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ADVERTISEMENT.

PArt of the enfuzng Difcony fe about Light was written
A at the defive of fome Gentlemen of the Royal Society,
1 the Year 1675. and then [ent to their Secretary, and
vead at thezr Meetings, and the reft was added about
T welve Vears after to complete the Theory ; except the
Third Book, and the laft Propofition of the Second, which
were fince put together out of fcattered Papers. 1o avoid
being engaged in Difputes about thefe Matters, I have
bitherto delayed the Printing, and fhould fiill have de-
layed it, had not the importunity of Friends prevailed upon
me. Lf any other Papers writ on this Subjelt are got out
of my Hands they are imperfelt,and were perhaps written
before I had tried all the Experiments here fet down,
and fully fatssfied my [felf about the Laws of Refractions
and Compofition of Colours. I have here Publifbed what
I think proper to come abroad, wifhing that it may not be

Tranflated into another Langnage without my Confent.
T'he Crowns of Colours, which fometimes appear about
the Sun and Moon, I have endeavoured to give an Ac-
count of 5 but for want of fufficzent Obfervations leave that
Matter to be further examined. 'The Subject of the T'hird
Book I have alfo left imperfect, not having tried ﬂ[lfl the
{ *rpfn



Experiments which. I intended when I was about thefe

Matferf aor vepeated fime of thofe which I'did try, until
I had fatisfied my felf about all therr Carcumflances. T
communicate what I have tried, and leave the yest to
others for further Enguiry, 15 all my Defign in publifbing
thefe Papers.
It a Letter writtento Mr.Leibnitz zn the Year 1676.
and publifbed by Dy. Wallss, 1 mentzoned a° Method' by
which I had found fome general Theoreins about [quaring
Curvilinear Figures, or comparing them with the Conzc
Sectious, or otherthe fivipleSt Figures with which they may
be campami. And fome Years ago Ilent out a Manufeript
contatning fuch Thearems, and bavzmg Since met with fome
T hings copred.out of i, ] bave on this Occafion made 7t
publick, prefixing to it an Introduction and Jubyoyning a
Scholium' concerning that Method, — And I have jomed
with it another fmall Tralt concerning the Curvilinear
Figures of the Second Kind, wwhich was alfo written
mm*y Years ago,. and made ko 1o Jome Friends, wf:ro'
bave folictted the maémg 7t publick. -

- -1_.
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The FIRST BOOK

OPTICKS.

B.AR Lk

' Y Defign in this Book is not to explain the Pro-
perties of Light by Hypothefes, but to propofe
and prove them by Reafon and Experiments :

S korder to, which , I fhall premife the following Defini-
tions and Axioms.

DEFINITIONS

DEEIN: L
Y the Rays of Light I underftand its leaft Parts, and thofe

as well Succeffive in the fame Lines as Contemporary in fe-
veral Lines. ~ For it is manifeft that Light confifts of parts
both Succeffive and Contemporary ; becaufe in the fame
place you may ftop that which comes one moment, and
let pafs that which comes prefently after; and in the fame
time you may ftop it in any one place, and let it pafs in
any other. For that part of Light which is ftopt cannot
be the fame with that which is let pafs. The leaft Light
or part of Light, which may be ftopt alone without the

seft of the Light, or propagated alone, or do or fuffer any
A thing
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thing alone, which the reft of the Light doth not or fuf-
ers not, I call 2 Ray of Light. ‘

DEFDN. IL

Refrangibility of the Rays-of Light, is their Difpofition.to be
refrated or turned out of their Way in paffing out of one tran/-
parent Body or Medium into another.  And a greater or lefs Re-
frangibility of Rays, is their Difpofition to be turned more or lefs
out of their Way in like Incidences on the fame Medium. Mathe-
maticians ufually confider the Rays of Light to be Lines
reaching from the luminous Body to the body illumina-
ted, and the refraction of thofe Rays to be the bending
or breaking of thofe Lines in-cheir paffing out of one Me-
dium into another. ‘And thus may Rays and Refractions
be confidered, if Light be propagated in an-inftanc. But
by an Argument taken from the Aquations of the ‘times
of the Eclipfes of Jupiter's Satellites it feems that Light is
propagated:in time, fpending in its Pafﬁ;ge from the Sun
to us about Seven Minutes of time : And therefore I have
chofen to define Rays and Refractions in fuch general
terms as may agree to Light in both cafes.

DEFIN. IL

Reflexibility of Rays, is their Difpofition to be turned back into
the fame Medium from any other Medium upon whofe Surface they
fall. And Rays are more or lefs reflexible , which are returned
back more or lefs eafily.  As if Light pafs out of Glafs into
Air , and by being inclined more and more to the com-
mon ‘Surface of the Glafs and Air, begins at length to be
totally reflected by that Surface ; thofe forts of Rays which
at like Incidences are reflected moft copioufly , or by in-
clining the Rays' begin foonelt to be torally refledted, are
‘moft reflexible. BN S e D E-
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DEFIN. IV.

The Angle of Incidence, is that Angle which the Line defcribed
by the incident Ray contains with the Perpendicular to the refle-
Eting or refracting Surface at the Point of Incidence,

DEFIN W

The Angle of Reflexion or Refration, is the Angle which the
Line defcribed by the refleéted or refrafted Ray containeth with
the Perpendicular to the refleéting or refrasting Surface at the
Point of Incidence. '

DEFIN. VL

‘The Sines of Incidence, Reflexion, and Refraftion, are the
Sines of the Angles of Incidence, Reflexion, and Refrattion.

B o B TR T 1

The Light whofe Rays are all alike Refrangible, I call Sim-
ple, Fomogeneal and Similar-; and that mbﬂﬁ Rays are fome
more Refrangible than others, I call Compound, Heterogeneal and
Diffimilar. The former Light I call Homogeneal, not
becaufe I would affirm it fo in all refpects ; but becaufe
the Rays which agree in Refrangibility, agree at leaft in
all thﬂilt; their other Properties.  Which I confider in the

following Dilcourfe.

DEFIN. VI

The Colours of FHomogeneal Lights , I call Primary, Fomo-
geneal and Simple 5 and thofe of Heterogeneal Lights, Heteroge=
neal and Componnd. For thefe are always compounded of

the colours of . Homogeneal Lights; as will appear in the
following Difcourfe. A 2 | AXI-
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ALX O DS

Xk

- H E Angles of Incidence, Reflexion, and Refraction, lye:
in one and the fame Plane.

A X oL
The Angle of Reflexion is equal to the Angle of Incidence..
e S 1 5

If the refrafted Ray be returned direCtly back to the Point-

of Incidence , it [hall be refracted into the Line before defcri-
bed by the incident Ray,

. . L b7 A

Refration out of the rarer Medium into the denfer , is made

towards the Perpendicular 5 that is, Jo that the Angle of Refra-
&ton be lefs than. the Angle of Incidence.

AX. V.

The Sine of Incidence, is either accurately or Very nearly in. 4
given Ratio to the Sine of Refraction.

Whence if that Proportion be known in any one Incli.'.‘

nation of the incident Ray, ’tis known in all the Inclina-
tions, and thereby the Refraction in all cafes of Incidence
on the fame refratting Body may be determined. Thus
if the Refraction be made out of Air into Water, the Sine.
of Incidence of the red Light is to the Sine of its Refra-
&ion as 4 to 3.. If out of Air into Glafs, the Sines are

e W I Y Pt
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as 17 to 11. In Light of other Colours the Sines have
other Proportions : but the difference is fo little that i¢-
need feldom be confidered.

Suppofe therefore, that R S reprefents the Surface of Fig. 1.
ftagnating Water, and C is the point of Incidence in
which any Ray coming in the Air from A in the Line:
A C is refleéted or refracted, and I would know whether
this Ray fhall go after Reflexion or Refraction : I erec
upon the Surface of the Water from the point of Inci-
dence the Perpendicular CP and produce it downwards
to Q, and conclude by the firft Axiom, that the Ray af-:
ter Reflexion and Refraétion, {hall be found fomewhere in:
the Planc of the Angle of Incidence A CP produced. I
let fall therefore upon the Perpendicular C P the Sine of
Incidence A D, and if the reflected Ray be defired , I pro-
duce A D to B fo that D B be equal to A'D, and draw-
CB. For this Line € B fhall be the refle¢ted Ray; the
Angle of Reflexion B CP and its Sine BD being equal
to -t%-n: Angle and Sine of Incidence, as they ought to be:
by the fecond Axiom. Buc if the refrated Ray be de-
fired, I produce AD toH, fo that D H may be to A D
as the Sine of Refraction to the Sine of Incidence, that is
as 3 to 4 ; and about the Center C and in the Plane A C P
with the Radius C A defcribing a Circle ABE I draw
Parallel to the Perpendicular CP Q, the Line HE cutting
the circumference in E, and joyning CE, this Line CE
fhall be the Line of the refraéted Ray. For if E F be let-
fall perpendicularly on the Line P Q , this Line E F fhall -
be the Sine of Refraction of the Ray CE, the Angle of
Refraction being E C Q; and this Sine E F is equal to
D H, and confequently in Proportion to the Sine of Inci--
dence AD as 3 to 4.

I
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In like manner, if there be a Prifm of Glafs (that is a
Glafs bounded with two Equal and Parallel Triangular
ends, and three plane and well polifhed Sides, which meet
in three Parallel Lines running from the three Angles of
one end to the three Angles of the other end) and if the
Refragion of the Light in paffing crofs this Prifm be defi-
red : Let ACB reprefent a Plane cutting this Prifm tranf-
verfly to its three Parallel lines or edges there where the
Light paffeth throu h it, and lec dE be the Ray inci-
dent upon the firft fide of the Prifm A C where the Lighe
goes into the Glafs; And by putting the Proportion of
the Sine of Incidence to the Sine of Refraction as 17 to
11 find E F the firft refraéted 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 refracted Ray F G
by putting the Proportion of the Sine of Incidence to the
Sine of Refraction as 11 to 17. For if the Sine of Incie
dence out of Air into Glafs be to the Sine of Refraétion
as 17 to 11, the Sine of Incidence out of Glafs into Air
muft on the contrary be to the Sine of Refraction as 11
to 17, by the third Axiom.

Much after the fame manner , if ACBD reprefent a
Glafs {pherically Convex on both fides (ufually called a
Lens, {uch as is 2 Burning-glafs, or Spectacle-glafs, or an
Objeét-glafs of a Telelcope) and it be required to know
how Light falling upon it from any lucid point Q fhall
be refracted, let QM reprefent a Ray falling upon any
point M of its firft fpherical Surface ACB, and by ereétin
a Perpendicular to rthe Glafs at the point M, find the firft
tefracted Ray M N by the Proportion of the Sines 17
to-11. Let that Ray in going out of the Glafs be inci-
dent upon N, and then find the fecond refracted Ray N ¢
by the Proportion of the Sines 11 to 17. And after the

{fame
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fame manner may the Refraion be found when the
Lens is Convex on one fide and Plane or Concave on
the other, or'Concave on both Sides.

AX. VL

Homogeneal Rays which flow from feveral Points of any Ob-
jett, and fall almoft Perpendicularly on any refleting or refra-
&ing Plane or Spherical Surface, [ball afterwards diverge from
fo many other Points, or be Parallel to fo many other Lines, or
converge to [o many other Points, either accurately. or without any
fenfible Error. And the [ame thing will happen, if the Rays be
refleCted or refrafted f[ucceffively by two or three or more Plane
or fpherical Surfaces.

‘The Point from which Rays diverge or to which they
converge may be called their Focus. And the Focus of
the incident Rays being given, that of the refleted or. re-
fracted ones may be E)und by finding the Refraétion of
any two Rays, as-above; or more readily thus.

Caf. 1. Let ACBbe a reflecting or refracting Plane, Fig. 4.
and Q_the Focus of the incident Rays, and Q.4 C a per-
pendicular to that Plane. And if this perpendicular be
Eﬂduced to ¢, fo that 4 C be equal to QC, the point 4

all be the Focus of the reflected Rays. Or if ¢ C be
taken on the {ame {ide of the Plane with Q C and in Pro-
portion to Q. C as the Sine of Incidence to the Sine of
Refraction, the point ¢ fhall be the Focus of the refrac-
ted Rays.

Caf. 2. Let ACB be the reflecting Surface of any Fiy. s.
‘Sphere whofe Center is E. Bifect any Radius thereof (fup-~
pole E C) in T, and if in that Radius on the fame fide the
point T E:u take the Points Q and ¢, fo that T Q, T E,
and T'q be continual Proportionals, and the point Q be

' the
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the Focus of the incident Rays, the point ¢ fhall be the

Focus of the reflected ones.

Caf. 3. Let ACB be the refracting Surface of any
‘Sphere whofe Center is E. In any Radius thereof E C
produced both ways take E T and C¢ feverally in fuch
Proportion to that Radius as cthe lefler of the Sines of
Incidence and Refraétion hath to the difference of thofe
Sines. And then if in the fame Line you find any two

Points Q and g, fothat TQ be to ET as Etto tg,

taking ¢ ¢ the contrary way from ¢ which T Q_ lieth from
T, and if the Point Q be the Focus of any incident Rays,
the Point g fhall be the Focus of the refracted ones.

And by the fame means the Focus of the Rays after
two or more Reflexions or Refractions may be found.

Caf. 4. Let ACBD be any refracting Lens, fpheri-
cally Convex or Concave or Plane on either fide, and let
C D be its Axis (that is the Line which cuts both its Sur-
faces perpendicularly, and paffes through the Centers of
the Spheres,) and in this Axis let F and f be the Foci of the
refracted Rays found as above, when the incident Rays
on both fides the Lens are Parallel to the fame Axis ; and
upon the Diameter F f bifected in E, defcribe a Circle.
Suppofe now that any Point Q_be the Focus of any inci-
-dent Rays. Draw QE catting the faid Circle in T and ¢,
and therein take ¢ 4 in fuch Proportionto t East E or TE
hathto T Q. Let t ¢ lye the contrary way from ¢ which
T Q_doth from T, and g fhall be the Focus of the refrac-
ted Rays without any fenfible Error , provided the Point
Q_be not fo remote from the Axis, nor the Lens fo broad
as to make any of the Rays fall too obliquely on the
refracting Surfaces.

And by the like Operations may the reflecting or re-
fracting Surfaces be found when the two Foci are given,

and
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and thereby a Lens be formed, which fhall make the Rays
flow towards or from what place you pleafe.

So then the meaning of this Axiom 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 Reflexion or Refraction flow from or to-
wards the Point ¢ found by the foregoing Rules.  And if
the incident Rays flow from or towards feveral points Q,
the reflected or refracted Rays fhall low from or towards
fo many other Points 4 found by the fame Rules. Whe-
ther the reflected and refracted Rays flow from or towards
the Point ¢ is eafily known by the fituation of that Point.
For if that Point be on the fame fide of the reflecting or
refracting Surface or Lens with the Point Q, and the in-
cident Rays flow from the Point Q , the reflected flow to-
wards the Point g and the refracted from it 5 and if the
incident Rays flow towards Q, the reflected flow from ¢,
and the refracted towards it. And the contrary happens
when ¢ is on the other fide of that Surface.

NG X4 WML

Wherever the Rays which come from all the Points of any 0b-
et meet again in fo many Points after they have been made to
converge by Reflexion or Refraltion, there they will make a Pic-
ture of the Object upon any white Body on which they fall.

So if PR reprefent any Object without Doors, and AB Fg. 3.
be a Lens placed at a hole in the Window-fhut of a dark
Chamber, whereby the Rays that come from any Point Q
of that Object are made to converge and meet again in
the Point ¢ ; and if a Sheet of white Paper be held at g
for the Light there to fall upon it : the Picture of that

Object PR will appear upon the Paper in its proper Shape
B and
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and Colours. For as the Light which comes from the
Point Q goes to the Point g, fo the Light which comes
from other Points P and R of the Object, will go to fo
many other correfpondent Points p and » (as is manifeft
by the fixth Axiom ;) fo that every Point of the Object
fhall illuminate a correfpondent Point of the Picture, and
thereby make a Picture like the Object in Shape and Co-
lour, this only excepted that the Picture fhall be inverted.
And this is the reafon of that Vulgar Experiment of caft-
ing the Species of Objects from abroad upon a Wall or
Sheet of white Paper in a dark Room.

In like manner when a Man views any Object P QR,
the Light which comes from the feveral Points of the Ob-
ject is {o refracted by the tranfparent skins and humours
of the Eye, (that is by the outward coat EFG called the
Tunica Cornea, and by the cryftalline humour AB which is
beyond the Pupil m £ ) as to converge and meet again at
fo many Points in the bottom of the Eye,and there to paint
the Picture of the Object upon that skin (called the Tw-
nica Retina) with which the bottom of the Eye is covered.
For Anatomifts when they have taken off from the bot-
tom of the Eye that outward and moft thick Coat called
the Dura Mater, can then fee through the thinner Coats
the Pictures of Objects lively painted thereon. And thefe
Pictures propagated by Motion along the Fibres of the Op-
tick Nerves into the Brain, are the caufe of Vifion. For
accordingly as thefe Pictures are perfect or imperfect, the
Object is feen perfectly or imperfectly. If the Eye be tin-
ged with anz colour (asin the Difeafe of the Faundife) fo
as to tinge the Pictures in the bottom of the Eye with that
Colour, then all Objects appear tinged with I:KE {fame Co-
lour. If the humours of the Eye by old Age decay, fo
as by thrinking to make the Cornez and Coat -of the Cry-

ﬂafﬁ;rre
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falline bumonr grow flatter than before; the Light will not be
refracted enough, and for want of a fufficient Refraction
will not converge to the bottom of the Eye but to fome
place beyond it , and by confequence paint in the bottom
of the Eye a confufed Picture,and according to the indiftinct-
nefs of this Picture the Objeét will appear confufed. This
is the reafon of the decay of Sightin old Men, and fhews
why their Sight is mended by Spectacles.  For thofe Con-
vex-glaffes fupply the defe@ of plumpnefs in the Eye, and
by encreafing theRefraction make theRays converge {ooner
fo asto convene diftinétly at the bottom of che Eye if the
Glafs have a due degree of convexity. And the contrary
happens in {hort-fighted Men whofe Eyes are too plump.
For the Refraétion being now too grear,the Rays converge
and convene in the Eyes before they come at the bottom g
and therefore thePi¢ture made in the bottom and the Vifion
caufed thereby will not be diftinét, unlels the Object be
brought fo near the Eye as that the place where the con-
verging Rays convene may be removed to the bottom, or
that the plumpnefs of the Eye be taken off and the Refra-
&ions dim,inifEed by a Concave-glafs of a due degree of
Concavity, or laftly that by Age the Eye grow flacter «ill it
come to a due Figure : For fhort-fighted Men fee remote
Obje&s beft in Old Age, and therefore they are accounted
to have the moft lafting Eyes.

A X. VIIL

An Objeét feen by Reflexion or Refraction, appears in that place
from whence the Rays after their laft Reflexion or Refraction di-

verge in falling on the Spectator’s Eye.

If the Objet A be feen by Reflexion of a Looking- Fig. 9.

glals m n, it fhall appear, not in it’s proper place A, but
s B 2 behind
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behind the Glafs at 4, from whence any Rays AB, AC,
A D, which flow from one and the fame Point of the Ob-
ject, do after their Reflexion made in the Points B,C, D,
diverge in going from the Glafs to E, F, G, where they
are incident on the Spetator’s Eyes. For thefe Rays do
make the fame Picture in the bottom of the Eyes as if
they had come from the Object really placed at 2 without
the interpofition of the Looking-glafs ; and all Vifion is
made according to the place and fhape of that Picture.

In like manner the Object D feen through a Prifm ap-
pears not in its proper place D, but is thence tranflated to
fome other place 4 fitnated in the laft refracted Ray F G
drawn backward from F to d:

And fo the Object Q feen through the Lens A B;appears
at the place ¢ from whence the Rays diverge in paffing
from the Lens to the Eye. Now it is to be noted, thatthe
Image of the Object at g is fo much bigger or lefler than
the Object it felf ac Q., as the diftance of the Image at
q from the Lens AB is bigger or lefs than the diftance of
the Object at Q_from the {ame Lens. And if the Object
be feen through two or more fuch Convex or Concave-
glaffes, every Glafs fhall make a new Image, and the Ob-
ject fhall appear in the place and of the bignefs of the laft
Image. Which confideration unfolds the Theorv of Mi-
crof?npes and Telelcopes. For that Theory confifts in al-
moft nothing elfe than the defcribing fuch Glaffes as fhall
make the laft Image of any Object as diftiné and large
and luminous as it can conveniently be made.

I have now given in Axioms and their Explications the
fumm of what hath hitherto been treated of in Opticks.
For what hath been generally agreed on T content my
felf to affume under the notion of Principles, in order to
what I have further to write.  And this may fuffice for an

Iﬂt Q=
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Introduétion to Readers of quick Wit and good Under-
ftanding not yet verfed in Opticks : Although thofe who
are already acquainted with this Science, and have
'I\andlﬁd Glafles, will more readily apprehend what fol-
oweth. '

BladosCiill (O asSide I L QLN S,

PROP. I.. Theor. L

IGH T S which differ in Colour, differ alfo in De-
grees of Refrangibility.

The Proof by Experiments.

Exper. 1. I took a black oblong ftiff Paper terminated
by Parallel Sides, and with a Perpendicular righe Line
drawn crofs from one Side to the other , diftinguifhed it
into two equal Parts. One of thefe Parts I painted with
a red Colour and the other with a blew. The Paper was
very black, and the Colours intenfe and thickly laid on,
that the Phznomenon might be more confpicuous. This
Paper I viewed through a Prifm of folid Glafs, whofe two
Sides through which the Light pafled to the Eye were
plane and well polifhed, and conrained an Angle of about
Sixty Degrees : which Angle I call the refracting Angle of
the Prifm. And whilft I viewed it, I held it before a
Window in {fuch manner that the Sides of the Paper were
parallel to the Prifm, and both thofe Sides and the Prifm
parallel to the Horizon, and the crofs Line perpendicular
to it ; and that the Light which fell from the Window
- HPOR



Fig. 11.

[14 ]

upon the Paper made an Angle with the Paper; equal to

that Angle which was made with the fame Paper by che
Light 1‘6%!3&&(1 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 Dark-
nefs that no Light might be refleted from thence, which
in paffing by the edges of the Paper to the Eye, might
mingle it {elf wich the Light of the Paper and obfcure the
Phznomenon thereof. Thefe things being thus ordered,
I found that if the refracting Angle of the Prifm be turned
upwards, fo-that the Paper may feem to be lifted upwards
by the Refraétion, its blew half will be lifted higher by
the Refra&ion than its red half. But if the refradting
Angle of the Prifm be turned downward, fo that the Pa-
per may feem to be carried lower by the Refraction, its
blew halt will be carried fomething lower thereby than
its red half. Wherefore in both cafes the Light which
contes from the blew half of the Paper through the Prifm
to the Eye, does in like Circumftances fuffer a greater Re-
fradtion than the Light which comes from the red half,
and by confequence is more refrangible.

Hlluftration.  In the Eleventh Figure, M N reprefents the
Window,and D E the Paper terminated with parallel Sides
DJ and HE, and by the tranfverfe Line F G diftinguifhed
into two halfs, the one D' G of an intenfely blew Colour,
the other F Eof an intenfely red. And BACcab repre-
{ents the Prifm whofe refracting Planes AB# a and ACoa
meet in the edge of the refracting Angle A a.  Thisedge
Aa being upward, is parallel both to the Horizon and to
thelparaliel edges of the Paper DJ and HE. And de re-
prefents the Image of the Paper feen by Refraction up-
wards in fuch manner that the blew half D G is carried
higher to d g than the red half FE is to fe, and therefore

{uffers
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fuffers a greater Refradtion. If the edge of the refractin
Angle be turned downward, the Image of the Paper wiﬁ
be refracted downward fuppofe to 8¢, and the blew half
will be refracted lowerto ¢ 7 than the red half is to ¢e.
Exper. 2. About the aforefaid Paper, whofe two halfs
were painted over with red and blew, and which was ftiff
like thin Paftboard, I lapped feveral times a {lender thred
of very black Silk, in fuch manner that the feveral parts
of the thred might appear upon the Colours like fo many
black Lines drawn over them , or like long and flender
dark Shadows caft upon them. I might have drawn black
Lines with a Pen, but the threds were {maller and better
defined. This Paper thus coloured and lined I fer againft
a Wall perpendicularly to the Horizon, fo that one of the
Colours might ftand to the right hand and the other to
the left. Clofe before the Paper at the confine of the Co-
lours below 1 placed a Candle to illuminate the Paper
ftrongly : For the Experiment was tried in the Night.
The flame of the Candle reached up to the lower edge of
the Paper, ora very lictle higher.  Then at the diftance of
Six Feet and one or two Inches from the Paper upon the
Floor I erected a glafs Lens four Inches and a quarter
broad, which might colle¢t the Rays coming from the
feveral Points of the Paper, and make them converge to-
wards {fo many other Points at the fame diftance of fix
Feet and one or two Inches on the other fide of the Lens,
and fo form the Image of the coloured Paper upon a white
Paper placed there ; after the fame manner that a Lens at
a hole in 2 Window cafts the Images of Obje&s abroad
upon a Sheet of white Paper in a2 dark Room. The afore-
faid white Paper, erected perpendicular to the Horizon
and to the Rays which fell upon it from the Lens, I moved
fometimes towards the Lens, fometimes from it, to find

the



—d
-~
L]

Cr
[

[16]

the places where the Images of the blew and red [Parts of
the coloured Paper appeared moft diftinc. Thofe places
1 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 vifible, unlefs when the Colours on ei-
ther fide of each Line were terminated moft diftinétly.
Noting therefore, as diligently as I could, the places where
the Images of the red and blew halfs of the coloured Pa-
per appeared moft diftin&, I found that where the red
half of the Paper appeared diftinct, the blew half appeared
confufed, fo that the black Lines drawn upon i1t could
{carce be feen ; and on the contrary where the blew half
appeared moft diftin& the red half appeared confufed, fo
¢hat the black Lines upon it were fcarce vifible. And be-
tween the two places where thefe Images appeared diftinct
there was the diftance of an Inch and a half : the diftance
of the white Paper from the Lens, when the Image of the
red half of the coloured Paper appeared moft diftinét, be-
ing greater by an Inch and an half than the diftance of the
{ame white Paper from the Lens when the Image of the
blew half appeared moft diftin&t. In like Incidences there-
fore of the blew and red upon the Lens, the blew was re-
fracted more by the Lens than the red, fo as to converge
foﬁner by an Inch and an half, and therefore is more refran-

ible.
E Hluftration. In the Twelfth Figure, DE fignifies the co-
loured Paper, D G the blew half, FE the red half, M N
the Lens, HJ the white Paper in that place where the red
half with its black Lines appeared diftinét, and bi the fame
Paper in that place where the blew half appeared diftinét.
The place bz was nearer to the Lens M N than the place
HJ by an Inch and an half. Scholinm.
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Scholium. The fame things fucceed notwithftanding that
fome of the Circumftances be varied : as in the firft Fx-
periment when the Prifm and Paper are any ways inclined
to the Horizon, and in both when coloured Lines are
drawn upon very black Paper. But in the Defcription of
thefe E}:Eeriments , I have fet down fuch Circumftances
by which either the Phznomenon might be rendred more
confpicuous, or a Novice might more eafily try them, or
by which I did try them only. The fame thing I have
often done in the gﬁllnwing Experiments : Concerning all
which this one Admonition may fuffice. Now from thefe
Experiments it follows not that all che Light of the blew
is more Refrangible than all the Light of the red ; For
both Lights are mixed of Rays differently Refrangible,
So that in the red there are fome Rays not lefs Refrangible
than thofe of the blew , and in the blew there are %omc
Rays not more Refrangible than thofe of thered ; Bue
thefe Rays in Proportion to the whole Light'are but few,
and ferve to diminifh the Event of the Experiment, but
are not able to deftroy it. For if the red and blew Co-
lours were more dilute and weak, the diftance of the Ima-
ges would be lefs than an Inch and an half 5 and if they
were more intenfe and full, that diftance would be greater,
as will appear hereafter. Thefe Experiments may fuffice
for the Colours of Natural Bodies. For in the Colours
made by the Refraction of Prifms this Propofition will
appear by the Experiments which are now to follow in the
next Propofition,

C PR OP.



[13]
PROP. 1. Theor. IL
The Light of the Sun confifts of Rays differently Refrangible.

The Proof by Experiments.

Exper. 3. § N a very dark Chamber at a round hole about

one third part of an Inch broad made in the
Shut of a Window I placed a Glals Prifm, whereby the
beam of the Sun’s Light which came in ac thar hole might
be refracted upwards toward the oppofite Wall of the
Chamber , and there form a coloured Image of the
Sun. - The Axis of the Prifm (that is the Line paffing
through the middle of the Prifm from one end of it to
the other end Parallel to the edge of the Refracting Angle)
was in this and the following %xperimcnts perpendicular
to the incidenc Rays.  About this Axis I turned cthe Prifm
flowly ;, and faw the refraéted Light on the Wall or co-
loured Image of the Sun firft to defcend and then o af-
cend. Between the Defcent and Afcent when the Image
feemed Stationary , I ftope the Prifim, and fixe it in that
Pofture, that it {hould be moved no more.  For in that
pofture the Refraétions of the Light at the two fides of
the Refracting Angle, that is at the entrance of the Rays
into the Prifm and at cheir going out of it, were equal to
one another.  So alfo in other Experiments as often as 1
would have the Refractions on both fides the Prifm to be
e?ual to one another, I noted the place where the Image
of the Sun formed by the refracted Light ftood ftill be-
tween its two contrary Motions, in the common Period
of its progrefs and egrefls ; and when the Image fell upon
that place, I made faft the Prifm. And in this pofture, as

the
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the moft convenient,ic is to be underftood that all the Prifms
are placed in the following Experiments, unlefs where fome
other pofture is defcribed.  The Prifm therefore being pla-
ced in this pofture, I let the refracted Light fall perpendi-
cularly upon a Sheet of white Paper at the oppofite Wall
of the Chamber, and obferved the Figure and Dimenfions
of the Solar Image formed on the Paper by that Light.
This Image was Oblong and not Oval, but terminated
with two Re&ilinear and Parallel Sides, and two Semi-
circular Ends. On its Sides it was bounded pretty diftinétly,
but on its Ends very confufedly and indiftinétly, the Lighe
there decaying and vanifhing by degrees. ~ The breadth of
this Image anfwered to the Sun’s Diameter, and was aboug
two IncEes and the eighth parr of an Inch, including the
Penumbra. For the Image was eighteen Feet and an half
diftant from the Prifm, and ac chis diftance that breadch if
diminifhed by the Diameter of the hole in the Window-fhur,
that is by a quarter of an Inch, {ubtended an Angle at the
Prifm o{y abourt half a2 Degree, which is the Sun’s apparent
Diameter. But the length of the Image was about ten [nehes
and a quarter, and the length of the Rectilinear Sides about

ight Inches ; And the refrating Angle of the Prifm where-
by fo great a length was made, was 64 degr.  With 2 lefs
Angle the length of the Image was lefs, the breadch res
maining the fame,  Jf the Prifm was turned about its Axis
that way which made the Rays emerge more obliquely our
of the fecond refradting Surface of the Prifm, the Image foon
became an Inch or two longer, or more; and if the Prifm
was turned about the contrary way, fo as to make the Rays
fall more obliquely on the firft refracting Surface, the Image
foon became an Inch or two fhorter.  And therefore in try-
ing this Experiment, I was as curious as I could be in pla-
cing the Psifm by the above-mentioned Rule cxadfﬂj,; 13

Cz2 | (e
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fuch a pofture that the Refractions of the Rays at their emer~
gence out of the Prifm might be equal to that at their inci-
dence on it. This Prifm had fome Veins running along
within the Glafs from one end to the other, which fcat-
cered fome of the Sun’s Light irregularly, but had no fen-
fible effec in encreafing the length of the coloured Spec-
crum.  For I tried the fame Experiment with other Prifms
with the fame Succefs. And particularly with a Prifm
which feemed free from fuch Veins, and whofe refraéting
Angle was 62! Degrees, I found the length of the Tmage 93

or 10 Inches at the diftance of 18! Feet from the Prifm,
the breadth of the hole in the Window-fhut being 2 of an

Inch as before. And becaufe it is eafie to commit a mi-
ftake in placing the Prifm in its due gn{’turc, I repeated
the Experiment four or five times, and always found the
length of the Image that which is fer down above. With
another Prifm of clearer Glafs and better Pollifh, which
feemed free from Veins and whofe refradting Angle was
63 * Degrees, the length of this Image at the fame diftance

of 18! Feet was alfo about 10 Inches, or 10}. Beyond
thefe Meafures for about * or ¥ of an Inch at either end of

the Spectrum the Light of th; Clouds feemed to be a little
tinged with red and violet, but fo very faintly that I fufpe-
&ed that tinéture mighe either wholly or in great meallr;rc
arife from fome Rays of the Spectrum {cattered irre-

gularly by fome inequalities in the Subftance and Polifh
of the Glafs, and therefore I did not include it in chefe

Meafures. Now the different Magnitude of the hole in
theWindow-fhut, and differenc thicknefs of the Prifm where
the Rays paffed through it, and different inclinations of the
Prifm to the Horizon, made no fenfible changes in the

length of the Image. Neither did the different matter of
s the
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the Prifms make any : for in a Veffel made of polifhed
Plates of Glafs cemented together in the {hape of a Prifm
and filled with Water, there is the like Succefs of the Fx-
periment according to the quantity of the Refraction. I
is further to be obferved, that the Rays went on in right
Lines from the Prifm to the Image, and therefore at their
very going out of the Prifm had all that Inclination to
one another from which the length of the Image pro-
ceeded, that is the Inclination of more than two Degrees
and an half. And yet according to the Laws of Opricks
vulgarly received, they could not poffibly be fo much in-
clined to one another. For let EG reprefent the Window- g5, 3.
fhut, F the hole made therein through which a beam of the A
Sun’s Light was tran{mitted into the darkned Chamber, and
ABC a Triangular Imaginary Plane whereby the Prifm is
feigned to be cut tranfverfly through the middle of the
Light. Or if you pleafe, let AB C reprefent the Prifm it
felE looking direétly towards the Speétator’s Eye with its
nearer end : And let XY be the Sun, M N thePaper upon
which the Solar Image or Spe&trum is caft, and P T the
Image it felf whofe fides tovvards V and W are Re&ili-
near and Parallel, and ends tovvards P and T Semicir-
cular. YKHP and XLJ T are the 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 andJ. Since the Refra&ions on both fides the Prifm
are equal to one another, that is the Refraction at K equal
to the Refraction at J, and the Refraétion at L equal to
the Refra&tion at H, fo that the Refractions of the inci-
dent Rays at K and L taken together are equal to the
Refractions of the emergent Rays at Hand J taken toge-

ther :
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ther : 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 there-
fore the two Rays being equally refracted have the fame
Inclination to one another ::E(er Refraction which they had
before, thatis the Inclination of half a Degree anfwering
to the Sun’s Diameter. For {o great was the Inclination
of the Rays to one another before Refraétion. So then,
the length of the Image P T would by the Rules of Vul-
gar Opticks fubtend an Angle of half a Degree at the
Prifm, and by confequence be equal to the breadth v w
and therefore the Image would be round. Thus it would
be were the two Rays XL J T and YK HP and all the
reft which form the Image Pw T », alike Refrangible.
And therefore feeing by Experience it is found thac the
Image is not round but about five times longer than
broad, the Rays which going to the upper end P of the
Image fuffer the greateft Refraction, muft be more Refran-
gible than thofe which go to the lower end T , unlefs the
mnequality of Refraction be cafual.

This Image or Spectrum P T was coloured, being red
at its leaft refracted end T, and violet at its moft refracted
end P, and yellow green and blew in the incermediare
fpaces. Which agrees with the firft Propofition, that Lights
which differ in Colour do alfo differ in Refrangibility.
The length of the Image in the foregoing Experiments |
meafured from the fainteft and outmoft red at one end, to
the fainteft and ourmoft blew at the other end.

Lxper. 4. In the Sun’s beam which was propagated in-
to the Room through the hole in the Window-fhur, at
the diftance of fome Feet from the hole, I held the Prifm
in fuch a pofture chat its Axis might be perpendicular to

that beam.  Then I looked throngh the Prifm upon the
. hole,
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hole, and turning the Prifm to and fro about its Axis to
make the Image of the hole afcend and defcend, when be-
tween its two contrary Motions it feemed ftationary, 1
ftopt the Prifm that the Refractions on both fides of the
rcfra&iné Angle might be equal to each other as in the
former Experiment.  In this Situation of the Prifm view-
in{gr through it the faid hole, I obferved the length of its
refracted Image to be many times greater than its breadth,
and that the moft refracted part chereof appeared violer,
the leaft refracted red, the middle parts blew green and
yellow in order. The fame thing happened when I re-
moved the Prifm out of the Sun’s Light, and looked
through it upon the hole fhining by the Light of the
Clouds beyond it. And yert if the Refrdétion were done
regularly according to one certain Proportion of the Sines
of Incidence and Refra&ion as is vulgarly fuppofed, the
refracted Image oughe to have appeared muncﬁ

So then, by thefe two Experiments it appears that in
equal Incidences there is 2 confiderable inequality of Re-
fractions : But whence this inequality 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
{aime Ray is by Refza&inn difturbed, fhattered, dilated,
and as it were [plit and fpread into many diverging Rays,
as Grimaldo fuppofes, does not yet appear by thefe Experi-
ments, but will appear by thofe that follow.

Exper. 5. Confidering therefore, thac if in the third Ex-
periment the Image of the Sun fhould be drawn ouc mto
an oblong form, either by a Dilaration of every Ray, or
by any other cafual inequality of che Refraétions, the fame
oblong Image would by a fecond Refraction made Side-
ways be drawn out as miuch in breadeh by the like Dila-

tation of the Rays or other cafual nequaliry of the Re-
Sl fractions
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Fra@ions Sideways, I tried what would be the Effects of
fiuch a fecond Refraction. For this end I ordered all thing:
2s in the third Experiment, and then placed a fecond Pri
immediately after the 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 firlt Prifm. In the firft Prifm chis
beam was refracted upwards, and in the fecond Sideways.
And I found that by the Refraction of the fecond Prifm
the breadch of the Image was not increafed, but its fupe-
rior part which in the %r{’c Prifm fuffered the greater Re-
fraction and appeared violet and blew, did again in the
{econd Prifm £ er a greater Refraction than its inferior
part, which appeared red and yellow , and this without
any Dilation of the Image in breadth. _

Hluftration. Let S reprefent the Sun, F the hole in the
Window, A B C the firlt Prifm, D H the fecond Prifm, Y
the round Image of the Sun made by a dire& beam of
Light when the Prifms are taken away, P T the oblong
Image of the Sun made by that beam paffling through the
firft Prifm alone when the fecond Prifm is taEcn away, and
pt the Image made by the crofs Refractions of both
Prifms together, Now if the Rays which tend towards
the feveral Points of the round Image Y were dilated and
fpread by the Refraction of the firft Prifm, fo that they
Iiould not any longer go in fingle Lines to fingle Points,
but that every Ray being fplic, f{hattered, and changed
from a Linear Ray to a Superficies of Rays diverging
from the Point of Refraction, and lying in the Plane of
the Angles of Incidence and Refraction, they fhould
go in thofe Planes to fo many Lines reaching almoft
rom one end of the Image P'T to the other, and if
that Image f{hould thence Eecnme oblong : thofe Rays
and their {everal parts tending towards the feveral Points of

the
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the Image P T ought to be again dilated and fpread Side-
ways by the tranfverfe Refraction of the fecond Prifm, fo
as to compole a fourfquare Image, fuch as is reprefented
at »l. For the better underftanding of which, let the Image
PT be diftinguifhed into five equal Parts PQK, KQRL,
LRSM, MSVN, NVT. And by the fame irregularity
that the Orbicular Light Y is by the Refraction of the firft
Prifm dilated and drawn out into a long Image P T, the
the Light P Q K which takes up a {pace of the fame length
and breadth with the Light Y ought to be by the Re&a-
&ion of the fecond Prifm dilated and drawn out into the
long Image = ¢ kp, and the Light K QR L into the long
Image £ g7 [, and the Lights LR SM, MSVN,NV T
into {o many other long Images [ r s m, msvyn, nvt1; and
all thefe long Images would compofe the fnurfquare Image
«1.  Thus it ought to be were every Ray dilated by Re-
fraction, and fpread into a triangular Superficies of Rays
diverging from the Point of Refraction. For the fecond
Refraction would fpread the Rays one way as much as the
hirft doth another, and fo dilate the Image in breadth as
much as the firft doth in length. And the fame thing
ought to happen, were fome Rays cafually refracted more
than others. But the Event is otherwife. TheImage PT
was not made broader by the Refraction of the fecond
Prifm, but only became oblique, as ’tis reprefented at p ¢,
its upper end P being by 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 Image, was
(at equal Incidences) more refracted in the fecond Prifm
than the Light which tended towards the lower end T,
that is the blew and violer, than the red and yellow 5 and
therefore was more Refrangible. The fame Light was by
the Refraétion of the firft Prifm tranflated further from the

D place
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lice Y to which it tended before Refeaction 5 and thére-
F'DIE fiffered as well i che fift Prifm 4s in the fecond 2
reater Refraction than the relt of the Light, and by cori-
equence was miofe Refrangible than che reft; ¢ven before
it ihcidénce on the firft Prifmh.

Sometimes I placed a thiird Priffny afeer the fecond, and
forhetimes alfo a fourth after che third , by all which the
Irmage might be often refracted fideways : but the Rays
which were more refracted than the relt in the firft Prifm
were alfo mote refracted in all the reft, and that without
any Dilatation of the Image fideways : and therefore thofe
Rays for their conftancy of a greater Refraction are de-
fervedly reputed more Refrangible.

But that the meaning of this Experimént may mote
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 Experi-
ment. By a circle T underftand not here a perfect Geo-
metrical Circle, but any Orbicular Figure whofe length 1s
equal to its breadch, and which, as to fenfe, may feem
circtllar.  Let therefore A G reprefent the circle which all
the moft Refrangible Rays propagated from the whole
Difque of the Sun, would illuminate and paint upon the
oppofite Wall if they were alone ; E L the circle which all:
the leaft Refrangible Rays would in like manner illuminate
and paint if they were alone; BH, CJ, DK, the circles
which fo many intermediate forts of Rays would fuccef=
fively paint upon the Wall, if they were Engly propagated
from the Sun in fucceffive Order, the reft being always in-
tercepted 5 And conceive that there are other inrermediate.
Circles without number which innumerable other inter-
mediate fores of Rays would ficceflively paint upon the
Wall if the Sun fhould fucceffively emit every fose apart.

