch a Powey.
they will range themfelves uniformly, and with-
out it they will float irregularly, and come to-

gether as ifregularly. And fince the Particles
of Hland-Cryftal a&t all the fame way upon.
the Rays of Light for caufing the unufual Re--
fra@ion, may it.not be,fuppoled that in the Fors
mation of this Cryftal, the Particles not only
ranged themfelves in rank and file for concreting
in regular Figures, but alfo by fome kind of po-
lar Virtue turned their homogeneal Sides the
fame way. . .
~ The. Parts of all homogeneal hard Bodies
which fully touch one another, ftick together
- : very
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wery ftrongly. ~ And for explaining how this
may be, fome have invented hooked Atoms,
which is begging the Queftion; -and others tell
us that Bodies are glued together by reft, that
is, by an occult Quality, or rather by nothings
and others, that they ftick together by confpi
ring Motions, that is, by relative reft ar'nongﬁ,
themfelves. 1had rather infer from their Co=
‘hefion, that their Particles attra@ one another by
fome Force, which in immediate Contaét is €x-
ceeding ftrong, at fmall diftances performs the
chymical Operations above-mention’d ,. and
reaches not far from the Particles with any fenfi-

ble Effe&. ‘ L ,
~ All Bodic's feem to be compofed of hard Par-
ticles: For otherwife Fluid¢ would not congeal ;
‘as Water, - Oils, Vinegar, and Spirit or Oil of
-Vitriol [do by freezing ; Mercury by Fumes of
Lead; Spirit of Nitre and Mercury, by diffol-
ving the Mercury and evaporating the Flegm;
Spirit of Wine and Spirit of Urine, by deflegm-
ing and mixing them; and Spirit of Urine and
Spirit of Salt, by. fubliming them together to
make Sal:armoniac: Even the Rays of Light
feem to be hard Bodies; for otherwife they
would not retain. different Properties in their
different Sides. And therefore Hardnefs may
be reckon’d the Property of all uncompounded
Matter. At leaft, this feems to be as evident
a8 the univerfal Impenctrability of Mattet. For
all Bodies, fo far as Experience reaches, are €li-
ther hard, or may be hardén’d; and we have
no other Evidence of univerfal Impenetrabilitys
befides a large Experience without an expert-
‘ T ‘ * mental



BOOK IIL 365

mental Exception; Now if compound Bodies
are fo very hard as we: find {fome of them to.

be, and yet are véry porous, and confift of ‘Parts
which afe only laid togethcr'; the fimple Par.
ticles which are void of Pores, and were never”
%ret divided, muft be much harder. For fuch
rard 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 4 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
affiftance of fomething  which - caufes them to
Be ateracted or ‘prefs'd towards one another, is
very diflicult to conceive. :
" The fame thing I infer alfo from the cohe~

ring of two polifh’d Marbles 722 vacuo, and from
the ftanding of Quick-filver in the Barometer at-
the height of 50, 60 or 70 Inches, or above,
when ever it 1s well-purged of Air and careful-
ly poured in, fo. that its Parts be every where
contiguous both to one another and to the
"Glafs. The Atmofphere by its weight prefles
the (&ick—ﬁlver into the Glafs, to the height of
‘29 or 30 Inches. And fome other Agent raifes
it higher, notby prefling it into the Glafs, but
- by making its Parts ftick to the Glafs, and to
one another. For upon any difcontinuation of

Parts, made either by Bubbles or by thaking the
' Glafs,
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Glafs, the whole Mercury falls down to the
height of 29 or 30 Inches. , ' ‘

And of the fame kind with thefe Experi-
ments ate thofe that follow. If two plane po-
Tifh'd Plates of Glafs (fuppofe two pieces of &
polifh’d Looking-glafs ) be laid together, fo that
theirfides be parallel and at a very f{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 Glaffes is, the greater will be the
height to which the Water will rife. If the
diftance be about the hundredth part of an Inch,
the Water will rife to the height of "about an
Inch; and if the diftance be greater or lefs in
any Proportion, the height will be reciprocally-
proportional to the diftance very nearly. For
the attra@ive Force of the Glafles ‘is the fame,
‘whether the diftance between them be greater
or lefs; and the weight. of the Water drawn
up is the fame, if the height of it be recipro-
cally proportional to the diftance of the Glaffes.
And in like manner, Water afcends between
two Marbles polifl'd plane, when their. polifhed
fides are parallel, and at a very little diftance
from "one another. And if flender Pipes of,
Glafs be dipped at one end into ftagnating Wa=
ter, the Water will rife up within the Pipe, and
the height to which it rifes will be reciprocally
proportional to the Diameter of the Cavity of
the Pipe, and will equal the height to which it
fife’s between two Planes of Glafs, if the Semr-
diameter of the Cavity of the Pipe be equal t0
the diftance begween the Planes, or thereab?tg'