And
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And fecing the Sun emits all thefe fores at once, they muft
all together illuminate and paint innumerable equal cir-
cles, of all which, being according to their degrees of Re-
frangibility placed in order in a continual feries, that ob-
long Spe&trum P T is compofed which I defcribed in the
third Experiment. Now if the Sun’s circular Tmage Y
which is made by an unrefracted beam of Light was by
any dilacation of the fingle Rays, or by any other irregu-
larity in the Refraction of the firt Prifm, converted into
the Oblong Spe¢trum, P T : then ought every circle A G,
BH, CJ, @ in that Spe@rum, 'by the crofs Refra-
&ion of the fecond Prifm again dilating or otherwife
fcattering cthe Rays as'before, to ‘be in‘like manner drawn
out and transformed into an'Oblong Figure, and thereby
the 'breadth of theTmage P T would be now as much aug-
mented as the length of the Image Y was before by the Re-
fraltion of ithe firt Prifm ;' and thus'by the Refra&ions of
both Prifms together ‘would be formed a fourfquare Figure
p=t1 as 1 delcribed'above. Wherefore fince the'breadth of
the Spectrum P T ‘is not increafed by the Refraction fide-
ways, 1t'is certain that the Rays are not fplit or dilated, or
otherways irregularly fcattered by ‘that ‘Refraction, “but
that every circle is by a regular “and ‘uniform Refraction
tranflated entire into another place, as the circle A'G by
the greatelt Refra&ion into the'place a¢, the circle B H by
a lefs Refraction into the place'sh, the circle(€ J by aRe-
fraction’ftill lefs' into the place ¢z, and o of thedrelt; by
which ‘means a new Spectrum 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 breadehs of ‘4l “the Spe-
&rums'Y, P'T and pt ac equal diftances from the Prifms
are equal. e

D 2 I con-
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I confidered further that by the breadth of the hole F
through which the Light enters into the Dark Chamber,
there is 2 Penumbra made in the circuit of the Spectrum
Y, and that Penumbra remains in the retilinear Sides of
the Spectrums P T and pt. I placed therefore at that hole
a Lens or Object-glafs of a Telefcope which might caft
the Image of the Sun diftinétly on Y without any Penum-
bra at all, and found that the Penumbra of the Rectili-
near Sides of the oblong Spe&trums P T and pt was alfo.
thereby taken away, fo that thofe Sides agaf::arcd as di-
ftinctly defined as did the Circumference of the firft Image
Y. Thus it happens if the Glafs of the Prifms be free:
from veins, atd their Sides be accurately plane and well
polifhed without thofe numberlefs waves or curles which
ufually arife from Sand-holes a little fmoothed in polifh-
ing with Putty.  If the Glafs be only well polifhed and
free from veins and the Sides not accurately plane but a
litele Convex or Concave, as it frequently happens ; yet
may the three Spe&trums Y, P T and pt want Penumbras,
but not in equal diftances from the Prifms. Now from
this want of Penumbras, 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 theRefraction, the right Lines A E and
G L which all cthe circles in the Sperum P T do touch,
could not by that Refraction be tranflated into the Lines
a ¢ and g! as diftinét and ftraight as they were before, but
there would arife in thofe tranflated Lines fome Penumbra
or crookednels or undulation, or other fenfible Perturba-~
tion contrary to what is found by Experience. Whatfo-
ever Penumbra or Perturbation fhould be made in the
circles by the crofs Refraction of the fecond Prifm, all
that Penumbra or Perturbation would be confpicuous in

the .



[ 29 ]

the rifght Lines a ¢ and g ! which touch thofe circles. And
therefore fince there is no {fuch Penumbra or Perturbation
in thofe right Lines there muft be none in the circles.
Since the diftance between thofe Tangents or breadth of
the Spectrum is not increafed by the Refraétions, the Dia-
meters of the circles are not increafed thereby. Since thofe
Tangents continue to be right Lines, every circle which
in the firflt Prifm is more or lefs refracted , is exaétly in
the fame Proportion more or lefs refracted in the {econd.
And feeing all thefe things continue to fucceed after the
fame manner when the Rays are again in a third Prifm,
and again in a fourth refracted Sideways, it is evident that
the Rays of one and the fame circle as to their degree of
Rcﬁangibilit}f continue always Uniform and Humngeneal
to one another, and that thofe of feveral circles do differ
in degree 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 Ex-Fig. 16.

periment by which it becomes ftill more plain and con-
vincing. Let the fecond Prifm D H be placed not imme-
ately after afcer the firft, but ac fome diftance from it ;
Suppofe in the mid-way between it and the Wall on which
the obleng Spe&trum P T is caft, fo that the Light from
the firlt Prifm may fall upon it in the form of an oblong
Spectrum, =7 Parallel to this fecond Prifm,and be refracted
Sideways to form the oblong Spectrum pt upon the Wall.
And you will find as before, that this Spe&rum p ¢ is in-
clined to that Spe&trum P T, which the grff Prifm forms
alone without the fecond 5 the blew ends P and p being fur-
ther diftant from one another than the red ones T and ¢,
and by confequence that the Rays which go to the blew
end = of the Image =7 and which therefore {uffer cthe greateft
Refraétion in the firft Prifm, are again in the fecond Prifm
more refracted than the reft. The
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The fame thing I'try’d alfo by letting the Sun’s Light
into 2 dark Room through two little round holes F and ¢
made in the Window, and with two Parallel Prifms ABC
and =7 placed at thofe holes (one at each ) re:Fra&ing
thofe two beams of Light to the oppofie Wall of the

“Chamber, in fuch manner that the two colour'd Images

P T and mn which they there painted were joyned end to
end and lay in one ftraight Line, the red end T of the
one touching the blew end m of the other. For if thefe
two refrated beams were again by a third Prifm D H pla-
ced croft to the two firft, refraéted Sideways, and the Spe-
&rums thereby tranflated to fome other part of the Wall
of the Chamber , fuppofe the Spe@rum P T to pt and
the Spe@rum M N to m 2, thefe tranflaved Spectrums p#
and m n would not lie in one ftraighc Line wich cheir ends

.contiguous as before, but be broken off from one another

and become Parallel, the blew end of the Image m n being
by a greater Refraction tranflated farther from its former

place M T, thanthe red endt of the other Image p ¢ from

the fame place MT which puts the Propofition paft di-
fpute.  And this happens whether the third Prifm /D H be
Flacrzd immediately after the two firft or at a great diftance
rom them , fo that the Light refracted inthe two firft

Prifms be either white and ‘circular, or coloured and ob-

long when it falls on the third.

Exper. 6. In ‘the 'middle of two thin Boards I made
round holes a third ‘part of an Inch in ‘Diameter, ‘andin
the Window-fhut 2 much broader hole, being made'to let
mito my darkned ‘Chamber a large ‘beam of ‘the Sum’s
Light ; I placed a Prifm behind the Shut'in that beamto
réfract it cowards the oppofite Wall, and clofe behind the
Prifm I fixed one of the Boards, ‘in fuch manner that the
middle of the refracted 'Lighe-mighe pafs through the hole

made
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made in it, and the reflt be intercepted by the Board.
Then at the diftance of about twelve Feet from the firft
Board 1 fixed the other Board, in fuch manner thar the
middle of the refracted Light which came through the hole
i the firft Board and fell upon the oppofite Wall might
pafs through the hole in this other Board, and the reft be-
g intercepted by the Board might paint upon it the co-
loured Spectrum of the Sun. And clofe behind this Board
I fixed another Prifm to refraét the Light which came
through the hole. Then I recurned fpeedily to the firft
Prifm, and by turning it flowly to and fro about its Axis,.
I caufed the Image which fell upon the fecond Board to
move up and down upon that Board, that all its pares
might fucceflively pafs through the hole in that Board and
fall upon the Prifm behind it.  And in the mean time, I
noted the placeson the oppofite Wall to which that Lighe
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 mn the firft Prifm did go to the blew
end of the Image, was again more refracted in the fecond
Prifm than the Light which went to the red end of that
Image, which proves as well the firft Propofition as the
fecond. And this happened whether the Axis of the two-
Prifms were parallel, or inclined to one another and to the
Herizon in any given Angles.

Hluftration. Let F be the wide hole in the Window-{hut, Fig. 18..
through which the Sun fhines upon the firft Prifm A B C,
and let the refracted Light fall upon the middle of the
Board D E, and the middle part of that Light upon the
hole G made in the middle of that Board. Let this tra-
jected pate of the Light fall again upon the middle of the
fecorid Board de and there paint fuch an oblong colonred -
Image of the Sun as was-det‘gribcd in the'third Experiment.

By
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By turning the Prifm AB C flowly to and fro about its
Axis this Image will be made to move up and down the
Board d e, and by this means all its parts from one end to
the other may be made to palfs fucceflively through the
hole g which is made in the middle of that Board. Inthe
mean while another Prifm a4 ¢ is to be fixed next after
that hole 7 to refract the trajeéted Light a fecond time.
And thefe things being thus ordered, I markccl the Fplau:v::s
M and N of the oppofice Wall upon which the refracted
Light fell,and found that whilft the two Boards and fecond
Prilm remained unmoved, thofe places by turning the firft
Prifm about its Axis were changed perpetually. For when
the lower part of the Light which fell upon the fecond
Board d e was caft through the hole g it went to a lower
place M on the Wall, and when the higher parc of that.
Light was caft chrough the fame hole g, it wenttoa higher
place N on the Wall, and when any intermediate part of
the Light was caft through that hole it went to fome Flacc
on the Wall between M and N.  The unchanged Pofition
of the holes in the Boards, made the Incidence of the Rays
upon the fecond Prifm to be the fame in all cafes. And
yet in that common Incidence fome of the Rays were more
refracted and others lefs. And thofe were more refracted
in this Prifm which by a greater Refraction in the firft
Prifm were more turned out of the way, and therefore for
their conftancy of being more refracted are defervedly cal-
led more Refrangible.

Exper. 7. At two holes made near one another in my
Window-fhut I placed two Prifms, one at each, which
might caft upon the oppofite Wall (after the manner of
the chird Experiment ) two oblong coloured Images of the
Sun. And at a lictle diftance from the Wall I placed a
long flender Paper with ftraight and parallel edges, and

ordered
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ordered the Prifms and Paper fo, that the red Colour of
one Image might fall directly upon one half of the Paper,
and the violet colour of the other Image upon the other
half of the fame Paper; fo thac the Paper appeared of two
Colours, red and violet, much after the manner of the
painted Paper in the firft and fecond Experiments. Then
with a black Cloth I covered the Wall behind the Paper,
that no Light might be reflected from it to difturb the
Experiment, and viewing the Paper through a third Prifm
held parallel to it, I faw thac half of it which was illumi-
nated by the Violet-light to be divided from the other
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 [Eemed contiguous at one
of their Angles like the painted Paper in the firft Expe-
riment. Which alfo happened when the Paper was too
broad.

Sometimes inftead of the Paper I ufed a white Thred,
and this appeared through the Prifm divided into two Pa-
rallel Threds as is reprefented in the 19th Figure , where Fig. 19.
D G denotes the Thred illuminated with violer Light
from D to E and with red Light from F ro G, and de f2
are the parts of the Thred feen by Refraction. If one halt
of the Thred be conftantly illuminated with red, and the
other half be illuminared with all the Colours fucceffively,
(which may be done by caufing one of the Prifms to be
turned about its Axis whilft the other remains unmoved)
this other half in viewing the Thred through the Prifm,
will appear in a continued right Line with the firft half
when illuminated with red , and begin to be a lictle divi-
ded from it when illuminated with Orange, and remove

further from it when lluminated with Yellow; and. ftill
E further
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further when with Green, and further when with Blew, and
go yet further off when illuminated with Indigo, and fur-
theft when with deep Violet. Which plainly fhews, that
the Lights of feveral Colours are more and more Refran-
gible one than another, in this order of their Colours,Red,
Orange, Yellow, Green, Blew, Indigo, deep Violer ; and
o proves as well the firft Propofition as the fecond.

I caufed alfo the coloured Spe&trums PT and MN
made in a dark Chamber by the Refractions of two Prifms
to lyein a right Line end to end, as was defcribed above
in the fifth Experiment, and viewin them through a third
Prifm held Parallel to their lﬂngth,tﬁﬂ}’ appeared no longer
in a right Line, but became broken from one another, as
they are reprefented at p¢ and mn, the violet end m of the
Spectrum mn being by a greater Refraction tranflated
further from its former place M T than the red end ¢ of the
other Speétrum pt.

I further caufed thofe two Speétrums P T and M N to
become co-incident in an inverted order of their Colours,
the red end of each falling on the violet end of the other,
as they are reprefented in the oblong Figure P T M N
and then viewing them through a Prifm D H held Paral-
lel to-their len EE, they appeared not co-incident as when
viewed with. the naked Eye, buc in the form of two di-
ftinét Spectrums pt¢ and m n croffing one another in the
middle after the manner of the letter X. Which fhews
that the red of the one Spe@rum and vielet of the other,
which were co-incident at PN and M T, being parted
from one another by a greater Refra&ion of the violet to

p and m than of the red to 7 and ¢, do différ in degrees of

Refrangibility.
I illuminated alfo a little circular piece of white Paper
all over with the Lights of both Prifms. intermixed, and

when
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when it was illuminated with the red of one Spe@trum and
deelp violet of the other, fo as by the mixture of thofe
Colours to appear all over purple, I viewed the Paper,
firft at a lefs diftance, and then ac a greater, through a
third Prifm ; and as I went from the Paper, the refraced
Image thereof became more and more divided by the un-
equal Refrattion of the two mixed Colours, and at length
parted into two diftinét Images, a red one and a violet one,
whereof the violet was furtheft from the Paper, and there-
fore fuffered the greatelt Refraction. And when that Prifm
at the Window which caft the violet on the Paper was ta-
ken away,the violet Image difappeared; but when the other
Prifm was taken away the red vanifhed : which fhews that
thefe two Images were nothing elfe than the Lights of the
two Prifms which had been intermixed on the purple Pa-
per, but were parted again by their unequal Refrattions
made in the third Prifm through which the Paper was
viewed. This allo was obfervable that if one of the
Prifms at the Window, fuppofe that which caft the violet
on the Paper, was turned about its Axis to make all the
Colours in this order, Violer, Indigo, Blew, Green, Yel-
low, Orange, Red, fall fucceflively on the Paper from that
Prifm, the violet Image changed Colour accordingly, and
in changing Colour came nearer to the red one, until when
it was j{'ﬂ red they both became fully co-incident.

I placed alfo two paper circles very near one another,
the one in the red Light of one Prifm, and the other in
the violet Light of the other. The circles were each of
them an Inch in Diameter, and behind them the Wall was
dark that the Experiment might not be difturbed by any
Light coming from thence. Thefe circles thus illuminated,
I viewed through a Prifm fo held chat the Refraction might
be made towards the red circle, and as I went from them

Rl g they
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they came nearer and nearer mgcthcr, and at lc_ngth be-
came co-incident ; and afterwards when T went ftill furcher
off, they parted again in a contrary order, the violet by a
greater Refraction being carried beyond the red.

Exper. 8. In Summer when the Sun’s Light pfes to
be ftrongeft, I placed a Prifm at the hole of the Window-
fhut, as in the third Experiment, yet {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 Six Feet and tvvo Inches from the Book, I
placed there the abovementioned Lens,by vvhich the Light
refleéted from che Book might be made to converge and
meet again at the diftance o% fix Feet and tvvo Inches be-
hind the Lens , and there paint the Species of the Book
upon a fheet of vvhite Paper much after the manner of the
fecond Experiment. The Book and Lens being made faft,
I noted the place vvhere the Paper vvas, vvhen the Letters
of the Book, illuminated by the fulleft red Light of the
Solar Image falling upon it, did caft their Species on that
Paper moft diftinctly ; And then I ftay’d till by the Mo-
tion of the Sun and confequent Motion of his Image on
the Book, all the Colours ?'rum that red to the middle of
the blew pafs'd over thofe Letters; and when thofe Letters
were illuminated by that blew, I noted again the place of
the Paper when they caft their Species moft diftinétly upon
it : And I found that this laft place of the Paper was nearer
to the Lens than its former place by about two Inches and
an half, or two and three quarters.  So much fooner there-
fore did the Light in the violet end of the Image by a grea-
ter Refraction converge and meet , than the Light in the
red end. But in trying this the Chamber was as dark as 1
could make it.  For if thefe Colours be diluted 2nd weak-
ned by the mixcure of any adventitious Light, the diftance

between
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between the places of the Paper will not be fo great. This
diftance in the fecond Experiment where the Colours of
natural Bodies were made ufe of, was but an Inch and 2
half, by reafon of the imperfection of thofe Colours. Here
in the Colours of the Prifm, which are manifeftly more
full, intenfe, and lively than thofe of natural Bodies, the
diftance is two Inches and three quarters. And were the
Colours ftill more full , T queftion not but that the di-
ftance would be confiderably greater. For the coloured
Light of the Prifm, by the interfering of the Circles de-
feribed in the 11th Figure of the fifth Experiment, and alfo
by the Light of the very bright Clouds next the Sun’s
Body intermixing with thefe Colours, and by the Lighe
fcattered by the inequalities in the polifh of the Prifm, was
fo very much compounded, that the Species which thofe
faint and dark Colours, the Indigo and Violet, caft upon
the Paper were not diftinct enough to be well obferved.
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 ler in-
to a dark Chamber through a hole in the Window-{hut
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 refracted by it began to be reflected
by its Bale , at which till then it went out of the Glafs,
I obferved that thole Rays which had fuffered che greateft
Refra&ion were fooner reflected than the reft. I conceived
therefore that thofe Rays of the refleéted Lighe, which
were moft Refrangible, did firft of all by a toral Reflexion
beconie more copious in that Light than the reft, and
that afterwards the reft alfo, by a total Reflexion, be-
came as copious as thefe. To try this, I made the re-

fleted Light pafs chrough another Prifm, and being refra&
cte
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cted by it to fall afterwards upon a {heet of white Paper

laced at fome diftance behind it, and there by that Re-
Ea&ion to paint the ufual Colours of the Prifm. And
then caufing the firft Prifm to be turned about its Axis as
above, I obferved that when thofe Rays which in this Prifm
had fuffered the greateft Refraction and a%pearcd of a blew
and violet Colour began to be totally reflected, the blew
and violet Light on the Paper which was moft refracted
in the fecond Prifm received a fenfible increafe above that
of the red and yellow, which was leaft refracted ; and
afterwards when the reft of the Light which was green,
yellow and red began to be totally reflected in the furft
Prifm, the light of thofe Colours on the Paper received as
great an increafe as the violet and blew had done before.
Whence ’tis manifeft, that the beam of Light refle¢ted by
the Bafe of the Prifm, being augmented firft by the more
Refrangible Rays and afterwards by the lefs Refrangible
ones, is compounded of Rays differencly Refrangible.
And that all {uch refleted Light is of the fame Nature
with the Sun’s Light, before its Incidence on the Bafe of
the Prifm, no Man ever doubted : it being generally al-
lowed, thar Light by fuch Reflexions fuffers no Alteration
in its Modifications and Properties. I do not here take
notice of any Refractions made in the Sides of the firft
Prifm, becaufe the Light enters it perpendicularly at the
fielt Side, and goes out perpendicularly ac the fecond Side,
and therefore ﬁlfﬁ:rs none. So then, the Sun’s incident
Light being of the fame temper and conftitution with his
emergent Light, and the laft being compounded of Rays
differently Refrangible , the firft muft be in like manner
compounded.

Hiuftration. In.the 21th Figure, A B C is the firft Prifm,
B C its Bafe, B and C its equal Angles at the Bafe, each

of



[39]

of 45 degrees, A its Reétangular Vertex, F M a beam of
the Sun’s Light let into a dark Room through a hole F
one third part of an Inch broad, M its Incidence on the Bafe
of the Prifm;M G a lefs refracted Ray, M H a more refrac-
ed Ray, M N the beam of Light reflected from the Bafe,
VXY the fecond Prifm by which this beam in pafling
through it is refracted, N ¢ the lefs refracted Light of this
beam, and N p the more refracted parc thereof. When the
firft Prilm A B C is turned about its Axis according to the
order of the Letters A B C, the Rays M H emerge more
and more obliquely out of that Prifm, and at lengrh after
their moft oblique Emergence are reflected towards N,
and going on to p do increale the number of the Rays N p.
Aftervvards by continuing the motion of the firft Prifm, the
Rays MG are alfo refle€ted to N and increafe the number of
the Rays N ¢.  And therefore the Light M N admits into
its Compofition, firft the more Refrangible Rays, and then
the lefs Refrangible Rays, and yet afrer this Compofition
is of the fame Nature vvith the Sun’s immediate Light F M,
the Reflexion of the [pecular Bafe B C caufing no Altera-
tion therein.

Exper. 10. Two Prifms, which were. alike in. fhape, I
tied fo together, that their Axes and oppofice Sides being
Parallel, they compofed a Parallelopiped. And, the Sun
fhining into my dark Chamber through a little hole in the
Window-fhut, I placed that Parallelopiped in his beam at
fome diftance from the hole, in fuch a pofture that the Axes
of the Prifms might be perpendicular to the incident Rays,
and that thofe Rays being incident upon the firft Side of
one Prifm, might go on t%xrough the two contiguous Sides
of both Prifms, and emerge out of the laft Side of the fe-
cond Prifm. This Side being Parallel to the firft Side of
the firft Prifm, caufed the emerging Light to be Parallel

to
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to the Incident. Then, beyond thefe two Prifms I placed
a third, which mighe refraét that emergent Light, and by
that Refraction caﬁ the ufual Colours of the Prifm upon
the oppofite Wall, or upon a fheet of white Paper held at
a convenient diftance behind the Prifm for that refraéted
Lighe to fall upon it. After this I turned che Paralielopiped
about its Axis, and found that when the contiguous Sides
of the two Prifms beeame fo oblique to the incident Rays
thac thofe Rays began all of them to be reflected, thofe
Rays which in the third Prifm had {uffered the greateft Re-
fra&ion and painted the Paper with violet and blew, were
firft of all by a total Reflexion taken out of the tranfmitted
Light, the reft remaining and on the Paper painting their
Colours of Green, Yellow, Orange, and Red as before s
and afterwards by continuing the motion of the two Prifms,
the reft of the Rays alfo by a total Reflexion vanifhed in
order, according to their degrees of Refrangibility. The
Light therefore which emerged out of the two Prifms is
compounded of Rays differently Refrangible , feeing the
more Refrangible Rays may be taken out of it while the
lefs Refrangible remain. But this Light being trajected
only through the Parallel Superficies n% the two Prifms, if
it fuffered any change by the Refration of one Superficies
it loft that impreffion by the contrary Refraction of the
other Superficies, and fo being reftored to its priftine con-
f’citutioniecame of the fame nature and condicion as at firft
before its Incidence on thofe Prifms ; and therefore, before
its Incidence, was as much compounded of Rays differently
Refrangible as afterwards.

Hluftration. In the 22th Figure AB C and B C'D are the
the two Prifms tied together in the form of a Parallelo-
piped, ‘their Sides B'C and CB being conriguous, and
their Sides A B and C D Parallel.  And HJK is the third

Prifm,
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Prifm, by which the Sun’s Light propagated through the
hole F into the dark Chamber, and there paffing through
thofe fides of the Prifms AB, BC, CB ancf CD, is refra-
¢ted at O to thewhite Paper P T, falling there parcly upon
P by a greater Refraction, partly upon T by a lefs Refra-
ction, and partly upon R and other intermediate places by
intermediate Refractions. By turning the Parallelopiped
A CBD about its Axis, according to the order of the Let-
ters A,C,D,B, at length when the contiguous Planes BC
and CB become fufficiently oblique to the Rays F M,
which are incident upon them at M, there will vanifh to-
tally out of the refracted Light OP T, firft of all the moft
refracted Rays O P, (the rel% OR and OT remaining as
before) then the Rays OR and other intermediate ones,
and laftly, the leaft refracted Rays O T. For when the
Plane B C becomes fufficiently oblique to the Rays inci-
dent upon it, thofe Rays will begin to be totally refleét-
ed by it towards N ; and firft the moft Refrangible Rays
will be totally reflected (as was explained in the preceding
experiment) and by confequence muft firft difappear at P,
and afterwards the reft as chey are in order totally refleét-
ed to N, they muft difappear in the fame order at R and
T. So then the Rays which at O fuffer the greateft Re-
fraction, may be taken out of the Li%ht MO whilft the reft
of the Rays remain in it, and therefore that Light MO is
Compounded of Rays differently Refrangible. And be-
caufe the Planes A B and CD are parallel, and therefore
by equal and contrary Refrations deftroy one anothers
Effects, the incident Light FM muft be of the fame kind
and nature with the emergenc Lighe M O, and thercfore
doth alfo confift of Rays differently Refrangible. Thefe
two Lights FM and MO, before the moft refrangible Rays

are feparated out of the emergent Light MO agree in} Co-
our,
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lour, and inall other properties fo far as my obfervation
reaches, and therefore are defervedly reputed of the fame
Nature and Conftitution, and by confe?tucncc the one is
compounded aswell as the other.  But afcer the moft Re-
frangible Rays begin to be torally reflected, and thereby

{eparated out of the emergentLight MO, that Light changes

its Colour from white to a dilute and faint yellow, a pretty
good orange, a very full red fucceffively and then totally
vanifhes. For after the moft Refrangible Rays which paint
the Paper at P with a Purple Colour, are by a rotal re-

flexion taken out of the Beam of light M O, the reft of

the Colours which appear on the Paper at R and T being
mixed in the light M O compound there a faint yellow,,
and after the blue and part of the green which appear on:

the Paper between P and R are taken away, the reft which.

appear between R and ‘T (that is the Yellow, Orange, Red
and 2 little Green) being mixed in the Beam M O com-
pound there an Orange ; and when all the Rays are by re-
flexiontaken out of the Beam MO, exccgt the leaft Refran-
gible, which at T appear of 2 full Red, their Colour is
the fame in that Beam M O as afterwards at T, the Re-
fraction of the Prifm HJK ferving only to feparate the
differently RefrangibleRays, without making any alteration

in their Colours, as fhall be more fully proved hereafter.

All which confirms as well the firft Propofition as the fe-
cond.

Scholium. If this Experiment and the former be conjoyned

and made one, by applying a fourth Prifm VXY to re-
fra&k the refleted Beam M N towards tp, the conclufion
will be clearer.  For then the light Np which in the 4th

-
%

Prifm is more refracted, will become fuller and ftronger
when the Light O P, which in the third Prifm HJK is.
more refracted, vanifhes at P 5 and afterwards when the lefs:

refracted.

SRR




[43 ]

refracted Light O T vanifhes at T, the lefs refracted Light
N¢ will become encreafed whilft the more refracted Lighe
at p receives no further encreafe. And as the trajected
Beam M O in vanithing is always of fuch a Colour as
oughe to refult from the mixture of the Colours which
fall upon the Paper PT, fo is the reflected Beam MN al-
ways of {uch a Colour as ought to refult from the mix-
ture of the Colours which fﬁl upon the Paper pt.  For
when the moft refrangible Rays are by a total Reflexion
taken out of the Beam MO, and leave that Beam of an
Orange Colour, the excefs of thofe Rays in the reflected
Light, does not only make theViolet, Indigo and Blue at
p more full, but alfo makes the Beam M N change from
the yellowifh Colourof the Sun’sLight, to a pale white in-
clining to blue, and afterward recover its yellowith Co-
lour again, {o foon as all the reft of the tranfmitted light
MO'T is refleted.

Now feeing that in all cthis variety of Experiments,
whether the trial be made inLight refleted, and that either
from natural Bodies, as in the ﬁgri’c and {econd Experiment,
or Specular, as in the Ninth ; or in Light refracted, and
that eicher before the unequally refracted Rays are by di-
verging {eparated from one another, and lofing their white-
nefs which they have altogether, appear feverally of feve-
ral Colours, as in the fifth Experiment ; or after they are
{eparated from one another, and appear Coloured as in the
fixth, feventh, and eighth E:EPerimentsa or in Light tra-
je€ted through Parallel fuperficies, deftroying each others
Effects as in the 10th Experiment; there are always found
Rays, which at equal Incidences on the fame Medium fuf-
fer unequal Refraétions, and that without any fplitting or
dilating of fingle Rays, or contingence in the inequalicy
of the Refractions, as is proved in the fifth and fixth Ex-

3 periments ;
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periments ; and feeing the Rays whichdiffer 1n Refrangibi-
lity may be parted and forted from one another, and that
cicher by Re?raétinn as in the third Experiment, or by Re-
flexion as in the tenth, and then the lg:veral forts apart at
equal Incidences fuffer unequal Refractions, and thole forts
are more refracted than others after feparation, which were
more refracted before it, as in the fixch and following Ex-
periments, andif the Sun’s Light be trajeéted through three
or more crofs Prifms fuccefflively, thofe Rays which in the
frft Prifm are refracted more than others are in all the fol-
lowing Prifms, refracted more then others in the {ame rate
and proportion, as appears by the fifth Experiment; it’s
manifeft that che Sun’s Light isan Heterogeneous mixture of

Rays, fome of which are conftantly more Refrangible then
others, as was to be propofed.

P RO P. IIL - Theor: Ik
The Sun’s Light confifts of Rays differing in Reflexibility, and

thofe Rays are more Reflexible than others which are more Re-
frangible.

HIS is manifeft by the ninth and tenth Experi~
ments : For in the ninth Experiment, by turning

the Prifm about its Axis, until the Rays within it which in
oing out into the Air were refracted by its Bafe, became
o oblique to that Bafe, as to begin to Ee totally reflected
thereby ; thofe Rays became ﬁr[% of all totally reflected,
which before at equal Incidences with the reft had fuffered
the greateft Refraction. And the fame thing happens in

Fhﬁ Reflexion made bythe commonBafe of the two Prifms
in the tenth Experiment.

?ROP.
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PROP.IV. Prob. L

To feparate from one another the Heterogeneous Rays of
Compound Light.

HE Heterogeneous Rays are in fome meafure f{epa-

rated from one another by the Refradtion of the
Prifm in the third Experiment, and in the fifth Experiment
by taking away the Penumbra from the Rectilinear fides of
the Coloured Image, that feparation in thofe very Rectili-
near fides or ftraight edges of the Image becomes perfect.
But in all places becween thofe rectilinear edges, chofe in-
numerable Circles there defcribed, which are E’fvﬁrally illu~
minated by Homogeneral Rays, by interfering with one
another, and being every where commixt, do render the
Light fufhciently Compound. But if thefe Circles, whilft
their Centers keep their diftances and pofitions, could be
made lefs in Diameter, their interfering one with another
and by confequence the mixture of the Heterogeneous
Rays would be proportionally diminifhed. In the 23thFig. 23.
Figure let AG, BH, CJ, DK, EL, FM be the Circles
which fo many forts of Rays flowing from the fameDifque
of the Sun, do in the third Experiment illuminate ; of all
which and innumerable other intermediate ones lying in a
continual Series between the two Rectilinear and Parallel
edges of the Sun’s oblong Image P T, that Image is com-
poled as was explained in the %fth Experiment. And let
ag, bh, ci, dk, el, fm be fo many lefs Circles lying in
a like continual Series between two Parallel right Lines 4 f
and g m with the fame diftances between their Centers,
and illuminated by the fame forts of Rays, that is the

Circle a g with the fame fort by which the correfponding
Circle
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Circle A G was illuminated, and the Circle bb with thefame
(ort by which the correfponding Circle BHwas illuminated,
and the relt of the Circles c1, dk, el, fm relpeively,
with the fame fores of Rays by which the feveral corre-
fponding Circles CJ, DK, EL, FM were lluminated.
In the Figure P T compofed of the greater Circles, three
of thofe Circles A G, BH, CJ, are fo expanded into one
another, that the three {orts of Rays by which thofe Cir-
cles are illaminated, together with other innumerable forts
of intermediate Rays, are mixed at QR in the middie of
the Circle BH. And the like mixture happens through-
out almoft the whole length of the Figure P 'T. Butin
the Figure pt compofed of the lefs Circles, the three lefs
Circles ag, bh, ¢ i, which anfwer to thole three greater, do
not extend into one another; nor are there any where
mingled {o much as any two of the three forts of Rays
by which thofe Circles are illuminated, and which in th
Figure P T are all of them intermingled at B H.
Now he that {hall thus confider ic, will eafily underftand
that the mixcure is diminithed in the fame Proportion
with the Diameters of the Circles. If the Diameters of
the Circles whilft their Centers remain the {ame, be made
three times lefs than before, the mixture will be alfo three
tmes lels; if cen times lefs, the mixture will be ten times
lefs, and fo of other Proportions. That is, the mixture
of the Rays in the greater Figure P T will be to their mix~
ture in the lefs p £, as the Latitude of the greater Figure is
to the Latitude of the lefs. For the Latitudes of thefe Fi-
Eures are equal to the Diameters of their Circles. And
ence it eafily follows, that the mixture of the Rays in the
refracted Speétrum p¢ is to the mixture of the Rays in the.
direct and immediate Light of the Sun, as the breadth of

that Sie&rum is to the difference between the length and
breadth of the fame SpeGrum. So
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So then, if we would diminifh the mixture of the Rays,
we are to diminifh the Diameters of the Circles. Now
thefe would be diminifbed if the Sun’s Diameter to which
they anfwer could be made lefs than it is, or (which comes
to the fame purpofe) if without Doors, at a great diftance
from the Prifm towards the Sun, fome opake body were
placed, with a round hole in the middle of it, to intercept
all the Sun’s Light, excepting fo much as coming from
the middle of his Body could pafs through that Ecrle to
the Prifm. For {o the Circles A G, BH and the reft,
would not any longer anfwer to the whole Difque of the
Sun , but only to that part of it which could be feen
from the Prifm through that hole, that is to the apparent
magnitude of that hole viewed from the Prifm. But that
thefe Circles may anfwer more diftinétly to that hole a
Lens is to be placed by the Prifm to caft the Image of the
hole, (that is, every one of the Circles A G, B H, ¢«.) di-
ftinctly upon the Paper at P T, after fuch a manner as by
a Lens placed at 2 Window the Species of Objeéts abroad
are caft diftin&tly upon a Paper wichin the Room, and the
Rectilinear Sides of the oblong folar Image in the fifth
Experiment became diftin without any Penumbra. If
this be done it will not be neceffary to place that hole
very far off, no not beyond the Window. And therefore
inftead of that hole, I ufed the hole in the Window-{hut
as follows.

Exper. 11. In the Sun’s Light let into my darkned
Chamber through a {mall round hole in my Window-
fhut, at about 10 or 12 Feet from the Window, I placed
a Lens, by which the Image of the hole might be di-
ftiné&tly caft upon a fheet of white Paper, placed ar the
diftance of fix, eight, ten or twelve Feet from the Lens.
For according to the difference of the Lenfes I ufed various

diftances,
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diftances , which I think not worth the while to defcribe.
Then immediately after the Lens I placed a Prifm, by
which the trajeted Light might be refraced either up-
wards or fideways, and thereby the round Image which
the Lens alone did caft upon the Paper might be drawn
out into a long one with Parallel Sigcs , as in the third
Experiment. This oblong Image I let fall upon another
Paper at about the fame diftance from the Prifm as be-
fore, moving the Paper ecither towards the Prifm or from
it, until I found the juft diftance where the Reétilinear
Sides of the Image became moft diftinét. For in this cafe
the circular Images of the hole which compofe that Image
after the fame manner that the Circles ag, bb, ci, &c. do
the Figure p t, were terminated molft diftinctly without any
Penumbra, and therefore extended into one another the
leaft that they could, and by confequence the mixture of
the Heterogeneous Rays was now the leaft of all. By this
means [ ufed to form an oblong Image (fuch as is p¢) of
circular Images of the hole (fuch as are ag, b, ¢, &c.)
and by ufing a greater or lefs hole in the Window-fhut, I
made the circular Images ag, bb, ci, &c. of which it was
formed, to become greater or lefs at pleafure, and thereby
the mixture of the Rays in the Image p¢ to be as much
or as little as I defired.

Hluftration. In cthe 24th Figure, F reprefents the circular

.hole in the Window-fhut, M N the Lens whereby the

Image or Species of that hole is caft diftinctly upon a
Paper at J, A B C the Prifm whereby the Rays are at their
emerging out of the Lens refracted from J towards ano-
ther Paper at pt, and the round Image ac J is turned into
an oblong Image p¢ falling on that other Paper. This
Image p ¢ confifts of Circles ﬂ_JPlaced one after another in 2
Rectilinear order, as was [ufficiently explained in the fifth

Experiment ;
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Experiment ; and thefe Circles are equal to the Circle I,
and confequently an{wer in Magnicude to the hole F ; and
therefore by diminifhing that hole they may be ac pleafure
diminifhed , whil'ft 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 L of an Inch, and MF the diftance of the Lens from
the hole be 12 Feet; and if pB or p M the diftance of
the Image pt from the Prifm or Lens be 10 Feet, and the
refracting Angle of the Prifm be 62 degrees, the breadth
of the Image p ¢t will be % of an Inch and the length about
fix Inches, and therefore the length to the breadth as 72
to 1, and by confequence the Light of this Image 71 times
lefs compound than the Sun’s dire¢t Light. And Light
thus far Simple and Homogeneal, is fufficient for trying
all the Experiments in this Book about fimple Light. ~For
the compofition of Heterogeneal Rays is in this Light fo
licele thac it is fcarce to be difcovered and perceived by
fenfe, except perhaps in the Indigo and Violet; for thefe
being dark Colours, do eafily fuffer a fenfible allay by that
Jitele fcattering Light which ufes to be refracted irregularly
by the inequaliteis of the Prifm.

Yet inftead of the circular hole F, ’tis better to fubfti-
cuce an oblong hole fhaped like a long Parallelogram
with its length Parallel to the Prifm A B C. For if this
hole be an Inch or two long, and buta tenth or twentieth
part of an Inch broad or narrower : the Light of the Image
pt will be as Simple as before or fimpler, and the Image
will become much broader, and therefore more fir to have
Experiments tried in its Light than before.

Inftead of this Parallelogram-hole may be fubftituted a
Triangular one of equal Sides, whofe Bafe for inftance is

G about -
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about the tenth past of an Inch, and its height an Inch oz
more. For by this means, if the Axis of the Prifm be
Parallel to the Perpendicular of the Triangle , the Image
Fig. 25. pt will now be formed of Equicrural Triangles a g, &b, c1,
dk, el, fm, &c. and innumerable other intermediate ones
anfwering to the Triangular hole in fhape and bignefs, and
lying one after another ina continual Series between two
Parallel Lines af and g m. Thefe Triangles are a litcle
intermingled at their Bafes but not at their Vertices, and
therefore the Light on the brighter fide 4 f of the Image
where the Bafes of the Triangles are is a little compounded,
but on the darker fide g m is altogether uncompounded,
and in all places between the fides the Compofition is
Proportional to the diftances of the places from that ob-
fcurer fide g m. And having a Spe&rum pt of fuch a
Compofition, we may try Experiments either in its ftronger
and lefs fimple Light near the fide 2f, or in its weagcr
and fimpler Light near the other fide /m, as it fhall feem
moft convenient.

But in making Experiments of this kind the Chamber
ought to be made as dark as can be, leaft any forreign
Light mingle it felf with the Light of the Spe&rum pt,
and render it compound ; efpecially if we would try Ex-~
periments in the more fimple Light next the fide gm of
the Spectrum; which being fainter, will have a lefs Pro-
portion to the forreign 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
Optical Ufes, and the Prifm ought to have a large Angle,
fuppofe of 70 degrees, and to be well wroughe, being
made of Glafs free from Bubbles and Veins, wich its fides
not a little Convex or Concave as ufually happens but
truly Plane,and its pollifh elaborate, asin working Optick-

gla;[Tesi_
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glaffes , and not fuch as is ufually wrought with Pucty,
- whereby the edges of the Sand-holes being worn away,
there are left all over the Glafs a numberlefs company of
very little Convex polite rifings like Waves. The edges
alfo of the Prifm and Lens fo far as they may make an
irregular Refraction, muft be covered with a black Paper
glewed on. And all the Light of the Sun’s beam let into
the Chamber which is ufelels and unprofitable to the Ex-
periment, .{;mght to be intercepted with black Paper or other
black Obftacles. For otherwife the ufelefs Light being
refledted every way in the Chamber, wiil mix with the
oblong Spectrum and help to difturb it. In trying thefe
things fo much Diligence is not altogether neceflary, but
it will promote the fuccefs of the Experiments, and by a
wery fcrupulous Examiner of things deferves to be applicd.
I’s difficule to get glafs Prifms fic for this purpofe, and
and therefore 1 ufed fometimes Prifmatick Vellels made
with pieces of broken Looking-glafes, and filled with rain
Water. And to increafe the Refraction, I fometimes im-
pregnated the Water frongly with Saccharum Saturmi.

PROP.N. Theor. IV.

Homogeneal Light is refraéted regularly withowt any Dilatation
Splitting or [hattering of the Rays , and the confufed Vifion
of Objeéts feen through Refraibing Bodies by Heterggeneal
Light arifes from the different Refrangibility of feveral forts

of Rays.

H E frft Pare of this Propofition has been alread}r*
{ufhiciently proved in the fifth Experiment, and will
further appear by the Experiments which follow.

G2 Exper. 12.
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Exper. 12. In the middle of a black Paper I madea
round hole about a fifth or fixth part of an Inch in Dia-
meter. Upon this Paper I caufed the Spectrum of Homo-

eneal Light defcribed in the former Propofition , fo to
%all, that fome part of the Light might pafs through the
hole of the Paper. This tran{mitced part of the Light I
refracted with a Prifm placed behind the Paper, and let-
ting this refracted Light fall perpendicularly upon a white
Paper two or three Feet diftant from the Prifm, I found
that the Spectrum formed on the Paper by this Light was
not oblong, as when tis made (in the third Experiment)
by Refracting the Sun’s compound Light, but was (fo far
as I could judge by my Eye) perfectly circular, the len%::h
being no greater than the breadth. Which fhews that this
Light is refracted regularly without any Dilatation of the
Rays. '

%'IPE?'. 13. Inthe Homogeneal Light I placed a Circle
of ! of an Inch in Diameter, and in the Sun’s unrefraéted

Heterogeneal white Light I placed another Paper Circle of
thefame bignefs. And goingfrom thePapers to thediftance
of fomeFeet, I viewed both Circles through a Prifm. The
Circle illuminated by the Sun’s Heterogeneal Light appear-
ed very oblong as in the fourth Experiment , the length
being many times greater than the breadth : but the other
Circle illuminated with Homogeneal Light appearcd' Cir-
cular and diftinétly defined as when tis viewed with the
naked Eye. Which proves the whole Propofition.

Exper. 14. In the Homogeneal Light I placed Flies and
fuch like Minute Objeéts, and viewing tEcm through a
Prifm , I faw their Parts as diftin¢tly defined as if Ihad
viewed them with the naked Eye. The {fame Objects pla-
ced in the Sun’s unrefraéted Heterogeneal Light which was
whice I viewed alfo through a Prifm, and faw them moft

confufedly
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confedly defined, fo that I could not diftinguifh their fmak-
ler Parts from one another. I placed alfo the Letters of a
{fmall Princ one while in the Homogeneal Light and then
in the Heterogeneal, and viewing tﬁcm through a Prifm,
they appeared in the latter cale fo confufed and indiftin&t
that I could not read them ; but in the former they ap-
peared fo diftinct that I could read readily, and thoughe
I faw them as diftin& as when I viewed them with my
naked Eye. In both cafes I viewed the fame Objeéts
through the fame Prifm at the fame diftance from me and
in the fame Situation. There was no difference but in the
Light by which the Objects were illuminated, and which
in one cafe was Simple and in the other Compound, and
therefore the diftin& Vifion in the former cafe and confu-
fed in the latter could arife from nothing elfe than from
that difference of the Lights. Which proves the whole
Propofition.

And in thefe three Experiments it is further very remar-
kable, that the Colour of Homogeneal Light was never

changed by the Refra&ion.

PR 0P Nl 5 Fheor:i Y.
The Sine of Incidence ;f every Ray confidered apart, is to its Sine

of Refraction in a given Ratio.