n
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And thefe Experiments fucceed after the fame
manner 1 vacuo as in the open Air, (as hath
been tried before the'Royal Society,) and there-
fore are sot influenced by the Weight .or Pref-
{ure of the Atmofphere. - R
And if a large Pipe of Glafs be filled with
fifted Afhes well prefled together in. the Glafs,
dnd one end of the Pipe be dipped into ftagna-
ting Water, the. Water will rile up flowly in-
the Afhes; fo as.in the {pace of a Week or Fort~
night to reach up within the Glafs, to the height
of 30 or 40 Inches above the ftagnating Wattr.
And the Water rifes up to this height by ‘the
A&ion only of thofe Particles of the Athes which
are upon the Surface of -the elevated Water;
the Particles which are:within the Water, at-
“tracting or repelling it as much downwards as’
upwards. And therefore the A&ion of the Par-
ticles is very ftrong. But the Particles of the
Athes being not fo denfe and clofe. together
as thofe of Glafs, their A&ion is ‘not {o" ftrong
as that of Glafs, which keeps Quick-filver fuf-
pended’ to the height of 60 or 70 Inches, and
therefore acts with a Force which would kee
Water fufperided to the height of above 6o
Feet .
By the fame Principle, a Sponge fucks in
Water, and the Glands in the Bodies of Ani-
mals, according to their feveral Natures and
Difpofitions, fuck in various Juices from the
‘Blood. - : : .
+ If two plane polifh’d Plates of Gafs threc or
four Inches broad, and twenty or twenty five
long, be laid one of them parallel to the Ho-
rizon,
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rizon, the other upon the firft; {o as at one of
their ends to touch one another, and contain an
Angle of about 10 or 1z Minutes, and the fame
be firft moiften’d on their inward fides with 2
dlean Cloth dipp’d into Oil of Oranges or Spirit
of Turpentine, and a Drop or two of the Oil
or Spirit be let fall upon the lower Glafs at the
other end; fo foon as the uppet Glafs is laid
down upon the lower, fo as to touch it at one
end as above, ‘and to touch the Drop at the other
end, making with the lower Glafs an Angle of
about 10 or 15 Minutes; the Drop will begin to
move towards the Concourfe of the Glaffes, and
will continue to move with an accelerated Mo~
tion, till it arrives at that Concourfe of the
Glafles. For the two Glaffes attraét the Drop,
and make it run that way towards which the At~
traCtions incline. And if when the Drop is .in
motion you lift up that end of the Glaffes where
they meet, and towards which the Drop moves,
the Drop will afcend between the Glafles, and
therefore is attra&ted. And as you lift up the
Glafles more and more, the Drop will afcend
flower and flower, and at length reft, being then
carried downward by its Weight, as much as up-
wards by the Attraction. And by this fheans
you may know the Force by which the Drop is
attraGted at all diftances from the Concourfe of
the Glaffes, ' s
- Now by fome Experiments of this kind,
(made by Mr. Hauksbee) it has been found that
the Attraction is almoit reciprocally in a dupl‘lf
cate Proportion of the diftance of the middle
of the Drop from the Concourfe of the Glafles,