HA T every Ray confidered apart is conftant to
. it felf in fome certain degree of Refrangibility, is

fufficiently manifeft out of what has been faid. Thefe
Rays which in the firft Refraction are at equal Incidences
moft refrated, are alfo in the following Refractions at
equal Incidences moft refracted ; and fo of the leaft Re-

frangible, and the reft which have any mean degree of
Refran-
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Refrangibility, as is manifeft by the gth, 6¢th, 7th, 8th,
and oth Experiments. And thofe which the firft time ac
like Incidences are equally refracted, are again ar like In-
cidences equally a:g uniformly refracted, and that whe-
ther they be refradted before they be feparated from one
another asin the 5th Experiment, or whether they be re-
fracted apare, asinthe 12th, 13th and 14th Experiments.
The Refraction therefore of every Ray apart 1s regular,
and what Rule that Refra&tion obferves we are now
to fhew.

The late Writers in Opticks teach, that the Sines of In-
cidence are in a given Proportion to the Sines of Refra-
¢ion, as ‘was explained in the 5th Axiom ; and fome by
Inftruments ficted for meafuring Refractions, or otherwife
experimentally examining this Proportion, do acquaint us
that they have found it accurate. But whilft they, not
underftanding the different Refrangibility of feveral Rays,
conceived them all ro be refra¢ted 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 from their Meafures we may conclude only that
the Rays which have a mean degree of Refrangibility ,
that is thofe which when feparated from the ref% appear
green, are refracted according to a given Proportion of
their Sines. And therefore we are now to fhew thac the
like given Proportions obtain in all the reft. That ic
{hould be fo is very reafonable, Nature being ever confor-
mable to her {elf : ‘but an experimental Proof is defired.
And fuch a Proof will be had if we can fhew that the
Sines of Refraction of Rays differently Refrangible are
one 'to another in a given Proportion when their Sines of
Incidence are equal. For if the Sines of Refraction of all
the Rays are in given Proportions to the Sine of Refraion

of
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of 2 Ray which has a mean degree of Refrangibilicy, and
this Sine is in a given Proportion to'the equal Sines of
Incidence, thofe other Sines of Refraétion will alfo bein
given Proportions to the equal Sines of Incidence. Now
when the Sines of Incidence are equal, it will appear by
the following Experiment thac the Sines of Refraction are
in a given Proportion to one another.

Exper. 15. The Sun fhining into a dark Chamber
through a little round hole in the Window-fhut, let S re- Fig. 26.
prefent his round white Image painted on the oppofite
Wall by his direc¢t Light, P T his oblong coloured Image
made by refratting that Light with a Prifm placed at the
Window; and pt, or 2p 2¢, or 3p 3¢, hisoblong coloured
Image made by refracting again the fame Light fideways
with a fecond Prifm placed immediately after the firft 1n
a crofs Pofition to it, as was explained in the fifth Experi-
ment : that is to fay, pt when the Refra&tion of the fecond
Prifm is fmall, 2p 2¢ when its Refration is greater, and
3p 3¢ when it is greateft.  For fuch will be the diverfity
of the Refradtions if the refracting Angle of the fecond
Prifm be of various Magnitudes ; fuppofe of fifteen or
twenty degrees to make the Image p ¢, of thirty or
forty to make the Image 2p 2¢, and of fixty to make
the Image 3 3. Buc for want of folid Glafs Prifms with
Angles of convenient bigneffes, there may be Veflels
~ made of polifhed Plates of Glafs cemented together in the
form of Prifms and filled with Water. Thefe things being
thus ordered, I obferved that all the folar Images or co-
loured Sperums P T, pt, 2p 2t, 3p 3¢t did very nearly
converge to the place S on which the dire& Lighe of the
Sun fell and painted his white round Image when the
Prifms were taEen away. The Axis of the Spectrum P'T,

that is the Line drawn through the middle of it Parallel to
: its
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itsRetilinear Sides, did when produced pafs exactly throuih
the middle of that white round Image S. And when the
Refraction of the fecond Prifm was equal to the Refra&tion
of the firft, the refracting Angles of them both bcin%abuut
60 degrees, the Axis ﬂfgthc Speétrum 3 p 3¢t made by that
Refraction, did when produced pals alfo through the mid-
dle of the fame white round Image S. But when the Re-
fra&tion of the fecond Prifm was lefs than that of the firft,
the produced Axes of the Spectrums ¢ p or 2¢ 2p made
by that Refra&ion did cut the produced Axis of the Spe-
&rum TP in the Points m and », a little beyond the Cen-
ter of that white round Image S.. Whence the Proportion
of the Line 3¢ T to the Line 3 p P was a lictle greater than
the Proportion of 2¢T to2 pP, and this Proportion a little
greater than that of t T to pP. Now when the Light of
the Spe&trum P T falls perpendicularly upon the Wall, thofe
Lines 3¢ T, 3pP,and 2¢ T, 2p P and ¢ T, pP,are the Tan-
gents of the Refractions ; and therefore by this Experiment
the Proportions of the Tangents of the Refractions are ob-
tained, from whence the Proportions of the Sinesbeing deriv-
ed, they come out equal, {o faras by viewing the Spectrums
and ufing fome Mathematical reafoning I could Eftimate.
For I did not make an Accurate Computation. So then
the Propofition holds true in every Ray apart, fo far as ap-
pears by Experiment. And that it is accurately true may
be demonftrated upon this Suppofition, That Bodies refraét
Light by atling upon its Rays i Lines Perpendicular to their
Surfaces. But in order to this Demonftration, I muft di-
ftinguifh the Motion of every Ray into two Motions, the
one Perpendicular to the refracting Surface, the other Pa-
rallel to it, and concerning the Perpendicular Motion lay
down the following Propofition. |

If
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 If any Motion or moving thing whatfoever be incident
with any velocity on any broad and thin Space termina-
ted on both fides by two Parallel Planes, ang in its paffage
through that fpace be urged perpendicularly rowards the
furcther Plane by any force which at given diftances from
the Plane is of given quantities ; the perpendicular Velo-
city of that Motion or Thing, at its emerging out of that
fpace, fhall be always equal to the Square Root of the
Summ of the Square of the Perpengicular Velocity of
that Motion or Thing at its Incidence on that fpace;
and of the Square of the perpendicular Velocity which
that Motion or Thing would have at its Emergence, if
1m: ;ts Incidence its perpendicular Velocity was infinitely
ittle. .

And the fame Propofition holds true of any Motion or
Thing perpendicularly retarded in its paflage through that
fpace, ifinftead of the Summ of the two Squares you take
'ticir difference. The Demonftration Mathematicians will
eafily find out, and therefore I fhall not trouble the Rea-
der with it.

Suppofe now that a Ray coming moft obliquely in che Fig. 1.
Line MC 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 AC ?'hall be refracted ; lec MC, AD, be
the Sines of incidence of the two Rays, and NG, EF, their
Sines of Refraction, and let the equal Motions of the In-
cident Rays be reprefented by the equal Lines M C and
AC, and the Motion MC being confidered as parallel to
the refracting Plane, let the other Mortion AC be diftin-
guifhed into two Motions AD and DC, one of which
AD is parallel, and the other DC perpendicular to the re-
fracting Surface. In like manner, let the Motions of the

emering Rays be diftinguiflvd into two, whereof the per-
| H pendicular
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perpendicular ones are j:""ig CG and ﬁ;—fﬁ CE. And 'iF_'thp-
force of the refraéting Plane begins to act L}pﬂn the Rays
either in that Plane or at a certain diftance from 1t on the
one fide, and ends at a certain diftance from it on the
other fide, and in all places between thofe two Limits a&s
upon the Rays in Lines perpendicular to that rafracting
Plane, and the Actions upon the Rays at equal diftances.
from the refracting Plane be equal, and at unequal ones ei-
ther equal or unequal according to any rate whatever ;
that motion of the Ray which is Parallel to the refra&ting -
Plane will fuffer no alteration by that force ; and that mo-
tion which is perpendicular to it will be altered according
to the rule of the foregoing Propofition. If therefore for

the Per?endiculat Velocity of the emerging Ray CN you
write ‘gg CG as above, then the perpendicular Velocity

of any other emerging Ray CE which was gg CF, will be:

equal to the fguare Root of CDgq + ﬁ—é—gi CGg. And

by fquaring thefe equals, and adding to them the Equals
ADgand MCgq---CDy, and dividing the Summs by the

Equals CFq 4 EFq and CGgq - NGgq, you will have
‘gg equal to i%} Whence AD, the Sine of Incidence,

is to EF the Sine of Refra&ion, as MC to NG, that 15, 4

in a given ratio. And this Demonftration being general,
without determining what Lighe is, or by what kind of
force it is refracted, or afluming any thing further than
that the refracting Body acts upon the Raysin Lines per-
pendicular to its Surface ; Itake it tobe a very convincing
Argument of the full Truth of this Propofition, ~

So.
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- So then, if the ratio of the Sines of Incidence and Re-
fraction of any fort of Rays be found in any one Cafe, ’tis
given in all Cafes; and this may be readily found by the
Method in the following Propofition.

PROP. VII. Theor. VI

The Perfeétion of Telefcopes is impeded by the different Refran-
gibility of the Rays of Light.

" VH E imperfe@ion of Telefcopes is vulgarly attri-

. buted to the {pherical Figures of the Glafles, and
therefore Mathematicians have propounded to Figure them
by the Conical Seétions. To fhew that they are mifta-
ken, I have inferted this Propofition; the truth of which
will appear by the meafures of the Refractions of the feve-
ral forts of Rays ; and thefe meafures I thus determine.

In the third experiment of the firft Book, where the re-
fra&ting Angle of the Prifm was 62! degrees, the half of
that Angle 31 deg. 15 min. is the Angle of Incidence of
the Rays at their going out of the Glafs into the Air; and
the Sine of this Angle is 5188, the Radius being 10000.
When the Axis of tEis Prifm was parallel to the Horizon,
and the Refraction of the Rays at their Incidence on this
Prifm equal to that at their Emergence out of it, I obferved
witha QuadrantctheAngle which the mean refrangible Rays
(thatis, thofewhich wentto the middle ofthe Sun’s colour-
ed Image ) made with the Horizon and by this Angle and
the Sun's altitude obferved at the {ame time, I found the
Angle which the emergentRays contained wich che incident

to be 44 deg. and 40 min. and the half of chis Anole ad-
ded to the Angle of Incidence 31 deg. 15 takes the
A 1’1 7 - ;',H,_“IIE
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Angle of Refraction,which is therefore 53 deg. 35 min. and
its Sine 8047. Thefe are the Sines of Incidence and Re-
fraction of the mean refrangible Rays, and their proportion
in roundnumbersis 20 to31. This Glafs was of a coi}urin'..
clining to green. The laft of the Prifms mentioned in the.
third Experiment was of clear white Glafs. Its refra&ting
Angle 63, degrees. The Angle which the emergent Rays

contained, with the incident 45 deg. 50 min. The Sine of
half the firft Angle 5262. The Sine of half the Summ’
of the Angles 8157. And their proportion'in round num-
bers 20 to 31 as before.

From the Length of the Image, which was about 92 or
10 Inches, fubduét its Breadth, which was 2 | Inches, and
the Remainder o Inches would be the length of the Imaéé '
were the Sun but a point, and therefore fubtends the An-
gle which the moft and leaft refrangible Rays, when inci-
dent on the Prifm in the fame Lines, do contain with one
another after their Emergence. Whence this Angle is
2 deg. o. =."  For the diftance between the Imageand the
Prifm where this Angle is made, was 18} Feet,and at chat
diftance the Chord 7ZInches fubtendsan Angle of 2 deg.
0. 7." Now half this Angle is the Angle which thefe e-
mergent Rays contain with the emergent mean refrangible
Rays, and a quarter thereof, that is 3o. 2.” may be  ac-
counted the Angle which they would contain which the
fame emergent mean refrangible Rays, were they co-inci-
dent to them within the Glafs and fuffered no other Re-
fraction then that at their Emergence. For if two cqual'!
Refractions, the one at the incidence of the Rays on the
Prifm, the other at their Emergence, make half the Angle
2 deg. 0. 7. then one of thofe Refractions will maic_
about a quarter of that Angle, and this quarter added to

and’



[61 ]

and fubducted from the Angle of Refra&tion of the mean
refrangible Rays, which was 53 deg. 35, gives the An-
gles of Refraction of the moft and leaft reEangible Rays
s4deg. 5 2, and 53 deg. 4 58, whofe Sines are 8099
and 7995, the common Angle of Incidence being 31 deg;
15 and its Sine 5188 ; and thefe Sines in the leaft round
numbers are in proportion to one another as 78 and 77
to §o.

Now if you fubdu& the common Sine of Incidence 50
from the Sines of Refracion 77 and 78, the: remainders
27 and 28 fhew that in {mall Refra&ions the Refra&ion
of the leaft refrangible Rays isto the Refraction of the moft
refrangible ones as 27 to 28 very nearly, and that the dif-
ference of the Refractions of the leaft refrangible and moft
refrangible Rays is about the 27:th part of the whole Re-

fraction of the mean refrangible Rays.

Whence they that are skilled in Opticks will eafily un-
derftand, that the breadth of the ltaftp circular fpace into
which Object-Glafles of Telefcopes can collect all forts of
Parallel Rays, is about the 27:th part of half the aperture

of the Glafs, or §5th part of the whole aperture; and
that the Focus of the moft refrangible Rays is nearer to the
Object-Glafs thanthe Focus of the leaft refrangible ones, by
about the 27!th part of the diftance between the Object-

Glafs and the Focus of the mean refrangible ones.

And if Rays of all forts,flowing from any one lucid point
in the Axis of any convex Lens, be made by the Refraction
of the Lens to converge to points not too remote from the
Lens , the Focus of the moft refrangible Rays fhall be
nearer to the Lens than the Focus of the leaft refrangible
ones, by a diftance which is to the 273th part of the di-
ftance of the Focus of the mean refrangible Rays from the

Lens as the diftance between that Focus and the lucid
' point
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point 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 between the Re-
fraétions which the moft refrangible and the leaft refran-
gible R:l?fs flowing from the fame poine {uffer inv the Ob-
ject-Glafles of Telefcopes and fuch like Glaffes, be fo great
as is here defcribed, I contrived the following Experi-
ment.

Exper. 16. The Lens which I ufed in the fecond and
eighth Experiments, being placed {ix Fect and an Inch dif-
tant from any Obje&, colleéted the Species of thar Objeck
by the mean refrangible Rays at the diftance of fix Feer
and an Inch from the Lens on the other fide.  And there-~
fore by the foregoing Rule it ought to colleét the Sfivccics of
that Objeét by the leaft refrangible Rays ac the diftance of
fix Feet and 3? Inches from the Lens, and by the moft re.
frangible ones at the diftance of five Feet and 103 Inches
from it : So that between the two Places where thefe leaft
and moft refrangible Rays collect the Species, there may
be the diftance of about §3 Inches. For by that Rule, as
{ix Feet and an Inch ( the diftance of the Lens from the
lucid Object ) is to twelve Feet and two Inches ( the di-
{tance of the lucid Object from the Focus of the mean re-
frangible Rays) that is, as one is to two, fo is the 27)th
part of fix Feet and an Inch (the diftance between the Lens
and the fameFocus ) to the diftance between the Focus of
the molt refrangible Rays and the Focus of the leaft re=
frangible ones, which is therefore 522 Inches, that is very
nearly 5: Inches. Now to know whether this meafure
was true, I repeated the fecond and eighth Experiment of
thisBook with coloured Light, which was lefs compound-
ed than that I there made ufe of : For I now feparared the

kh:t LT D
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heterogeneous Rays from one another by the Method I de-
fcribed in the 11th Experiment, {6 as to make a coloured
Spectrum about twelve or fifteen times longer than broad.
This Spe&trum I caft on a printed book, and placing the
above-mencioned Lens at ie diftance of fix Feet and an
Inch from this Spe¢trum to colle& the Species of the illu-
minated Letters at the fame diftance on the other fide, I
found that the Species of the Letters illuminated wich Blue
were nearer to the Lens than thofe illuminated wich deep
Red by about three Inches or three and a quarter : but the
Species of the Letters illuminated wich 1njign and Violet
appeared o confufed and indiftinét, that I could not read
them : Whereupon viewing the Prifm, I found it was full
of Veins running from one end of the Glafs to the other ;.
{o that the Refraétion could not be regular. I took ano-
ther Prifm cherefore which was free {gmm Veins, and in-
ftead of the Letrers I ufed two or three Parallel black Lines
a licrle broader than the ftroakes of the Letters, and caft-
ing the Colours upon thefe Lines in fuch manner that the
Lines ran along rhe Colours from one end of the Spe&tum
to the other, I found that the Focus where the Indigo, or
confine of this colour and Violet caft the Species of the
black Lines moft diftinétly,tobe about 4Inches or 4 near-
er to the Lens than the Focus where the deepeft Red caft
the Species of the fame black Lines moft diftinctly.
The violet 'was fo' fainc and dark, that I could not
difcern the Species of the Lines diftinctly by that Co-
lour ; and therefore confidering that the Prifm was made
of a dark coloured Glafs inclining to Green, I took another
Pifm of clear white Glafs ; but the Spectrum of Colours
which this Prifm made had long white Streams of faint
Light fhooting out from both ends of the Colours, which
made me conclude chat fomerhing was amifs ; and view-

ing
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ing the Prifm, I found two or three little Bubbles in the
Glafs which refracted the Light irregularly. Wherefore I
covered that part of the Glafs with black Paper, and let-
ting the Light pafs through another part of ic which was
free from f{uch Bubles, the Speétrum of Colours became
free from thofe irregular Streams of Light, and was now
{uch asI defired. But ftill I found the Violet {fo dark and
faint, that [ could fcarce fee the Species of the Lines by the
Violet, and not at all by the deepeft part of it, which was
next the end of the Spectrum. I fufpeéted therefore that
this faint and dark Colour might be allayed by that fcac-
tering Light which was refracted, and reflected irragularly
partly by fome very {mall Bubbles in the Glafles and
partly by the inequalities of their Polifth: which Light,
tho it was bur lictle, yer it being of a White Colour,
might fuffice to affect the Senfe fo ftrongly as to difturb
the Phznomena of that weak and dark Colour the Violet,
and therefore I tried, as in the 12th, 13th, 14th Experi-
ments, whether the Light of this Colour did not confift of
a fenfible mixcure of heterogeneous 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
would have done out of White Light, and by con-
fequence out of this Violet Light had it been fenfi-
bly compounded with White Light. Andtherefore I con-
cluded, that the reafon why I could not fee the Species of
the Lines diftinétly by this Colour, was only the darknefs
of this Colour and Thinne(s of its Light, and its dif=
tance from the Axis of the Lens; I divided therefore thofe
Parallel Black Lines into equal Parts, by which I might
readily know the diftances of the Colours in the SpeGtrum:
from one another, and noted the diftances of the Lens
{rom the Foci of fuch Colours as caft the Species of the

' Lines
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Lines diftin&tly, and then confidered whether the diffe-

rence of thofe diftances bear fuch proportion to 5 rInches,

the greateft difference of the diftances which the Foci of
the der.:reﬁ Red and Violer ought to have from the Lens

as the diftance of the obferved Colours from one anot-ht;
in the Spectrum bear to the like diftance of the deepeft Red
and Violet meafured in the re@ilinear fides of the Spect-
rum, that is, to the lengch of thofe fides or excefs of the
length of the Spectrum a‘Euw: its breadcth. And my Ob-
{ervations were as follows.

When I obferved and compared the deepeft fenfible Red,
and the Colour in the confine of Green and Blue, which
at that rectilinearfides of the Spectrum was diftant from it
half che length of thofe fides, the Focus where the confine
of Green and Blue caft che Species of the Lines diftin&ly
on the Paper, was nearer to the Lens then the Focus where
the Red caft thofe Lines dictinétly on it by about 2¢ or
2 } Inches. For fometimes the Meafures were a little grea-
ter, fometimes a licrle lefs, but feldom varied from one
another above 1 of an Inch. For it was very difficult to
define the Places of the Foci, without fome little Errors.
Now if the Colours diftant half che length of the Image,
( meafured ac its re@ilinear fides ) give 2 or 22 difference
of the diftances of their Foci from the Lens, then the Co-
lours diftant the whole length ought to give 5 or 53 Inches
difference of thofe diftances.

But here it’s to be noted, that I could not fee the Red
to the full End of the Speétrum, but only to the Center
- of the Semicircle which bounded that End, or a little far-
ther ; and cherefore I.compared this Red not with that Co-
lour which was exaétly in the middle of the Spe&trum, or
confine of Green and, Blue, but with that which verged a

little more to the Blue than to the Green : And as I reck-
A | oned
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oned the whole length of the Colonrs not to be the whole:
length of the Spectrum, but the length of its reétilinear
fides; fo completing the Semicirlar Ends into Circles, when
either of the obferved Colours fell within thofe Circles, I
meafured the diftance of that Colour from the End of the
Spectrum, and fubduéting half the diftance from the mea-
fured diftance of the Colours, I took the remainder for
their correCted diftance ; and in thefe Obfervations fet
down this correed diftance for the difference of their di-
ftances from the Lens. For asthe length of the re&ilinear
fides of the Spectrum would be the whole length of all the-
Colours, were the Circles of which (as we ﬁwwed) that
Speétrum  confifts contraéted and reduced to Phyfical
Points, fo in that Cale this corrected diftance would be the:
real diftance of the obferved Colours.

When therefore I further obferved thedeepeft {enfible Red,_
and that Blue whofe corrected diftance from it was Z parts.

of the length of the rectilinear fides of the SpeGrum, the-
difference of the diftances of their Foci from the Lens was-
about 3< Inches, and as 7 to 12 fois 34 to 54

YWhen I obferved the deepeft fenfible Red, and that Indi-
go whofe corrected diftance was ;% or 2 of the length of the.
retilinear {ides of the Spectrum, the difference of the di--
ftances of their Foci from the Lens, was about 3 * Inches,
and as 2 to 3 fo is 3 -to 5%

When I obferved the deepeft fenfible Red, and that deep -

Indigo whofe corrected diftance from one another was<? or -
2 of the length of the recilinear fides of the Speétum, the
difference of the diftances of their Foci from the Lens was

about 4 Inches ; and as 3 to 4 fo is 4 to 5. '
When I obferved the deepeft fenfible Red, and that part
of the Violet next the Indigo whofe corrected diftance Frpmn
the Red was 22 or { of the length of the rectilinear fides of
the
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the Spe&rum, the difference of the diftances of their Foci
from the Lens was about 4¢ Inches; and as 5 to 6, fo is
4:to 5% For fometimes when the Lens was advantagi-
oully placed, fo that its Axis relpe&ted the Blue, and all
things elfe were well ordered, and theSun fhone clear, and
Theld my Eye very near to the Paper on which the Lens
caft the Species of the Lines, I could fee precty diftinetly
the Species of thofe Lines by that part of I:{lﬁ Violet which
was next the Indigo ; and fometimes I could fee them by
above half the Violet. For in making thefe Experiments
I had obferved, that the Species of thole Colours only ap-
peared diftinct which were in or near the Axis of the Lens :
So that if the Blue or Indigo were in the Axis, I could fee
their Species diftinctly ; and then the Red appeared much
lefs difiiuct than before. Wherefore I contrived to make
the Spectrum of Colours fhorter than before, fo that both
its Ends might be nearer to the Axis of the Lens. And
now its length was about 2. Inches and breadth about -or
7 of an Inch. Alfo inftead of the black Lines on which the
Spectrum was caft, I made one black Line broader than
thofe, that I mighe 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 I'Emf:tim:s fee the Species of this Line with its divi-
fions almoft as far as the Centers of the Semicircular Violet
End of the Spectrum, and made thefe furcher Obfervations.
When I obferved the deepeft fenfible Red, and that pait
of the Violet whofe correted diftance from it was about
? Parts of the recilinear fides of the SpeGtrum the difference
of the diftances of the Foci of thofe Colours from the Lens,
was one time 42, another time 42, anothertime 4, Inches,
and as 8 to 9, foare 43, 43, 4}, to 52, 53 52 refpectively-
. I2 When
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When I obferved the deepeft fenfible Red, - and deepeft
fenfible Violer, (the corrected diftance of which Colours
when all things were orderedto the beft advantage, andthe
Sun {hone very clear, was about 2 or & parts of the length
of the rectilinear {ides of the coloured Spectrum, ) Ifound
the difference of the diftances of their Foci from the Lens
fometimes 42 fometimes 5, and for the moft part § Inches

or thereabouts + and as 11 to 12 or 15 to 26, fo is five
Inches to § ) or 5% Inches: |

And by this progreffion of Experiments I fatishied my
felf, chat had the light atthe very Ends of the Spectrum been
ftrong enough to make the Species of the black Lines ap-

ear plainly on the Paper, the Focus of the deepeft Vio-
F@: would have been found nearer to the Lens, than the Fo-
cus of the deepeft Red, by about 5% Inches at leaft. And
this is a further Evidence, that the Sines of Incidence and
Refraction of the feveral forts of Rays, hold the fame pro-
portion to one another in the [malleft Refractions which
they do in the greateft.

My progrefs in making this nice and troublefome Expe-
riment I have fer down more ac large, that they that fhall
try it afcer me may be aware of the Circumfpection re-
quifite to make it fucceed well. And if they cannot make
it fucceed fo well as I did, they may notwithftanding col-
lect by the Proportion of the diftance of the Colours in the
Spe&trum, to the difference of the diftances of their Foci
from the Lens, what would be the fuccefs in the more di-
ftant Colours by a better Trial. And yet if they ufe a
broader Lens than I did, and fix it to a long fbreight Staff
by means of which it may be readily and truly directed to
the Colour whofe Focus is defired, I queftion not but the
Experiment will fucceed better with them than it did with
me.  For I direted the Axis as nearly as I could to the
' | middle
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middle of the Colours, and then the faint Ends of the
Spectrum being remotefrom the Axis, caft their Species lefs
diftin&tly on the Paper than they would have done had the
Axis been fucceflively directed to them. -

Now by what has been faid its certain, that the Rays
which differ in refrangibility do not converge to the fame
Focus, but if they flow from a lucid point, as far from
the Lens on one {ide as their Foci are one the other, the
Focus of the molt refrangible Rays fhall be nearer to the
Lens than chat of che lcaﬁ: refrangible, by above the four-
teenth part of the whole diftance: and if they flow from a lu-
cid point, fo very remote from the Lens that before their
Incidence they may be accounted Parallel, the Focus of the
moft refrangible Rays fhall be nearer to the Lens than the
Focus of theleaftrefrangible, by about the 2;7th or28ch part
of their whole diftance from it. And the Diameter of the
Circle in the middle fpace between thofe two Foci which
they illuminate when they fall there on any Plane, perpen-
dicular to the Axis (which Circle is the leaft into w]l::nich
“they can all be gathered) is about the §5th parc of the Dia-
meter of the aperture of the Glafs. So that ’tis 2 wonder
that Telefcopes reprefent Objeéts fo diftinét as they do. But
were all the Rays of Light equally refrangible, the Error
arifing only from the fphericalnefs of the Figures of Glaffes
would be many hundred times lefs. For if the Obje&t-
Glafs of a Telefcope be Plano-convex, and the Plane fide
be turned towards the Obje&, and the Diameter of the
Sphere whereof this Glafs is a fegment,be called D, and the
Semidiameter of the aperture of the Glafs be called S, and
the Sine of Incidence out of Glafs into Air, be to the Sine of
Refraction as I to R: the Rays which come Parallel to the
Axis of the Glafs, fhall in the Place where the Image of the
Obje is moft diftinétly made, be fcarcered all overa litt{':

| Circle
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ture of the Glafs. And if you add the brighter half of the
Red, ( that half which is next the Orange, and the brighter
half of the Green, (that half which is next the Yellow,) a-
bout three fifth parts of the Light of thefe two Colours will
fall within the fame Circle,and two fifth parrs will fall with-
out it round about ; and that which falls without will be
fpread through almoft as much more fpace as that which
alls within, and fo in the grofs be almoft three times ra-
rer. Of the other half of the Red and Green, (that is of
the deep dark Red and Willow Green ) about one quarter
will Faleirhin this Circle, and three quarters without, and
that which falls without will be fpread through about four
ot five times more fpace than that which fall within; and fo
in the grofs be rarer, and if compared with the whole Light
within it, willbe about 25 times rarer than all that taken in
the grofs ; or rather more than 30 or 40 times rarer, be-
caufe the deep red in the end n% the Spectrum of Colours
made by a Prifm is very thin andrare,and the Willow Green
is fomething rarer than the Orange and Yellow. The Light
of thefe Colours therefore bring {o very much rarer than that
within the Circle, will fcarce affect the Senfe efpecially fince
the deep Red and Willow Green of this Light, are much
darker Colours then the reft. And for the {ame reafon the
Blue and Violet being much darker Colours than thefe, and
much more rarified, may be neglected. ~ For the denfe and
bright Light of the Circle, will obfcure the rare and weak
Light of thefedark Colours round about it, and render them
almoft infenfible. The fenfible Image of a lucid point is
therefore fcarce broader than a Circle whofe Diameter is
the 250th part of the diameter of the aperture of the Object
Glafs of a good Telelcope, or not much broader, if you
except a faint and dark mifty light round about it, which
aSpectator will {carce regard. And therefore in 2 Telefcope
s whofe



L73 ]

whofe aperture is four Inches, and length an hundred Feet,
it exceeds not 2 45, or3. Andin a Telelcope whofe
aperture is two Inches, and length 20 or 30 Feet, it may
be 5 or 6"and {carce above. And this Anfwers well to
Experience : For fome Aftronomers have found the Dia-
meters of the fixe Stars, in Telefcopes of between twenty
and fixty Feet in length, to be about 4" or 5" or at moft
6"in Diameter. But if the Eye-Glafs be tincted faincly
with the fmoke of a Lamp or Torch, to obfcure the Light
of the Star, the fainter Light in the circumference of the
Star ceafes to be vilible, and the Star (if the Glafs be fuffici-
ently foiled with fmoke) appearsfomething morelike 2 Ma-
thematical Point. And for the fame reafon, the enormous
part of the Light in the Circumference of every lucid Point
ought to be lefs difcernable in fhorter Telefcopes than in
longer, becaufe the fhorter tranfmit lefs Light to the Eye.
Now if we fuppofe the fenfible Image of a lucid point,
to be even 250 times narrower than the aperture of the
Glafs: yet were it not for the different refrangibility of the
Rays, its breadth in an 100 Foot Telelcope whofe aperture
is 4 Inches would be but Z— parts of an Inch, as is ma-
nifeft by the foregoing Computation. And therefore in
this Cafe the greateft Errors arifing from the {pherical Figure
of the Glafs, would be to the greateft fenfible Errors ari-
fing from the different refrangibility of the Rays as 2o
to £ at moft, that is only as 1 to 1826. And this {ufh-
ciently {hews that it is not the {pherical Figures of Glaffes
but the different refrangibility of the Rays which hinders the
perfection of Telelcopes. :
There is another Argument by which it may appear that
the different refrangibility of Rays, is the true Caulfe of the
imperfection of Telefcopes. For the Errors of the Rays
ariEng from the fpherical Figures of Objec-Glafles, are as
T

the
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the Cubes of the apertures of the Obje&-Glafles;and thedee -
to make Telefcopes of various lengths, magnify with equal
diftinénefs, the apertures of the Objet-Glafles, and the
Charges or magniging Powers, ought o beas the Cubes of
the {quare Roots of their lengths 5-which doth not anfwet
to Experience. But the errors of the Rays arifing from-
the different refrangibilicy, are as the apertures of the Ob-
je-Glaffes, and thence to make Telefcopes of various
lengths, ma nify with equal diftinétnes, their apertures and
charges oug%c to be as the fquare Roots of their lengths
and this anfwers to experience as is well known. For in-
ftance, 2 Telelcope of 64 Feet in length, with an aperture
of 22 Inches, magnifies about 120 times, wich as much dif-
tinétnefs as one of a Foot in length, wich = of an Inch-aper-
ture, magnifies 15 times.

Now were it not for this different refrangibility of Rays,
Telefcopes might be brought to a greater Perfection than
we have yet deflcribed, by compofing the Objeét-Glafs of
two Glaﬂgs with Water between them. Let ADFC repre-
fent the Obje-Glafs compofed of two Glaffes ABED and.
and BEFC, alike convex on the outfides AGD and CHF,
and alike concave onrthe infides BME, BNE, with Water
in the concavity BMEN. Let the Sine of Incidence out of”
Glafs into Air be asIto R and out of Water into Air as K
to R, and by confequence out of Glafs into Water, as 1 to
K : and let the Diameter of the Sphere to which the convex
fides AGD and CHF are ground be D, and the Diameter
of the Sphere to which the concave fides BME and BNE
are ground be to D, as the Cube Root of KK—KI to the
Cube Root of RK— RI: and the Refractions on the con-
cave fides of the Glaffes, will very much corre& the Errors.
of the Refractions on the convex fides, {o far as they arife
from the fphericalnefs of the Figure. And by this means

might

Fig. 28.
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might Tclefcﬂo_pes be brought to fufficient perfetion, wereit
not for the different refrangibility of feveralforsof Rays. But
by reafon of this different refrangibility, I do not yet fee any
other means of improving Telefcopes by Refractions alone
than that of increaling their lengths, for which end the late
contrivance of Hugenius feems well accommodated. Fort
very long Tubes are cumberfome, and fcarce to be readily
managed, and by reafon of their length are very apt to
‘bend, and fhake by bending fo as to caufe a continual
trembling in the Objeéts, whereby it becomes difficule to
{ee them diftinétly : whereas by his contrivance the Glafles
are readily manageable, and the Object-Glafs being fixt up=

on a ftron uprig%-lt Pole becomes more fteddy.
. Sf:einE ﬁnercﬁ}rc the improvement of Telefcopes of me
lengths by Refractions is defperate 5 I contrived heretotore 2
Perfpective by reflexion, uﬁng inftead of an Objeé&t Glafs
a concave Metal. The diameter of the Sphere to which
the Metal was ground concave was about 25 Englifh Inches,
and by confequence the length of the Inftrument about fix
Inches and a quarter. The Eye-Glafs was plano-convex,
and the Diameterof the Sphere to which the convex fide was
ground was about > of an Inch, or a little lefs, and by con-
fequence it magnified between 30 and 4o times.« By ano-
ther way of meafuring I found that it magnified about
35 times. The Concave Metal borean aperture of an Inch
and a third part; but the aperture was limited not by an
opake Circle, covering the Limb of the Mertal round about,
but by an opake circle placed between the Eye-Glafs and the
Eye, and perforated in the middle with a little round hole
for the Rays to pafs through to the Eye. For this Circle
by being placed here, ftopt much of Jw erroneous Light,
which otherwife would have difturbed the Vifion. By com-
paring it with a prerty good Perfpedtive of four Feet in
K 2 length,
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length, made wich a concave Eye-Glafs, I could read at @
reater diftance with my own Inftrument than with the
Glafs. Yet Objects appeared much darker in it than in the
Glafs, and that partly becaufe more Light was loft. by re-
flexion in the Meral, then by refraction in the Glafs, and’
partly becaufe my Inftrument was overcharged. Had it
magnified but 300r 2.5 times itwould have madethe Objeét
appear more brisk and pleafant. Two of thefeImade about
16 Years ago, and have one of them ftill by me by which
I.can %rmrc the truth of what I write. Yer it is not fo good
as at the firft.  For the concave has been divers times tar=
nifhed and cleared again, by rubbing it with very foft Lea-
ther. When I made thele, an Artift in London undertook
to imitate it 5 but ufing another way of polithing them
than I did, he fell much fhort of what I had attained tey
as I afterwards underftood by difcourfing the under-Work-
man he had imployed. The Polifh I ufed was on thisman-
ner. I had two round Copper Plates each fix Inches in
Diameter, the one convex the other concave, ground ve-
ry true to one another. On the convex I ground the Ob-
ject-Metal or concave which was to be polifh’d, till it had
taken the Figure of the convex and was ready for a Polifh.
Then I pitched over the convex very thinly, by dropping
melted pitch upon it and warming it to keep- the pitc]%
foft, whilft I ground it with the concave Copper wetted to
make it fpread evenly all over the convex. Thus by work-
ing it well I made it as thin as 2 Groat, and after the con~
vex was cold I ground. it again to give it as-true.a Figure as
I could. Then I took Pucty which I had made very fine
by wafhing it from all its groffer Particles, and laying a lic-
tle of this upon rthe pitch, I ground-it upon the Pitch with
the concave Copper till it had done making a noifes and
thien upon the Picch I ground the Object-Metal with a brisk
Motion
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Motion, for about two or three Minutes of time, leanin
hard lffon it. Then I put frefh Puety upon the Pitch anﬁ'
ground it again till it had done making a noife, and after-
wards ground the Object Metal upon it as before. And
this Work I repeated till the Metal was polifhed, grinding
it the laft time with all my ftrength for a good while toge-
ther, and frequently breathing upon the Pitch to keep it
moift without laying on any more frefh Putty. The Ob-
ject-Metal was two Inches broad and about one third part
of an Inch thick, to keep it from bending. I had two of
thefe Metals, and when I had polifhed them both I tried
which was beft, and ground the other again to-fee if I could
make it better than that which I kept.  And thus by many
Trials I learnt the way of polifhing, till I made thofe two
reflecting Pefpectives I fpake of above. For this Art of
polifhing will be better learnt by repeated Praétice than by
my defcription. Before I ground the Objet Metal on the
Pitch, I always ground the Putty on it with the concave
Copper tll it had done making a noife, becaufe if the Par-
ticles of the Putty were not by this means made to ftick
faft in the Pitch, they would by rolling up and down grate
and fret the Objeét Metal and fll it full of lictle holes.

But becaufe Metal is more difficult to polifh than Glafs
and is afterwards very apt to be {poiled by tarnifhing, and
refleéts not fo much Light as Glafs quick-filvered over does:
I would propound to u%e inftead of the Metal, a Glafs ground
concave on the forefide, and as much convex on the back-
fide, and quick-filvered over on the convex fide. The Glafs
muft be every where of the fame thicknefs exactly.  Other-
wife it will make Objes look coloured and indiftinct. By
fuch a Glafs I tried about five or fix Years ago to make
a reflecting’ Telefcope of four Feet in length to magnify a-
bout 150 times, and I fatisficd my felf chat there wantsh{lﬁ-

- thing
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¢hing but ‘4 good Atrtift to bring the defign to Perfe@ion.
For the Gl:tfs.g being wrought by one of our London Artifts
after fuch 2 manner as they grind Glafles for Telefcopes,
tho it feemed as well wronghe ‘as the Obje&t Glafles uf&Pto
be, yet-when it was‘quick-filvered, the reflexion difcovered
innumerable Inequalities all' over the Glafs. © And by reafon
of thefe Inequalicies, Objects appeared indiftinét in this In-
ftrument.  For the Errors of reflected Rays caufed by any
Inequality of the ‘Glafs, are about fix times greater than che
Errors of refracted Rays caufed by the like Inequaliries. Yet
‘by this Experiment I l’g’risﬁed my felf that the reflexion. on
the concave fide of the Glafs, which I feared would difturb
the vifion,did no fenfibleprejudice to it, and by confequence
that nothing is wanting to fttft& thefe Telefcopes, but
good Workmen who can grin and polifh Glaffes truly {phe-
rical. An Obje&-Glafs of a fourteen Foot Telefcope, made
by one of our London Artificers, I once mended confidera-
‘bly, by grinding it on Pitch with Putty, and leaning ve-
ty eafily on'it in the grinding, left the Putty fhould feratch
it.  Whether this way may not do well enough for polifh-
ing thefe refle¢ting Glaffes, I have not yer tried. But he
that fhall try either this or any other way of polifhing which
‘he may think ‘better, may do well co make his Gia&:‘s rea-
dy for polifhing by grinding them withour thac violence,
‘wherewith our London Workmen prefs their Glafles in grind-
ing. For by fuch violent preflure, Glaffes are apt to bend
a little in the grinding, and fuchbending will certainly fpoil
‘their Figure. “To recommend therefore the confideration
of thefe reflecting Glaffes, to fuch Artifts as are curious in
figuring Glaffes, 1 fhall defcribe this Optical Inftrument in
the following Propofition. | |

PROP.
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PROP. VIL. Prob. II.
To ﬂ;ar‘! en ‘Telefcopes,

ET ABDC reprefent a Glafs {pherically concave on
_ the forefide AB, and as much ¢onvex on the back-
fide CD, fo that it be every where of a equial thicknefs. Let
it not be thicker on one fide than on the othér, Teft ic make
Objects appear colouted and indiftin&¥, and let it be very

eruly wrought and quick-filvered overon the backfide ; and

fet in the Tube VXYZ which muft be very black within.
Let EFG reprefent a Prifm of Glafs or Cryftal placed near
the other end of the Tube, in the middlé of i, by means of
a handle of Brafs or Iron FGK, to the end of which made
flac it is. cemented.. Let this Prifm be reGtangular at E, and
let the other two Angles at F and G be accurately equal to
each other, and by confequence equal to half right ones, and
lee the plane fides FE and GE be {quare, and by confe-
quence the chird {ideFG a re€tangular parallelogram, whofe
length is co its breath in a fubduplicate proportion of two
to one. Let it be fo placed in the Tube, that the Axis of
the Speculum may Pai through the middle of the fquare
fide EF perpendicularly, and by confequence through the
middle of the fide F'G at an Angle of 45 degrees, and let the
fide EF be turned towards the Speculum, and the diftance
of thisPrifim from the Speculum be fuch thac the Raysof che
light PQ, RS, &¢. whichare incident upon the Speculum in
Lines Parallel to the Axis thereof, may enter the Prifm at
the fide EF, and be refleed by the fide F G, and cherice
go out of it through the fide GE, to the point T' which
muft be the common Focusof the Speculnm ABDC, and of
a Plano-convex Eye-Glafs H, through which thofe Rays
muft pafls to the Eye. And let the Rays at their coming

out

Fig. 29.
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out of the Glafs pals through a fmall round hole, or aper-
cure made in a liccle Plate of Lead, Brafs, or Silver, where-
with the Glafs is to be covered, which hole muft be no
bigger than is neceflary for light enough to pafs through.
For fo it will render the Obje& diftinét, the Plate in which
tis made intercepting all the erroneous parc of the Light
which comes from the Verges of the Speculum AB. Such
an Inftrument well made if it be 6 Foot long, ( reckoning
the length from the Speculum to the Prifm, and thence to
the Focus T) will bear an aperture of 6 Inches at the Spe-
culum, and magnify between two and three hundred times.
Buc the hole H here limits the aperture with more advan-
tage, then if the aperture was placed at the Speculum. If
the Inltrument be made longer or fhorter, the aperture muft
be in proportion as the Cube of the fquare Root of the
length, and the magnifying as the aperture.  But its con-
venient that the Speculum be an Inch or two broader than.
the aperture at the leaft, and thac the Glafs of the Speculum
be thick, that it bend not in the working. The Prifm EFG
muft be no bigger than is neceflary, and its back fide FG
muft not be quick-filvered over. For without quick-filver
ir will refle&t all the Lightincident on it from the Speculum.