' . : . WPIZ
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iz, reciprocally in a fimple Praportion, by rea-
fon of the fpreading of the Drop, and its touch-
ing each Glafs in a larger Surfage.; and again re-
ciprocally in a fimple Proportion, by reafon of
the Auradtions growing ftronger  wichin the
fame quantity of attracting Surface, The At-
tracion therefore within the fame qQuantjry of
auracting Surface, is reciprocally as the diftagce
between the Glafles. And therefore where the
diftance” is exceeding {mall, the Attraction muft
be exceeding great. By the Table in the fe-
«cond Part_of the fecond Book, wherein the
thickneffes of colour’d Plates of Water be-
tween two Glaffes are fet down, the thicknefs
of the Plate where it appears very black, is
three eighths of the ten "hundred thoufandth
part of an Inch. And where the Oil of O-
ranges between the Glafles is of this thicknef,
the Attra&tion collected by the foregoing Rule,
feems to be fo firong, as within a Circle of an’
Inch in diameter, to fuffice to. hoid: up a
Weight equal to that of a Cylinder of Water
of an Inch in diameter, and two or three Fur-
longs in length. And where it is of a, lefs
thicknefs the Attraction may  be proportionally
greater, and continue to increafe, until. the
thicknefs do not exceed that of a fingle Rar-
ticle of the Oil. There are therefore Agents
in Nature able to make the Particles of Bo-
djes ftick together by very firong Attra&ions.
And it is the Bufinefs of experimental Philofophy
-t find them out. |

B b Now
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- ‘Now the fmalleft Particles of Matter may co-
here by the ftrongeft Attractions, and compofe
‘bigger Particles of ‘weaker Virtue ; and many of
thefe may cohere and compofe bigger Particles
whofe Virtue is ftill weaker, and fo on for divers
~Succeflions, until the Progreflion end in the big-
~geft Particles on which the Operations in Chymi~
ftry,-and the Coloirs of natural Bodies depend,
“and-which by cohering compofe Bodies of a fen-
“fible Magnitude. ‘- If the Body is compa, and
‘bends or yields inward. to Preflion without any
fliding of its Parts, it is hard and elaftick, re-
~turning to its Figire with a Force rifing from
the’ mutval Attradtion of jts ‘Pares. If the
Parts flide upon one another, the Body is mal-
leable or foft. If they flip eafily, and are of*a
fit Size to be agitated by Heat, and the Heat is
- big enough to keep them in Agitation, the Body
“isfluid’; and if it be apt to-ftick to things, itis
' humi(}’; and the Drops of every fluid affeét a
-round Figure by the mutual Attracion of their
‘Parts, as the Globe of the Earth and Sea affets'a
round Figure by the'mutual Attraétion of itsParts
by Gravity. - - ' e :
« “Bince Metals-diffolved in Acids attract but a
fmall quantity of the Acid, their attracive Force
can reach but to a {mall diftance from them.
And as in Algebra, wherc affirmative Quanti-
ties vanifh and ceafe, there negative ones be-
gin; fo in Mechanicks, where Attraction cea~
Aes, there a repulfive Virtue ought to {ucceed.
And that there is fuch a Vircue, feems to fol-

low from the Reflexions and Inflexions of the
'i % Rays -
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Rays of Light. For the Rays are repelled by

Bodies in both thefe Cafes, without the imme-
diate Conta& of the reflecting or infle¢ting Bo-
dy., It feems alfo to follow. from the EmiiTion
~of Light; the Ray fo foon as it is {haken off
from a thining Body by the vibrating Motion of
the Parts of the Body, and gets beyond the
‘reach of Actra&ion, being driven away.wich ex-
ceeding great Velocity. For that Force which
is fufhicient to turn it back in Reflexion, may
be .fufficient to emit it. It feems alfo to fol-
“low from the Production of Air’and Vapour.
The Particles when they are fhaken off from
Bodies by Heat or Fermentation, fo -foon as
they are beyond the reach of the Attradtion 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 denfc Body. Which vaft
Contraction and Expanfion feems unintelligible,
by feigning the Particles of Air to be {pringy
and ramous, or rolled up like Hoops, or by
any other means than a repulfive Power. * The
Particles of Fluids whicli do not cohere too’
ftrongly, and are of fuch a Smaiinefs as renders -
-them moft fufceptible of thofe Agitations which
keep Liquors in a Fluor, ‘are mo#t eafily {epa-
rated and rarified into Vapour, and in the Lan-~
guage of the Chymifts, they are volatile, rari-
fying with an -eafy Heat, and condeniing with
Cold. But thofe which are grofler, and fo lefs
Aufcepuible of Agitation, or cohere by a fironger