In this Inftrument the Obje& will be inverted, but may
be erected by making the {quare fides EF and EG of the
Prifm EFG not plane but {pherically convex, that the Rays
may crofs as well before they come at it as afterwards be-
tween it and the Eye-Glafs. If it be defired that the Inftru-
ment bear a larger aperture, that may be alfo done by com-

Rﬂﬁng the Speculum of two Glafles with Water between
em.
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B E:

F LIRS T B OOK

@ r 11 .CK:S

P Ao Tio ~1T:

PO T HEOR AL

T he Phenomena of Coloursin refradled or refleed Light
are not caufed by nexw modifications of the Laght mréau{.

Ay zmprfﬂ, armrdmg to the various terminations of the

Light and Shadow.
T'he Proof by Experiments.

EXPER. L

OR if the Sun fhine into a very dark Chamber Fig. 1.
through an oblong Hole F, whofe breadth is the

fixth or eighth part of an Inch, or fomething lefs ; and

his Beam FH doafterwards pafs firft through a very

large Prifm ABC, diftant about 20 Feet from the

Hole,
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Hole, and parallel toit, and then (with its white part)
through an oblong Hole H, whofe breadth is about
the fortieth or fixtieth part of an Inch, and which is
made in a black opake Body G, and placed at the
diftance of two or three Feet from the Prifm, in a pa-
rallel fituation both to the Prifm and to the former
Hole, and if this white Light thus tranfmitted through
the Hole H, fall afterwards upon a white Paper pt,,
placed after that Hole H, at the diftance of three or
tour Feet from it, and there paint the ufual Colours of
the Prifm, fuppofe red at t, yellow at s, green at r,_
blue at g, and violet at p ; you may with an iron Wire,,
or any fuch like flender opake Body, whofe breadth is
about the tenth part of an Inch, by intercepting the rays
at k, I, m, noro, take away any one of the Colours.
att, s, r, q orp, whilft the other Colours remain up-
on the Paper as before ; or with an obftacle fomething
bigger you may take away any two, or three, or four Co-
lours together, the reft remaining: So that any one of
the Colours as well as violet may become outmoft in
the confine of the fhadow towards p, and any one of
them as well as red may become outmoft in the confine
of the thadow towardst, and any one of them may alfo
border upon the fhadow made within the Colours by
the obftacle R intercepting fome intermediate part of
the Light ; and, laftly, any one of them by« being
left alone may border upon the thadow on either hand.
All the Colours have themfelves indifferently to an
confines of fhadow, and therefore the differences of thefe
Colours from one another, do not arife from the diffe-
rent confines of fhadow, whereby Light is varioufly
modified as has hitherto been the Opinion of Philofo-

phers.

T R e s
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phers. In trying thefe things ’tis to be.obferved, that
by how much the Holes F and H are narrower, and the
intervals between them, and the Prifin greater, and the
Chamber darker, by fo much the better doth the Ex-
periment {ucceed ; provided the Light be not fo far
diminifhed, but that the Colours at pt be fufficiently
vifible. Lo procurea Prifm of folid Glafs large enough
for this Experiment will be difficult, and therefore a
prifmatick Veflel muft be made of polifhed Glafs-plates
cemented together, and flled with Water.

EXEER, TI.

The Sun’s Light let into a dark Chamber through Fig. 2.
the round Hole F, half an Inch wide, pafled firft through
the Prifm A BC placed at the Hole, and then through
a Lens P'T fomething more than four Inches broad,and
about eight Feet diftant from the Prifm,and thence con-
verged to O the Focus of the Lens diftant from it about
~ three Feet, and there fell upona white Paper DE. If

that Paper was perpendicular to that Light incident up-
on it, as ’tis reprefented in the pofture D E, all the Co-
lours upon it at O appeared white. But if the Paper
being turned about an Axis parallel to the Prifm, be-
came very much inclined to the Light as ’tis reprefen-
ted in the pofitions de and ¢¢; the fame Light in the
one cafc appeared yellow and red, in the other blue.
Here one and the fame part of the Light in one and the
fame place, according to the various inclinations of the
Paper, appeared in one cafe white, in another yellow

or red, in a third blue, whilft the confine of Light and
L2 Shadow,



Fig.
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Shadow, and the refrattions of the Prifm in all thefe
cafes remained the {ame.

E X BiErRs S B

Such another Experiment may be more eafily tried
as follows. Let a broad beam of the Sun’s Light coming
into a dark Chamber through a Hole in the Window
fhut be refraéted by a large Prifm ABC, whofe re-
fralting Angle C 1s more than 6o degrees, and fo foon
as it comes out of the Prifm let it fall upon the white
Paper DE glewed upon a ftifl plane, and this Light,
when the Paper is perpendicular to it, as ’tis reprefen-
ted in DE, will appear perfectly white upon the Paper,,
but when the Paper is very much inclined to it in fuch
a manner as to keep always parallel to the Axis of the
Prifm, the whitenefs of the whole Light upon the
Paper will according to the inclination of the Paper
this way, or that way, change either into yellow and
red, as in the pofture de, or into blue and violet, as.
in the pofture ¢=. And if the Light before it fall upon
the Paper be twice refracted the fame way by two pa-
rallel Prifms, thefe Colours will become the more con-
{picuous. Here all the middle parts of the broad beam
of white Light which fell upon the Paper, did without
any confine of fhadow to modify it, become coloured
all over with one uniform Colour, the Colour being al-
ways the fame in the middle of the Paper as at the
edges, and this Colour changed according the various
obliquity of the refletting Paper, without any change
inthe refractions. or fhadow; or in the Light which
fell upon the Paper. And therefore thefe Colours: are

to.
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to be derived from fome other caufe than the new mo-
difications of Light by refrattions and fhadows.

If it be asked, What then is their caufe ? I anfwer,
That the Paper in the pofture de, being more ob-
lique to the more refrangible rays than to the lefs re-
frangible ones, is more ftrongly 1lluminated by the lat-
ter than by the former, and therefore the lefs refran-
gible rays are predominant in the refle¢ted Light. And
wherever they are predominant in any Light they tinge
it with red of yellow, as may in {fome meafure appear by
the firft Propofition of the firft Book,and will more fully
appear hereafter. And the contrary happens in the
pofture of the Paper ¢, the more refrangible rays be-
ing then predominant which always tinge Light with.
blues and violets.. |

B E R TV

The Colours of Bubbles with which Children play
are various, and change their fituation varioufly, with-
out any refpet to any confine of fhadow. If fuch a
Bubble be covered with a concave Glafs, to keep it from
being agitated by any wind or motion of the Air, the
Colours will flowly and regularly change their fitua-
tion, even whilftthe Eye, and-the Bubble, and all Bo-
dies which- emit any Light, or caft any fhadow, re:
main unmoved. And therefore their Colours arife from
fome regular caufe which depends not on any confine of
fhadow. What-this caufe is will-be {hewed in the next

Book.
To
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To thefe Experiments may be added the tenth Ex-
periment of the firft Book, where the Sun’s Light in a
dark Room being trajetted through the parallel {uperfi-
cies of two Prifms tied together in the form of a Paral-
lelopide, became totally of one uniform yellow or red
Colour, at its emerging out of the Prifims. Here, in
the production of thefe Colours, the confine of {hadow
can have nothing to do. Forthe Light changes from
white to yellow,orange and red fucceflively,without any
alteration of the confine of fhadow: And at both edges of
the emerging Light where the contrary confines of {ha-
dow ought to produce different etfetts, the Colour is
one and the fame, whether it be white, yellow, orange
or red : And in the middle of the emerging Light,
where there is no confine of thadow at all, the Colour
is the very fame as at the edges, the whole Lightat its
very firft emergence being of one uniform Colour, whe-
ther white, yellow, orange or red, and going on thence
perpetually without any change of Colour, fuch as the
confine of {hadow 1s vulgarly {uppofed to work in re-
fralted Light after its emergence. Neither can thefe
Colours arife from any new modifications of the Light
by refrattions, becaufe they change fucceffively from
white to yellow, orangeand red, while the refractions
remain the fame, and alfo becaufe the refrattions are
made contrary ways by parallel fuperficies which de-
ftroy one anothers efte¢ts. They arife not therefore
from any modifications of Light made by refra&ions
and thadows, but have fome other caufe. What that
caufe is we fhewed above in this tenth Experiment,
and need not here repeat it.

There
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There is yet another material circumftance of this
Experiment. For this emerging Light being by a third Fe. 22.
Prifm HIK refratted towards the Paper PT, and there Part 1.
painting the ufual Colours of the Prifim, red, yellow,
green, blue, violet : If thefe Colours arofe from the
refractions of that Prifm modifying the Light, they
wonld 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 Prifims about their com-
mon Axis all the Colours were made to vanifh but the
red ; the Light which makes that red being left alone,
appeared of the very fame red Colour before its inci-
dence 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 fort of them is confidered apart, the Colour of the
Light which they compofe cannot be changed by any
refraction or reflexion whatever, as it ought to be were
Colours nothing elfe than modifications of Light caufed
by refractions, and reflexions, and thadows. This un-
changeablenefs of Colour I am now to defcribe in the

following Propofition.

RSN S B UK, 11

All bomogeneal Light bas its proper Colour anfwering to

its degree of refrangibility, and that Colowr cannot be

:-bm?ngd by rﬁﬁﬁxéwu and rffmcﬁ‘éam.

In the Experiments of the 4th Propofition of the firft
Book, when I had feparated the heterogeneous rays

from one another, the Spe¢trum pt formed by the 1‘épad-
rate
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rated rays, did in the progrefs from its end p, on which
the moft refrangible rays fell, unto its other end t, on
which the leaft refrangible rays fell, appear tinged with
this Series of Colours, violet, indico, blue, green, yel-
low, orange, red, together with all their intermediate
degrees in a continual fucceflion perpetunllé varying :
So that there appeared as many degrees of Colours, as
there were forts of rays differing in refrangibility.

EXPER &Y,

Now that thefe Colours could not be changed by re-
fraction, 1knew by refraéting with a Prifm fometimes
one very little part of this Light, fometimes another
very little part, as is defcribed in the 12th E}gleriment

of the firft Book. For by this refraction the Colour of

the Light was never changed in the leaft. If any part
of the red Light was refracted, it remained totally of
the fame red Colour as before. No orange, no yel-
low, no green, or blue, no other new Colour was pro-
duced by that refraction. = Neither did the Colour any
ways change by repeated refractions, but continued al-
ways the fame red entirely as at firft. The like con-
ftancy and immutability 1 found alfo in the blue, green,
and other Colours. Soalfo if I looked through a Prifm
upon any body illuminated with any part of this homo-
geneal Light, as in the 14th Experiment of the firft
Book 1s defcribed ; I could not perceive any new Co-
lour generated this way. All Bodies illuminated with
<compound Light appear through Prifms confufed ( as
was faid above ) and tinged with various new Colours,
but thofe illuminated with homogeneal Light appeared

through
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through Prifms neither lefs diftinét, nor otherwife co-
loured, than when viewed with the naked Eyes. Their
Colours were not in the leaft changed by the refra&tion
of the interpofed Prifm. 1 {peak here of a fenfible
change of Colour : For the Light which I here call ho-
mogeneal, being not abfolutely homogeneal, there ought
to arife fome little change of Colour from its heteroge-
neity. But if that heterogeneity was o little as it might
be made, by the faid Experiments of the fourth Propo-
fition, that change was not fenfible, and therefore, in
Experiments where {fenfe is judge, ought to be accoun-
ted none at all.

EXPER VL

And as thefe Colours were not changeable by refra-
¢tions, {o neither were they by reflexions. gnr all
white, grey, red. yellow, green, blue, violet Bodies, as
Paper, Afhes, red Lead, Orpiment, Indico, Bife, Gold,
Silver, Copper, Grafs, blue Flowers, Violets, Bubbles
of Water tinged with various Colours, Peacock’s Fea-
thers, the tincture of Lignum Nephriticum, and fuch
like, in red homogeneal Light appeared totally red, in
blue Light totally blue, in green Light totally green,
and fo of other Colours. In the homogeneal Light of
of any Colour they all appeared totally of that fame
Colour, with this only difference, that fome of them
refleted that Light more ftrongly, others more faintly.
I never yet found any Body which by refle¢ting homo-
geneal Light could fenfibly change its Colour.

M From
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From all which it is manifeft, that if the Sun’s Light
confifted of but one fort of rays, there would be but
one Colour in the whole World, nor would it be pof-
fible to produce any new Colour by reflexions and re-
fraftions, and by confequence that the variety of Co-
lours depends upon the compofition of Light.

DE P TNPTE ROUN:

The homogeneal light and rays which appear red,
or rather make Obje¢ts appear fo, 1 call rubrific-
or red-makng ; thofe which make Objets appear
yellow, green, blue and violet, I call yellow-ma-
king, green-makings blue-making, violet-making,
and {o of thereft. And if at any time I {peak of
light and rays as coloured or endued with Co-
lours, I would be underftood to fpeak not philo-
fophically and properly, but grofly, and accor-
ding to fuch conceptions as vulgar People in fee-
ing all thefe Experiments would be apt to frame.
For the rays to fpeak properly are not coloured.
In them there is nothing elfe than a certain power
and difpofition to ftir up a fenfation of this or that
Colour. For as found ina Bell or mufical String,
or other founding Body, is nothing but a trem-
bling Motion, and in the Air nothing but that
Motion propagated from the Objett, and in the
Senforium ’tis a fenfe of that Motion under the
form of found ; fo Colours in the Obje& are no-
thing but a dipofition to refleét this or that fort
of rays more copioully than the reft ; in the rays
they are nothing but their difpofitions to propa-

gate
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ate thisor that Motion into the Senforium, and
in the Senforium they are fenfations of thofe Mo-
tions under the forms of Colours,

SR PHE P RGBT

T o define the refrangibility of the [everal forts of homo-
geneal Laght anfwering to the [everal Colours.

For determining this Problem I made the following
Experiment,

E'XRE RN LI

“ When I had caufed the retilinear line fides AF, GM, Fig. 4.
of the Spectrum of Colours made by the Prifm to be
diftinétly defined, as in the ffth Experiment of the
firft Book is deferibed, there were found in it all the
homogeneal Colours in the fame order and fituation
one among another as in the Spectrum of fimple Light,
defcribed in the fourth Experiment of that Book. For
the Circles of which the Spettrum of compound Light
PT is compofed, and which in the middle parts of
the Speftrum interfere and are intermixt with one ano-
ther, are not intermixt in their outmoft parts where
they touch thofe retilinear fides AF and GM. And
therefore in thofe rectilinear fides when diftinétly defi-
ned, there is no new Colour generated by refraction. I
obferved alfo, that if any where between the two out-
moft Circles TMF and PG A a right line, as y+, was
crofs to the Speétrum, fo as at both ends to fall per-
pendicularly upon its re&iliﬁar fides, there appeared
2 one
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one and the fame Colour and degree of Colour from one
end of this line to the other. 1 delineated therefore in
a Paper the perimeter of the Spe&rum FAPGMT,
and in trying the third Experiment of the firft Book, 1
held the Paper fo that the Spectrum might fall upon
this delineated Figure, and agree with it exattly, whilft
an Affiftant whofe Eyes for diftinguithing Colours were
more critical than mine, did by right lines <8,y &
drawn crofs the Speétrum, note the confines of the Co-
lours that is of the red M«8F of the orange =74 £, of
the yellow 7:¢{<, of the green:n¢(, of the blue nsx0’y
of the indico inpx, and of the violet A\GAx And
this operation being divers times repeated both in the
fame and in feveral Papers, ! found that the Ob-
fervations agreed well enotgh with one amother, and
that the reétilinear fides M G and F A were by the faid.
crofs lines divided after the manner of a mufical Chord.
Let GM be produced to X, that M X may be equal
to G M, and cenceive G X, » X, X, "X, f}{, 7 X, e X,
MX, to be in proportion to one another, as the num-
bers 1, %, 5,3 %3, %, 1, and fo to reprefent the.
Chords of the Key, and of a Tone; a third Minor, a
tourth, a-fifth, a fixth. Major, a feventh, and an eighth
above that Key : And the intervals M, ay ve e nig
7, and »G, will be the {paces which the feveral Co-.
lours ( red, orange, yellow, green, blue, indico, violet ).
take up. _

Now thefe intervals- or {paces fubtending. the diffe--
rences of the refractions of the rays going to the limits.
of thofe Colours, that is, to the points M, &, 7 51,1, %, Gy,
may without any fenfible Error be accounted propor-
tional to the differences of the fines-of refraction of thofe

rays
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rays having one common fine of incidence, and there-
fore fince the common fine of incidence of the moft and
leaft refrangible rays out of Glafs into Air was, (by a
method defcribed above ) found in proportion to their
fines of refrattion, as 5o to 77and 78, divide the dif-
ference between the fines of refraction 77 and 78, as the
line G M is divided by thofe intervals, you will. have
773 176y 7752 775 773 7750 775,78 5 the fines of
refraction of thofe rays out of Glafs into Air, their
cominon f{ine of incidence being 50. So then the fines
of the incidences of all the red-making rays out of
Glafs into Air, were to the fines of their refractions,
not greater than 50 to 77, nor lefs than.5o to 773, but
varied from one another according to all interme-
diate Proportions. And the fines of the ineidences
of the green-making rays were to the fines of
their refrattions in all proportions from that of 50
to 775, unto that of 50 to 775. And by the like limits
above-mentioned were the refrations- of. the rays be-
longing to the reft of the Colours defined, the fines of
the red-making rays extending from 77 to 775, thofe
of the orange-making from 77; to 77:» thofe of the yel-
low-making from 77: to 77}, thofe of the green-making
from 77: to 775, thole of the blue-making from 77} to.
77%, thofe of the indico-making from 77; to 77%, and.
thofe of the violet.from 77 to 78.

Thefe are the Laws of the refractions: made out of
- Glafs into Air, and thence by the three. Axioms of the
firft Book the Laws of the refra¢tions made out of Air.
into Glafs arc eafily derived.

EXPER.



[94]
E X ER AR

1 found moreover that when Light goes out of Air
through feveral contiguous refralting Mediums as
through Water and Glafs, and thence goes out again
into Air, whether the refraCting fuperficies be parallel
or inclined to one another, that Light as often as by
contrary refraltions ’tis fo correfted, that it emergeth
in lines parallel to thofe in which it was incident,
continues ever after to be white. But if the emer-
gent rays be inclined to the incident, the whitenefs of
the emerging Light will by degrees in paffing on from
the place of emergence, become tinged 1n its edges with
Colours. This 1 tryed by refratting Light with Prifms
of Glafs within a prifmatick Vefiel of Water. Now thofe
Colours argue a diverging and feparation of the hetero-
geneous rays from one another by means of their un-
equal refrattions, as in what follows will more fully
appear. And, on the contrary, the permanent white-
nefs argues, that in like incidences of the rays there is
no fuch feparation of the emerging rays, and by confe-
quence noinequality of their whole refractions. Whence
1 feem to gether the two following Theorems.

1. The Excefles of the fines of refrattion of feveral
forts of raysabove their common fine of incidence when
the refraftions are made out of divers denfer mediums
immediately into one and the fame rarer medium, are
to one another in a given Proportion.

2. The
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2. The Proportion of the fine of incidence to the fine
of refrattion of oneand the fame fort of rays out of one
medium into another, is compofed of the Proportion of
the fine of  incidence to the fine of refration out of the
firt medium into any third medium, and of the Pro-
ortion of the fine of incidence to the fine of refraion

out of that third medium into the fecond medium.

By the firft Theorem the refractions of the rays of
every fort made out of any medium into Air are known
by having the refraction of the rays of any one fort. As
for inftance, if the refrattions of the rays of every fort
out of Rain-water into Air be defired, let the common
fine of incidence out of Glafs into Air be fubduéed
from the fines of refrattion, and the Excefles will be
37, 275> 275> 2752 27> 275> 275, 28. Suppofe now
that the fine of incidence of the leaft refrangible rays be
to their fine of refration out of Rain-water into Air as
three to four, and fay as 1 the difference of thofe fines
is to 3 the fine of incidence, fo is 27 the leaft of the
Excefles above-mentioned to a fourth number 81 ; and
81 will be the common fign of incidence out of Rain-
water into Air, to which fine if you add all the above-
mentioned Exceffes you will have the defired fines of
the refraltions 108, 108:, 1083, 1085, 108;, 108,
108, 109.

By the latter Theorem the refraétion out of one me-
dium into another is gathered as often as you have
the refractions out of them both into any third medium.
As if the fine of incidence of any ray out of Glafs into
Air be to its fine of refration as 20 to 31, and the fine

of incidence of the fame ray out of Airinto Water, be
10
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to its fine of refrattion as four to three; the fine of
incidence of that ray out of Glafs into Water will be to
its fine of refrattion as 20 to 31 and 4 to3 joyntly, that
is, as the Fatum of 20 and 4 to the Fa¢tum of 31 and
3, or as 80 to 93. |

And thefe Theorems being admitted into Opticks,
there would be fcope enough of handling that Science
voluminoufly after a new manner ; not only by teaching
thofe things which tend to the perfection of vifion, but
alfo by determining mathematically all kinds of Pheno-
mena of Colours which could be produced by refra-
¢tions.  For to do this; there is nothing elfe requifite
than to find out the feparations of heterogeneous rays,
and their various mixtures and proportions in every
mixture. By this way of arguing [.invented almoft
all the Phenomena defcribed in thefe Books, befide fome
others lefs neceflary to the Argument ; and by the
fuccefles I met with in the tryals, 1 dare promife, that
to him who fhall argue truly, and then try all things
with good Glaffes and fufficient circumfpeétion, the
expelted event will not be wanting. But he is firft to
know what Colours will arife from any others mixt in
any afligned Proportion.

PROT. IV THEOR Fiis
Colowrs may be produced by z*amg:ﬁtim which ﬁm!f be like

to the Colours of homogeneal Light as to the appearance
of Colour, but not as to the immutability.of Colour and
conftatution of Laght. _And thofe Colowrs by bow much |
they are more compounded by [o much are they lefs full
and inteufe, and by too much compofition they may be

diluted
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diluted aud weakened til] they ceafe.  There may be
alfo Colours produced by compofition, which are not fully

ltke any of the Colours af b::imﬂge:rimf Laght,

Fora mixture of homogeneal red and yellow com-
pounds an orange, like in appearance of Colour to that
orange which in the feries of unmixed prifmatick Co-
lours lies between them ; but the Light of one orange
is homogeneal as to refrangibility, that of the other is
heterogeneal, and the Colour of the ane, if viewed
through a Prifm, remains unchanged, thatofthe other
1s changed and refolved into its component Colours red
and yellow. And after the fame manner other neigh-
bouring homogeneal Colours may compound new Co-
lours, like the intermediate homogeneal ones, as yel-
low and green, the Colour between them both, amf, af-
terwards, if blue be added, there will be made a green
the middle Colour of the three which enter the compo-
fition. For the yellowand blue on either hand,if they are
equal in quantity they draw theintermediategreen equal-
ly towards themf{elves in compofition, and fo keep 1t as
it were in equilibrio, that it verge not more to the

ellow on the one hand, than to the blue on the other,
Eut by their mixt actions remain ftill a middle Colour.
To this mixed green there may be further added
fome red and violet, and yet the green will not prefent-
ly ceafe but only grow lefs full and vivid, and by in-
creafing the red and violet it will grow more and more
dilute, until by the prevalence of the added Colours it
be overcome and turned into whitenefs, or fome other
“Colour. So if to the Colour of any homogeneal Light,
the Sun’s white Light compofed of all forts of rays be
N added,
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added, that Golour will not vanifh or change its {pe-
cies but be diluted, and by adding more and more white
it will be diluted more and more perpetually. Laft-
ly, if red and violet be mingled, there will be generated
according to their various Proportions various Purples,
fuch as are not like in appearance to the Colour of any
homogeneal Light, and of thefe Purples mixt with yel-
low and blue may be made other new Colours.

PR-OP, V., I HEQOR LN

Whitene[s and all 5?*&'}' Colours betaween white and éiﬂrk,;

may be compounded of Colours, and the whitene[s of the
Sunw’s Laght s compounded of all the primary Colours.

mixt tn a due proportion..

T'he Proof by Experiments.

EXTER. T

The Sun fhining into a dark Chamber through @
little round Hole in the Window fhut, and his Light
being there refratted by a Prifm to caft his coloured
{mage P T upon the oppofite Wall : 1 held a white Pa-

per V to that Image in {uch manner that it might be

illuminated by the coloured Light retletted from thence,
and yet not intercept any part of that Light in its paf-

fage from the Prifin to the Spetrum. And I found that. |
when the Paper was held nearer to any Colour than to.

the reft, it appeared of that Colour to which it ap- |
proached neareft ; but when 1t was equally or almoft |

equally |

i o B il e man
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equally diftant from all the Colours, {o that it might
be equally illuminated by them all it appeared white.
And 1n this laft fituation of the Paper, if fome Colours
were mtercepted, the Paper loft its white Colour, and
appeared of the Colour of the reft of the Light which
was not intercepted. So then the Paper was illuminated
with Lights of various Colours, namely, red, yellow,
green, blue and violet, and every part of the Light re-
tained 1ts proper Colour, until it was incident on the
Paper, and became refleted thence to the Eye ; {o that
1f 1t had been either alone (the reft of the Light being
intercepted) or if it had abounded moft and been pre-
dominant in the Light refle¢ted from the Paper,it would
have tinged the Paper with its own Colour; and yet be-
ing mixed with the reft of the Colours in a due propor-
tion, it made the Paper look white, and therefore by a
compofition with the reft produced that Colour. The
feveral parts of -the coloured Light refleted from the
Spe¢trum, whilft they are propagated from thence thro’
the Air, do perpetually retain their proper Colours,
becaufe wherever they fall upon the Eyes of any Specta-
tor, they make the feveral parts of the Speftrum to
appear under their proper Colours. ‘I hey retain there-
fore their proper Colours when they fall upon the Pa-
per V, and fo by the confufionand perfect mixture of
thofe Colours compound the whitenels of the Light
refletted from thence.

EX'PER. X.

Let that Spectrum or folar Image P'T fall now upon Fig. é.

the Lens M N above four Inches broad, and about fix
N =2 Feet
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Feet diftant from the Prifn ABC, and fo figured that
it may caufe the coloured Light which divergeth from
the Prifm to converge and meet again at its Focus G,
about fix or eight Feet diftant from the Lens, and
there to fall perpendicularly upona white Paper D E.
And if you move this Paper to and fro, you will per-
ceive that near the Lens, as at de, the whole folar Image
(fuppofe at pt) will appear upon it intenfly coloured
after the manner above-explained, and that by receding
from the Lens thofe Colours will perpetually come to-
wards one another, and by mixing more and more di-
lute one another continually, until at length the Paper
come to the Focus G, where by a perfect mixture they
will wholly vanifh and be converted into whitenefs, the
whole Light appearing now upon the Paper like a little
white Circle. And afterwards by receding further 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 ; fuppole at ¢, where the
red t 1s now above which before was below, and the
violet p isbelow which before was above.

Let us now ftop the Paper at the Focus G where
the Light appears totally white and circular, and let us
confider its whitenefs. I fay, that this 1s compofed of
the converging Colours. For if any of thofe Colours.
be intercepted at the Lens, the whitenefs will ceafe and
degenerate into that Colour which arifeth from the
compofition of the other Colours which are not inter-
eepted. And then if the intercepted Colours be let
pafs and fall upon that compound Colour, they mix
~with it, and by their mixture reftore the whitenefs.

: So.
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Soif the violet, blue and green be intercepted, the re-
maining yellow, orange and red will compound upon
the Paper an orange, and then if the intercepted Co-
lours be let pafs they will fall upon this compounded
orange, and together with it decompound a white. So
alfo 1t the red and violet be intercepted, the remaining,
yellow, green and blue, will compound a green upon
the Paper, and then the red and violet being let pafs
will fall upon this green, and together with it decom-
pound a white. And thatin this compofition of white
the feveral rays do not fuffer any change in their colori-
fic qualities by acting upon one another, but are only
mixed, and by a mixture of their Colours produce
white, may further appear by thefe Arguments.

If the Paper be placed beyond the Focus G, fuppofe
at ¢+, and then the red Colour at the Lens be alternate-
ly intercepted, and let pafs again, the violet Colour on
the Paper will not futfer any change thereby, as it ought
to do 1f the feveral forts of raysacted upon one another
in the Focus G, where they crofs. Neither will the
red upon the Paper be changed by any alternate ftop-
ping, and letting pafs the violet which crofleth it.

And if the Paper be placed at the Focus G, and the
white round Image at G be viewed through the Prifm
H1K, and by the refraction of that Prifim be tranflated
to the place rv, and there appear tinged with various
Colours, namely, the violet at v and red at r, and
others between, and then the red Colour at the Lens be:
often ftopt and let pafs by turns, the red at r will ac-
cordingly difappear and return as often, but the violet
at v will not thereby fufter any change.. And fo by

ftopping and letting pafs alternately the blue a} the
' _ _ens,,
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T.ens, theblue at r will accordingly di{'apgear and re-
turn, without any change made in the red atr. The
red therefore depends on one fort of rays, and the blue
on another fort, which inthe Focus G where they are
commixt do not act on one another. And there is the
fame reafon of the other Colours.

[ confidered further, that when the moft refrangible
rays P p, and the leaft refrangible ones T't, are by con-
verging inclined to one another, the Paper, if held very
oblique to thofe rays in the Focus G, might refle& one
fort of them more copioufly than the other fort, and by
that means the refle¢ted Light would be tinged in that
Focus with the Colour of the predominant rays, pro-
vided thofe rays feverally retained their Colours or co-
lorific qualities in the compofition of white made by
them in that Focus. But if they did not retain them
in that white, but became all of them feverally endued
there with a difpofition to ftrike the fenfe with the per-
ception of white, then they could never lofe their white-
nefs by fuch reflexions. I inclined therefore the Paper
to the rays very obliquely, asin the fecond Experiment
of this Book, that the moft refrangible rays might be
more copioufly refle¢ted than the reft, and the white-
nefs at length changed fucceffively into blue, indico
and violet. Then'I inclined it the contrary way, that
the moft refrangible rays might be more copious in the
refleted Light than the reft, and the whitenefs turned
fucceflively to yellow, orange and red.

Laftly, I made an Inftrument XY in fafhion of a
Comb, whofe Teeth being in number fixteen were
about an Inch and an half broad, and the intervals of the
Teeth about two . Inches wide. Then by interpofing

fuc-
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fucceffively the Teeth of this Inftrument near the Lens.
I intercepted part of the Colours by the interpafedﬁ
Tooth, whilft the reft of them went on through the in-
terval of the Teeth to the Paper D E, and there pain-
ted a round folar Image. But the Paper I had firft pla-
ced fo, that the Image might appear white as often
as the Comb was taken away ; and then the Comb be.-
ing as was faid interpofed, that whitenefs by reafon of
the intercepted part of the Colours at the Lens did al-
ways change into the Colour compounded of thofe
Colours which were not intercepted, and that Colour
was by the motion of the Comb perpetually varied fo,
that in the paffing of every Tooth over the Lens all
thefe Colours red, yellow, green, blue and purple, did
always fucceed one another. I caufed therefore all the
Teeth to pafs {ucceflively over the Lens, and when the
motion was {low, there appeared a perpetual fucceffion.
of the Colours upon the Paper : But if I fo much acce-
lerated the motion, that the Colours by reafon of their
quick fucceflion could not be diftinguithed from one
another, the appearance of the fingle Colours ceafed.
There was no red, no yellow, no green, no blue, nor
urple to be feen any longer, but from a confufion of
them all there arofe 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
art was red, another yellow, a third green, a fourth
blue, a fifth purple, and every part retains its proper
Colour till it firike the Senforium. If the impreffions
follow one another {lowly, fo that they may be feve-
rally perceived, there is made a diftinct fenfation of all

the Colours one after another in a continual fucceflion.
But
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But if the impreflions follow one another fo quickly
that they cannot be feverally perceived, there arifeth
out of them all one common fenfation, which is nei-
ther of this Colour alone nor of that alone, but hath it
felf indifferently to’em all, and this 1s a fenfation of
whitenefs. By the quicknefs of the fucceffions the im-
preflions of the feveral Colours are confounded in the
Senforium, and out of that confufion arifeth a mixt fen-
{ation. 1f a burning 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 fenfation of the Coal in the feveral places of that
Circle remains impreft on the Senforium, until the
Coal return again to the fame place. And fo in a
quick confecution of the Colours the impreflion of every
Colour remains in the Senforium, until a revolution of
all the Colours be compleated, and that firft Colour re-
turn again. The imp_refgons therefore of all the fucceflive
Colours are at once in theSenforium,and joyntly ftir up
a fenfation of themall ; and {o it is manifeft by this Ex-
periment, that the commixt impreflions of all the Co-
Jours do ftir up and beget a {enfation of white, that is,
that whitenefs 1s compounded of all the Colours.

And if the Comb be now taken away, that all the
Colours may at once pafs from the Lens to the Paper,
and be there intermixed, and together refleéted thence
to the Spetators Eyes ; their impreffions on the Senfo-
rium being now more fubtily and perfeétly commixed

there, ought much more to ftir up a fenfation of white-
nefs.

You
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You may inftead of the Lens ufe two Prifins HIK
and LMN, which by refratting the coloured Light
the contrary way to that of the firft refraction, may
make the diverging rays converge and meet again in G,
as you fee it reprefented in the feventh Figure. For Fig. 7.
where they meet and mix they will compofe a white
Light as when a Lens is ufed.

FUX PR X

Let the Sun’s coloured Image PT fall upon the Wall Fig. 8.
of a dark Chamber, as in the third Experiment of the
firft Book, and let the fame be viewed through a Prifm
abc, held parallel to the Prifm ABC, by whofe refra-
¢tion that Image was made, and let it now appear lower
than before, fuppofe in the place S over againft the red
colour T. And if you go near to the Image PT, the
Speétrum S will appear oblong and coloured like the
Image PT ; but if you recede from it, the Colours of
the Speétrum S will be contradted more and more, and
at length vanifh, that Spectrum S becoming perfeétly
round and white ; and 1f you recede yet further, the
Colours will emerge again, but in a contrary order.
Now that Speftrum S appears white in that cafe when
- the rays of feveral forts which converge from the feve-
ral parts of the Image PT, to the Prifin abc, are fo
refra¢ted unequally by it, that in their paffage from the
Prifin to the Eye they may diverge from one and the
fame point of the Spe¢trum S, and fo fall afterwards
upon one and the fame point in the bottom of the Eye,
and there be mingled.

O And
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And further, if the Comb be here made ufe of; by
whofe Teeth the Colours at the Image P'T ‘may be f{uc-
ceflively intercepted ; the Spettrum S when the Comb
is moved {lowly will be perpetually tinged wath fuc-
ceflive Colours : But when by accelerating the motion
of the Comb, the fucceflion of the Colours is fo quick
that they cannot be feverally feen, that Spectrum S, by
a confufed and mixt fenfation of them all, will appear
white.

EXPER I XIE

The Sun fhining through a large Prifm ABC upon
a Comb X Y, placed immediately behind the Prifm, his
Light which pafled through the interftices of the Teetls
fell upon a white Paper DE. The breadths of the
Teeth were equal to their interftices, and feven Teeth
together with their interftices took up an lInch im
breadth. ' Now when the Paper was about twe or
three Inches diftant from the Comb, the Light which
pafled through its feveral interftices painted fo/ many
ranges of Colours kl, mn, op, qr, ¥e. which were
parallel to one another and contiguous, and without any -
mixture of white.  And thefe ranges of Colours, if the
Comb was moved continually up and down with a re-
ciprocal motion, afcended and defcended in' the Paper,:
and when the motion of the Comb was fo quick, ‘that
the Colours could not be diftinguifhed from oneanother,
the whole Paper by their confufion and mixture in the
Senforium appeared white.

Let
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Let the Comb now reft, and let the Paper be remo-
ved further from the Prifin, and the feveral ranges of
Colours will bedilated and expanded into one another
more and more, and by mixing their Colours will di-
lute one another, and at length, when the diftance
of the Paper from the Comb is about a Foot, or a
little more ({uppofe in the place 2D 2E) they will
{o far dilute one another as to become white.

With any Obftacle let all the Light be now ftopt
which pafles through any one interval of the Teeth, {o
that the range of Colours which comes from thence may
be taken away, and you will fee the Light of the reft of
the ranges to be expanded into the place of the range
taken away, and there to be coloured. Let the inter-
cepted range pafs on as before, and its Colours falling
upon the Colours of the other ranges, and mixing with
them, will reftore the whitenefs. |
- Let the Paper 2D 2 E be now very much inclined to
the rays, fo tﬁat the moft refrangible rays may be more
copioufly reflected than the reft, and the white Colour
of the Paper through the excefs of thofe rays will be
changed into blue and violet. 'Let the Paper be as
much inclined the contrary way, that the leaft refran-
gible rays may be now more copioufly refleCted than
the reft, and by their excefs the whitenefs will be
changed into yellow and red. The feveral rays there-
fore in that white Light do retain their colorific qua-
lities, by which thofe of any fort, when-ever they be-
- come more copious than the reft, do b% their excefs

and predominance caufe their proper Colour to ap-
pear.

O » And
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And by the fame way of arguing, applied to the third
Experiment of this Book, it may be concluded, that
the white Colour of all refracted Light at its very firft
emergence, where it appears as white as before its inci-
dence, is compounded of various Colours.

EXPER. XTI

In the foregoing Experiment the feveral intervals of
the Teeth of the (%mnb do the office of fo many Prifms,
every interval producing the Phenomenon of one Prifm.
Whence inftead of thofe intervals ufing feveral Prifms, I
try’d to compound whitene{sby mixing their Colours,and
did it by ufing only three Prifms, as alfo by ufing only

Fig. 10. two as follows. Let two Prifms ABC and abc, whofe
refraéting Angles Band b are equal,be fo placed parallel
to one another, that the refratting Angle B of the one
may touch the Angle c¢ at the bafe of the other, and
their planes CB and cb, at which the rays emerge, may
lye indire¢tum. “Then let the Light trajetted through
them fall upon the Paper M N, diftant about 8 or 12
Inches from the Prifms. And the Colours generated
by the interior limits B and ¢ of the two Prifms, will
be mingled at P'I, and there compound white. For if
either Prifm be taken away, the Colours made by the
other will appear in that place P T, and when the Prifin
1s reftored to its place again, fo that its Colours may:
there fall upon the Colours of the other, the mixture
of them both will reftore the whitenefs. '

This 4
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This Experiment fucceeds alfo, as I have tryed, when
theAngle b of the lower Prifm, is a little greater than
the Angle B of the upper, and between the interior
Angles B and ¢, there intercedes fome fpace Be, as is
reprefented in the Figure, and the refracting planes
BC and bc, are neither in dire¢tum, nor parallel to
one another. For there 1s nothing more requifite to
the fuccefs of this Experiment, than that the rays of all
forts may be uniformly mixed upon the Paper in the
place PT. If the moft refrangible rays coming from
the fuperior Prifm take up all the{pace from M to P, the
rays of the fame fort which come from the inferior
Pri{m ought to begin at P, and take up all the reft of the
fpace from thence towards N. If the leaft refrangible
rays coming from the fupertor Prifin take up the {pace
M'T, the rays of the fame kind which come from the
other Pri{m ought to begin at T, and take up the remain-
g {pace T N. If one fort of the rays which have in-
termediate degrees of refrangibility, and come from the
fuperior Prifm be extended through the {pace MQ, and
another fort of thofe rays through the fpace MR, and
a third fort of them through the fpace MS, the fame
{orts of rays coming from the lower Prifm, ought to il-
luminate the remaining {paces QN, RN, SN refpe-
&Gively. And the fame is to be underftood of all the
other forts of rays. For thus the rays of every fort will
be fcattered uniformly and evenly through the whole
{pace MN, and fo being every where mixt in the fame
proportion, they muft every where produce the {ame
Colour. And therefore fince by this mixture they pro-
duce white in the exterior fpaces M P and T N, they

muft alfo produce white in the interior {pace P'T. This
is
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is thé reafon of the compofition by which whitenefs
was produced in this Experiment, and by what other
way foever 1 made the like compofition the refult was
whitenefs. | |
Laftly, If with the Teeth of a_CDmb gf a due fize,
the coloured Lights of the two Prifms which fall upon
the fpace PT be alternately intercepted, that {pace
P'T, when the motion of the Comb is {low, will always
appear coloured, ‘but by accelerangg the motion of
the Comb {o much, that the fucceflive Colours can-
not be diftinguifhed from one another, it will appear
white. '

EX P ER. X1V,

Hitherto I have produced whitenefs by mixing the
Colours of Prifms. 1f now the Colours of natural Bo-
dies are to be mingled, let Water a little thickned with
Soup be agitated to raife a froth, and after that froth
has ftood a little;, there will appear to one that fhall
view it intently various Colours every where in the
furfaces of the feveral Bubbles; but to one that fhall
go fo far ofi that he cannot diftinguifh the Colours from
one anothery the whole froth will grow white with a
perfelt whitenefs. &

EXPIR R XN g
- Laftly, in attempting to compound a white by mixin
the coloured Powders which Painters ufe, 1 confider
that all coloured Powders do fupprefs and ftop in
them a very confiderable part of the Light by which
. they
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they are illuminated. For they become coloured by
refleting the Light of their own %nlnurs more copioufly
and that of all other Colours more fparingly, and }!‘EE
they do not refle¢t the Light of their own Colours  {o
copioufly as white Bodies do. If red Lead, for inftance,
and a white Paper, be placed in the red Light of the
coloured Speftrum made in a dark Chamber by the re-
fraétion of a Prifm, as is defcribed in the third Eperi-
ment of the firft Book ; the Paper will appear more lu-
cid than the red Lead, and therefore refleéts the red-
making rays more coptoufly than red Lead doth. And
if they be held in the Light of any other Colour, the
Light refletted by the Paper will exceed the Light re-
fle¢ted by the red Lead in a much greater proportion.
And the like happens in Powders of other Colours.
And therefore by mixing {uch Powders we are not to
expett a firong and full white, fuch as is that of Paper,
but fome dusky obfcure one, fuch as might arife from a
mixture of light and darknefs, or from white and black,
that is, a grey, or dun, or ruflet brown, fuch asare the
Colours of a Man’s Nail, of a Moufe, of Afhes, of or-
dinary Stones, of Mortar, of Duft and Dirt in High-
ways, and the like. And fuch a dark white T have
often produced by mixing coloured Powders. For thus
one part of red Lead,and five parts of //7ride Airic,com-
pofed a dun Colour like that of a Moufe. = For thefe
two Colours were feverally fo compounded of others,
that in both together were a mixture of all Colours ;and
there was lefs red Lead ufed than /iride Ars, becaufe
of the fulnefs of its Colour. Again, one part of red
Lead, and four parts of blue Bife, compofed a dun Co-

lour verging a little to purple, and by adding to this a
certain
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certain mixture of Orpiment and Furid: Aurss in a due
proportion, the mixture loft its purple tintture, and be-
came perfectly dun. But the Experiment fucceeded beft
without Minium thus. To Orpiment I added by little
and little a certain full bright purple, which Painters
ufe until the Orpiment ceafed to be yellow, and became
of a pale red. Then I diluted that red by adding a
little /7aride Awis, and a little more blue Bife than /-
rade Airis, until it became of fuch a grey or pale white,
as verged to no one of the Colours more than to ano-.
ther. For thus it became of a Colour equal in white-
nefs to that of Afhes or of Wood newly cut, or of a
Man’s Skin. - The Orpiment refle¢ted more Light than
did any other of the Powders, and thereforé conduced
more to the whitenefs of the compounded Colour than
they. To affign the proportions accurately m?r bé. 3
difficult, by reafon of the different goodnefs of Pow-
ders of the fame kind. Accordingly as the Colour of
any Powder is more or lefs full and luminous, it ought
to be ufed 1na lefs or greater proportion. |
Now confidering that thefe grey and dun Colours
may be alfo produced by mixing whites and blacks, and
by confequence differ from pertect whites not in Species
of Colours but only in degree of luminoufnefs, it 1s ma-
nifeft that there is nothing more requifite to make
them perfectly white than to increafe their Light fuffi-
ciently ; and, on the contrary, if by increafing their
Light they can be brought to-perfe& whitenefs, it will
thence alfo follow, that they are of the {ame Species of
Colour with the beft whites, and differ from them only
1n the quantity of Light. And this I tryed as follows.
I took the third of the above-mentioned grey mixtures

( that
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( that which was compounded of Orpiment, Purple,
Bife and }Vurude Airis) and rubbed it thickly upon the
tloor of my Chamber, where the Sun thone upon it
through the opened Cafement ; and by it, in the fha-
dow, I laid a piece of white Paper of the fame bignefs.
Then going from them to the diftance of 12 or 18 Feet
{o that I could not difcern the unevennefs of the {urface
of the Powder, nor the little fhadows let fall from the
gritty particlgs thereof ; the Powder appeared intenfly
white, fo as to tranfcend even the Paper it felf in white-
nefs, efpecially if the Paper were a little thaded from
the Light of the Clouds, and then the Paper compared
with the Powder appeared of fuch a grey Colour as the
Powder had done before. But by laying the Paper
where the Sun fhines through the Glafs of the Window,
or by fhutting the Window that the Sun might fhine
through the Glafs upon the Powder, and by fuch other
fit means of increafing or decreafing the Lights where-
with the Powder and Paper were illuminated , the
Light wherewith the Powder 1s illuminated may be
made ftronger in {uch a due proportion than the Light
wherewith the Paper is illuminated, that they fhall both
appear exaltly alike in whitenefs. For when I was
trying this, a Friend coming to vifit me, I ftopt him
at the door, and before 1 told him what the Colours
were, or what [ was doing ; Iaskt him, Which of the
two whites were the beft, and wherein they differed ?
And after he had at that diftance viewed them well, he
anfwered, That they were both good whites, and that
he could not fay which was beft, nor wherein their Co-
lours differed. Now if you confider, that this white

of the Powder in the Sun-fhine was compounded of the
e Colours
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Colours which the component Powders ( Orpiment,
Purple, Bife, and Puride Aris) have in the fame Sun-
thine, you muft acknowledge by this Experiment, as
well as by the former, that perfe&t whitenefs may be
compounded of Colours. R
From what has been faid it is alfo evident, that the
whitenefs of the Sun’s Light 1s compounded of all the
Colours wherewith the feveral forts of rays whereof
~ that Light confifts, when by their feveral refrangibili-
ties they are feparated from one another, do tinge Paper
or any other white Body whereon they fall. = For thofe
Colours by Prop. 2. are unchangeable, and whenever
all thofe rays with thofe their Colours are mixt again,
they reproduce the fame white Light as before.”