‘ Bb 2 Attrattion,
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Attra&ion, are not {eparated without a ftronger
Heatr, or perhaps not without Fermentarion,
And thefe laft are the Bodies which Chymifts
call fix’d, and being rarified, by Fermentation,
become true permanent Air; thofe Particles re-
ceding from one another with the greateft
Force, and being moft difficultly brought toge-
ther, which upon Contact cohere moft ftrongly.
And becaufe the Particles of permanent Air are
grofler, and arife from denfer Subftances than
thofe of Vapours, thence it is that true Air is
more ponderous than Vapour, and that a moift
Atmolphere is lighter than a dry one, quantity
for quantity. From the fame repelling Power
it fcems to be that Flies walk upon the Wa-
ter without wetting their Feet; and that the
Objeci-glafles of long Telefcopes lie upon one
another without touching ; and that dry Pow-
ders are difficultly made to touch one ano-
ther {o as to ftick together, unlefs by melting
them, or wetting them with Water, which by
cxhaling may bring them together ; and that
two polifh’d Marbles, which by immediate Con-
ta& flick together, are .difficuldly brought {o

“clofe together as to ftick, ‘ :
And thus Nature will be very conformable
to her {elf and very fimple, performing all the
great Motions of the heavenly Bodies by the
Attradtion of Gravity which “intercedes thofe
Bodics, and almoft all the finall ones of their
Particles by fome other attractive and repelling
Powers which intercede the Particles. The
Vis.inertie is a paflive Principle by which dB'O‘
- jes

s
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dies perfift in their Motion or Reft, receive Mo-
tion in proportion to the Force imprefling ir,
and refift as much as they are refifted. By
this Principle alone there never could have been
any Motion in the World. Some other Principle
was neceflary for putting Bodies into Motion
and now they are in Motion, fome other Prin-
ciple s neceflary for conferving the Motion.
For from the various Compofition of two Mo-
tions, .’tis very certain that there is not always
the fame quantity of Motion in the World. For
if two Globes joined by a flender Rod, revolve |
about their common Center of Gravity with
an uniform Motion, while that Center moves
on uniformly in a right Line drawn in cthe
Plane of their circular Motion; the Sum of
the Motions of theswo 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
loft. But by reafon of the Tenacity of Fluids,
and Actrition of their Parts, and the Weaknefs
-of Elafticity in Solids, Motion is much more
apt to be loft than got, and is always upon the
Decay. For Bodies which are either abfolutely
hard, or fo foft as to be void of Elafticity,
will not rebound from one another. Impene-
trability makes them only ftop. If two equal
‘Bodies meet dire@ly iz wacuo, they will by the
Laws of Motion ftop where they mect, and
lofe all their Motion, and remain in reft, unlefs

Bb 3 they
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they be elaftick, and receive new Motion from
their Spring.  If they have fo much Elafticity
as fuffices to make them re-bound with a quar-
ter, or half, 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 try'd, by letting two equal
Pendulums fall againft one another from equal
heights.  If the Pendulums be of Lead or foft
Clay, they will lofe all or almoft all their Mo-
tions: If ‘of elaftick Bodies they will lofe all but
what they recover from their Elafticity. If it
be faid, that they can lofe no Motion but what
they communicate to other Bodies, the confe-
quence is, that 7z vacuo they can lofe no Mo-
tion, but when they meet they muft go on and
penetrate one another’s Dimenfions. If three
equal round Veflels be filled, the one with Wa-
ter, the other with Oil, the third with molten
Pitch, and the Liquors be ftirred about alike

'to give them a vortical Motion ; the Pitch- by

its Tenacity will lofe its Motion quickly, the
Oil being lefs tenacious will keep it longer, and
the Warter being lefs tenacious will keep it long-
eft, but yet will lofe it in a {hort time. Whence

it is eafy to underftand, that if many contiguous
Vortices of molten Pitch were cach 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 Stiftnefs,
communicate their Motion to onc another till-
they all refled among themfelves. . Vortices of
Oil or Water, or fome fluider Matter, might

' continue



BOOK.IL 375

continue longer in Motion ; but unlefs the Mat-
ter were void of all Tenacity and Attrition of
Parts, and Communication. of Motion,«(which
is not to be fuppofed,) the Motion would con-
ftantly decay. Seeing therefore the vatiety of
Motion which we find in the World is always
decreafing, there is a neceflity of conferving
and' recruiting it by active 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 perperual Motion
and Hear; the inward Parts of the Earth are
conftantly warm’d, and in fome places grow
very hot; Bodies burn and . fhine, Mountains
take Fire, the Caverns of the Earth are blown
up, and the Sun continues violently hot and
lucid, and warms all things by his Light. For
we meet with very little Motion in the World,
befides what is owing to "thefe a&tive Principles.
And if it were pot for thefe Principles, the Bo-
dies of the Earth, Plancts, Comets, Sun, and
all things in them, would grow cold and freeze,
and become inacive Mafles; and all Putrefaéti-
on, Generation, Vegetation and Life would ceafe,
and the Planets and Comets would not remain in

‘their Orbs.

All thefe things being confider’d, it feems pro-
bable to me, that God in the Beginning form’d
Matter in folid, mafly, hard, impenetrable, move-
able Particles, of fuch Sizes and Figures, and with

fuch other Propetties, and in f{uch Proportion
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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 Of
break in pieces; no ordinary Power being ablé
to divide what God himfelf made one in the firft
Creation. While the Particles continue entirey
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
be of the fame Nature and Texture now, with
Water and Earth compofed of entire Particles
in the Beginning. And therefore, that Nature
may be lafting, the Changes of corporeal Things
are to be placed only in the various Separations
and new Affociations and Motions of thefe per-
manent Particles; compound Bodies being apt
to break, not in the midft of folid Particles, but
where thofe Particles are laid together, and only
touch'in a few Points. o
It feems to me farther, that thefe Particles
have not only a ¥is inertie, accompanied with
fuch paffive Laws'of Motion as naturally refult
from that Force, but alfo that they are moved
by tertain active Principles, fuch as is that o
Gravity, and that which caufes Fermentation,
and the Cohefion of Bodies. Thefe Principles
T confider, not as occult Qualities, fuppofed to
refult from the fpecifick Forms of Things, but:
‘ as
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as general Laws of Nature, by which the Things
themfelves are form’d; their Truth appearing
to us by Phznomena, though their Caufes be

- not yet difcover'd.  For thefe are manifeft Qua-
lities, and their Caufes only are occult. And
the Ariflotelians gave the Name of occult Qua-
lities, not to manifeft Qualitics, but to fuch
(&alities only ‘as they {fuppofed 10 lic hid in
Bodies, and to be the unknown Caufes of ma-
nifeft Effeéts: Such as would be the Caufes of
Gravity, and of magnetick and electrick At-
tractions, and of TFermentations, if we thould
fuppofe that thefe Forces or A&ions arofe from
Qualities unknown to us, and uncapable of be-
ing difcovered and made manifeft.  Such oc-
cult Qualities put a ftop to the Improvement
of natural Philofophy, and therefore of late
Years have been rejected.  To tell us that e-
-very Species of Things is endow’d with an oc-
cult {pecifick Quality by which it a&s and pro-
duces manifelt Effects, is to tell us nothing: But
to derive two or three general Principles of Mo-
tion from Phaxnomena, and afterwards to tell us
how the Properties and Actions of all corporeal
Things follow from thofe manifeft Principles,
would be a very great ftep in Philofophy, though
the Caufes of thofe Principles were not yet dif-
cover'd : And therefore I fcruple not to propofe
the Principles of Motion above-mention’d, they
being of very general Extent, and leave their
Caufes to be found out. ) '
Now by the help of thefe Principles, all ma-
terial Things feem to have been compofed of
the
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the hard and folid Particles above-mention’d,
varioufly affociated in the firft Creation by the
Counfel of an’intelligent Agent. For it beeame
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 it might arife out of a Chaos: by the
mere Laws of Nature; 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 Irregularities excepted,
which may have, rifen from’the mutual Aétions
of Comets and Plancts upon one another, and
which will be apt to. increafe, till this Syftem
wants a Reformation. Such a wonderful Uni-
formity in the Planetary Syftem muft be allow-
ed the Effe@ of Cloice. And fo muift the
Uniformity in the Bodics of Animals, they ha-
ving generally a right and a left fide fhaped a-
like, and on ecither fide of their Bodies two
Legs behind, and ecither two Arms, or two
Legs, or two Wings before upon their Shoul-
ders, and between their Shoulders a Neck run--
ning down into a Back-bone, and a Head up-
on it; and in the Head two Ears, two Eyes, a
Nofe, a Mouth, and a Tongue, alike fituated.
Alfo the firft Contrivance of thofe very artifi-
cial Parts of Animals, the Eyes, Ears, Brain,
Mufcles,* Heart, Lungs, Midriff, Glands, La-"
rynx, Hands, Wings, {wimming Bladders, 119»'1'