PROPBVLYPR'OBIE

In o mixture of primary Colours, the quantity and quolity.
of each. bemg given, to knows the Colour of the ‘com-.
pound. |

Fig.11.. With the Center O and Radius O D defcribe a Cirele
ADF, and diftinguifh its circumference into feven pagts
DE, EF, FG, GA, AB, BC, CD, proportional to
the {feven mufical Tones or Intervals of the eight Sounds,
Soly lay fay [oly la, me, fa, [ol; contained in an Eight,
that 1s, proportienal to the numbers J, %55 35 55 %, 165
I Let the firft part DE reprefenta red Colour, the

fecond EF orange, the third FG- yellow, the fourth.
GH green, the-fifth A'B blue, the fixth-BC indico,
“and the feventh.C D violet. And. conceive that thefe
are all- the' Colours of uncompounded: Light gradually —

. - paffing
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Eaﬁing‘inm one another, as they do when made by -

rilims ; the circumference DEFGABCD, reprefen-
ting the whole feries of Colours from one end of the
Sun’s coloured Image to the other, {o that from D to E
be all degrees of red, at E the mean Colour between red
and orange, tfrom E to F all degrees of orange, .at F the
mean between orange and yellow, from F to G all de-
grees of yellow, and fo on. Let p be the center of
gravity of the Arch DE, and q, r, s, t, v, x, the centers
of gravity of the Arches EF, FG, GA, AB, BC
and CD refpettively, and about thofe centers of gra-
vity let Circles proportional to the number of rays of
each Colour in the given mixture be defcribed ; that is,
the circle p proportional to the number of the red-ma-
king rays in the mixture, the Circle q proportional to
the number of the orange-making rays in the mixture,
and fo of thereft. Find the common center of gravity
of all thofe Circles p, q, 1,5, t,v,X. Let that center
be Z ; and from the center of the Circle A D F, through
Z to the circumference, drawing the right line OY,
the place of the point Y in the circumference fhall fhew
the Colour arifing from the compofition of all the Co-
lours in the given mixture, and the line OZ fhall be
proportional to the falnefs or intenfenefs of the Colour,
that is, to its diftance from whitenefs. As if Y fall in
the middle between F and G, the compounded Colour
{hall be the beft yellow ; if Y verge from the middle to-
wards F or G, the compounded Colour fhall according-
ly be a yellow, verging towards orange or green. IfZ
fall upon the circumference the Colour fhall be intenfe
and florid in the higheft degree ; if it fall in the mid

‘way between the ¢ircumferenceand center, it fhall be
Pla but
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but half fo intenfe, thatis, it fhall be fuch a Colour as
would be made by diluting the intenfeft yellow with an
equal quantity of whitenefs; and if it fall upon the
center O, the Colour fhall have loft all its intenfenefs,
and become a white. But it is to be noted, T hat if the
point Z fall in or near the line O D, the main ingredients
being the red and violet, the Colour compounded fhall
not be any of the prifmatic Colours, but a purple, in-
clining to red or violet, accordingly as the point Z
lieth on the fide of the line DO towards E or towards C
and in ‘general thecompounded violet is more bright and
more fiery than the uncompounded. Alfo if only two
of the primary Colours which in the Circle are oppofite
to one another be mixed in an ‘equal proportion, the
point Z thall fall upon the center O, and {;t the Co-
lour compounded of thofe two fhall not be perfettly
white, but fome faint anonymous Colour. ForI could
never yet by mixir{%unly two primary Colours produce
a perfet white. Whether it may be compounded of a
mixture of three taken at equal diftances in the circum-
ference I do not know, butof four or five I do not much
queftion but it may. But thefe are curiofities of little
or no moment to the underftanding the Phenomena of
nature. For in all whites produced by nature, there
ufes to be a mixture of all forts of rays, and by confe-
quence a compofition of all Colours.

- To give an inftance of this Rule ; fuppofe a Colour is
compounded of thefe homogeneal Colours, of violet
1 part, of indico 1 part, of blue 2 parts, of green 3 parts,
of yellow 5 parts, of orange 6 parts,and of red 10 parts.
Proportional to thefe parts I defcribe the Circles x, v, ¢,
s, 1, q, p refpectively, that is, fo that if the Circle x
' be
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be 1, the Circle v may be 1, the Circlet 2, the Circle
s 3, and the Circlesr, qand p, 5, 6and 10. Then I
find Z the common center of gravity of thefe Circles,
and through Z drawing the line 0‘1{ the pointY falls
upon the circumference between E and F, fome thing
nearer to E thanto F, and thence I conclude, that the
Colour compounded of thefe ingredients will be an
orange, verging a little more to red than to yellow.
Alfo I find that O Z is a little lefs than one half of
OY, and thence 1 conclude, that this orange hath a
little 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 homogeneal orange
with a good white in the proportion of the line OZ to
the line Z Y, this proportion being not of the quantities
of mixed orange and white powders, but of the quan-
tities of the lights refle¢ted from them.

This Rule I conceive accurate enough for prattife,
though not mathematically accurate ; and the truth of
it may be fufficiently proved to fenfe, by .fropping any
of the Colours at the Lens in the tenth Experiment of
this Book. For the reft of the Colours which are not
ftopped, but pafs on to the Focus of the Lens, will
there compound either accurately or very nearly fuch
a Colour as by this Rule ought to refult from their
mixture. '

PR O P
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PROP. VIL. THEOR. V.
Al the Colours in the Univerfe which are made by Light,

and depend mot on the power of wmagination, are
esther the Colours of bomogeneal Laghts, or compounded
of thefe and that either accurately or very mearly, ac-

rard.i:}g to the Rule of the foregoing Problem.

For it has been proved ( in Prop.1. Lib.2.) that the
changes of Colours made by refrattions do not arife
from any new modifications of the rays impreft by thofe
refrations, and by the various terminations of light
and fhadow, as has been the conftant and general opi-
nion of Philofophers. It has alfo been proved that the
{everal Colours of the homogeneal rays do conftantly
anfwer to their degrees of refrangibility, (Prop.1. Lzé.1.
and Prop.2. Lib.2.) and that their degrees of refrangi- -
bility cannot be changed by refractions and reflexions,
(Prop.2. Lz4.1.) and by confequence that thofe their
‘Colours are likewife immutable. It has alfo been pro-
ved direétly by refraéting and reflecting homogeneal |
Lights apart, that their Colours cannot be changed,
( Prop.2. Lib.2.) It has been proved alfo, that when
the feveral forts of rays are mixed, and in croffing pafs
through the {ame {pace, they do not att on one another
{0 as to change each others colorifick qualities, (Exper.
10. Lib.2.) but by mixing their ations in the Senfo-
rium beget a {enfation differing from what either would
o apart, that 1s a fenfation of a mean Colour between
{heir praoper Colours ; and particularly when by the -
concourfe and mixtures of all forts of rays, a white

Colour
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Colour is produced, the white is a mixture of all tlie

Colours which the rays would have apart, ( Prop. s,

Lzé.2. ) The rays in that mixture donot lofe or altér
their feveral colorifick qualities, . but byrall their various

.k_inds Df'aﬂipns ;nixt in the Senforium, beget a fenfa-
tion of a middling Colour between all their Colours

which is whitenefs. For whitenefs is a mean between
all Colours, having it felf indifferently to them all, fo
as with equal facility to be tinged  with any of them:
A red Powder mixed with- a little blue, or a blue with
a little red, doth not prefently lofe its Colour, but a
white Powder mixed with any Colour is prefently tin-
ged with that Colour, and is equally capable of being
tinged with any Colour what-ever.  Ithas been fhewed
alfo, that as the Sun’s Light is mixed of all forts of Tays; .
fo its whitenefs is a mixture of the Colours of all forts
of rays ; thofe rays having from the beginning their fe-

veral colorific qualities as well as their feveral refrangi-
‘bilities, ‘and retaining them perpetually unchang’d not-

withftanding any refraCtions or refiexions they may. at
any time fuffer, and. that when-ever any fort of the
Sun’s rays is by any means (as by reflexion in Exper. g

‘and 1o0. Lib. 1. or by refraction as happens in all re-

fractions ) {eparated from the reft, they then manifeft
their. prnp.er.golours. .. T'hefe things have been proved,
and the fum of all this amounts.to the Propofition here -
to be proved. For if the Sun’s Light is mixed of fe-

veral forts of rays, each of which have originally their

feveral refrangibilities and colorifick qualities, and not-
withftanding their refrattions and refletions, and their.

“various f{eparations or mixtures, keep thofe their ori-

ginal properties perpetually the fame without altera-
' tion ;
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tion ; then all the Colours in the World muft be fuch as
conftantly ought to arife from the original colorific qua-
lities of the rays whereof the Lights confift by which
thofe Colours are {een. And therefore if the reafon of
any Colour what-ever be required, we have nothing elfe
to do then to confider how the rays in the Sun’s Light
have by reflexions or refractions, or other caufes been par-
ted from one another,or mixed together;or otherwife to
find out what {orts of rays are in the Light by which
that Colour is made, and in what proportion; and
then by the laft Problem to learn the Colour which
ought to arife by mixing thofe rays (or their Colours)
in that proportion. I {peak here of Colours fo far as
they arife trom Light. For they appear fometimes by
wother caufes, as when by the power of phantaly we
tee Colours ina Dream, or amar Man fees things before
him which are not there ; orwhen we fee Fire by firiking
the Eye, or fee Colours like the Eye of a Peacock’s
Feather, by prefling our Eyes in either corner whilft
we look the other way. Where thefe and fuch like
caufes interpofe not, the Colour always anfwers to
the fort or forts of the rays whereof the Light confi

as 1 have conftantly found in what-ever Phaznomena
Colours I have hitherto been able to examin. Ifhallin
the following Propofitions give inftances of this in the
Phanomena of chiefeft note.

PROP.
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PROP VI PR OE: III

By the rhfcawrmi Properties of Light to explain tbr
Colowrs made by Prifms.

e

Let ABC reprefent a Prifm refraéting the nght of Fis. 13.
the Sun, which comes into a dark Chamber through a
Hole F o almoft as broad as the Prifm, and let M N
reprefent a white Paper on which the 1'¢f1'a&f:d Light 1s
caft, and fuppofe the moft refrangible or deepeft violet
makuw rays fall upon the fpace P», the leaft refran-
gible or deepeft red-making rays upon’the fpace T,
the middle fort between the Indico-making aud blue.
making rays upon the fpace Q 5, the middle fort of the
green-making rays upon the fpace R e, the middle fort
between the yellow-making and orange-making rays
upon the {pace S o> and other intermediate forts upon
intermediate fpaces. ~For fo the fpaces upon which the
feveral forts adequately fall will by reafon of the diffe-
rent refranglblht% of thofe forts be one lower than ano-
ther. Now if the Paper MN be fo near the Prifin that the
{paces P T and =1 do not interfere with one another, the
diftance between them T « will be illuminated by all
the forts of rays in that proportion to one another which
they have at their very firft coming out of the Prifm,
and confequently be white. But the fpaces PT and A
on either hand, will not be i1lluminated by them all,
and therefore. will appear coloured. And pa1t1cula.11};
at P, where the outmoft violet-making rays fall alone,
the Colour muft be the deepeft violet. At Q where the
violet-making and indico-making rays are mixed, 1&

mu
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muft be a violet inclining much to indico. At R where
the violet-making , indico-making ; blue-making, and
one half of the green-making rays are mixed, their Co--
lours muft ( by the conftruction of the fecond Problem)
compound: a middle Colour between indico and blue.
At S where all the rays are mixed except the red-ma-
king and orange-making,their Colours ought by the fame
Rule to compound a faint blue, verging more to greén
than indie. And in the progrefs from S to ‘T, this blue
will grow more and more faint and dilute, till at’l,
where all the Colouss begin to be mixed , it end in
whitenefs. ..

So again, on the other fide of the white at T, where
the leaft refrangible or utmoft red-making yaysdre alone
the Colour muft be the deepeft red. At 4 the mixture
of red and orange will compound a red inclining to
orange. At ¢ the mixtureof red, orange, yellow, and
one half of the green muft compound a middle Colour
between orange and yellow. At x the mixture of all
Colours but violet and indico will compound a faint
yellow, verging meore to green than to orange. And
this yellow will grow moze faint and dilute continually
i its progrefs from y to-», where by a mixture of all
forts of rays it will become white.. - ..

‘Thefe Colouss ought to appear were the Sun’s Light
perfectly white: But becaufe it inclines to yellow,theex-
cefs of the yellow-making rays whereby ’tis tinged with
that Colour, being mixed with the faint blue between
Sand I, will draw it to a faint green. And fo the
Colours in order from P to 1" ought to be violet, indico,
blue, very faint green, white, faint yellow, orangs, red.
Thus it 1s by the computation : And they that pleafe to

view
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view the Colours made by a Prifm will find it f{o in
Nature.

Thefe are the Colours on both fides the white when
the Paper is held between the Prifm, and the point X
where the Colours meet, and the interjacent white va-
nifhes. For if the Paper be held fill farther off from the
Prifm, the moft refrangible and leaft refrangible rays
will be wanting in the middle of the Light, and the reft
of the rays which are found there; will by mixture pro-
ducea fuller green than before. Alfo the yellow and
blue will now become lefs compounded, and by con-
fequence more intenfe than before. And this alfo
agrees with experience.

And if one look through a Prifm upon a white Objeét
encompafled with blacknefs or darknefs, the reafon of
the Colours arifing on the edges is much the fame, as
will appear to one that fhall a little confider it. If a
black Obje&t be encompafied with a white one, the Co-
lours which appear through the Pri{m are to be derived
from the Light of the white one; fpreading into the Re-
gions of the black, and therefore they appear in a con-
trary order to that, in which they appear when a white
Objet is furrounded with black. And the fame is to
be underftood when an Objeét is viewed, whofe parts
are {fome of them lefs luminous than others. For in the
Borders of the more and lefs luminous parts, Colours
ought always by the fame Principles to arife from the
excefs of the Light of the more luminous, and to be of
the fame kind as if the darker parts were black, but yet
to be more faint and dilute.

Q 2 What
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What is faid of Colours made by Prifins may be eafily
applied to Colours made by the Glafles of Telefcopes,
or Microfcopes, or by the humours of the Eye. For if
the Object-glafs of a Telefcope be thicker on one fide
than on the other, or if one half of the Glafs, or one
half of the Pupil of the Eye be covered with any opake
fubftance : the Obje&t-glafs, or that part of it or of the
Eye which is not covered, may be confidered asa Wedge
with crooked fides, and every Wedge of Glafs, or other
pellucid {ubftance, has the effect of a Prifm in refralting
the Light which pafles through it. 7 suld

How the Colours in the gth and 1oth Experiments
of the firft Part arife from the different reflexibility of
Light,is evident by what was there faid. But it is obfer-
vable in the gth Experiment, that whilft-the Sun’s di-
re¢t Light 1s yellow, the excefs of the blue-making
rays in the refleCted Beam of Light M N, fuffices only
to bring that yellow to a pale white inclining to’ blue;
and not to tinge it with. a manifeftly blue Colour, -~ Tao -
obtain therefore a better blue, T ufed inftead of the yel:
low Light of the Sun the white Light of the Clouds, by,

o

varying a little the Experiment as follows,
EXPER. XVL

Let HEG reprefent a Prifm in the open Air, and 8
the Eye of the Spectator, viewing the Clouds by theis
Light coming into the Prifm at the plane fide FIGK,
and refletted in it by itsbafe HE1G, and thence going
out through its plain fide HEFK to the Eye. And
when the Prifm and Eye are conveniently placed, fo
that the Angles of incidénce and. reflexion at the bafe

may.
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may be about 40 degrees, the Speftator will fee a Bow

MN of a blue Colour, running from one end of the

bafe to the other, with the concave fide towards him,.
and the part of the bafe I M N G beyond this Bow will

be brighter'than the other part EMNH on the other

fide of it. This blue Colour M N being made by no-
thing elfe than by reflexion of a f{pecular fuperficies,.
feems {fo odd a Phenomenon, and fo unaccountable for.
by the vulgar Hypothefis of Philofophers, that 1 could:
not but think it deferved to be taken noticeof. . Now.
for underftanding the reafon of it, {fuppofe the plane:
A BC to cut the plane fides and bafe of the Prifin per--
pendicularly. From the Eye to the line BC, wherein that-
plane cuts the bafe, draw the lines Sp and St, in the:
Angles Spc 50 degr. 3, and Stc 49 degr.5;, and .the-
point 2 will be the limit beyond which none of the moft;
refrangible rays can pafs through the bafe of thePrifm,
and be refracted, whofe incidence 1s fuch that they may
be refletted to the Eye ; and the point t will be the like -
limit for the leaft refrangible rays,. that is, beyond
which none of them can pafs through the bafe, whofe -
incidence is fuch that by reflexion they may come to the -
Eye. And the point r taken in the middle way between
p and t, will be the like limit for the meanly refrangible-
rays. And therefore all the refrangible rays which fall:
upon the bafe beyond t, that is, between t and B, and-
cin come from thence to the Eye will be relleCted thi-

ther : But on this fide t, that is, between t and ¢, many
of thefe rays will be tranfmitted through-the bafe.

And all the moft refrangible rays which fall upon the.
bafe beyond p, that is, between p and B, and can. by

reflexion come from thence to the Eye, will be refletted !
| thither,
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thither, but every where between t and c, many of
thefe rays will get through the bafe and be refratted ;
and the fame is to be underftood of the meanly refran-
gible rays on either fide of the point r. Whence it fol-
lows, that the bafe of the Prifm muft every where be-
tween t and B, by a total reflexion of all forts of rays to
the Eye, look white and bright. And every where
between p and C, by reafon of the tranfmiflion of many
tays of every fort, look more pale, obfcure and dark.
But at r, and in other places between p and t, where
all the more refrangible rays are refletted to the Eye,
and many of the lefs refrangible are tranfmitted, the
excefs of the moft refrangible in the refleCted Light will
tinge that Light with their Colour, which is vielet and
blue. And this happens by taking the line CprtB any
where between the ends of the Prifim HG and EL

PROP.IX. PROB. IV.

By the difcovered Properties of Light to expluin the
Colours of the Ram-bow.

This Bow never appears but where it Rains in the
Sun-fhine, and may be made artificially by fpouting up:
Water which may break aloft, and fcatter into Drops,
and fall down like Rain. For the Sun thining upon thefe
Drops certainly caufes the Bow to appear to a Speta-
tor {tanding in a due pelition to the Rain and Sun. And
hence it 1s now agreed upon, that this Bow is made by
refraction of the Sun’s Light in Drops of falling Rain.
This was underftood by fome of the Ancients, and of
Jate more fully difcoyered and explained by the Famous

Antonius
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Autonius de Domines Archbithop of Spilate, in his Book
De Radass Vifus 9 Lucss, publithed by his Friend Bar-
tolus at Venice, in the Year 1611, and written above
twenty Years before. For He teaches there how the

interior Bow is made in round Drops of Rain by two

refradtions of the Sun’s Light, and one reflexion be-
tween them, and the extérior by two refradtions and
two forts of reflexions between them in each Drop of
Water, and proves his Explications by Experiments
made witha Phial full of Wdterand with Globes of Glafs
filled with Water, and placed in the Sun to make the
Colours of the two Bows appear in them. The fame
Explication Des-Cartes hath  purfued in his Meteors,
and mended that of the exterior Bow. But whilft they

underftood not the true origin of Colours, it’s neceflary:

to purfue 1t here a little turther. For underftanding

therefore how the Bow is made, let a Drop of Rain or
anry other fpherical tranfparent Body be reprefented by
the Sphere BN F G, defcribed with the Center C, and
Semi-diameter CN. And let AN be one of the Sun’s

rays incident upon it at Ny and thence refracted to F,

where let it either go out of the Sphere by refrattion to-

wards V, or be refletted to G ; and at G letit either go-
out by refrattion to R, or be refle¢ted to H-; and at H.

let it go out by refrattion -towards S, cutting the inci-

Fig. 14..

dent ray in Y ; produce A N.and R G, till-they meet in-

X, and upon AX and NF let fall the perpendiculars

CD and CE, and produce CD till it fall upon the cir-:

cumferenceat L. Parallel to the incident ray AN draw
the Diameter BQ, and let the fine of incidence out of

Air into Water be to the fine of refration as 1. to-

R. Now if you fuppofe the pointof incidence N to:
- Move:
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move from the point B, continually till it come to L.,
the Arch QF will firft increafe and then decreafe, and
fo will the Angle A X R which the rays AN and G R
contain ; and the Arch QF and Angle AXR will be
biggelt when ND is to CN as #/ il-RR II-I{R to 3 RR,
in which cafe NE willbeto NDas2R tol.  Alfo the
Angle A YS which the rays A Nand HS contain will
hrf’r decreafe, and then increafe and grow leaft when'
ND is to CN as #/ IFRK to /8 RR, in which cafe
N E will be to NDas 3 R tol. And fo the Angle which
the next emergent ray ( that is, the emergent ray after'
three 1eﬂexmns) contains with the incident ray AN
will come to its limit when ND is to CN as »/ 1II-RR to
/15 RR, in which cafe N E will be to ND as 4R to I,

and the Angle which the ray next after that emergent
that is, the ray emergent after four reflexions, con-
tains with the incident will come to its limit, when
ND isto CNras /II.RR to 24 RR, In which cafe
NE will beto ND as §R tol; and fo on infinitely,
the numbers 3, 8, 15, 24, Oc. bung gathered by conti-
nualaddition of the terms of the arithmetical progrefiion
3y557>9,¢. The truth of all this Mathematicians will
ealily examine.

Now it is to be obferved, that as when the Sun comes
to his Tropicks, days increafe and decreafe buta very
little-for-a great while together ; fo when by increafing
the diftance CD, thefe Ancrles come to their Illllltn, {
they vary their quantlty but ver y little for fome time
together, and therefore a far greater number of the rays.
which fall upon all the points N in the Quadrant
BL, fhall emerge in the limits of thefe Angles, °
then in any other inclinations. And further it is

Lo
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to be obferved, that the rays which differ in refrangi.
bility will have different limits of their Angles of emer-
gence, and by confequence according to their different
degrees of refrangibility emerge moft copioufly in dif-
ferent Angles, and being f{eparated from one another
appear each in their proper 8010111‘5. And what thofe
Angles are may be eafily gathered from the foregoing
Theorem by computation.
~ For in the leaft refrangible rays the fines I and R (as
was found above ) are 108 and 81, and thence by
computation the greateft Angle AXR will be found
42 degrees and 2 minutes, and the leaft Angle AYS,
50 degr. and 57 minutes. And 1n the moft refrangible
rays the fines I and R are 109 and 81, and thence b
computation the greateft Angle AXR will be found
4o degrees and 17 munutes, and the leaft Angle AYS
54 degrees and 7 minutes.

Suppofenow that O is the Spectator’s Eye,and OPaline Fig. 15.
drawn parallel to the Sun’s rays, and let POE; POF,
POG, POH, be Angles of 40 degr. 17 min. 42 degr.
2 min. 5odegr. 57 min. and 54 degr. 7 min. refpeétively,
and thefe Angles turned about their common fide O P,
Jghall with their other fides OE, OF; OG, OH de-
defcribe the verges of two Rain-bows AFBE and
CHDG. For if E, F,G, H, be Drops placed a?
where in the conical fuperficies defcribed by OE, OF,
OG, OH, and be illuminated by the Sun’s rays SE,
IS E,. 5G, éH; the Angle SEO being cqual to the
.Angle POE or 4o degr. 17 min. fhall be the greateft
- Angle in which the moft refrangible rays can after one
reflexion be refracted to the Eye, and therefore all the
Drops in the line OFE fhall fend the moft refrangible
R Tiye
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rays moft copioufly to the Eye, and thereby firike the
{fenfes with the deepeft violet Colour in that region..
And in like manner the Angle SFO being equal to
the Angle P OF, or 42 deg. 2 min. fhall be the greateft
in which the leaft refrangible rays after one reflexion
can emerge out of the Drops, and therefore thofe rays
fhall come moft copioufly to the Eye from the Drops in
the line OF, and ftrike the {enfes with the deepeft red
Colour in that region. And by the fame argument,
the rays which have intermediate degrees of refrangibi-
lity fhall come moft copioufly from Drops betwegen
E and F, and ftrike the fenfes with the intermediate.
Colours in the order which their degrees of refra:;:gibi-

)

lity require, that is, in the progrefs from E to

violet, indico, blue, green, yellow,orange, red. But the

violet, by the mixture of the white Light of theClouds,

will appear faint and incline to purple.
Again, the Angle SGO being equal te Angle PO G;
or 50 gr. 51 min. fthall be the leaft Angle in which the

Tleaft refrangible rays can after two reflexions emerge out

of the Drops,and therefore the leaft refrangible rays fhall
come moft copioufly to the Eye from the Drops 1n the.

line OG, and ftrike the fenie with the deepeft red in

that region. And the Angle SHO being equal to the

Angle POH or 54 gr. 7 min. fhall be the leaft Angle in.

which the moft refrangible rays after two refle&tions can

emerge out of the Drops, and therefore thoferays fhall
come moft copioufly to the Eye from the Drops in the.
line O H, and ftrike the fenfes with the deepeft violet i
that region. And by the fame argument, the Draps in.

the regions between G and H fhall firike the fenfe with
the

or
from the infide of the Bow to the outfide in this order,.
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the intermediate Colours in the order which their de-
grees of refrangibility require, that is, in the progrefs
from G to H, or from the infide of the Bow to the out-
fide in this order, red; orange, yellow, green, blue, in-
dico, violet. And fince thefe four lines OE,OF, OG.
O H, may be fituated any where in the above-mentioned
conical fuperficies, what is faid of the Drops and Co-
lours in thefe lines is to be underftood of the Drops
and Colours every where in thofe fuperficies.

Thus fhall there be made two Bows of Colours, an
interior and ftronger, by one reflexion in the Drops,
and an exterior and fainter by two ; for the Light be-
comes fainter by every reflexion. And their Colours
(hall ly in a contrary order to one another, the red of
both Bows bordering upon the {pace GF which is be-
tween the Bows. The breadth of the interior Bow
E O F meafured crofs the Colonrs {hall be 1 degr. 45 min.
and the breadth of the exterior GOH fhall be
degr. 1omin. and the diftance between them GOI%
fhall be Bar. 55 min. the greateft Semi-diameter of the
innermoft, that is, the Angle POF being 42 gr. 2 min.
and the leaft Semi-diameter of the outermott PO G, be-
ing 50 gr. 57 min. Thefe are the meafures of the Bows,
as they would be were the Sun but a point ; for by the
‘breadth of his Body the breadth of the Bows will be in-
creafed and (their diftance decreafed by half a degree,
and fo the breadth of the interior Iris will be 2 degr.
15 min. that of the exterior 3 degr. 40 min. their di-
fance:8 degr. 25 min. the greateft Semi-diameter of the
interior Bow 42degr. 17min. and the leaft of the ex-
terior 5o degr. 42 min.  And fuch are the dynenfions
of the ?ans in the Heavens found to be very nearly,
| e " when
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when their Colours appear ftrong and perfe&. : For
once, by fuch means as I then had, I meafured the

greateft Semi-diameter of'the interior Iris about 42 de:
orees, the breadth of the red, yellow and green in that

Iris 63 or 64 minutes, befides the outmoit faint red ob.
fcured by brightnefs of the Clouds, for which e
may allow 3 or 4 minutes more.  T'he breadth of the
blue ‘wus about 4o minutes more befides the violet,
which was fo much obfcured by the brightnefs of ‘the
Clouds, that 1 could not meafure its breadth.  But
{fuppofing the breadth of the blue and violet together
to equal that of the red, yellow and green together, the
whole breadth of this Iris will be about 21 degrees us
above. The leaft diftance between this Iris and the ex-
terior Ir1s was about 8 degrees and 30 minutes. The ex-
terior Iris was broader than the interior, but fo faint
efpecially on the blue fide, that I could not meafureits
breadth diftintly. At another time when both Bows
appeared more diftin¢t, I meafured the breadth: of the
interior Iris2 gr. 104, and the breadth of the red, yel-
low and green 1n the exterior Iris; was to the breadth
of the fame Colours in the interior as 3 to 2. |

This Explication of the Rain-bow is yet further con-
firmed by the known Experiment ( made by 4ntonius

B T Tl i )

de Dominss and Des-Cartes) of hanging up any where
in the Sun-fthine a Gl 1{s-Glebe filled with Water, and
viewing it in fuch a pofture that the rays which come

from the Globe to the Eye may contain with the Sun’s

rays an Angle of either 42 or 50 degrees. For if the
Angle be about 42 or 43 degrees, the Speftator (fup-

1
|
£
I

pofe at O) fhall feea full red Colour in that fide of the
Globe oppofed to the Sun as ’tis reprefented at F, and
if

]
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if ‘that Angle become lefs ( fuppofe by depreffing the
Globe to E ) there will appear other Colours, yellow,
green and blue fucceffively in the fame fide of the Globe.
Butif the Angle be made about 50 degrees (fuppofeby
lifting up the Globe to G)there will appear a red Colour
in that fide of the Globe towards the Sun, and if the
Angle be made greater ({fuppofe by lifting up the Globe:
to H) the red will turn fucceffively to the other Colours
yellow, green and blue. The {ame thing I have tried by
letting a Globe reft, and raifing or depreffing the Eye,
or otherwife moving it to make the Angle of a juft
magnitude.

1 have heard it reprefented, that if the Light of a
Candle be refratted by a Prifin to the Eye ; when the
blue Colour falls upon the Eye the Speétator fhall fee
red in the Prifm, and when the red falls upon the Eye
he fhall fee blue ; and if this were certain, the Colours
of the Globeand Rain-bow ought to appear in a con-
trary order to what we find. But the Colours of the
Candle being very faint, the miftake {eems to arife from
the difficulty of difcerning what Colours fall on the
Eye. For, on the contrary, 1 have fometimes had oe- -
cafion to obferve in the Sun’s Light refratted by a Prifm,
that the SpeCator always fees that Colour in the Prifm
which falls upon his Eye. And the fame I have found
true alfo in Candle-Light. For when the Prifm is mo-
ved {lowly from the line which is drawn diretly fromthe
Candle to the Eye,the red appears firft in the Prifm and
then the blue, and therefore each of them is feen when
it falls upon the Eye. For the red pafles over the Eye-

firft, and then the blue.
. The
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T'he Light which comes through Drops of Rain by
two refractions without any reflexion, ought to appear
(trongeft at the diftance of about 26 degrees from the
Sun, and to decay gradually both ways as the diftance
from him increafes and decreafes. And the fame is to
be underftood of Light tranf{mitted through {pherical
Hail-ftones. And if the Hail be a little flatted, as it
often is, the Light tran{mitted may grow fo firong at
a little lefs diftance than that of 26 degrees, as to form
a Halo about the Sun or Moon ; which Halo, as often
as the Hail-ftones are duly figured may be coloured,
and then 1t muft be red within by the leaft refrangible
rays,and blue without by the moft refrangible ones,efpe-
cially if the Hail-ftones have opake Globules of Snow in
their center to intercept the Light within the Halo (as
Huygenius has obferved ) and make the infide thereofmore
diftinétly defined than it would otherwife be. For
{fuch Hail-ftones, though fpherical, by terminating the
Light by the Snow, may make a Halo red within and
cn]%::urlei's without, and darker in the red than with-
out, as Halos ufe to be. For of thofe rays which pafs
clofe by the Snow the rubriform will be leaft refralted,
and fo come to the Eyein the direteft lines,

The Light which paffes through a Drop of rain after
two refraétions, and three or more reflexions, is{earce
ftrong enough to ‘cane a'fenfible Bow ; 'but'in‘thote Gy-
linders'of Ice by which Hugenius explains the Parbelia,
it may perhaps be'fenfible. liind

—

PROP.
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PROP.X. " PROB. V.
By the difcovered Properties of Ligbt to explain the per-

manent Colours af natural Bodies.

Thefe Colours arife from hence, that fome natural
Bodies reflet fome forts of rays, others other forts more
copiouily than the reft. Minium refleéts the leaft re-
frangible or red-making rays moft copioufly, and thence
appears red.  Violets reflect the molft refrangible, molft
copioufly, and thence have their Colour, and {o of other
Bodies. Every Body refletts the rays of its own Colour
more copioufly than the reft, and from their excefs and-
predominance in the refleéted Light has its Colour..

EXPER. XVIIL

For if the homogeneal Lights obtained by the folu-
tion of the Problem propofed in the 4th Propofition of
the firft Book you place Bodies of feveral Colours, you
will find, as I have done, that every Body looks moft
fplendid and luminous in the Light of its own Colour..
Cinnaber in the homogeneal red Light is moft refplen-
dent, in the green Light it is manifeftly lefs refplen--
dent, and in the blue Light ftill lefs. Indico in the
violet blue Light is moft refplendent, and its {plendor
is gradually diminifhed as it 1s removed thence by de-

rees through the green and yellow Light to the red.
%} a Leek the green Light, and next that the blue and

yellow which compound-green, are more ftrongly re-
fleCted.
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fle¢ted than the other Coloursred and violet,and fo of the
reft. But to make thefe Experiments the more manifeft,
{fuch Bodies ought to be chofen as have the fulleft and
moft vivid Colours, and two of thofe Bodies are to be
compared together. Thus, for inftance, if Cinnaber
and #ltra marine blue, or fome other full blue be
held together in the homogeneal Light, they will both
appear red, but the Cinnaber will appear of a ftrongly
luminous and refplendent red, and the #/tra marine
blue of a faint obfcure and dark red ; and if they be
held together in the blue homogeneal Light they will
both appear blue, but the #/tra marine will appear of
a {trongly luminous and refplendent blue, and the
Cinnaber of a faint and dark blue.  Which puts it out
of difpute, that the Cinnaber reflets the red Light
much more copioufly than the #/tra marine doth, and
the ultra marine retlects the blue Light much more co-
pioufly than the Cinnaber doth. The fame Experiment
may be tryed fuccesfully with red Lead and Indico, or
with any other two coloured Bodies, if due allowance

be made for the ditferent ftrength or weaknefs of their

Colour and Light.

And as the reafon of the Colours of natural Bodies is
evident by thefe Experimenrs, fo it 1s further confirmed
and put paft difpute by the two firft Experimentsof the

firft Book, whereby ’twas proved in fuch Bodies that
the refle¢ted Light which differ in Colours do differ alfo

in degrees of refrangibility. For thence it’s certain,
that fome Bodies refle& the more refrangible, others

the lefs refrangible rays more copioufly.

And |

P . -
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And that this is not only a true reafon of thefe Co-
lours, but even the only reafon may appear further
from this confideration, that the Colour of homogeneal
Light cannot be changed by the reflexion of natural
Bodies.

For if Bodies by reflexion cannot in the leaft change
the Colour of any one fort of rays, they cannot appear
coloured by any other means than by refle&ting thofe
which either are of their own Colour, or which by
mixture muft produce it.

But in trying Experiments of this kind care muft be
had that the Light be fufficiently homogeneal. For if
Bodies be illuminated by the ordinary prifmatick Co-
lours, they will appear neither of their own day-light
Colours, nor of the Colour of the Light caft on them,
but of fome middle Colour between both, as I have
found by Experience. Thus red Lead ( for inftance )
illuminated with the ordinary prifmatick green will
not appear either red or green, but orange or yellow,
or between yellow and green accordingly, as the green
Light by which ’tis illuminated is more or lefs com-
pounded.  For becaufe red Lead appears red when il-
luminated with white Light, wherein all forts of rays
are equally mixed, and in the green Light all forts of
rays are not equallﬁ mixed, the excefs of the yellow-
making, green-making and blue-making rays in the
incident green Light, will caufe thofe rays to abound
{o much in the refletted Light as to draw the Colour
from red towards their Colour. And becaufe the red
Lead reflects the red-making rays moft copioufly in
proportion to their number, and mext after them the
orange-making and yellow-making rays ; thefe rays ]m

the
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the reflefted Light will be more n proportion to the
Light than they were in the incident green Light, and
thereby will draw the refleCted Light from green to-
wards their Colour. And therefore the red Lead will ap-
pear neither red nor green,butofa Colour between both.
In tranfpavently coloured Liquors ’tis obfervable,
that their Colour ufes to vary with their thicknefs.
Thus, for inftance, a red: Liquor in a conical Glafs
held between the Lightand the Eye, looks of a pale
and dilute yellow at the bottom where 't1s thin, and a
little higher where ’tis thicker grows orange,and where
‘tis ftill thicker becomes red, and where ’tis thickeft
the red is deepeft and darkeft. - For it is to be conceived
that fuch a Liquor ftops the indico-making and violet-
making rays moft eafily, the blue-making rays more
difficultly, the green-making rays ftill more difficultly,
and the red-making moft difficultly : And that if the
thicknefs of the Liquor be only fo murh as fufficesto
ftop a competent number of the violet-making and in-
dico-making rays, without diminifhing much the num-
ber of the reft, the reft muft (by Prop. 6. Lzé.2.) com-
pound a pale yellow. 'But if the Liquor be fo much
thicker as to ftop alfoa great number of the blue-making
rays, and {ome of the green-making, the reft muft com-
pound an orange ; and where it is fo thick as to ftop
alfo a great number of the green-making and a confi-
derable number of the yellow-making, the reft muft
begin to compound a red,and this red muft grow deeper
and darker as the yellow making and orange-making |
rays are more and more ftopt ‘by increafing the thick- |
nefs of the Liquor, fo that few rays befides the red- |
making can get through. i
Of 4
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Of this kind is an Experiment lately rclated to me by
Mr. Halley, who, in diving deep into the Sea, found
in a clear Sun-fhine day, that when he was {unk many
Fathoms deep into the Water, the upper part of his
Hand in which the Sun fhone direttly through the
Wiater looked of a red Colour, and the under part of
his Hand illuminated by Light refleéted from the Water
below looked green.  For thence it may be gathered,
that the Sea-water refletts back the violet and blue-
making rays moft eafily, and lets the red-making rays
pafs moft freely and copioufly to great depths. For
thereby the Sun’s direct Light at all great depths, by
reafon of the predominating red-making rays, muit
appear red ; and the greater the depth 1s, the fuller
and intenfer muft that red be. And at fuch depths as
the violet-making rays {carce penetrate unto, the blue-
making, green.making and yellow-making rays being
refle¢ted from below more copioufly than thered-making
ones, ‘mult compound a green.

Now if there be two Liquors of full Colours, fup-
pofe a red and a blue, and both of them fo thick as
fuffices to make their Colours fufficiently full ; though
cither Liquor be fufficiently traniparent apart, yet
will you not beable to {ee through both together. \For
if only the red-making rays pafs through one Liquor,
and only the blue-making through the other, no rays
can pafs through both. “T'his Mr. Hook tried cafually
with Glafs-wedges filled with red and blue Liquors,
and was {urprized at the unexpected event, the reafon
of it being then unknown ; which makes me truft the
more to his Experiment, though I have not tryed it
my felf. - But he that would repeat it, mult take care

the Liquors be of very good and full Colours.
S 2 Now
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Now whilft Bodies become coloured by refleting or
tran{mitting this or that fort of rays more copioufly tham
the reft, it 1s to be conceived that they ftop and ftifle in
themfelves therays which they do not reflect or tranfmit.
For if Gold be foliated and held between your Eye and
theLight, the Light looks blue, and therefore mafly Gold
lets 1into its Body the blue.making rays to be reflected
to and fro within it till‘they be ftoptand ftifled, whilft
it refletts the yellow-making outwards, and thereby
looks yellow. And much after the {fame manner that
Leaf-gold is yellow by refle¢ted, and blue by tran{mit-
ted Light, and mafly Gold is yellow in all pofitions of
the Eye ; there are fome Liquors as the tinfture of
Lignum Nephriticum, and fome forts of Glafs which
tran{mit one fort of Light moft copioufly, and reflect
another fort, and thereby look of feveral Colours, ac-
cording to the pofition of the Eye to the Light. But if
thefe Liquors or Glafles were fo thick and mafly that
no Light could get through them, 1 queftion not but
that they would like all other opake Bodies appear of
one and the fame Colour in all pofitions of the Eye,
though this I cannot yet afirm by experience. For all
coloured Bodies, fo far as my Obfervation reaches, may
be {een through if made {ufhciently thin, and therefore
are in fome meafure tranfparent, and differ only in de-
grees of tranfparency from tinged tranfparent Liquors;
thefe Liquors, as well as thote Bodies, by a fuificient
thicknefs becoming opake. A tranfparent Body which
looks of any Colour by tran{initted Light, may alfo
look of the fame Colour by refletted Light, the Light
of that Colour being retletted by the further furface of
the Body, or by the Air beyond it. And thenthe re-
fleted Colour will be diminifhed, and perhaps ceafe, by

making
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making the Body very thick, and pitching it on the
back-fide to diminifh the reflexion of its further furface,
fo that the Light refletted from the tinging particles
may predominate. In fuch cafes, the Colour of the re-
fleCted Light will be apt to vary from that of the Light
tranfmitted. But whence it is that tinged Bodies and
Liquors refle¢t fome fort of rays, and intromit or tranf-
mit other forts, fhall be faid in the next Book. In this
Propofition I content my felf to have put it paft difpute,
that Bodies have fuch Properties, and thence appear

coloured.

PROP. XI. PROB. VE
By méxés}g coloured Laghts to compound a Beam of Lighs

'qf the [ame Colour and N ature with a Beam t:[f‘ the Sun’s
dire Light, and theremn to experience the truth of the

foregoing Propofitions.

Let ABCabc reprefent a Prifm by which the Sun’s Fzg. 16..
Light let into a dark Chamber through the Hole F, may
be refraéted towards the Lens M N, and paint upon 1t
at p,q,r, s and t, the ufual Colours violet, blue, green,

ellow and red, and let the diverging rays by the re-
raction of this Lens converge again towards X, and.
there,by the mixture of all thofe their Colours,compound
a white according to what was fhewn above. Then let
another Prifm DEGdeg, parallel to the former, be
placed at X, to refralt that white Light upwards to-
wards Y. Let the refratting Angles of the Prifms,
and their diftances from the Lens be equal, fo that the:
rays which converged from the Lens towards X, and.
without refration, would there have crofled and diver-

ged again, may by the refraction of the fecond Prifm be
reduced.



[ 142 ] |
reduced into Parallelifm and diverge no more. For
then thofe rays will recompofe a Beam of white Light
XY. If the refratting Angle of either Prifin be the
bigger, that Prifm muft be fo much the nearer to the
Lens. You will know when the Prifins and the Lens
are well {et together by obferving if the Beam of Light
XY which comes out of the fecond Prifm be perfeﬁ}y
white to the very edges of the Light, and at all diftan-
ces from the Prifm continue perfetly and totally white
like a Beam of the Sun’s Light.  For till this happens,
the pofition of the Prifms and Lens to one another muft
be correted, and then if by the help of a long Beam of
Wood, as is reprefented in the Figure, or by a Tube,
or fome other fuch inftrument made for that purpofe,
they be made faft in that fituation, you may try all the
{ame Experiments in this compounded Beam of Light-
XY, which in the foregoing Experiments have been
made in the Sun’s dire& Light. For this compounded
Beam of Light has the fame appearance, and is endowed
with all the {fame Properties with a dire&t Beam of the
Sun’s Light, fo far as my Obfervation reaches. And in
trying Experiments in this Beam you maf‘ by ftepping
any of the Colours p, q, 1, sand t, at the Lens, fee how
the Colours produced in the Experiments are no other
than thofe which the rays had at the Lens before they
entered the compofition of this Beam : And by confe-
quence that they arife not from any new modifications
of the Light by refrations and reflexions, but from the
various feparations and mixtures of the rays originally
endowed with their colour-making qualities.

So, for inftance, having with a Lens 4 Inches broad, -
and two Prifms on either Hand 65 Feet diftant from the
Lens, made fuch a Beam of compounded Light : to

examin
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cxamin the reafon of the Colours made by Prifins, 1
refratted this compounded Beam of Light” XY with
another Prifm H1K k h, and thereby caft the ufual prif-
matick Colours PQR ST upon the Paper LV placed be-
hind.  And then by ftopping any of the Colours p, q,
I, 8, t,at the Lens, I found that the fame Colour would
vanifh-at the Paper. So. if the purple P was ftopped at
the Lens, the purple P upon the Paper would vanifh,
and the reft of the Colours would remain unaltered,
unlefs perhaps the blue, fo faras fome purple latent in
it-at the Lens might be feparated from it by the fol-
lowing refractions. And fo by intercepting the green.
upon the Lens, the green R upon the Paper would va-
nifh, and fo of thereft ; which plainly fhews, that as
the white Beam of Light XY was compounded of fe-

ve Lights varioufly coloured at the Lens, fo the Co-
lours which afterwards emerge out of it by new refra-
tions are no other than thofe of which its whitenefs
was compounded. The refrattion of the Prifm HIK
kh generates the Colours PQRST upon the Paper,
not by changing the colorific qualities of the rays, but
by feparating the rays which had the VE?’ fame colorific
qualities before they entered the compofition of the re-
fratted Beam white of Light X'Y. Forotherwife the rays.
which; were of one Colour at the Lens might be of ano--
ther upon the Paper, contrary to what we find,

So again, toexamin the reafon of the Colours of na-
tural Bodies, I placed fuch Bodiesin the Beam of Light.
XY, and found that they all appeared there of thofe-
their own Colours which they have in Day-light, and:
that thofe Colours depend upon the rays which had the-

fame Colours at the Lens before they entred the compo-
g g fition
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fition of that Beam. Thus, for inftance, Cinnaber illumi-
nated by this Beam appears of the fame red Colour as in
Day-light ; and if at the Lens you intercept the green-
making and blue-making rays, its rednefs will become
more full and lively : But if you there intercept the red-
making rays, it will notany longer appear red, but be-
come yellow or green, or of fome other Colour, accor-
ding to the forts of rays which you do not intercept.
So Gold in this Light XY appears of the fame flluw
Colour as in Day-light, but by intercepting at the Lensa
due quantity of the yellow-making rays it will appear
white like Silver (as 1 have tryed) which fhews that its
yellownefs arifes from the excefs of the intercepted rays
tinging that whitenefs with their Colour when they are
let pafs. So the infufion of Lignum Nepbriticum (as |
have alfo tryed ) when held in this Beam of Light XY,

looks blue by the reflected part of the Light, and yellow

by the tranfinitted part of it, as when ’tis viewed in Day-
light, but if you intercept the blue at the Lens the infu-
fion will lofe its refle¢ted blue Colour, whilft its tranf-
mitted red remains perfe&t and by the lofs of fome blue-
making rays wherewith it was allayed becomes morein=

tenfeand full. And,onthe contrary,if the red and orange-

making rays be intercepted at Lens, the infufion will
lofe its tranimitted red, whilit its blue will remain and
become more full and perfet. Which fhews, that the in-

fufion does not tinge the rays with blue and yellow, but -
only tranfmit thofe moft copioufly which were red-ma-

king before,and reflects thofe moft copioufly which were

blue-making before. And after the fame manner may the
reaf{ons of other Phznomena be examined, by trying P

them in this artificial Beam of Light X Y,
THE













._Ir...lI-.l






e —

p &

it "T.al









[1]

S g g -

SECOND BOOK
QP I I C K S.

b ol il B

Obfervations concerning the Reflexions, Refra&ions, and

Colours of thin tranfparent Bodaes.

T has been obferved by others that tranfparent
Subftances, as Glafs, Water, Air, &c. when made
very thin by being blown into Bubbles, or otherwife
formed into Plates, do exhibit various Colours accor-
ding to their various thinnefs, although at a greater
thicknefs they appear very clear and colourlefs. In
the former Book 1 forbore to treat of thefe Colours,
becaufe they feemed of a more difficult confideration,
and were not neceflary for eftablifhing the Properties
of Light there difcourfed of. But becaufe they may
conduce to further difcoveries for completing 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 an ac-
count of them. To render this Difcourfe fhort and
diftin, I have firft defcribed the principal of my
Aa Obfer-
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Obfervations, and then confidered and made ufe of
them. The Obfervations are thefe.

) U co sVi1 UM

Y,

W, BT .
Compreffing two Prifms hard together that their

Sides (which by chanece were a véry little cﬁﬁﬁféxglni‘ght
fomewhere, touch, one another: 1 found the plaee in

which they touched to become abfolutely tranfparent,

asif-they-had -there been one continued-prece of Glafs:

For when the Light fell fo obliquely on the Air, which
in other {placea was between them,as to be all refleted ;

Rt awra

it feemed in that place of contact to be wholly tranf-
mitted, infomuch thatwhen looked upon, it appeared
like a black or.dark Spot, by reafon -that little or no
fenfible Light was refletted from thence, as from other

places; and when looked throughiit feemed (as it wérﬁ ;

a hole in that. Air. which was formed-into a thin Plate

by being comprefled between theGlaffes. 'And through
this hole Objetts that' were beyond might be feen di-
ftinétly, which could not at all be feen through other

parts of the Glaffes where the Air was interjacent: Al

though the Glaffes were a little convex, yet thistranf- |

parent Spot was of a confiderable breadth,which breadth
{eemed principally to proceed from the yielding inwards:
of -the parts of the Glafles, by reafon of their imutual
preflure. For by prefling  them very hard together it
would become much broader than otherwafe. o . &
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When the Plate of Air, by turning the Prifms. about
their common Axis, became fo little inclined to the in-
cident Rays, that fomé of them began to be tran{mit-
ted, there arofe in it many flender Arcs of Colours
wlnch at firft-were thaped almoft like the Concheid,
as you fee them delineated in the firft Figure. And Fig.
by continuing the motion of the Prifms, thelb Args iris
creafed and bended more and more about the faid tranf:
parent Spot, till they were completed into Circles or
Rings incompafiing it; and afterwards contmually grew
more and more contrated:

Thefe Arcs at their firft appearance were of a iolet
and blue Colour, and between them were white Arcs
of Cir¢les, whu.h prefently by continuing the motion of
the Prifins becamea little tinged in' theif inwatd 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 Spot, was at that time white;
blue, violet 5 black ; red, orange; yellow, whité, blhje
violet, Ye. “But the yellﬂw and red were much fa1ﬂter
than the blue and violet. i bn

The motion of the Prifms about then Axis bemg con-
tinued, thefe Colours contradted more and more,fhrink-
ing towards the whitene(s on eithet fide of i it, until they
totally vanifhed into it. - And then the Circles in thofe
parts appeared black and white; without any other Co-
lours intermixed. But by further moving the Prifms
about, the Colours agam emerged out of the wh1tenefs,
the violet and blue as its inward Limb, and at its out-

Aa 2 ward
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ward Limb the red and yellow. 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.

OB S, 1K

When the Rings or fome parts of them appeared only
black and white, they were very diftin&t and well de-
fined, and the backnefs feemed as intenfe as that of
the central Spot. Alfo in the borders of the Rings,
where the Colours began to emerge out of the white-
nefs, they were pretty diftint, which made them vi-
fible to a very great Multitude. 1 have fometimes
numbred 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
not 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 the exte-
rior of thofe were very confufed and dilute.

In thefe two Obfervations to fee the Rings diftinét,
and without any other Colour than black and white.}
found it neceffary to hold my Eye at a good diftance
from them. For by approaching nearer, althoughin the
fame inclination of my Eye to the plane of the Rings,
there emerged a blueifh Colour out of the white,
which by dilating it felf more and more into the black
rendred the Circles lefs diftinét, and left the white a
little tinged with red and yellow. 1 found alfo by
looking through a flit or oblong hole, which was
narrower than the Pupil of my Eye, and held clofe-to

it
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it parallel to the Prifms, I could fee the Circles much
diitincter and vifible to a far greater number than
otherwife.

DBy 3k T¥

To obferve more nicely by the order of the Colours
which arofe out of the white Circles as the Rays be-
came lefsand lefs inclined to the plate of Air; 1 took
two Object Glaffes, the one a Planc-convex for a four-
teen-foot Telefcope, and the other a large double con-
vex for one of about fifty-foot; and upon this,laying the
other with its its plane-fide downwards, I prefled them
{lowly together,to make the Colours fucceflively emerge
in the middle of the Circles, and then {lowly lifted
the upper Glafs from the lower to make them fuccef-
fively vanifh again in the fame place. The Colour,
which by prefling the Glafles together emerged laft in
the middle of the other Colours, would upon its firft
appearance look like a Circle of a Colour almoft uni-
form 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 a Ring encompaffing that new Co-
lour. And by comprefling the Glafies ftill more, the
Diameter of this Ring would encreafe, and the breadth
of its Orbit or Perimeter decreafe until another new
Colour emerged in the center of the laft: And foon
until a third, a fourth, a fifth, and other following
new Colours fuccefﬁvely emerged there, and became
Rings encompaffing the innermoft Colour, the laft of

which was the black Spot. ~ And, on the contrary, by
lifting
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lifting up the upper Glafs from-the lower, the diameter
of the Rings would decreafe, and the breadth of their
Orbit encreafe, until their Colours reached fucceffively
to the center ; and then they being of a confiderable
breadth, I could more'eafily difcern and diftinguifh
their Species than before. And by this means 1 eb-
ferved their Succeffion and Quantity to be as fol-
loweth. ] | 1016 fonedve
- Next, to the pellucid central Spot made by the con-
tact of the GlaH‘ES- fucceeded blue, white, yellow, and
red, the blue was fo little in quantilg that [ could not
difcern it in the circles made by the Prifms, nor could
I well diftinguifh any violet in it, but the yellow and
red were pretty copious, and {eemed about as much
in extent as the white, and four or five times more
than theblue. The next Circuit in order of Colours
mmmediately encompaffing thefe were violet, blue,
green, yellow, and red, and thefe were all of ‘them do-
pious and vivid, excepting the green, which was very
little in quantity, and feemed much more faint and =
dilute than theother Colours. ' Of the other fourythe =
violet was the leaft in-extent , and ' the blue lefs than |
the yellow er red. The third Circuit or Order was
purple; blue, green, yellow, and red ; in which the
purple feemed more reddifh than the violet in. the
tformer Circuit, and the green was much more confpi-
cuous, being as brifque and copious as any of the other
Colours, except the yellow ; but the red beganto be
a little faded, inclining very much to purple. . After.
this fucceeded the fourth Circuit of green andred. The
green was very copious and lively, inclining on the one.
fide to blue, and on the other fide to yellow. Butim

this
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this fourth Circuit there was neither violet, blue, nor
yellow, and the red was very imperfe&t and dirty.
Alfo the fucceeding Colours became more and more im-
perfect and dilute, till after three or four Revolutions
they ended in perfet whitenefs. Their Form, when the
Glafles were moft comprefled fo as to make the black
Spot appear in the Center, is delineated in the Second
Figure; where o,4,c,d,e:f, a.b, i, k21, m ny0, p:q,r:Fig. 2.
55t v, x:y denote the Colours reck’ned in order from
the center, black, blue; ‘white, ycllow, red : violet,
blue, green, yellow, red : purple, blue, green, yellow,
red: green, red: greenifh blue, red: greenith blue,
pale red : greenifh blue, reddith white.

OB 8V

To determine the interval of the Glafles, or thick-
nefs of the interjacent Air, by which each Colour was
produced, T meafured the Diameters of the firk fix
Rings at the moft lucid part of their Orbits, and {qua-
ring them, 1 found their Squares to be in the Arith-
metical Progreffion of the odd Numbers, 1.3.5.7.9.11.
And fince one of thefe Glafies was Plain, and the other
Spherical, their Intervals at thofe Rings muft be in the
fame Progreffion. 1 meafured alfo the Diameters of
the dark or faint Rings between the more lucid Co-
lours, and found their Squares to be in the Arithme-
tical Progreffion of the even Numbers, 2.4.6.8.10. 12.
And it being very nice and difficult to take thefe mea-
fures exaétly ; I repeated them at divers times at divers
parts of the Glafies, that by their Agreement I might
be confirmed in them. And’ the fame Method I uged in

e eter-
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determining fome others of the following Obferva-
tions.

OBS. VL

The Diameter of the fixth Ring at the moft lucid
part of its Orbit was £ parts of an Inch, and the Dia-
meter of the Sphere on which the double convex Ob-
jelt-Glafs was ground was about 102 Feet, and hence
I gathered the thicknefs of the Air or Aereal Interval
of the Glaffes at that Ring. But fome time after, fuf-
pecting that in making this Obfervation [ had not de-
termined the Diameter of the Sphere with fufficient ac-
curatenefs, and being uncertain whether the Plano-
convex Glafs was truly plain, and not fomething con-
cave or convex on that fide which I accounted plain ;
and whether I had not prefled the Glaffes together, as
I often did, to make them touch (for by prefling fuch
Glafles together their parts eafily yield inwards, and
the Rings thereby become fenfibly broader than they
would be, did the Glafles keep their Figures) I re-
peated the Experiment, and found the gbiameter of
the fixth lucaid Ring about ;£ parts of an Inch. [ re-
peated the Experiment alfo with fuch an Objett-Glafs
of another Telefcope as I had at hand. This was a double
convex ground on both fides to one and the fame
Sphere, and its Focus was diftant from it 83: Inches.
And thence, if the Sines of incidence and refraction of
the bright yellow Light be aflumed in proportion as
11 to 17, the Diameter of the Sphere to which the
Glafs was figured will by computation be found 182 In-
ches. "This Glafs I laid upon a flat one, fo that the

black
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black Spotappeared in the middle of the Rings of Colours
without any other preffure than that of the weight of
the Glafs. And now meafuring the Diameter of the
fitth dark Circle as accurately as I could, I found it the
fifth part of an Inch precifely. This meafure was taken
with the points of a pair of Compafles on the upper fur-
face on the upper Glafs, and my Eye was about eight
or nine Inches diftance from the Glafs, almoft perpen-
dicularly overit, and the Glafs was{ of an Inch thick,
- and thence it 1s eafy to collett that the true Diameter
- of the Ring between the Glafles was greater than its
meafured Diameter above the Glafles in the proportion
of 80 to 79 or thereabouts, and by confequence equal
to = parts of an Inch, and its true Semi-diameter equal
to - parts. Now as the Diameter of the Sphere (182 In-
ches) is to the Semi-diameter of this fifth dark Ring
( 3 parts of an Inch) fo is this Semi-diameter to the
thicknefs of the Airat this fifth dark Ring ; which is
therefore £ or 2 parts of an Inch, and the fifth
part thereof; viz. the g th part of an Inch, is the
thicknefs of the Air at the firft of thefe dark Rings.
- 'The fame Experiment [ repeated with another dou-
- ble convex Object-glafs ground ‘on both fides to one'and
the fame Sphere. Its Focus was diftant from it 168;
Inches, and therefore the Diameter of that Sphere was
. 184 Inches. This Glafs being laid upon the {ame
plain Glafs, the Diameter of the hfth of the dark
Rings, when the black Spot in their center appeared
plainly without preffing the Glafies, was by the mea-
fure of the Compafles upon the upper Glafs & parts
of an Inch, and by confequence between the Glafies it

was 2. For the upper Glafs: wasj of an Inch thick,
! Bb and
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and my Eye was diftant from it 8 Inches. And a third
proportional to half this from the Diameter of the
Sphere is & parts of.an Inch. This is therefore the
thicknefs of the Air at this Ring, and a fifth part there-
of, viz. the gi-th part of an Inch is the thicknefs there-
of at the firft of the Rings as above..

I tryed the {ame thing by laying thefe Object-Glafles
upon flat pieces of a broken Looking-glafs, and found
the fame meafures of the Rings : Which makes me
rely upon them till they can be determined more ac-
curately by Glafles ground to larger Spheres, though
i {uch Glafles greater care muit be taken of a true
plain.

Thefe Dimenfions were taken when my Eye was
placed almoft perpendicularly over the Glafies, being
about an Inch, or an Inch and a quarter, diftant from
the incident rays, and eight Inches diftant from the
Glafs ; {o that the rays were inclined to the Glafs in an
Angle of about 4 degrees. Whence by the following
Obfervation you will underftand, that had the rays
been perpendicular to the Glafles, the thicknefs of the
Air at thefe Rings would have been lefs in the propor-
tion of the Radius to the fecant of 4 degrees, that 1s of
10000.  Let the thicknefles found be therefore dimi-
nifhed in this proportion, and they will become zzand =
s OF ( to ufe the neareft round number ) the coth
part of an Inch. This is the thicknefs of the Air at the |
darkeft part of the firft dark Ring made by perpendi-
cular rays, and half this thicknefs multiplied by the
progreflion,1,3,5,7,9,11,9¢. gives the thicknefles of the
Aur at the moft luminous parts of all the brighteft
Rings, vz, G55 e Gee 5o ¢ their arithmetical
- means.
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t =, Uc. being its thicknefles at the

i 2
means ==, 1750059 17809

darkeft parts of all the dark ones.

L) BeSice sV LI

The Rings were leaft when my Eye was placed per-
pendicularly over the Glaffes in the Axis of the Rings :
And when I viewed them obliquely they became big-
ger, continually {welling as 1 removed my Eye further
from the Axis. And partly by meafuring the Diameter
of the fame Circle at feveral obliquities of my Eye,
partly by other means, as alfo by making ufe of the
two Prifins for very great obliquities. I found its Dia-
meter, and confequently the thicknefs of the Air at its
perimeter in all thofe obliquities to be very nearly in the
proportions exprefled in this Table.

Angle of In-| Angle of Re- | Diameter of | Thickane/s o
*ridegﬁreaﬁ the ﬁgz‘%‘iaﬁz};nm the Ring. 4 the Air{ f
Air. the Air.
deg.  min. 1 :
oo oo| oo oo 10 10
06.:.26!}) s1onton 107 103
19 #5 201 {00 10; 103
18 49| 30 oo 1ol 115
24 30| 40 oo 11; 13
29 37|+ 50 oo 123 153
33 58| 60 o0 14 20
35! 47:{ 165 ookl i15 235
DFinilg ) 70: 400 16300 Jio a8k
38 33) 75 ©of. 19 37
39 27| 8o oo 228 52,
40 00| 85 ool:. 29 845
40 II| 90 00| 35 122

Bb 2 In
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In the two firft Columns are exprefled the obliquities
of the incident and emergent rays to the plate of the
Air, that is, their angles of incidence and refraction. In
the third Column the Diameter of any coloured Ring
at thofe obliquities is expreffed in parts, of which ten
conftitute that Diameter when the rays are perpendicu-
lar. And in the fourth Column the thicknefs of the Air
at the circumference of that Ring is exprefled in parts
of which alfo ten conftitute that thicknefs when the rays
are perpendicular.

And from thefe meafures I feem to gather this Rule :
That the thicknefs of the Air i1s proportional to the fe-
cant of an angle, whofe Sine 1s a certain mean prepor-
tional between the Sines of incidence and refraétion.
And that mean proportional, f{o far as by thefe meafures
I can determine 1it, is the firft of an hundred and fix
arithmetical mean proportionals between thofe Sines
counted from the Sine of refraction when the refra-
&ion is made out of the Glafs into the plate of Air, or
from the Sine of incidence when the refration is
made out of the plate of Air into the Glafs.

O BS. VIIL

The dark Spot in the middle of the Rings increafed
alfo by the obliquation of the Eye, although almoft in-
fenfibly. But if inftead of the Obje¢t-Glafles the Prifms
were made ufe of, its increafe was more manifeft when
viewed fo obliquely that no Colours appeared about it.
It was leaft when the rays were incident moft ebliquely
on the interjacent Air, and as the obliquity decreafed
it increafed more and more until the coloured Rings ap-

peared,
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peared, and then decreafed again, but not fo much as
it increafed before. And hence it is evident, that the
tranfparency was not only at the abfolute contaét of the
Glafles, but alfo where they had fome little interval.
I have fometimes obferved the Diameter of that Spot to
be between half and two fifth parts of the Diameter of
the exterior circumference of the red in the firft cir-
cuit or revolution of Colours when viewed almoft per-
pendicularly ; whereas when viewed obliquely it hath
wholly vanifhed and become opake and white like the
other parts of the Glafs ; whence it may be colleéted
that the Glafles did then fcarcely, or not at all, touch
one another, and that their interval at the perimeter
of that Spot when viewed perpendicularly was about a
fifth or fixth part of their interval at the circumference
of the faid red.

O.B.S.d%

By looking through the two contiguous Objeét-
Glafles, 1 found that the interjacent Air exhibited Rings
of Colours, as well by tran{mitting Light as by reflett-
ing it. The central Spot was now white, and from it
the order of the Colours were yellowifh red ; black ;
violet, blue, white, yellow, red ; violet, blue, green,

ellow, red, ¥c. But thefe Colours were very faint
and dilute unlefs when the Light was trajetted very
obliquely through the Glafles: For by that means they
became pretty vivid. Only the firft yellowith red, like
the blue in the fourth Obfervation, was fo little and
faint as {carcely to be difcerned. Comparing the co-

loured Rings made by reflexion, with thefe made by
trani-
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tran{miffion of the Light ; T found that white was op-
pofite to black, red to blue, yellow to violet, and green
to a compound of red and violet. “T'hat 1s, thofe parts
of the Glafs were black when looked through, which
when looked upon appeared white, and on the con-
trary. And fo thofe which in one cafe exhibited blue,
did in the other cafe exhibit red. And the like of the
other Colours. * The manner you have reprefented in
the third Figure, where AB, CD, are the furfaces of
the Glafles contiguous at E, and the black lines be-
tween them are their diftances in arithmetical progref-
fion, and the Colours written above are feen by re-
fle¢ted Light, and thofe below by Light tranfmitted.

OB S A

Wetting the Obje&t-Glafies a little at their edges,
the water crept in {lowly between them, and the éir-—
cles thereby became lefs and the Colours more faint :
Infomuch that as the water crept along one half of
them at which it firft arrived would appear broken off
from the other half] and contrafted into a lefs room.
By meafuring them I found the proportions of their
Diameters to the Diameters of the like Circles made by
Air to be about feven to eight, and confequently the in-
tervals of the Glaffes at like Circles, caufed by thofe
two mediums Water and Air,are as about three to four.
Perhaps it may be a general Rule, That if any other
medium more or lefs denfe than water be comprefled
between the Glaffes, their intervals at the Rings caufed
thereby will be to their intervals caufed by interjacent

| Air,
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Air, as the Sines are which meafure the refraction made
out of that medium into Air.

B RS A

When the water was between the Glaffes, if I pref-
fed the upper Glafs varioufly at its edges to make the
Rings move nimbly from one place to another, a little
white Spot would immediately follow the center of
them, which upon creeping in of the ambient water
into that place would prefently vanifh. Its appearance
was f{uch as interjacent Air would have caufed, and it
exhibited the fame Colours. But it was not Air, for
where any bubbles of Air were in the water they would
not vanifh. The reflexion muft have rather been caufed
by a fubtiler medium, which could recede through the
Glafles at the creeping in of the water. |

8 g AR K

Thefe Obfervations were made in the open Air. But
further to examin the effetts of coloured Light falling
on the Glaffes, I darkened the Room, and viewed them
by reflexion of the Colours of a Prifin caft on a Sheet
of white Paper, my Eye being fo placed that I could
fee the coloured Paper by reflexion in the Glaffes, as
in a Looking-glafs. And by this means the Rings be-
came. diftinéter and vifible to a far greater number than
in the open Air. I have fometimes feen more than
twenty of them, whereas in the open Air 1 could not

difcern above eight or nine,

€. BS..
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OBS XIIL

Appointing an affiftant to move the Prifm to and
fro about its Axis, that all the Colours might fuccef-
fively fall on that part of the Paper which I faw by
reflexion from that part of the Glafles, where the Cir-

cles appeared, fo that all the Colours might be fuccef-

fively reflefted from the Circles to my Eye whilit I held
it immovable, I 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 plea-
fant to fee them gradually {well or contract according
as the Colour of the Light was changed. The inter-

val of the Glaffes at any of the Rings when they were |

made by the utmoft red Light, was to their interval at
the fame Ring when made bythe utmoft violet, greater

than as 3 to 2,and lefs than as 13 to 8,by the moft of my
Obfervations 1t was as 14 to 9. And this proportion |

feemed very uearly the fame 1in all Dbliqulties of my
Eye ; unlefs when two Prifms were made ufe of inftead

of the Objett-Glafles. For then at a certain great |

obliquity of my Eye, the Rings made by the feveral

Colours {feemed equal, and at a greater obliquity thofe |
made by the violet would be greater than the fame
Rings made by the red. The refra&ion of the Prifm

in this cafe caufing the moft refrangible rays to fall

more ui?liquely on that plate of the Air than the leaft !
refrangible ones. Thus the Experiment fucceeded in |
the coloured Light, which was fufficiently ftrong and |

copious to make the Rings fenfible. And thence it

may be gathered, that if the moft refrangible and leaft

refran-

S
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refrangible rays had been copious enough to make the
Rings fenfible without the mixture of other rays, the
proportion which here was 14 to g would have been a

little greater, fuppofe 14 ; or 14 to 9.

O B S. XIV.

Whilft the Prifin was turn’d about its Axis with an
uniform motion, to make all the feveral Colours fall
{ucceflively upon the Object-Glafles, and thereby to
make the Rings contract and dilate : The contraction
or dilation of each Ring thus made by the variation of
its Colour was fwifteft in the red, and {loweft in the
violet, and in the intermediate Colours it had inter-
mediate degrees of celerity. Comparing the quantity
of contrattion and dilation made by all the degrees of
each Colour, I found that it was greateft in the red ;
lefs in the yellow, ftill lefsin the blue, and leaft in the
violet. And to make as juft an eftimation as I could of the
proportions of their contractions or dilations, I obferved
that the whole contraction or dilation of the Diameter
of any Ring made by all the degrees of red, was to that
of the Diameter of the fame Ring made by all the de-
grees of violet, as about four to three, or five to four, and
that when the Light was of the middle Colour between
yellow and green, the Diameter of the Ring was very
nearly an arithmetical mean between the greateft Dia-
meter of the fame Ring made by the outmoft red, and
the :leaft Diameter thereof made by the outmoft violet :
Contrary to what happens in the éolours of the oblong
SpeGtrum made by the refrattion of a Prifm, where the
red is moft contracted , the %D_I{Ef moft expanded, and

i n
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in the midft of all the Colours is the confine of green
and blue. And hence I feem to colleét that the thick-
neffes of the Air between the Glaffes there, where the
Ring is fucceffively made by the limits of the five prin-
cipal Colours (red, yellow, green, blue, violet) in order
( that is, by the extreme red, by the limit of red and
yellow in the middle of the orange, by the limit of
yellow and green, by the limit of green and blue, by
the limit of blue and violet in the middle of the in-
digo, and by the extreme violet ) are to one anether
very nearly as the fix lengths of a Chord which found
the notes 1n a fixth Major, [ol, la, mi, fa, [ol,la. But
it agrees fumethi‘p{g better with the Obfervation to fay,
that the thicknefles of the Air between the Glafles there,
where the Rings are fucceflively made by the limits of
the feven Colours, red, orange, yellow, green, blue, in-
digo, 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 eig&th s Joly lay fay fol, la,
mi, fa, [0l ; that is, as the Cube-roots of the Squares
of the Numbers, 1,5 233 21

97 63 3y 37 55 163 2°

Q"5 SOV

Thefe Rings were not of varions Colours like thofe
made in the open Air, but appeared all over of that
prifmatique Colour only with which they were illu-
minated. And by projetting the prifimatique Colours
immediately upon the Glafles; 1 found that the Light
which fell on the dark Spaces which were between
the coloured Rings, was tranf{mitted through the
Glafles without any variation of Colour. For on a

white
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white Paper placed behind, it would paint Rings of

the fame Colour with thofe which were refletted, and

of the bignefs of their immediate Spaces. And from
thence the 'origin of thefe Rings is manifeft ; namely,

That the Air between the Glafles, according to its va-

rious thicknefs, is difpofed in fome places to reflett,

and in others to tran{mit the Light of any one Co-

lour (as you may fee reprefented in the fourth Figure ) Fro. 4.
and in the fame place to refle¢t that of one Colour
where it tran{mits that of another.

85 A g B,

The Squares of the Diameters of thefe Rings made
by any prifmatique Colour were in arithmetical pro-
greffion as in the fifth Obfervation. And the Diameter
of the fixth Circle, when made by the citrine yellow,
and viewed almoft perpendicularly, was about £ parts
of an Inch, or a little lefs, agreeable to the fixth Ob-
{ervation. '

. The precedent Obfervations were made with a rarer
. thin medium, terminated by a denfer, fuch as was Air
or Water comprefled between two Glafles. In thefe
that follow are fet down the appearances of a denfer
medium thin’d within a rarer, fuch as are plates of
Mufcovy-glafs, Bubbles of Water, and fome other thin
fubftances terminated on all fides with Air.

Dd 2 OBS:
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O BS.” XVIL

1f 2 Bubble be blown with Water firft made tenacious
by diffolving a little Soap in 1t, ’tis a common Obfer-
vation, that after a while 1t will appear tinged with a
great variety of Colours. To' defend thefe Bubbles
from being agitated by the external Air (whereby their
Colours are irregularly moved one among another, {o
that no accurate Obfervation can be made of them,) as
foon as I had blown any of them I covered it with a
clear Glafs, and by that means its Colours emerged in
a very 1'f.r3[gul:1r order, like fo mem{;concentrick Rings
incompafling the top of the Bubble. And as the
Bubble grew thinner by the continual {ubfiding of the
Water, thefe Rings dilated tlowly and over-{pread ‘the
whole Bubble, ‘defcending in order to the bottom of it
where they vanithed fucceflively. In the mean while,
after all the Colours were emerged at the top, there
grew 1in the Center of the Rings a fmall round black
Spot, like that in the firft Obfervation, which conti-
nually dilated it felf till it became fometimes more than
Y or 2 of an Inch in breadth before the Bubble broke.
At firft T thought there had been no Light refleéted from
the Water in that place, but obferving it more cu-
rioufly, 1 faw within it feveral finaller reund Spots,
which appeared much blackér and darker than the reft,
whereby | knew that there was fome reflexion at the
other places which were not fo dark as thofe Spots.
And by further tryal | fouud that ] could fee the Images
of fome things (as of a Candle or the Sun ) very faint-
ly refle¢ted, not only from the great black Spot, but
allo
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alfo from the little darker Spots which were with-
In 1it. .

Befides the aforefaid coloured Rings there would
often appear {inall Spots of Colours, afcending and de-
fcending up and down the fides of the Bubble, by reafon.
of {ome inequalities in the fubfiding of the Water.
And fometimes fmall black Spots generated at the fides
would afcend up to the larger black Spot at the top of
the Bubble, and unite with it.

O B.S.; XVIIL

Becaufe the Colours of thefe Bubbles were more ex-
tended and lively than thofe of the Air thin’d between
two Glafles, and fo more eafy to to diftinguifhed , I
fhall here give you a further defcription of their order,
as they were obferved in viewing them by reflexion of
the Skies when of a white Colour, whilft a black Sub-
ftance was placed behind the Bubble. And they were
thefe, red, blue; red, blue ; red, blue; red, green;
red, yellow, green, blue, purple; red, yellow, green,
blue, violet ; red, yellow, white, blue, black.

The three hrft Succeffions of red and blue were very
dilute and dirty, efpecially the firft, where the red
feemed in a manner to be white. =Among thefe there
was fcarce any other Colour fenfible befides red and
blue, only the blues ( and principally the {econd blue )
inclined a little to green.

The fourth red was alfo dilute and dirty, but not
fo much as the former three; after that fucceeded little:
or no yellow, but a copious green, which at firft .incli-
ned a little to yellow, and then became a pretty l;::rquu:i~

an
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and good willow green, and afterwards changed to a
bluith Colour ; but there fucceeded neither blue nor
violet.

The fifth red at firft inclined very much to purple,
and afterwards became more bright and brifque, but
yet not very pure. This was {ucceeded with a very
bright and intenfe yellow , which was but little in
quantity, and {oon changed to green: But that green
was copious and {fomething more pure, deep and lively,
than the former green. After that followed an excel-
lent blue of a bright sky-colour, and then a purple,
which was lefs in quantity than the blue, and much
inclined to red.

The fixth Red was at firft of a very fair and lively
Scarlet, and foon after of a brighter Colour, being
very pure and brifque, and the beft of all the
reds. Then after a lively orange followed an intenfe
bright and copious yellow, which was alfo the beft
of all the yellows, and this changed firft to a greenifh

ellow, and then to a greenith blue; but the green
etween the yellow and the blue, was very little and
dilute, feeming rather a greenifh white than a green.
"The blue which fueceeded became very good, and of a
very fair bright sky-colour, but yet ﬁi,mething inferior
to the former blue ; and the violet was intenfe and
deep with little or no rednefsinit. And lefs in quan-
tity than the blue.

n the laft red appeared a tinfture of fcarlet next
to violet, which foon changed to a brighter Colour
inclining to an orange ; and the yellow which follow
was at firft pretty good and lively, but afterwards it
grew more dilute, until by degrees it ended in perfect

white-
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whitenefs. And this whitenefs, if the Water was very
tenacious and well-tempered, would flowly {pread and
dilate it felf over the greater part of the Bubble ; con-
tinually growing paler at the top, where at length it
would crack in many places, and thofe cracks, as they
dilated, would appear of a pretty good, but yet obfcure
and dark sky-colour ; the white between the blue Spots
diminifhing, until it refembled the threds of an irre-
gular Net-work, and foon after vanifhed and left all
the upper part of the Bubble of the f{aid dark blue
Colour. And this Colour, after the aforefaid manner,
dilated it felf downwards , until fometimes it hath
overfpread the whole Bubble. In the mean while at
the top, which was of a darker blue than the bottom,
and apé‘:-earcd alfo full of many round blue Spots, fome-
thing darker than the reft, there would emerge one
or more very black Spots, and within thofe other Spots
of an intenfer blacknefs, which I mentioned in the
former Obfervation ; and thefe continually dilated
themfelves until the Bubble broke.

If the Water was not very tenacious the black Spots
would break forth in the white, without any fenfible
intervention of the blue. And fometimes they would
break forth within the precedent yellow, or red, or
perhaps within the blue of the fecond order, before
the intermediate Colours had time to difplay them-
felves.

By this defcription you may perceive how great an
affinity thefe Colours have with thofe of Air defcri-
bed in the fourth Obfervation, although fet down in
a contrary order, by reafon that they begin to appear

when the Bubble i1s thickeft , and are meoft conve-
niently



L 24 ]
niently reckoned from the loweft and thickeft part of
the Bubble upwards.

O BS. XIX.

Viewing in feveral oblique pofitions of my E
the Rings of Colours emerging on the top of the Bubble,
[ found that they were fenfibly dilated by increafing
the obliquity, but yet not fo much by faras thofe
made by thin’d Air in the {eventh Obfervation.  For
there they were dilated fo much as, when viewed
moft obliquely, to arrive at a part of the plate more
than twelve times thicker than that where they ap-
peared when viewed perpendicularly ; whereas in this
cafe the thicknefs of the Water, at which they arrived
when viewed moft obliquely, was to that thicknefs
which exhibited them by perpendicular rays, fome-
thing lefs thanas 8 to 5. By the beft of my Obfervations
it was between 15 and 15; to 10, an increafe about
24 times lefs than in the other cafe. _

Sometimes the Bubble would become of an uniform
thicknefs all over, except at the top of it near the black
Spot, as | knew, becaufe it would exhibit the fame
appearance of Colours in all pofitions of the Eye. And
then the Colours which were f{een at its apparent cir-
cumference by the obliqueft rays, would be different
from thofe that were feen in other places, by rays lefs
oblique to it. And divers Spettators might fee the
fame part of it of differing Colours, by viewing it at
very differing obliquities. Now obferving how much
the Colours at the fame places of the Bubble, or at di-
vers places of equal thicknefs, were varied by the

{everal
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feveral obliquities of the rays; by the affiftance of the
4thy 14th, 16th and 18th Obfervations, as tha; are
hereafter explained, I colle¢t the thicknefs of the Water
requifite to exhibit any one and the fame Colour, at fe-
veral obliquities, to be very nearly in the proportion
exprefled in this Table.

Iucidence on | Refraétion in- | Thicknefs of
the Water., | tothe Water.| the Water.

deg.  min. dege  min.
©cO 00| ©00 00 10
Ly 0D eI I 103
20, ¢ o™ 39 €1 10}
4
45,0 00 LEg -0 XY 11
o 0ol 40" ‘20 13

75 0o} .46 25 14
go oo| 48 35 5

In the two firft Columns are exprefled the obliqui--
ties of the rays to the fuperficies of the Water, that
is, their Angles of incidence and refrattion. Where
I fuppofe -that the Sines which meafure them are in
rnuncf) numbers as 3 to 4, though probably the diflo-
lution of Soap in the Water, may a little alter its
refraive Vertue. In the third Column the thicknefs
of the Bubble, at which any one Colour is exhibited
in thofe feveral obliquities, is expreft in parts,of which
ten conftitute that thicknefs when the rays are perpen-
dicular.

I have fometimes obferved, that the Colours which
arife on polithed Steel by heating it, or on Bell-metal,
and fome other metalline {ubftances, when melted and

Ee poured
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poured on the ground, where they may cool in the
open Air; have, like the Colours of Water-bubbles,
been a little changed by viewing them at divers ob-
Yiquities, dnd particuldrly that 4 deép blue; or violet,
when viewed very obliquely, hath been changed to a
deep red. But the changes of thefe Colours are not fo
great and fenfible as of thofe made b.y Water. For the
Scoria or vitrified part of the Metal, which moft Me-
tals when heated or melted do continually protrude,
and fend out to their {urface, and which by covering
the Metals in form of a thin glafly skin, caufes thefe
Colours, is much denfer than Water ; and | find that
the change made by the obliquation of the Eye is leaft
in Colours of the denfeft thin fubftances.

O3B S, XK

As in the ninth Obfervation, {o here, the Bubble, by
tranfmitted Light, appeared of a contrary Colour to
that which it exbited by reflexion. Thus when the
Bubble being looked on by the Light of the Clouds re-
fletted from it, fecmed red at its apparent circumfe-
rence, if the Clouds at the {ame time, or immediately
after, were viewed through it, the Colour at ifs cir-
cumference would be blue. And, on the contrary,
when ?g refle€ted Light it appeared blue, it would ap-
pear red by tranfmitted Light. '

O BS. XXk

By wetting very thin plates of Mufcovy-ghifs, whofe
thinnefs made the like Colours appear, the Colonrs
became
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became more faint and languid ; efpecially by wetting
the plates.on that fide oppofite to the Eye : But I could
not perceive any variation of their {fpecies. So then
the thicknefs of a plate requifite to produce any Co-
lour, depends only on the denfity of the plate, and
not on that of the ambient medium: And hence, by the
1oth and 16th Obfervations, may be known the thick-
nefs which Bubbles of Water, or Plates of Mufcovy-
glafs, or other fubftances, have at any Colour pro-
duced by them, -

OBS XXIL

A thin tranfparent Body, which is denfer than its
ambient medium, exhibits more brifque and wivid Co-
lours than that which 1s fo much raver ; as |1 have
purticularl}r obferved in the Air and Glafs. For blow-
ing Glafs very thin at a Lamp-furnace, thofe plates
incompaffed with Air did exhibit Colours much
more vivid than thofe of Air made thin between two
(zlafles. _

Oaesr " XX FT

Comparing the quantity of Light refle&ed from the
feveral Rings, I -found that it was moft copious from
the firt or inmoft, and in the exterior Rings -be-
came gradually Jefs and lefs. Alfo the .whitenefs of
the firft Ring was ftronger than -that reflefted from
thofe parts .of the thinner medium which were with-
out the Rings; as I could manifeftly perceive by view-
ing ;at a diftance the Rings made by -the ;tWOLij‘%@‘-’

| Be 3 Glafles,
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Glaffes; or by comparing two Bubbles of Water blown
at diftant times, in the firft of which the whitenefs
appeared, which fucceeded all the Colours, and in
the other, the whitenefs which preceded them all.