tura
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tural Spectacles, and other Organs of Senfe. dnd
Motion; and the Inftin® of Brutes and Infeéts,
can be the effe@ of nothing elfe than the Wif-
dom and Skill of a powerful ever-living Agent,
who being in all Places, . is more able' by
his Will to move the Bodies within his bound-
lefs uniform Senforium, and thereby to form
and reform the Parts of the Univerfe, ‘than we
are by our Will to move the Parts of our own
Bodics. And yet we are ngt to confider “the
World as the Body of God, or the feveral Parts
thereof, as the Parts of God. He is an uni-
form Being, void of Organs, Members or Parts,
and they are his Creatures fubordinate to him,
.and fubfervient to his Will; and he is no more
the Soul of them, than the Soul of Man is the
“Soul of the Specics of Things carried through
the Organs of Senfe into the place of its Sen-
fation, where it perceives them'by means of its
jimmediate Prefence, without the Intervention
of any third thing. - The Organs of Senfe are
not for enabling the Soul to perceive the: Spe-
cies of Things in its Senforium, but enly for
conveying them thither; and God has no need
of fuch Organs, he being every where prefent
to the Things themfclves. And fince Space is
divifible #n nfinitum, and Matter is_not necef-
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
‘ feveral
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feveral Parts of the Univerfe. At leaft, I fee no-
thing of Contradiion in all this.

As in Mathematicks, fo in Natural Philofo-
phy, the Inveftigation of difficult Things by the
Method 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 Inducion, and admitting of no Objecions
againft the Conclufions, but fuch as are taken
from Experiments, or other certain Truths.
For Hypothefes are not to be regarded in ex-
perimental Philofophy. And although the ar-
guing from Experiments and Obférvations b
Induétion be no Demonftration 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 fironger, by how
much the Indu&ion is more general. And if
no Exception occur from Phenomena, 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. B
this way of Analyfis we may proceed from Com-
g‘ounds to Ingredients, and from Motions to the

orces producing them; and in general, from
Effe¢ts to their Caufes, and from particular
Caufes to more general ones, till the Argument
end in the moft general. This is the Method
of Analyfis: And the Synthefis confifls in af-
fuming the Caufes difcover'd, and eftablifh’d
as Principles, and by them explaining the Pha-

: nomena
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nomena proceeding from them, and proving che
Explanations. |
In the two firft Books of thefe épticks, I

proceeded by this Analyfis to difcover and prove

the original Differences of the Rays of Lighs in

refpect of Refrangibility, Reflexibility, and Co-

lour, and their alternate Fits of eafy Reflexion

and ecafy Tranf{miffion, and the Propertics 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 cxplaining

the Phznomena arifing from them: An In-

ftance of which Method I gave in the End of
the firft Book. In this third Book I have only

begun the Analyfis of what remains to be dif-

cover'd about Light and its Effc&s upon the
Frame of Nature, hinting feveral things about

it, and leaving the Hints w0 t¢ examin’d and

improv’d by the farther Experiments and Ob- -
fervations of fuch as ‘re inquifitive. And if
natural Philofophy in all its Parts, by purfuing

this Method, fhall at length be perfe@ted, the

Bounds of Moral Philofophy will be alfo enlar=

ged. For-fo far as we can know by natural

Philofophy what is the firfy Caufe, whar Power

he has over us, and whar Benefits we receive

from him, {o’far otr 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



482 OPTICKS

inftead of teaching the Tranfmigration of' Souls,
and to worthip the Sun and Moon, and dead
Heroes, they would have taught us to worfhip
our true Author and Benefadtor, as their Ance-
ftors did under the Government of Noab and his
Sons before they corrupted themfelves. - .
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