QB .S X Vs

When the two Objelt-Glafles were lay’d upon. one:
another, fo as to make the Rings of the Colours. ap-
pear, though with my naked Eye I could not difcern
above 8 or 9 of thofe Rings, yet by viewing them
through a Prifm 1 have feen a far greater multitude,
infomuch that 1 could number more than forty, befides
many others, that were fo very {mall and clofe toge-
ther, that 1 could not keep my Eye fteddy on: them
feverally fo as to number them, but by their extent I have.
lometimes eftimated them to be more than a hundred.
And [ believe the Experiment may be improved to the
difcovery of far greater numbers. For they feem to
be really unlimited, though vifible only fo far as the
can be feparated by the refrattion, asl fhall hereafter
explain.

ut itswas but one fide of thefe Rings, namely, that
towards which the refra¢tion was made, which by that
refraltion was rendered diftinét, and the other fide be-
came more confufed than when viewed by the naked
Eye, infomuch that there I could not difcern above
one or two, and fometimes none of thofe Rings, of
which I could difcern eight or nine with my naked
Eye. And their Segments or Arcs, which on the
other fide appeared fo numerous, for the moft part

exceeded
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exceeded not the third part of a Circle. If the Re-
frattion was very great, or the Prifm very diftant from
the Obje&t-Glafles, the middle part of thofe Arcs be-
came alfo confufed, fo as to difappear and conftitute an
even whitenefs, whilft on either fide their ends, as alfo
the whole Arcs furtheft from ‘'the center, became di-
ftincter than before, uppearing in the form as you fee
them defigned in the hPfth Figure. |

The Arcs, where they feemed diftin&eft, were only
white and black fucceffively, without any other Co-
lours intermixed. But in other places there appeared

Colours, whofe order was inverted by the retraction

in fuch manner, that if I firft held the Prifm very near

the Objett-Glafles, and then gradually removed. it
further off towards my Eye, the Colours of the 2d,.

3d, 4th, and following Rings thrunk towards the white
that emerged between them, until they wholly va-
nifhed into it at the middle of the Arcs, and after-
wards emerged again in a contrary order. But at
the ends of the Arcs they retained their order un-
changed.

I have fometimes fo lay’d one Obje&t-Glafs upon
the other, that to the naked Eye they have all over
feemed uniformly white, without the leaft appearance
of any of the coloured Rings ; and yet by viewing
them through a Prifm, great multitudes of thofe Rings
have difcovered themfelves. And in like manner plates
of Mufcovy-glafs, and Bubbles of Glafs blown at a
Lamp-furnace, which were not fo thin as to exhibit
any Colours to the naked Eye, have through the Prifm
exhibited a great variety of them ranged irregu-

larly up and down in the form of waves. And f{a
Bubbles

F{g. 5.-
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Bubbles of Water, before the%r began to exhibit their:
Colours to the naked Eye of a By-ftander, have ap-
peared through a Prifm, girded about with many
rallel and horizontal Rings; to produce which eﬁt;%::
it was neceflary to hold the Prifm parallel, or ver
nearly pardllel to the Horizon, and to difpefe it
that the rays might be refralted upwards,

THE
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Remarks npon the foregoins Qbfervations.

Hﬁwing given my Obfervations of thefe Colours,
before I make ufe of them to unfold the Caufes
of the Colours of natural Bodies, it is convenient that
by the fimpleft of them, fuch asare the 2d, 3d, 4th,
gth, 12th, 18th, 20th, and 24th , I firft explain the
more expounded. Aad firft to fhew how the Colours
in the fourth and eighteenth Obfervations are produ-
eedy, let there be taken in any right line from the point
¥, the lengths YA, YB, YC, ¥D, YE YF, YG,
¥ H, in proportion to one another, as the Cube-roots
of the Squares of the numbers, 5212 %5 5 1, where-
by the lengths of @ mufical Chord to found all the Notes
iman Eighth are reprefented ; that is, m the propor-’
tion of the numbers 6300, 6814, 7114, 7631, 8255,
8855, 9243, 10000, And. at the points A, B, % I%,.

o Vet H
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E,F, G, H, let perpendiculars A=, Bg, {Jc. be eretted,
by whofe intervals the extent of the feveral Colours
fet underneath againft them, is to be reprefented. Then
divide the line Az in fuch proportion as the numbers
1,2,3,5,6,7,9, 10, 11, J¢c. fet at the points of divi-
fion denote. And through thofe divifions from Y
draw lines 1 I, 2K, 3L, s M,.6 N, 70,0e. :

Now if A 2 be fuppofed to reprefent the thicknefs
of any thin tranfparent Body, at which the outmoft
violet is moft copioufly refleted in the firft Ring, or
Series of Colours, then by the 13th Obfervation H K|
will reprefent its thicknefs, at which the utmoft red
is moft copioufly refleéted in the fame Series. Alfo
by the sth and 16th Obfervations, A6 and H N will
denote the thicknefles at which thofe extreme Colours
are moft copioufly refletted in the fecond Series, and
A 10 and H Q the thicknefles, at which they are
moft copioufly refle¢ted in the third Series, and {o on.
And the thicknefs at which any of the intermediate
Colours are reflefted moft copioufly, will, according to
the 14th Obfervation, be detined by the diftance of the
line A H from the intermediate parts of the lines 2 K,
6N, 10Q, Ye. againft which the names of thofe Co-
lours are written below. ' o

But further, to define the latitude of thefe Colours in
each Ring or Series, let A 1 defign the leaft thicknefs,
and A 3 the greateft thicknefs, at which the extreme
violet in the firft Series is refleéted, and let H I, and
H L, defign the like limits for the extreme red, and
let the intermediate Colours be limited by the inter-
mediate parts of the lines 11, and 3 L, againft which
the names of thofe Colours are written, and fo on: But

yet
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yet with this caution, that the refleftions be fuppofed
ftrongeft at the intermediate Spaces, 2K, 6 N, 10 Q,¥.
and from thence to decreafe gradually towards thefe li-
mits, 11, 3 L, 5 M, 70, Uc. on either fide; where
you muft not conceive them to be precifely limited,
but to decay indefinitely. And whereas I have affigned
the fame latitude to every Series, I did it, becaufg al-
though the Colours in the firft Series feem to be a little
broader than the reft, by reafon of a ftronger reflexion
there, yet that inequality 1s fo infenfible as fcarcely to
be determined by Obfervation.

Now according to this defcription, conceiving that
the rays originally of feveral Colours are by turns re-
fle€ted at the Spaces 11 L.3, sM O7, 9PR 11, .
and tranf{mitted at the Spaces AHI 1,3 LM 5,7.0F o,
©e. it is ealy to know what Colour muft in the open Air
be exhibited at any thicknefs of a tranfparent thin body.
For if a Ruler be applied parallel to AH, at that di-
ftance from it by which the thicknefs of the body is
reprefented, the alternate Spaces 1 I L. 3, 5 MO 7,09,
which it crofleth will denote the refleted original Co-
lours, of which the Colour exhibited in the open Air
is compounded. Thus if the conftitution of the green
in the third Series of Colours be defired, apply the
Ruler as you feeat 7¢2 ¢, and by its paffling through
{ome of the blue at 7 and yellow ate, as well as through
the green at ¢, you may conclude that the green exhi-
bited at that thicknefs of the body 1s principally con-
ftituted of original green, but not without a mixture
of fome blue and yellow.

7 3 By
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By this meins you may know how the Colours from
the center of the Rings outward ought to fucceed i
order as they were defcribed in the 4th and 18th Ob-
fervations. For if you move the Ruler gradually from
AH through all diftances, having paft over the firft
{fpace which denotes little or no reflexion to be made
by thinneft fubftances, it will firft arrive at 1 the violet,
and then very quickly at the blue and green, which
together with that violet compound blue, and then at
the yellow and red, by whofe further addition that
blue is converted into whitenefs, which whitenefs con-
tinues during the tranfit of the edge of the Ruler from
I to’ 3, and after that by the fucceflive deficience of
its component Colours, turns firft to compound yellow,
and then to red, and laft of all the red ceafeth at L.
Then begin the Colours of the fecond Series, which
fucceed in order during the tranfit of the edge of the
Ruler from s to O, and are more lively than before,
becaufe more expanded and fevered. ~And for the
fame reafon, inftead of the former white there inter-
cedes between the blue and yellow a mixture of orange,
yellow, green, blue and indico, all which together ought
to exhibit a dilute and imperfet green. So the Co-
lours of the third Series all fucceed 1n order ; firft, the
violet, which a little interferes with the red of the fe-
cond order, and is thereby inclined to a reddifh purple;
then the blue and green, which are lefs mixed with
other Colours, and confequently more lively than be-
fore, efpecially the green: Then follows the yellow,
{omeof which towards the greenis diftinét and good, but
that part of it towards the {ucceeding red, as alfo that
red 1s mixed with the violet and blue of the fourth Se-

ries,
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ries, whereby warrous degrees of red very much incli-
ning to purple are compounded. This violet and blue,
which fhould fucceed this red; being mixed with, and
hidden in it, there fucceeds a green. And this at firft
is much inclined to blue, but foon becomes a good
green , the only unmixed and lively Colour in this
fourth Series. For as it verges towards the yellow, it
begins to interfere with the Colours of the ﬁg:h Series,
by whofe mixture the fucceeding yellow and red are
very much diluted and made dirty, efpecially the yel-
low, which being the weaker Colour is fcarce able to
fhew 1t felf. = After this the feveral Series interfere more
and more, and their Colours become more and more
intermixed, till after three or four more revolutions
(in which the red and blue predominate by turns)
all forts of Colours are in all places pretty equally ben-
ded, and compound an even whitenefs. :

And fince by the 15th Obfervation the rays indued
with one Colour are tran{mitted, where thofe of ano-
ther Colour arc refleCted, the reafon of the -Colours
made by the tranf{mitted Light in the gth and 20th Ob-
fervations is from hence evident. :

If not only the order and {pecies of thefe Colours,
but alfo the precife thicknefs of the plate, or thin body
at which they are exhibited, be defired in parts of an
Inch, that may be alfo obtained by affiftance of the 6th
or 16th Obfervations. For according to thofe Obferva-
tions the thicknefs of the thinned Air, which between
two Glafles exhibited the moft luminous parts of the
firft fix Rings were =5, 7, i, miess 175 0 Parts of
an Inch. Suppofe the Light refleéted moft copioufly

at thefe thicknefles be the bright citrine yellow, or con-
Ff 2 fine
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fine of yellow and orange, and thefe thicknefles will
be Gy Gy, G Go, G7.  And this being known, it is
ealy to determine what thicknefs of Air 1s reprefented
by G¢ or by any other diftance of the ruler from
A H.

But further, fince by the 1oth Obfervation the thick-
nefs of Air was to the thicknefs of Water, which be-
tween the fame Glaffes exhibited the fame Colour, as
4 to 3, and by the 21th Obfervation the Colours of
thin bodies are not varied by varying the ambient me-
dium ; the thicknefs of a Bubble of Water, exhibiting
any Colour, will be ? of the thicknefs of Air producing
the fame Colour. And fo according to the fame 10th
and 21th Obfervations the thicknefs of a plate of
Glafs, whofe refrattion 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
Colours ; and the like of other mediums. 1 do not
affirm, that this proportion of 20 to 31, holds in all
the rays ; for the Sines of other forts of rays have other
proportions. But the differences of thofe proportions
are f{o little that 1 do not here confider them. On
thefe Grounds 1 have compofed the following Table,
wherein the thicknefs of Air, Water, and Glafs, at
which each Colour is moft intenfe and fpecifick, is ex-
prefled in parts of an Ineh divided into Ten hundred
thoufand equal parts.

T he
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Fhe thickne[s of coloured Plates and Particles of
dir. W:rer. G@Cr".

‘rVery Black

Black

Beginning of
Black

Blue

| White

| Yellow

Orange

-Red

rViolet
Indico.
Blue .
Green
Yellow
Orange
Bright Red
vScarlet

Purple
Indico
Blue

Of the third Order, ¢ Green
Yellow
Red

| Bluifh Red

Bluifh Green
Green

Yellowifh Green
Red

Greenifh Blue
Red

Greenifh Blue
Red

Of the feventh Order, {ﬁfjjf;,ﬂ{fﬁﬁ

Their Colours of thes
- firft Order,

Of the {econd Order, 2

Of the fourth Orde¢r,

Of the fifth Order,
Of the fixth Order,

3 % 3T

I 3 31

2 1l 17

- 155

sal. 3% L33
T 43

8 6 5%
0 L1016 101 g%
11 3 75
12 | oi 8is
14 |103| 9
155 | 115 97
o L (s
175 | 13 115
18 | 133 | 11
19 | 145 Y25
21 1§53 | 1335
2274|167 | 143
233 | 1735 157
2?;% 183, 164
273 | 200 1 1752 014
29 |21z | 18%
32 |24 20 |}
34 129: | 22
352 |263.] 223
36 | a3 233
403 [30% | 26
46 [345 | 295
525 1395 | 34
581 |44 38
(;5 3% 42,
71 | 533 | 45%
77 1574 | 493

Now.
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Now if this Table be compared with the 6th Scheme,
you will there fee the conftitution of each Colour, as
to its Ingredients, or the original Colours of which it
is compounded, and thence be enabled to judge of its
intenfenefs or imperfection ; which may fuffice in ex-
plication of the 4th and 18th Obfervations, unlefs it
be further defired to delineate the manner how the Co-
lours appear, when the two Objet-Glafles are lay’d
upon one another. To do which, let there be de-
fcribed a large Arc of a Circle, and a f{treight Line
which may touch that Arc, and parallel to that Tan-
gent feveral occult Lines, at fuch diftances from it, as
the numbers fet againft the feveral Colours in the Table
denote. For the Arc, and its Tangent, will reprefent
the {uperficies of the Glafles terminating the interjacent
Air ; and the places where the occult Lines cut the
Arc will fhow at what diftances from the Center, or
Point of contatt, each Colour is refleted.

There are alfo other ufes of this Table : For by its
affiftance the thicknefs of the Bubble in the 19th Ob-
fervation was determined by the Colours which it ex-
hibited. And fo the bignefs of the parts of natural
Bodies may be conjetured by their Colours, as fhall be
hereafter fhewn. Alfo, if two or more very thin plates
be lay’d oneupon another, fo as to compofe one plate
equalling them all in thicknefs, the refulting Colour
may be hereby determined. For inftance, Mr. Hook in
his Mafcrographia obferves, that a faint yellow plate of
Mufcovy-glafs lay’d upon a blue one, CﬂnﬁitutEg a very
deep purple. The yellow of the firft Orderis a faint
one, and the thicknefs of the plate exhibiting it, ac-
cording to the Table is 43, to which add 9, the thick-

nefs
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nefs exhibiting blue of the fecond Order, and the fum
will be 13}, which is the thicknefs exhibiting the
purple of the third Order.

To explain, in the next place, the Circumftances of
the 2d and 3d Obfervations ; that is, how the Rings of
the Colours may ( by turning the Prifins about their
common Axis the contrary way to that expreffed in
_thofe Obfervations) be converted into white and black

Rings,and afterwards into Rings of Colours again, the
Colours of each Ring lying now in an inverted order; it
muft be remembred, that thofe Rings of Colours are di-
- lated by the obliquation of the rays to the Air which

interr:egea the Glafes, and that according to the Table
in the 7th Obfervation, their dilatation or increafe of
their Diameter 1s moft manifeft and {peedy when they
are obliqueft. Now the rays of yellow being more re-
fracted by the firft fuperficies of thefaid Air than thofe
of red, are thereby made more oblique to the fecond fu-
perficies, at which they are refleted to produce the co-
loured Rings,and confequently the yellow Circle in each
Ring will be more dilated than the red ; and the excefs of
its dilatation will be fo much the greater, by how much
the greater is the obliquity of the rays,until at laft it be-
comeof equal extent with the red of the fame Ring. And
for the fame reafon the green, blue and violet, will be alfo
fo much dilated by the ftill greater obliquity of their
rays, as to become all very nearly of equal extent with
the red, that is, 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 Rings muft have black

and dark Rings between them, becaufe they do not
| {pread
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{pread and interfere with one another as before. And
for that reafon alfo they muft become diftintter and vi-
fible to far greater Numbers. But yet the violet being
obliqueft will be fomething more dilated in proportion
to its extent then the other Colours, and fo very apt to
appear at the exterior verges of the white.

Afterwards, by a greater obliquity of the rays, the
violet and blue become more {enfibly dilated than the
red and yellow, and fo being further removed from the
center of the Rings, the Colours muft emerge out of the
white in an order contrary to that which they had be-
fore, the violet and blue at the exterior limbs of each
Ring,and thered and yellow at the interior. And the vio-
let, by reafon of the greateft obliquity of its rays, being
in proportion moft of all expanded, will fooneft appear
at the exterior limb of each white Ring, and become
more confpicuous than the reft. And the feveral Series
of Colours belonging to the feveral Rings, will, by
their unfolding and {preading, begin again to interfere,
and thereby render the Rings lefs diftinét, and not vifi-
ble to fo great numbers.

If inftead of the Prifms the Object-glaffes be made
ufe of, the Rings which they exhibit become not white
and diftinét by the obliquity of the Eye, by reafon that
the rays in their paffage through that Air which inter-
cedes the Glafles are very nearly parallel to thofe Lines
in which they were firft incident on the Glafies, and con-
fequently the rays indued with feveral Colours are not
uclined one more than another to that Air, as it hap-
pens in the Prifms.

Thereis yet another circumftance of thefe Experiments
to be confidered, and that is why the black and white

Rings
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Rings which when viewed at a diftance appear diftint,
fhould not only become confufed by viewing them near
at hand , butalfo yicld 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 Glafles, and thofe which
are moft oblique, if confidered apart, would reprefent
the Rings bigger than thofe which are the leaft oblique.
Whence the breadth of the perimeter of every white
Ring is expanded outwards by the obliqueft rays,
and inwards by the leaft oblique. And this expanfion
is fo much the greater by how much the greater is the
difference of the obliquity ; that is, by how much the
Pupil is wider, or the Eye nearer to the Glaffes. And
the breadth of the violet muft be moft expanded, be-
caufe the rays apt to excite a {enfation of that Colour
are moft oblique to a fecond, or further fuperficies of
the thin’d Air at which they are refle¢ted, and have
alfo the greateft variation of obliquity , which makes
that Colour fooneft emerge out of the edges of the
white. And as the breadth of every Ring is thus aug-
mented, the dark intervals muft be diminifhed, until
the neighbouring Rings become continuous, and are
blended, the exterior hrft, and then thofe nearer the
Center, fo that they can no longer be diftinguifh’d
apart, but feem to conftitute an even and uniform

whitenefs.
- Among all the Obfervations there is none accompa-
nied with fo odd circumftances as the 24th. Of thofe
the principal are, that in thin ({alates, which to the
naked Eye feem of an even and uniform tranfparent
Gg white-
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whitenefs, without any terminations of fhadows, the
refraion of a Prifm fhould make Rings of Colours ap-
pear, whereas it ufually makes Objeéts appear coloured
cnly there where they are terminated with fhadows, or
have parts unequally luminous ; and that it {hould make
thofe Rings exceedingly diftinét and white, although
it ufually renders Objects confufed and coloured. The
caufe of thefe things you willunderftand by confidering,
that all the Rings of Colours are really in the plate,
when viewed with the naked Eye, although by reafon
of the great breadth of their circumferences they fo
much interfere and are blended together,that they feem
to conftitute an even whitenefs. But when the rays
pafs through the Prifm to the Eye, the orbits of the
teveral Colours in every Ring are refratted, fome more
than others, according to their degrees of refrangibility :
By which means the Colours on one fide of the Ring
(that is on one fide of its Center) become more unfoldel
and dilated, and thofe on the other fide more compli-
cated and contratted. And where by a due refraétion
they are fo much contrafted, that the fevral Rings be-
come narrower than to interfere with one another, they
muft appear diftinét, and alfo white, if the conftituent
Colours be fo much contraéted as to be wholly coincident.
But, on the other fide, where the orbit of every Ring
is made broader by the further unfolding of its Co-
lours, it muft interfere more with other Rings than
before, and fo become lefs diftinét.

To explain this a little further, fuppofe the concen-
trick Circles A V, and BX, reprefent the red and violet
of any order, which, together with the intermediate

Colours,
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Colours, conftitute any one of thefe Rings. Now thefe
being viewed through a Prifin, the violet Circle B X,
will by a greater refraction be further tranflated from
its place than the red AV, and fo approach nearer to
it on that fide, towards which the refrations are made.
For inftance, if the red be tranflated to av, the violet
may be tranilated to 4 x, fo asto approach nearer to it
at x than before, and if the red be further tranflated
to av, the violet may be {fo much further tranflated to
b x as to convene with it at x, and if the red be yet
further tranflated to « ¥, the violet may be ftill {fo much
further tranflated to £¢ as to pafs beyond it at £ and
convene with it at e and f. “And this being underftood
not only of the red and violet, but of all the other in-
termediate Colours, and alfo of every revolution of
thofe Colours, you will eafily perceive how thofe of the
fame revolution or order, by their nearnefs at xv and
T £, and their coincidence at xv, ¢ and f, ought to con-
ftitute pretty diftin& Arcs of Circles, efpecially at xv,
or at ¢ and f, and that they will appear feverally at
x v, and at x v exhibit whitenefs by their coincidence,
and again appear feveral at £ but yet in a contrary
order to that which they had before, and ftill retain
beyond e and f. But, on the other fide, at a4, ab,
or = £, thefe Colours muft become much more confu-
fed by being dilated and fpread fo, as to interfere with
thofe of other Orders. And the fame confufion will
happen at T £ between ¢ and f, 1f the refraction be very
great, or the Prifm very diftant from the Objet-Glaffes :
In which cafe no parts of the Rings will be feen, fave

only two little Arcs at ¢ and f; whofe diftance from ong
Gg 2 another,
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another will be augmented by removing the Prifin
ftill further from the Obje&t-Glaffes: And thefe little
Arcs muft be diftin&teft and whiteft at their middle, and
at their ends, where they begin to grow confufed they
muft be coloured. And the Colours at one end of
every Arc muft be ina contrary order to thofe at the
other end, by reafon that they crofs in the interme-
diate white ; namely their ends, which verge towards
T will be red and yellow on that fide next the Cen-
ter, and blue and violet on the other ide. But their
other ends which verge from T £ will on the contrary
be blue and violet on that fide towards the Center, and
on the other fide red and ycllow. |

Now as all thefe things follow from the Properties
of Light by a mathematical way of reafoning, fo the
truth of them may be manifefted by Experiments. For
in a dark room, by viewing thefe Rings through a
Prifm, by reflexion of the feveral prifmatique Colours,
which an affiftant caufes to move to and fre upon a
Wall or Paper from whence they are refleCted, whilft
the Speltator’s Eye, the Prifim and the Objett-Glafles
( as in the 13th 8b{'crvatinn) are placed fteddy : the
pofition of the Circles made {ucceffively by the feverat
Colours, will be found fuch, in refpe¢t of one another,
as I have defcribed in the Figures abxwv, or abx v,
or «BET,  And by the fame method the truth of
the Explications of other Obfervations may be exa-
mined.

By what hath been faid the like Phenomina of
Water, and thin plates of Glafs may be underftood.
But in {mall fragments of thofe plates, there is this

further
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further obfervable, that where they lye flat upon @
Tableand are turned about their Centers whilft they are
viewed through a Prifm, they will in fome poftures
exhibit waves of various Colours, and fome of thenr ex-
hibit thefe waves in one or two pofitions only, but the
moft of them do in all pofitions exhibit them, and make
them for the moft part appear almoft all over the plates.
The reafon 1s, that the fuperficies of fuch plates are not
even, but have many cavities and fwellings, which how
fhallow foever do a little vary the thicknefs of the:
plate. For at the feveral fides of thofe cavities, for
the reafons newly defcribed, there ought to be produ-
ced waves in feveral poftures of the Prifm. Nowthougly
it be but fome very {imall, and narrower parts of the
Glafs, by which thefe waves for the moft part are cau-
fed, yet they may feem to extend themfelves over the
whole Glafs, becaufe from the narroweft of thofe parts
there are Colours of f{everal Orders that is of feveral
Rings, confufedly reflected, which by refraction of the
Prifm are unfolded, feparated, and according to their
degrees of refraétion, difperfed to feveral places, fo as to
eonftitute fo many {everal waves, as there were divers
orders of Colours promicuoufly refleted from that
part of the Glafs.

Thefe are the principal Phenomena of thin Plates
or Bubbles, whote explications depend on the pro-
perties of f.ight, which 1 have heretofore delivered.
And thefe you fee do neceflarily follow from them, ane
agree with them, even to their very leaft circumf{tances;
and not only fo, but do very much tend to their proof:
Thus, by the 24th Obfervation, it appears, that the

rays
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rays of feveral Colours made as well by thin Plates or
Bubbles, as by refractions of a Prifm, have feveral de-
arces of refrangibility, whereby thofe of each order,
which at their reflexion from the Plate or Bubble are
intermixed with thofe of other orders, are feparated
from them by refrattion,and aflociated together fo as to
become vifible by themfelves like Arcs of Circles. For
if the rays were all alike refrangible, ’tis impoffible that
the whitenefs, which to the naked fence appears uni-
form, fhould by refraction have its parts tranfpofed and
ranged into thofe black and white Arcs.

It appears alfo that the unequal refraltions of dif-
form rays proceed not from any contingent irregulari-
ties ; fuch as are veins, an uneven polifh, or fortuitous
pofition of the pores of Glafs ; unequal and cafual mo-
tions in the Air or Ather ; the {preading, breaking, or
dividing the fame ray into many diverging parts, ox
the like. For, admitting any fuch irregularities, it would
be impoflible for refrations to render thofe Rings fo
very diftinét, and well defined , as they do in the
24th Obfervation. 1t is neceflary therefore that eve-
ry ray have its proper and conftant degree of  refran-
gibility connate with itjaccording to which its refraction
is ever juftly and regularly performed, and that feve-
ral rays have feveral of thofe degrees.

And what 1s faid of their refrangibility may be alfo
underftood of their reflexibility, that is of their difpo-
fitions to be refletted fome at a greater, and others ata
lefs thicknefs, of thin Plates or Bubbles, namely, that
thofe difpofitions are alfo connate with the rays, and
immutable ;. as may appear by the 13th, 14th, and

“ | 15th
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15th Obfervations compared with- the fourth and
eighth.

gBy the precedent Obfervations it appears alfo, that
whitenefs 1s a diffimilar mixture of all Colours, and that
Light 1s a mixture of rays indued with all thofe Co-
lours. For confidering the multitude of the Rings of
Colours, in the 3d, 12th and 24th Obfervations, it is
manifeft that although in the 4th and 18th Obferva-
tions there appear no more than eight or nine of thofe
Rings, yet there are really a far greater number, which
{o muchinterfere and mingle with one another, as after
thofe eight or nine revolutions to dilute one another
wholly, and conftitute an even and fenfibly uniform
whitenefs. And confequently that whitenefs muft be
allowed a mixture of all Colours, and the Light which.
conveys it to the Eye muft bea mixture of rays indued
with all thofe Colours.

But further, by the 24th Obfervation, it appears,
that there is a conftant relation between Colours and
Refrangibility, the moft refrangible rays being violet,
the leaft refrangible red, and thofe of intermediate Co-
lours having proportionably intermediate degrees of re-
frangibility. And by the 13th, 14th and 15th Obfer-
vations, compared with the 4th or 18th, there appears
to be the fame conftant relation between Colour and
Reflexibility, the violet being in like circumftances re--
fle€ted at leaft thicknefles of any thin Plate or Bubble,
the red at greateft thicknefles, and the intermediate
Colours at intermediate thicknefles. Whence it fol-
lows, that the colorifique difpofitions of rays are alfo.

connate with them and immutable, and by confequence-
that
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that all the productions and appearances of Colours
in the World are derived not from any phyfical change
caufed in Light by refraction or reflexion, but only
from the various mixtures or feparations of rays, by
virtue of their different Refrangibility or Reflexibility.
And in this refpe&t the Science of Colours becomes a
Speculation as truly mathematical as any other part of
Optiques. 1 mean {o far as they depend on the nature
of Light, and are not produced or altered by the power
of imagination, or by ftriking or preffing the Eyes,

THE
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SECOND BOOK
DO KS
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Of the permanent Colours of natural Bodies, and the
Analogy betwseen them and the Colours of thin tranf-
parent Plates.

Am now come to another part of this Defign, which

is to confider how the Phznomena of thin tran{pa-
rent Plates ftand related to thofe of all other natural
Bodies. Of thefe Bodies I have already told you that
they appear of divers Colours, accordingly as they are
difpofed to refleét moft copioufly the rg;s originally
indued with thofe Colours. But their Conftitutions,
whereby they reflett fome rays more copioufly than
others, remains to be difcovered, and thefe I fhall en-
deavour to manifeft in the following Propofitions.

Hh PROP.
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PRIQuPY L
T hofe fuger ficies of sean[parent Bodies yeflect the greateft

quantity of Lighty@bich bave the greateft refralting power;
that is, which wtercede mediyms that differ moft wn thewr
refrafve denfities. And wn the confines of equally ve-
fralling mediwms there gs no veflexion, 8 "
The Analogy between reflexion and refra&tion will

appear by confidering, that when- Light pafleth ob-
hquely out of one medium into another which refracts
from the perpendicular, the greater is difference of
their refradtive denfity, the lefs obliquity is requifite
to caufe a total retlexion. For as the Sines are which
meafure the refraétion, fo is the Sine of incidence at
which the total reflexion begins, to the radius of the
Circle, and confequently that incidence is leaft where
there 1s the greateft difference of the Sines. Thus in the
paffing of Light out of Water into Air, where the
refrattion is mealured by the Ratio of theSines 3 to 4,
the total reflexion begins when the Angle of incidence
is about 48 degrees 35 minutes. In paﬂgmg out of Glafs
into Air, where the refraltion is meafured by the Ratio
of the Sines 20 to 31, the total reflexion begins when
the Angle of incidence is 4o deg. 10 min. and fo in
paffing ‘out of cryftal, or more ftrongly refralting me-
diums inte Air, ‘there is ‘ftill alefs obliquity requifite
to caufe a total reflexion.  Superficies therefore which’
refraét moft do fooneft veflet all the Light which'is in-
cident on them, and fo muft be allowed moft ftrongly
reflexive,

But
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But the truth of this Propofition will further appear
by obferving , that in the fuperficies interceding two
tranfparent mediums, {uch as are (Air,Water,Oyl,Com-
mon-Glafs, Cryftal, MetallinE—Glaﬂ‘és, Ifland-Glaffes,
white tranfparent Arfnick, Diamonds, ¥c. ) the re-
flexion is ftronger or weaker accordingly, as the fuper-
ficies hath a greater or lefs refrating power. For in
the confine of Air and Sal-gemm ’tis {tronger than in
the confine of Air and Water, and ftill {tronger in the
confine of Air and Common-Glafs or Cryftal,and fronger
in the confine of Airand a Diamond. Ifany of thefe;and
fuch like tranfparent Solids, be immerged in Water, its
reflexion becomes much weaker than before, and 'ftill
weaker if they be immerged in the more ftrongly re-
frating Liquors of well-retified oyl of Vitriol or I{Jirit
of Turpentine. 1f Water be diftinguifhed into two parts,
by any imaginary furface, the reflexion in the confine
of thofe two parts is none at all. In the confine of Wa-
ter and Ice’tis very little, in that.of Water and Oyl ’tis
fomething greater, in that of Water and Sal-gemm ftill
greater, and in that of Water and Glafs, or Cryftal, or
other denfer {ubftances ftill greater, accordingly as thofe
mediums differ more or lefs in their refrating powers.
Hence in the confine of Common-Glafs and Cryftal,
there ought to be a weak reflexion, and a fironger re-
flexion in the confine of Common and Metalline-Glafs,
though I have not yet tried this.” But, in the confine of
two Glafles of equal denfity, there is not any fenfible re-
flexion, as was fhewn in the firft Obfervation. And
the fame may be underftood of the fuperficies: interce-
ding two Cryftals, or two Liquors,, or any other:Sub-
ftances in which no refraftion is caufed. So then: the

Hh's ~ reafon
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reafon why uniform pellucid mediums, (fuch as Water,
Glafs, or Cryftal) have no fenfible reflexion but in
their external fuperficies, where they are adjacent to
other mediums of a different denfity, is becaufe all

their contiguous parts have one and the fame degree
of denfity.

PR Oz 2

T he leaft parts of almoft all natural Bodies are in [ome
meafure rmﬂffmrent : And the opacity of thofe Bodies
arifeth from the multitude of reflexions caufed in thewr in-
ternal Parts.

That this is fo has been obferved by others, and
will eafily be granted by them that have been conver-
{fant with Mifcrofcopes. And it may be alfo tryed by
applying any fubftance to a Hole through which fome
Light 1s immitted into a dark room. For how opake
{oever that{ubftance may feem in the open Air, 1t wilk
by that means appear very manifeftly tranfparent, if
it be of a fufficient thinnefs. Only white metalline Bo-
dies muft be excepted, which by reafon of their excef-
five denfity feem to refle&t almoft all the Light inci-
dent on their firft fuperficies , unlefs by folution in
menftruums they be reduced into very fmall particles,
and then they become tranfparent.

PROP IIL

Between the parts of opake and coloured Bodies are
many [paces, either empty or replenifbed, with mediums
of ather denfities 5 as Water betnween the tinging corpufeles
wherewith any Liquor 15 impregnated, A between the

' | aqueotls
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azue&m Globules that conflitute Clouds or Mifts 5 and for
the moft part [paces void of both Air and Water, but yet
perbaps not wholly wid of all [ubflance, between the paris
of hard Bodies. x |

The truth of this is evinced by the two precedent
Propofitions : For by the fecond 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 reflexions are
caufed only in fuperficies, which intercede mediums of
a differing denfity by Prop. .

But further, that this difcontinuity of parts is the
principal caufe of the opacity of Bodies, will appear by
confidering, that opake fubftances become tran{parent
by filling their pores with any fubftance of equal or al-
moft equal denfity with their parts. Thus Paper dip-
ped in Water or Oyl; the Oculus mundz Stone fteepd in:
Water, Linnen-cloth oyled or varnithed,and many other
{ubftances foaked in fuch Liquors as will intimately
pervade their little pores, become by that means more
tranfparent than otherwife ; fo, on the contrary, the
moft tranfparent {ubftances may by evacuating their
pores, or {eparating their parts, be rendred fufficiently
opake, as Salts or wet Paper, or the Oculus mund: Stone-
by being dried, Horn by being fcraped, Glafs by being
reduced. to powder, or otherwife flawed, Turpen-
tine by being ftirred about with Water till. they mix
imperfectly , and Water by being formed into many
fmall Bubbles, either alone in the form of froth, or
by fhaking it together with Oyl of Turpentine, or

with fome other convenient Liquor, with which it will
not
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not perfeétly incorporate. And to the increafe of the
opacity of thefe Bodies it conduces fomething, that by
the 23th Obfervation the reflexions of very thin trani-
parent {ubftances are confiderably fironger than thofe
made by the fame fubftances of a greater thicknefs.

PRIO P AW

The parts of Bodies and thew Interflices muft not be
le[s than of fome definite bigne[s,to render them opake and
coloured. :

For the opakeft Bodies, if their parts be fubtily
divided, (as Metals by being diflolved in acid men-
ftruums, ¥c.) become perfeétly tranfparent. And you
may alfo remember, that in the eighth Obfervation
there was no fenfible reflexion at the fuperficies of
the Obje&t-Glafles where they were very near one
another, though they did nodt abfolutely touch. And
inthe 1 7th Obfervation the reflexion of theWater-bubble
where 1t ‘became thinneft was almoft infenfible, fo as
to caufe very black Spots to appear on the top of the
Bubble by the want of .reflected Light. |

On thefe grounds I perceive it 1s that Water, Salt,
Glafs, Stones, and fuch like {ubftances, are tranfparent.
For, upon divers confiderations, they feem to be as full
of pores or interftices between their parts as other Bo-
dies are, but yet their parts and interftices to be too
fmall to caule reflexions in their common furfaces.

PROL

1
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R0 8. ndi

The tranfparent parts of Bodies according to their [e-
veral fizes muft vefled rays of one Colour, and tranfmut
shofe of another, on the [ame grounds that thin Plates or
Bubbles do veflect or tranfmat thofe rays. And this I take
to be the ground of all their Colours.

For ifa thin'd or plated Body, which being of an
even thicknefs, appears all over of one uniform Co-
lour, fhould be f{lit into threds, or broken into frag-
ments, of the {fame thicknefs with the plate ; 1 fee no
reafon why every thred or fragment fhould not keep its
Colour, and by confequence why a heap of thofe threds
or fragments l)l;ﬂuld_ not conftitute a mafs or powder of
the fame Colour, which the plate exhibited before it
wias broken. And the parts of all natural Bodies being
like fo many fragments of a Plate, muft on the fame
grounds exhibit the fame Colours.

Now that they do fo, will appear by the affinity of
their properties. The finely coloured Feathers of fome
Birds, and particularly thofe of Peacocks Tails, do i
the very fame part of the Feather appear of feveral Co-
lours in feveral pofitions of the Eye, after the very fame
manner that thin Plates were found to do in the 7th
and 19th Obfervations, and therefore arife from the
thinnefs of the tranfparent parts of the Feathers ; that
is, from the {lendernefs of the very fine Hairs, or Capi/a-
menta, which grow out of the fides of the grofier late-
ral branches or fhbres of thofe Feathers. And to the
{fame purpofg it is, that the Webs of fome Spideg.‘-'.-_bjn

eing,
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being {pun very fine have appeared coloured, as fome
have obferved, and that the coloured fibres of fome filks
by varying the pofition of the Eye do vary their Co-
lour. ~Alfo the Colours of filks, cloths, and other fub-
ftances, which Water or Oyl can intimately penetrate,
become more faint and obfcure by being immerged in
thofe liquors, and recover their vigor again by being
dried, much after the manner declared of thin Bodies
in the 1oth and 21th Obfervations. Leaf-gold, fome
forts of painted Glafs, the infufion of Lignum Nephri-
ticum, and fome other f{ubftances reflett one Colour,
and tran{mit another, like thin Bodies in the g9th and
2oth Obfervations. And fome of thofe coloured pow-
ders which Painters ufe, may have their Colours a little
changed, by being very elaborately and finely ground.
Where 1 {ee not what can be juftly pretended for thofe
changes, befides the breaking of their parts into lefs
parts by that contrition after the fame manner that the
Colour of a thin Plate is changed by varying its thick-
nefs. For which reafon alfo it is that the coloured flowers
of Plants and Vegitables by being bruifed ufually be-
come more tran{parent than before, or at leaft in fome
degree or other change their Colours. Nor is it much
lefg to my purpofe, that by mixing divers liquors very
odd and remarquable produétions and changes of Co-
lours may be effefted, of which no caufe can be more
obvious and rational than that the faline corpufcles of
one liquor do varioufly at upon or unite with the
tinging corpufcles of another, fo as to make them fwell,
or fhrink (whereby not only their bulk but their den-
fity alfo may be changed ) or to divide them into
{maller corpufcles, (whereby a coloured liquor may be-

come



[57 ]

come tranfparent) or to make many of them aflociate
into one clufter, whereby two tranf‘{)arent liquors ma
compofe a coloured one. For we fee how apt thol{
faline menftruums are to penetrate and diffolve fub-
ftances to which they are applied, and fome of them
to precipitate what others diffolve. In like manner, if
we confider the various Phenomena of the Atmofpheare,
we may obferve, that when Vapors are firft raifed, they
hinder not the tranfparency of the Air, being divided
into parts too {mall to caufe any reflexion in their fuper-
ficies. But when in order to compofe drops of rain they
begin to coalefce and conftitute globules of all inter-
mediate fizes, thofe globules when they become of a
convenient fize to reflet fome Colours and tran{mit
others, may conftitute Clouds of various Colours accor-
ding to their fizes. And I fee not what can be ratio-
nally conceived in fo tranfparent a {fubftance as Water for
the produétion of thefe Colours, befides the various
fizes of its fluid and globuler parcels.

PARIOEP. SV o
The parts of Bodies on which their Colours depend,

are denfer than the medium , which pervades thew in-
ter flices.

This will appear by confidering, that the Colour of
a Body depends not only on the rays which are inci-
dent perpendicularly on its parts, but on thofe alfo
which are incident at all other Angles. And that ac-
cording to the 7th Obfervation, a very little variation
of obliquity will change the refle¢ted Colour where the

thin body or f{mall particle is rarer than the ambient
I1i medium,
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medium, infomuch that fuch a fmall particle will at di-
verfly oblique incidences reflect all forts of Colours, in
fo great a variety that the Colour refulting from them
all, confufedly refleted from a heap of fuch particles,
muft rather be a white or grey than any other Colour,
or at beft it muft be buta very imperfect and dirty Co-
lour. Whereas if the thin body or {mall particle be
much denfer than the ambient medium, the Colours
according to the 19th Obfervation are fo little changed
by the variation of obliquity, that ‘the rays which are
refle€ted leaft obliquely may predominate over the reft
fo much as to caufe a heap of fuch particles toappear
ve?f intenfly of their Colour.

It conduces alfo fomething to the confirmation of this
Propofition, that, according to the 22th Obfervation,
the Colours exhibited by the denfer thin body within
the rarer, are 'more brifque than thofe exhibited by the
rarer within the denfer. |

PROP VIL

T be bignefs of the component parts of natural Bodies

mﬂ%’é& confectured by therr Colours.
or fince the parts of thefe Bodies by Prop. 5. do
moft probably exhibit the fame Colours with a Plate of
equal thicknefs, provided they have the'fame refra&tive
dénifity 5 and fince their parts feem for the moft part to
have ‘miuch the fame denfity with Water or'Glafs, as
by many circumftances is-obvious ‘to colleét ; to deter-
mitie ‘the fizes of thofe 'parts you need only have recourfe
to the precedent Tables, in'which the thicknefs of Wa-
ter or'(3lafs exhibiting any Colour isiexprefled. Thus
if
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if it be defired to know the Diameter of a corpufcle,
which being of equal denfity with Glafs fhall refle&t
green of the third order; the number 165 thews 1t to

be _% parts of an Inch.
100000

The greateft difficulty is here to know of what order
the Colour of any Body is. And for this end we muft
have recourfe to the 4th and 18th Obfervations, from
whence may be colleéted thefe particulars. -

Scarlets, and other reds, oranges and yellows, if they
be pure and intenfe are moft probably of the fecond or-
der. Thofe of the firft and third order alfo may be
pretty good, only the yellow of the firft order is faint,
and the orange and red of the third order have a great
mixture of violet and blue. . | Lboy

There may be good greens of the fourth order, but
the pureft are of the third. And of this order the green
of all vegitables {feem to be, partly by reafon of the in-
tenfenefs of their Colours, and partly becaufe when
they wither fome of them turn to a greenifh yellow,
and others to a more perfet yellow or nrari:ge, or per-
haps to red, paffing firft through all the aforefaid in-
termediate Colours. -‘Which changes {eem to be effeted
by the exhaling of the moifture which may leave the
tinging corpufcles more denfe, and fomething augmen-
ted by the accretion of the oyly and earthy part of
that moifture. . Now the green without doubt is of the
{ame order with thofe Colours into which it changeth,
becaufe the changes are gradual, and thofe Colours,
though ufually not very full, yet are often too full and
lively to be of the fourth order.

g Blucs
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Bluesand purples may be either of the fecond 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 Liquors turns red, and by urinous and alcali-
zale turns green. For fince it is of the nature of Acids
to diffolve or attenuate, and of Alcalies to precipitate
or incraffate, if the purple Colour of the Syrup was of
the fecond order, an acid Liquor by attenuating its ting-
ing corpufcles would change it to a red of the firft
order, and an Alcaly by incraffating them would change
it to a green of the fecond order ; which red and green,
efpecially the green, feem too imperfect to be the Co-
lours produced by thefe changes. But if the faid purple
be fuppofed of the third order, its change to red of the
fecond, and green of the third, may without any in-
convenience be allowed.

If there be found any Body ofa deeper and lefs red-
difh purple than that of the violets, its Colour moft
probably is of the fecond order. But yet their being
no Body commonly known whofe Colour is conftantly
more deep than theirs, I have made ufe of their name to
denote the deepeft and leaft reddifh purples, fuch as
manifeftly tranicend their Colour in purity.

The blue of the firft order, though very faint and
little, may poffibly be the Colour of fome fubftances ;
and particularly the azure Colour of the Skys feems to
be of this order. Forall vapours when they begin to
condenfe and coalefce into {mall parcels, become firft of
that bignefs whereby fuch an Azure muft be reflected
before they can conftitute Clouds of other Colours. And
{o this being the firft Colour which vapors begin to
refledt, it ought to be the Calour of the fineft and moft

tran{-
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tranfparent Sklys in which vapors are not arrived to that
grofnefs requifite to refle¢t other Colours, as we find it
15 by experience.

W hitene[s, if moft intenfe and luminous, is that of the
firft order, if lefs ftrong and luminous a mixture of the
Colours of feveral orders. Of this laft kind is the
whitenefs of Froth, Paper, Linnen, and moft white {ub-
ftances ; of the former I reckon that of white metals to
be. For whilft the denfeft of metals, Gold, if foliated
18 trani;farent, and all metals become tranfparent if
diffolved in menftruums or vitrified, the opacity of
wlhite metals arifeth not from their denfity alone. They
being lefs denfe than Gold would be more tranfparent
than it, did not fome other caufe concur with their den-
fity to make them opake. And this caufe I take to be
fuch a bignefs of their particles as fits them to reflet
the white of the firft order. For if they be of other
thicknefles they may reflect other Colours,, as is mani-
feft by the Colours which appear upon hot Steel in tem-
pering it, and fometimes upon the furfice of melted
metals in the Skin or Scoria which arifes upon them in.
their cooling.  And as the white of the firft order is
the ftrongeft which can be made by Plates of tranfparent
{ubftances, fo it ought to be ftronger in the denfer fub-
ftances of metals than in the rarer of Air, Water and
Glafs. Nordo I fee but that metallic fubftances of fuch.
a thicknefs as may fit them to refle¢t the white of the
firft order, may, by reafon of their great denfity (accor-
ding to the tenour of the firft of thefe Propofitions) re-
flect all the Light incident upon them, and fo be as.
opake and {plendent as its poffible for any Body to be..

Gold, or Copper mixed with lefs than half their _weight%
0
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of Silver, or Tin, or Regulus of Antimony, in fufion
ot amalgamed with a very little Mercury become white;
which fhews both that the particles of white metals
have much more fuperficies, and foare fmaller, than
thofe of Gold and Cg:rpper, and alfo that they are fo
apake as not to fuffer the particles of Gold or Copper to
fhine through them. Now it is fcarce to be doubted,
but that the Colours of Gold and Copper are of the fe-
cond or third order, and therefore the particles of white
metals cannot be much bigger than is requifite to make
them refle&t the white of the firft order. The volati-
lity of Mercury argues that they are not much bigger,
nor may they be much lefs, leaft they lofe their opacity,
and become either tran{parent as they do when attenua-
ted by vitrification, or by folution in menftruums, or
black as they do when ground {maller, by rubbing Sil-
ver,or Tin,or Lead, upon other fubftances to draw black
Lines. The firft and only Colour which white metals
take by grinding their particles fmaller is black, and
therefore their white ought to be that which borders
upon the black Spot in the center of the Rin%s of Co-
lours, that is, the white of the firft order. But if you
would hence gather the bignefs of metallic particles,
you muft allow for their denfity. For were Mercury
tranfparent, its denfity is fuch that the Sine of inci-
dence upon it (by my computation) would be to the
fme of its refraction, as 71 to 20, or 7 to 2. And
therefore the thicknefs of its particles, that they may
exhibit the fame Colours with thofe of Bubbles of Wa-
ter, ought to belefs than the thicknefs of the Skin of
thofe  Bubbles 'in ‘the proportion of 2 to 7. Whence
its pofiible that the particles of Mercury may be as little

| as
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as the particles of fome tranfparent and volatile fluids,
and yet reflect the white of the firft order.

Laftly, for the producion of lack, the corpufcles
muft be lefs than any of thofe which exhibit Colours.
For at all greater fizes there is too much Light refle-
¢ted to conftitute this Colour. But if they be fuppo-
fed a little lefs than 1s requifite to refle¢t the white and
very faint blue of the firft order, they will, according
to the 4th, 8th, 17th and 18th Obfervations, reflect
{o very little as to appear intenfly black, and yet may
perhaps wvarioufly refract it to and fro within them-
{felves fo long, until it happen to be ftifled and loft,
by which means they will appear black in all pofitions
of the Eye without any tranfparency. And from hence
may be underfiood why Fue, and the more fubtile
diflolver Putrefaction, by dividing the particles of fub-
ftances, turnthem to black, why {mall quantities of
black fubftances impart their Colour very freely and in-
tenfly to other f{ubftances to which they are applied ;
the minute particles of thefe, by reafon of their very
great number, eaﬁg overfpreading the grofs particles
of others ; why Glafs ground very elaborately with
Sand on a copper Plate, ’till 1t be well polifhed, makes
the Sand, together with what is worn off from the Glafs
and Copper, become very black : why black {ubftances
do fooneft of all others become hot in the Sun’s Light
and burn, (which effe¢t may proceed partly from the
multitude of refrattions in a little room, and partly
from the eafy commotion of fo very fmall corpuicles;)
and why blacks are ufually a little inclined to a bluifh
Colour. For that they are fo may be feen by illumina-

ting white Paper by Light refletted from black fub<
{tances.



[ 64 ]

ftances. For the Paper will ufually ap]:l:-)ear of a bluifh
white ; and the reafon is, that black borders on' the
obfcure blue of the firft order defcribed in the 18th
Obfervation, and therefore refleCts more rays of that
Colour than of any other.

In thefe Defcriptions I have been the more particu-
lar, becaufe it is not impoffible but that Mifcrofcopes
may at length be improved to the difcovery of the
particles of Bodies on which their Colours depend, if
they are not already in fome meafure arrived to thatde-
gree of perfection.  For if thofe Inftruments are or can
be fo far improved as with {ufficient diftin¢nefs to re-
prefent Objeéts five or fix hundred times bigger than
at a Foot diftance they appear to our naked Eyes, I
fhould hope that we might be able to difcover fome of
the greateft of thofe corpufcles. And by one that would
magnify three or four thoufand times perhaps they
might all be difcovered, but thofe which produce black-
nefs. In the mean while I fee nothing material in this
Difcourfe that may rationally be doubted of excepting
this Pofition, That tranfparent corpufcles of the fame
thicknefs and denfity with a Plate, do exhibit the fame
Colour. And this I would have underftood not with-
out fome latitude, as well becaufe thofe corpufcles may
be of irregular Figures, and many rays muft be oblique-
ly incident on them, and fo havea fhorter way through
them than the length of their Diameters, as becaufe the
ftraitnefs of the medium pent in on all fides within fuch
corpufcles may a little alter its motions or other qua-
lities on which the reflexion depends. But yet I can-
not much fufpect the laft, becaufe I have obferved of
fome fmall Plates of Mufcovy-Glafs which were of an

€ven



[65]
even thicknefs, that through a Mifcrofcope they have
appeared of the fame Colour at their edges and cor-
ners where the included medium was terminated, which
they appeared of in other places. However it will add
much to our fatisfattion, if thofe corpufcles could be dif-
eovered with Mifcrofcopes ; which if we fhall at length
attain to, I fear it will be the utmoft improvement of
this fenfe. For it feems impofiible to fee the more fe-
cret and noble works of nature within the corpufcles
by reafon of their tranfparency.

et =V
T he mﬂﬁ? of Reflexion 15 not the z'mfz'ﬁg%ng of Laght on

the [olid or tmpervious parts of Bodies, as #s commonly be-
lieved.

This will appear by the following Confiderations.
Firft, That in the paflfage of Light out of Glafs into
Air there is a reflexion as ftrong as in its paflage out of
Air into Glafs, or rather a little ftronger, and by many
degrees ftronger than in its paflfage out of Glafs into
Water. And it feems not probable that Air fhould have
more refle€ting parts than Water or Glafs. But if that
fhould poffibly be fuppofed, yet it will avail nothing ;
for the reflexion is as {trong or ftronger when the Air is
drawn away from the Glafs, (fuppolfe in the Air-pump
invented by Mr. Boyle ) as when it is adjacent to it.
Secondly, {f Light 1n its paflage out of Glafs into Air
be incident more obliquely than atan Angle of 40 or
41 degrees it is wholly refle¢ted, if lefs obliquely it is
in great meafure tran{mitted. Now it is not to be ima-

gined that Light at one degree of obliquity fhould meet
Kk with
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with pores enough in the Air to tranfmit the greater
part of it, and at another degree of obliquity fhould
meet with nothing but parts to reflect it wholly, efpe-
cially confidering that in its paffage out of Air into
Gl:i}:; , how oblique foever be its incidence, it finds
pores enough in the Glafs to tran{mit the greateft part
of it. Ifany Man fuppofe that it is not reflected by the
Air, but by the outmoft fuperficial parts of the Glafs,
there is ftill the fame difficulty : Befides, that fuch a
Suppofition is unintelligible, and will alfo appear to be
fallfe by applying Water behind fome part of the Glafs
inftead of Air. For fo ina convenient obliquity of the
rays {fuppofe of 45 or 46 degrees, at which they are all
refleCted where the Air is adjacent to the Glafs, they
fhall be in great meafure tran{mitted where the Water
is adjacent to it; which argues, that their reflexion
or tranfiniffion depends on the conftitution of the Air
and Water behind the Glafs, and not on the friking
off the raysupon ‘the parts ‘of the Glafs. Thirdly, 1f
the Colours ‘made by a Prifm placed at the entrance of
a beam of Light into a darkened room be fucceffively
caft on a {econd Prifm placed at a greater diftance from
the former, in fuch manmer that they are all alike inci-
dent upon it, the fecond Prifm may be fo inclined ‘to
the incident rays, that thofe which are of a blue Colour
fhall be all refleCted by it, and yet thofe of a red Colour
pretty copioufly tranfiitted. Now if ‘the reflexion be
caufed by the parts of ‘Air or Glafs, T would ask, ‘wh

dt'the fame obliquity of incidence the blue fhould whol-
ly impinge on thofe parts {o as to be all refleéted, and
yet the red find pores enough to be in gredt meafare
tranfmitted. Fourthly, where two Glafies ‘touch one

another,
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another, there is no fenfible reflexion as was declared
in the firft Obfervation ; and yet I fee no reafon why
the rays fhould not impinge on the parts of Glafs as
much when contiguous to other Glafs as when con-
tiguous to Air. Fifthly, When the top of a Water-
bubble (in the 17th Obfervation) by the continual fub-
fiding and exhaling of the Water grew very thin, there
was {uch a little and almoft infenfible quantity of Light
refleted from it, that it appeared intenily black ; where-
as round about that black Spot, where the Water was
thicker, the reflexion was fo ftrong as to make the
Water féem very white. Nor is it only at the leaft
thicknefs of thin Plates or Bubbles, that there is no
manifeft reflexion, but at many other thicknefles con-
tinually greater and greater. For in the 15th Obfer-
vation the rays of the fame Colour were by turns tran{-
mitted at one thicknefs, and refleted at another thick-
nefs, for an indeterminate number of fucceffions. And
yet in the fuperficies of the thinned Body, where it is
of any one thicknefs, there are as many parts for the
rays to impingeon, as where it is of any other thick-
nefs. Sixthly, If reflexion were caufed by the parts of
reflecting Bodies, it would be impoffible for thin Plates
or Bubbles at the {fame place to reflet the rays of one
Colour and tran{imit thofe of another, as they do accor-
ding to the 13th and 15th Obfervations. For it is
not to be imagined that at one place the rays which
for inftance exhibit a blue Colour, thould have the for-
tune to dath upon the parts, and thofe which exhibit
a red to hit upon the pores of the Body ; and then at
another place, where the Body is either a littlethicker,
or a little thinner, that on the contrary the blue {hould
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hit upon its pores, and the red upon its parts. Laftly,
were the rays of Light refle¢ted by impinging on the
folid parts of Bodies, their reflexions from polifhed Be-
dies could not be fo regular as theyare. For in po-
lithing Glafs with Sand, Putty or Tripoly, it is not to
be imagined that thofe fubftances can by grating and
fretting the Glafs bring all its leaft particles to an ac-
curate polith ; fo that all their {urfaces fhall be truly
plain or truly fpherical, and look all the fame way, fo
as together to compofe one even furface. ' The fmaller
the particles of thofe fubftances are, the fmaller will
be the fcratches by which they continually fret and wear
away the Glafs until it be polifhed, but be they never
fo {mall they can wear away the Glafs no eotherwife
than by grating and fcratching it, and breaking ‘the
protutberances , and therefore polifh it no otherwife
than by bringing its roughnefs to a very fine Grain, fo
that the fcratches and frettings of the furface become
too {fmall to bevifible. And therefore if Light were
refle¢ted by impinging upon the folid parts of the Glafs,
1t would be fcattered as much by the moft polithed
Glafs as by the rougheft. So then it remains a Pro-
blem, how Glafs polifhed by fretting {ubftances can re-
flect Light foregularly as it does. And this Problem
1s {carce otherwife to be folved than by faying, that
the reflexion ofa ray is effected, not by a fingle point of
the refletting -Body, but by fome power of the Body
which is evenly diffufed all over its furface; and by
which it adts upon the ray without immediate contaét.
For that the parts of Bodies do act upon Light at a di-
ftance fhall be fhewn hereafter. ] (i

Now
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Now if Light be refleéted not by impinging on the
folid parts of Bodies, but by fome other principle ; its
probable that as many of its rays as impinge on the
folid parts of Bodies are not refleted but ftifled and
loft in the Bodies. . For otherwife we muft allow two
forts of reflexions. Should all the rays be refle¢ted which .
impinge on the internal parts of clear Water or Cryftal,
thofe fubftances would rather have a cloudy Colour
than a clear tranfparency. To'make Bodies look black,
its neceflary that many rays.be ftopt, retained and loft
in them, and it feems not probable that any rays can
be ftopt and ftifled in them which do not impinge on
their parts. .

~And hence we may underftand that Bodies are much
more rare and porous than is commonly believed.. Wa-
ter 1s 19 times lighter, and by confequence 19 times
rarer -than Gold , and Gold is fo rare as very readily
and without the leaft oppofition to tran{mit the mag-
netick ‘Effluvia, and eafily to admit Quick-filver into
its pores, and to let Water pafs through it. For a con-
cave Sphere of Gold filled with Water, and fodered up,
has upon prefling the Sphere with great force, let the
Water {queeze through it, 'and ftand all over its out-
fide in multitudes of fmall Drops, like dew, without
burfting or cracking the Body of the Gold as I have
been informed by an Eye-witnefs. = From all which we
may conclude, that Gold has more pores than folid
parts, and by confequence that Water has above forty-
times more pores than parts. And he that fhall find out
an Hypothefis, by which Water may be fo rare, and yet
not be capable of compreffion by force, may doubtlefs
by the fame Hypothefis make Gold and Water, and all

other
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other Bodies as much rarer as he pleafes, fo that Light

may find a ready paflage through tranfparent fub-
{tances.

PR OP IX.
Bodies refled and refrac Laght by one and the fame

power vartoufly exercifed i various circumftances.

This appears by feveral Confiderations. -« Firft, Be-
caufe when Light goes out of Glafs into Air, as ob-
liquely as it can poffibly do, if its incidence be made
ftill more oblique, it becomes totally reflected. For
the power of the Glafs after it has refracted the Light
as obliquely as is poflible if the incidence be ftill made
more oblique, becomes too ftrong to let any of its rays
go through, and by confequence caufes total reflexions.
Secondly , Becaufe Light 1s alternately refle¢ted and
tranfmitted by thin Plates of Glafs for many fucceflions
accordingly, as the thicknefs of the Plate increafes
in an arithmetical Progreflion. For here the thicknefs
of the Glafs determines whether that power by which
Glafs altsupon Light fhall caufe it to be refleCted, or
{uffer it to be tran{mitted. And, Thirdly, becaufe thofe
furfaces of tranfparent Bodies which have the greateft
refralting power, reflect the greateft quantity of Light,
as was fhewed in the firft Propofition. 101080 13

P:R O X

If Laght be [wifter in Bodies than in Vacuo i the
proportion of the Sines which meafure the refradion of the
Budiesy the forces of the Bodies to reflect and refrad Lag b,

are
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are very nearly proportional to the denfities of the Jame
Bodies, excepting that unuous and [ulphureous Bodies re-
fract more thanothers of this fame denfity.
Let A B reprefent the refrating plane furface of any
Body, and 1Ca ray incident very obliquely upon the

I
p——— -
A c Bl

R

Body in C, fo that the Angle ACI may be infinitely
little, and let CR be the refratted ray. From a given
oint B perpendicular to the refratting furface ereét
R ‘meeting with the refrated ray CR in R, and if
CR reprefent the motion of the refracted ray, and this
motion be diftinguifhed into two motions Cé and BR,
whereof CB is a parallel to the refrating plane, and
BR perpendicular to it : CB fhall reprefent the motion
of the incident ray, and BR the motion generated by
the refration, as Opticians have of late explained.
Now if any body or thing in moving through any
{pace of a giving breadth terminated on both fides by
two parallel plains, be urged forward inall parts of
that {pace by forces tending directly forwards towards
the laft plain, and before its incidence on the firft
plane, had no motion towards it, or but an infinitly
little one ; and if the forces in all parts of that {pace,
between the planes be at equal diftances from the planes
equal to one another, butat feveral diftances be bigger
or lefs in any given proportion, the motion generated

by the forces in the whole paflage of the body or thing
through.
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through that {pace fhall be in a {ubduplicate proportion
of the forces, as Mathematicians will eafily underftand.
And therefore if the {pace of a&tivity of the refratting
{uperficies of the Body be confidered as fuch a fpace,
the motion of the ray generated by the refratting force
of the Body, during its paflage through that fpace
that is the motion BR muft be in a fubduplicate
proportion of that refracting force : I fay therefore that
the {quare of the Line BR, and by confequence the
refratting force of the Body 1is very nearly as the den-
fity of the fame Body. For this will appear by the fol-
lowingTable, wherein the proportion of the Sines which
meafure the refraxions of feveral Bodies, the fquare
of BR fuppofing CB an unite, the denfities of the
Bodies eftimated by their fpecifick gravities, and their
refrative power in refpet of their denfities are fet
down in feveral Columns.

.
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-

The Proportion|The Square of |The denfit\The refra-
of the Sines of| BR, towhich and [peci4 iive powen
The refracting Bodies. | zzcidence and| the rqué?mg fic gravity of the Body
refraction of far:e of theBo. qf the Bo-| in  re[pect
yellow Light. | dy & Prﬂpar-" ). of its den-
tionate. [fity.
A Pfeudo-Topazius, be-|
- ing a natural,pellucid, ) 3
brigttlv::, hairy S[::t}ne, G Y 699 & 57 3979 1
a yellow Colour
Air 3851 to 3850 o’ooosz 0’00125 4160
Glafs of Antimony 17t0  g|2’568 5. 28 4864
A Selenitis 61 t0 41| 1213 2’252 5386
Glafs vulgar 31to  20|1’4025 2’58 5436
Cryftal of the Rock 25t0 16| 1’44 2’6 5450
Ifland Cryftal & to' T3 ";;r 2";2 6536
Sal Gemma 17to 11l 1’388 2’1473 6477
Alume 35to  24|1’1267 1’714 6570
Borax 22t0 151’1511 1’714 6716
Niter 3210 21/ 1°345 1’ 7079
Dantzick Vitriol 303 to 200 ’3-;,;5 1’715 7551
Oyl of Vitriol 1I0t0  7|1’041 1’7 6124
Rain Water 529 to  396(0’7845 1. 7845
Gumm Arabic 2L to~ _21la’170 1’375 8574
Spgé::iﬂmec well recti- 100to 73| 0’8765, 0’866 Roro
Camphlm gtont ©r2 tlzs 0’996 12551
Oyl Olive 22 t0 I15|1’I51X 0'913 12607
Lintfeed Oyl 4o0to  27[(1’°1948 0’932 12819
Spirit of Turpentine 25t0 17/1°1626 ’8';4 13222
Ambar I4t0  9[1'42 11 04 C1 13654
A Diamond 100 t0  41|4°949 3y 14556

The refraGion of the Air in this Table is determined
by that of the Atmofphere obferved by Aftronomers.
For if Light pafs through many refracting fubftances or

mediums gradually denfer and denfer, and terminated
with

Ll
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with paralle]l furfaces, the fumm of all the refrations
will be equal to the fingle refra¢tion which it would
have fuffered in pafling immediately out of the firft
medium into the laft. And this holds true, though the
number of the refracting {ubftances be increafed to infi-
nity, and the diftances from one another as much de-
creafed, {o that the Light may be refralted in every
point of its paflage, and by continual refrattions bent
intoa curve Line. And therefore the whole refration
of Light in pafling through the Atmofphere from the
higheft and rareft part thereof down to the loweft and
denfeft part, muft be equal to the refrattion which it
would {uffer in paffing at like obliquity out of a Va-
cuum immediately into Air of equal denfity with that
in the loweft partof the Atmofphere.

Now, by this Table, the refrations of a Pfeudo-To-
paz, a Selenitis, Rock Cryftal, Ifland Cryftal, Vulgar
Glafs (that is, Sand melted together ) and Glafs of
Antimony, which are terreftrial ftony alcalizate con-
cretes,and Air which probably arifes from fuch fubftances
by fermentation,though thefe be fubftances very differing
from one anotherin denfity, yet they have their refra-
&tive powers almoftin the fame proportion to one ano-
theras their denfities are,exceptingithatthe refration of
that ftrange fubftance Ifland-Cryftal is a little bigger
than the reft. And particularly Air, which 1s 3400 times
- xarer than'the Pleudo-Tlopaz, and 4200 times rarer than
Glafs of Antimony, has notwithftanding its rarity the
{ame refraltive power in refpect of its denfity which
thofe twovery denfe fubftances have in refpeét of theirs,
excepting fo far as thofe two differ from one another.

Again,



L75]

Again, the refrattion of Camphire, Oyl-Olive, Lint.
feed Oyl, Spirit of Turpentine and Amber, which are
fat fulphureous un&tuous Bodies, and a Diamond, which
probably is an un&tuous fubftance coagulated, have their
refraétive powers in proportion to one another as their
denfities without any confiderable variation. But the
refrative power of thefe untuous fubftances is two
or three times greater in refpect of their denfities than
the refractive powers of the former fubftances in refpet
of thetrs. |
- Water hasa refrattive power in a middle degree be-
tween thofe two forts of fubftances, and probably is of
a middle nature. For out of it grow all vegetable and
animal fubftances, which confift as well of fulphureous
fat and inflamable parts, as of earthy lean and alcali-
Zate ones.

Salts and Vitriols have refra&ive powers in a middle
degree between thofe of earthy fubftances and Water,
and accordingly are compofed of thofe twodorts of {ub-
ftances. ~ For by diftillation and ' reGification of their-
Spirits a great part of them goes into Water, and a great
part remains behind in theform of a dry fixt earth ca-
pable of vitrification. -

Spirit ' of Wine has a refradtive power in a middle
degree between thofe of Water and oyly fubftances, and
accordingly feems to be compofed of both, united by
fermentation ; the Water, by means of fome faline Spi-
~ rits with which ’tis impregnated, diffolving the Oyl,

and volatizing it by the action. - For Spirit of Wine s
inflamable by means of its oyly parts, and being diftil-
Jed often from Salt of Tartar, grows by every diftilla-
tion more and’ more .agueuus and : flegmatick. «And
: Tilve Chymifts
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Chymifts obferve,, that Vegitables (as Lavender, Rue,
Marjoram, ©¢.) diftilled per fe, before fermentation
yield Oyls without any burning Spirits, but after fer-
mentation yield ardent Spirits without Oyls : Which
fthews, that their Oyl is by fermentation converted into
Spirit.  They find alfo, that if Oyls be poured in {mall
quantity upon fermentating Vegetables, they diftil over
after fermentation in the form of Spirits.

So then, by the foregoing Table, all Bodies feem to
have their refrative powers proportional to their
denfities, (or very nearly ;) excepting fo far as they
partake more or lefs of fulphurous oyly particles, and
thereby have their refrative power made greater or
lefs. - Whence it feems rational to attribute the refra-
&ive power of all Bodies chiefly, if not wholly, to the
fulphurous parts with which they abound. For it’s
probable that all Bodies abound more or lefs with Sul-
phurs. ' And as Light congregated by a Burning-glafs
alts moft upon fulphurous Bodies, to turn them in-
to fire and flame ; fo, fince all altion is mutual, Sul-
phurs ought to aét moft upon Light. For that the
altion between Light and Bodies is mutual, may appear
from this Confideration, That the denfeft Bodies which
refract and refle¢t Light moft ftrongly grow hotteft in
the Summer-Sun, by the action of the refrated or re-
flected Light. |

I have hitherto explained the power of Bodies to re-
fle&t and refraét, and thewed, that thin tranfparent
plates, fibresand particles do, according to their feveral
thicknefles and denfities, refle¢t feveral forts of rays,
and thereby appear of feveral Colours, and by confe-
quence that nothing more is requifite. for producing all

the
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the Colours of natural Bodies than the feveral fizes and
denfities of their tran{parent particles. But whence it
is that thefe plates, fibres and particles do, according
to their feveral thicknefles and denfities, reflect {everal
forts of rays, I have not yet explained. To give fome
infight into this matter, and make way for underftan-
ding the next Part of this Book, I fhall conclude this
Part with a few more Propofitions. Thofe which pre-
ceded refpect the nature of Bodies, thefe the nature of
Light : For both muft be underftood before the reafon
of their aftions upon one another can be known. And
becaufe the laft Propofition depended upon the velo-
i:{i_tyd of Light, I will begin with a Propofition of that
ind.

Pade LT XL

Liaght 15 propagated from luminous Bodies in time, and
Jpends about [even or eight minutes of an bowr n paffine
from the Sun to the Earth.

This was obferved firft by Romer, and then by others,.
by means of the Eclipfes of the Satellites of Fupiter.

or thefe Eclipfes, when the Earth is between the Sun
and “Fupiter, happen about {even or eight minutes {ooner
than they ought to do by the Tables,and when the Earth
1s beyond the Sun they happen about feven or eight mi-
nutes later than they ought to do; the reafon being, that
the Light of theSatellites has farther to go in the latter
cafe than 1n the former by the Diameter of the Earth’s
Orbit. Some 1inequalities of time may arife from the
excentricities of the Orbs of the Satellites ; but thofe

cannot anfwer in all the Satellites, and at.all tunes
to
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to the pofition and diftance of the Earth from the Sun.
The mean motions of Ffupiter’s Satellites is alfo fwifter
in his defcent from his Aphelium to his Perihelium,
than in his afcent in the other half of his Orb : But this
inequality has no refpeét to the pofition of the Earth,
and in the three interior Satellites is infenfible, as I find
by computation from the Theory of their gravity.

P R-OL.oi XLk

Every ray of Light in its paflage throngh any vefra-
ing [urface 15 put into o certain tranfient conflitytion
or [tate, wbhich in the progre[s of the ray returns at
equal intervals, and daipaje; the ray at m? return
to be eafily tranfmitted through the next refracling [ur-
faces and between the returns to be eafily ?‘Eﬂﬂi‘d by
it. | |

This is manifeft by the sth, gth, 12th and 15th Ob-
fervations. For by thofe Obfervations it -appears, that
one and the fame fort of rays at equal Ang of inci-
dence on any thin tranfparent plate, is alternately refle-
&ed and tranfmitted for many fucceffions accordingly,
as the thicknefs of the plate increafes in arithmetical
progreffion of the numbers o, 1,2, 3, 4, 5, 6, 7, B, &e.
fo that if thefirft reflexton (that which makes the firft
or innermoft of the Rings of Colours there deferibed )
bemade at the thicknefs 1,the rays fhall be tran{mitted at
the thicknefles o, 2, 4, 6, 8, 10, 12, V9¢. and thereby
make the central Spot and Rings of ,Li-ght', which ap-
pear by tranfmiffion, and be refle€ted ‘at ‘the thicknefs
1,35 55 759, 11,0, and thereby make the Rings which

appear
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appear_ﬁy reflexion. And this alternate reflexion and
tran{miffion, as I gather by the 24th Obfervation, con-
tinues for above an hundred viciffitudes, and by the
the Obfervations in the next part of this Book, for many
thoufands, being propagated from one {urface of a Glafs-
plate to the other, though the thicknefs of the plate
be a quarter of an Inch or above : So that this alter-
nation feems tobe propagated from every refraéting
furface to all diftances without end or limitation.

This alternate reflexion and refration depends on
both the furfaces of every thin plate, becaufe it de-
pends on their diftance. By the 21th Obfervation, if
either furface of a thin plate of Mufcovy-Glafs be wet-
ted, the Colours caufed by the alternate retlexion
and refraction grow faint, and therefore it depends on
them both.

It 1s therefore performed at the fecond furface, for
if it were performed at the firlt, before the rays ar-
rive at the fecond, it would not depend on the fe-
cond.

It 1s alfo influenced by fome ation or difpofition,
propagated from the firft to the fecond, becaule other-
wife at thefecond it would not depend on the firft. And
this ation or difpofition, in its propagation, intermits
and returns by equal intervals, becaufe in all its pro-
grefs it inclines the ray at one diftance from the firft
furface to be refle¢ted by the fecond, at another to be
tranfmitted by it, and that by equal intervals for innu-
merable vicifitudes. And becaufe the ray is difpoled
to reflexion at the diftances 1, 3,5, 7, 9,¢. and to
tranfmiffion at the diftances o, 2, 4, 6,8, 10, ¢, (for .

its tranf{miflion through the firft furface, 1s at th{{t: di-
anee
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ftance o, and it s tranfmitted through both toge-
ther, if their diftance be infinitely little or much lefs
than 1) the dil'{;ﬁtipn to be tranfmitted at the diftances
2, 4, 6,8,10,0¢. isto be accounted a return of the
fame difpofition which the ray firft had at the diftanceo,
that is at its tranfmiflion through the firft refratting fur-
face. All which is the thing I would prove.

What kind of ation or difpofition this is? Whether
it confift in a circulating or a vibrating motion of the
ray, or of the medium, or fomething elfe ? I do not
here enquire. Thofe that are averfe from aflenting to
any new difcoveries, but fuch as they can explain by an
Hypothefis, may for the prefent {uppofe, that as Stones
by falling upon Water put the Water into an undula-
ting motion, and all Bodies by percuffion excite vibra-
tions in the Air; fo the rays of Light, by impinging on
any refraéting or refle€ting {urface, excite vibrations in
the refracting or refleéting medium or fubftance, and
by exciting them agitate the folid parts of the refratting
or refleCting Body,and by agitating them caufe the Body
to grow warm or hot ; that the vibrations thus excited
are propagated in the refraéting or reflecting medium
or fubftance, much after the manner that vibrations are
propagated in the Air for caufing found, and move
fafter than the rays {fo as to overtake them ; andthat
when any ray isin that part of the vibration which con-
fpires with its motion, it eafily breaks througha re-
fralting furface, but when it is in the contrary part of
the vibration which impedes its motion, it is eafily
refleCted ; and; by confequence, that every ray is fuc-
ceflively difpofed to be eafily reflected, or eafily tranf-
mitted, by every vibration which overtakes it. But

whether
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whether this Hypothefis be true or falfe T do not here
confider. 1 content my felf with the bare difcovery,
that the rays of Light are by fome caufe or other alter-
nately difpofed to be refletted or refratted for many vi-
ciffitudes.

DEFINITION.

T be returns of the difpofition of any ray o be refleded
I awill call 15 Fits of eafy reflexion, and thofe of
its difpofition to be tranfmitted its Fits of ealy trani-
miffion, and the [pace it pafles between every re-
turn and the next return, the Interval of its

Fits.
PR Pias X LT

T he reafon why the [urfaces of all thick tran[pavent
Bodies reﬁiﬂ Pm?; of t%;e fifgbt fz':zfi.:ienr on tbeﬁ and
refrad the reft, i, that fome rays at thew wncidence are
n Fits of ealy veflexion, and others in Fits of eafy tran/-
wLyLon.

-%his may be gathered from the 24th Obfervation,
where the Light refleted by thin plates of Air and Glafs,
which to the naked Eye appeared evenly white all over’
the plate, did through a Prifm appear waved with many
{ucceffions of Light and Darknefs made by alternate fits
of eafy reflexion and eafy tranfmiffion, the Prifm
fevering and diftinguithing the waves of which the
white reflefted Light was compofed, as was explained

above.
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And hence Light is in fits of eafy reflexion and eafy
tranfmiffion, before its incidence on tranfparent Bodies.
And probably it is put into fuch fits at its firft emiffion
from luminous Bodies, and continues in them during
all its progrefs. For thefe fits are of a lafting Nature,
as will appear by the next part of this Book.

In this Propofition I fuppofe the tranfparent Bodies
to be thick, 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 lofethits reflecting
power. For if the rays, which at their entering into
the Body are put into fits of eafy tran{miffion, arrive at
the furtheft furface of the Body before they be out of
thofe fits they muft be tranfmitted. And this is the
reafon why Bubbles of Water lofe their refle¢ting power
when they grow very thin, and why all opake Bo-
dies when reduced into very fmall parts become tranf-
parent.

P RIQPHCXAV,

T hofe [urfaces of tranfparent Bodies, which if the ray
be m a fit of vefraction do vefralt it moft ﬂraﬂgly} if the
vay be in a fit of reflexion doreflelt it moft eafily.

For we thewed above in Prop.8. that the caufe of
reflexion is not the impinging of Light on the folid
impervious parts of Bodies, but fome other power b
which thofe folid parts alt on Light at a diftance. W%
fhewed alfo in Prop. 9. that Bodies refle&t and refract
Light by one and the fame power varioufly exercifed in
various circumftances, and in Prop. 1. that the moft
ftrongly refralting furfaces refleét the moft Light: All

which
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which compared together evince and ratify both this
and the laft Propofition.

Bals © Piv XN

 In any one and the [ame [ort of rays emerging in any
Angle out u:ijf any refracting [urface mnto one and the [ame
mefiw;, the interval of the follwing fits of eafy reflexion
and tm:;ﬁfnéﬁm are either accurately or very mearly, as

the Reclangle of the [ecant of the Aﬂgi?f refraction, and
of the [ecant of another Angle, whole fine 15 the firft of
106 arithmetical mean proportionals , between the fines
of incidence and refraction counted from the fine of re-
fraction.

This is manifeft by the 7th Obfervation.

FORAOPES  PXT.

In [everal [orts of rays emerging in equal Angles out
of any refradmg [urface into the fame medium, the inter-
vals of the follovng fits of eafy veflexion and eafy tranf-
miffion ave either accurately, or very nearly, as the Cubes
roots of the Squares of the Lengths F/Y a Chord, which [ound
the notes in an Eight, fol, la, fa, {ol, la, mi, fa, fol, wuth
all their intermediate degrees anfwering to the Colours of
thofe rays, according to the Analogy defcribed an dhe [e-
venth Experiment of the fecond Book. -

This is manifeft by the 13th and 14th Obfervations.

Mm 2 PROP
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P R.OC. P. kil

If rays of any one fort pafs perpendicularly into [everal
mediums, the intervals of the fits of eafy reflexion and
“tranfmiffion in any one medium, 15 to thofe wmtervals m
any other as the fine of incidence to the fine of refradlion,
when the rays pafs out of the furfl of thofe two mediums

nto the [ econd.

- This is manifeft by the 10th Obfervation..

P RO X VLIS

If the rays which pant the Colowr m the confine of
yellow and orange pafs perpendicularly out of any medium
wmto Airy the wntervals of their fits of eafy reflexion are
the ﬁﬁté part of an Inch. And of the [ame length are
the intervals of their fits of eafy tranfm(fion.

This is manifeft by the 6th Obfervation.

From thefe Propofitions it is eafy to colle¢t the in-
tervals of the fits of eafy reflexion and eafy tran{mif-
fion of any fort of rays refratted in any Angle inte
any medium, and thence to know, whether the rays
fhall be refle¢ted or tranfmitted at their fubfequent
incidence upon any other pellucid medium. Which
thin%being ufeful for underftanding, the next part of
this Book was here to be fet down. And for the fame
reafon I add the two following Propofitions.

PROP.
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PR OP XIX

~ If any [ort of rays falling on the polite [urfuce of an

pellucid medium be re‘ﬂedéd back, ;.‘t]be: ﬁrf.:r ‘-‘5{‘}(‘ mjg ri
flexion which they bave at the pomt of reflexion | [ball
fiill continue to return, and the returns fball be at di-
ftances from the point of veflexion in the arithmetical
progreffion of the numbers 2, 4, 6, 8, 10, 12,&c. and be-
twfn thefe fits the rays fball be m fits of eafy tranf-
mefjLon.

For fince the fits of eafy reflexion and eafy tranf-
miffion are of a returning nature, there is no reafon
why thefe fits, which continued till the ray arrived at
the refle¢ting medium, and there inclined the ray to
reflexion, fhould there ceafe. And if the ray at the
point of reflexion was in a fit of eafy reflexion, the
progreffion of the diftances of thefe fits from that point
muft begin from o, and fo be of the numbers o, 2, 4,
6,8, ¥c. And therefore the progreflion of the di-
ftances of the intermediate fits of eafy tranfmiflion rec-
koned from the fame point, muft be in the progreffion
of the odd numbers 1, 3,5,7, 9,¢. contrary to what
happens when the fits are. propagated from points of.
refraction. —

P RO P XX
T be wtervals of the fits of _enfy reflexion m::d eafy

tm;_fmi tony propagated from povats of reflexion inio any
mediums are equal to the intervals of the like fits which

the [ame rays would bave, if refraded into the [ame
| medium
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medium in Angles of refraclion equal to thewr Angles of
Fefrexton,

ﬂFm* when Light is refle€ted by the fecond furface of
thin plates, 1t goes out afterwards freely at the firft fur-
face to make the Rings of Colours which appear by
reflexion, and by the freedom of its egrefs, makes the
Colours of thefe Rings more vivid and ftrong than thofe
which appear on the other fide of the plates by the
tranfmitted Light. Therefle¢ted rays are therefore in
fits of eafy tranfmiffion at their egrefs ; which would
not always happen, if the intervals of the fits within
the plate after reflexion were not equal both in length
and number to theirintervals beforeit. And this confirms
alfo the proportions fet down in the former Propofition.
Forif the rays both in going 1n and out at the firft furface
be in fits of eafy tran{miffion, and the intervals and num-
bers of thofe fits between the firft and fecond furface,
before and after reflexion, be equal ; the diftances of
the fits of eafy tran{miffion from either furface, muft be
in the fame progreflion after reflexion as before ; that
is, from the firft {urface which tranfmitted them, in
the progreflion of the-even numbers o, 2y 4,6, 8, &e.
and from the fecond which refleCted them; in that of
the odd numbers 1, 3, 5, 7, ¥c. But thefe two Pro-
pofitions will become much more evident by the Obfer-
vations in the following part of this Book.

THE
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T HE

SECOND BOOK
5P T 1.G:K'S.

PoAcR P A Vq

Obfervations concerning the Reflexions and Colours of
thick tranfparent polifbed Plates.

' I \Here is no Glafs or Speculum how well foever

polifhed, but, befides the Light which it refrats
or refleéts regularly, fcatters every way irregularly a
faint Light, by means of which the polithed furface,
when illuminated in a dark Room by a beam of the
Sun’s Light, may be eafily feen in all pofitions of the
Eye. There are certain Phenomena of this fcattered
Light, which when I firft obferved them, feemed very
ftrange and furprifing to me. My Obfervations were

as follows.
L]

OBS.
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O:B15. 7L

The Sun fhining into my darkened Chamber through
a Hole } of an Inch wide, I let the intmn'aitted beam
of Light fall perpendicularly upon a Glafs Speculum
ground concave on one fide and convex on the other,
toa Sphere of five Feet and eleven Inches Radius, and
quick-filvered over on the convex fide. And holding
a white opake Chart, or a Quire of Paper at the Center
of the Spheres to which the Speculum was ground, that"
is, at the diftance of about five Feet and eleven Inches
from the Speculum, in fuch manner, that the beam of
Light might pafs through a little Hole made in the
middle of the Chart to the Speculum, and thence be
refleted back to the faume Hole : 1 obferved upon the
Chart four or five concentric Irifes or Rings of Colours,
like Rain-bows, encompaffing the Holg much after the
manner that thofe, which in the fourth and following
Obfervations of the firft part of this third Book appeared
between the Object-Glatles,encompafled 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 fometimes,
when the Sun fhone very clear, there appeared faint
Lineaments of a fixth and feventh. If the diftance of
the Chart from the Speculum was much greater or much
lefs than that of fix Feet, the Rings became dilute and
vanifhed. And if the diftance of the Speculum from
the Window was much greater than that of fix Feet, -
the refle€ted beam of Light would be fo broad at the
diftance of fix Feet from the Speculum where the Rings

appeared,
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appeared, as to obfcure one or two of the innermoft
Rings. And therefore I ufually placed the Speculum
at about fix Feet from the Window ; fo that its Focus
might there fall in with the center of its concavity at the
Rings upon the Chart. And this pofture is always to
be underftood in the following Obfervations where ne

other 1s expreft.

OB Siadl.

The Colours of thefe Rain-bows fucceeded one ano-
ther from the center outwards, in the fame form and
order with thofe which were made in the ninth Obfer-
vation of the firft Part of this Book by Light not re-
fleCted, but tranfmitted through the twoObjett-Glafles.
For, firft, there was in their common center a white
round Spot of faint Light, fomething broader than the
refleéted beam of Light ; which beam fometimes fell
upon the middle of the Spot, and fometimes by a little
inclination of the Speculum receded from the middle,
and left the Spot white to the center.

This white Spot was immediately encompafled with
a dark grey or ruflet; and that darknefs with the Co-
lours of the firft Iris, which were on the infide next
the darknefs a little violet and indico, and next to that
a blue, which on the outfide grew pale, and then fuc-
ceeded a little greenifh yellow, and after that a brighter
yellow, and then on the outward edge of the Iris a red
- which on the outfide inclined to purple.

This Iris was immediately encompafled with a fe-

cond, whote Colours were in order from the infide
Nn out-
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outwards, purple, blue, green, yellow, light red, a red
mixed with purple.

Then immediately followed 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 feemed of a bluifh green
within, and red without, but {o faintly that it was dif-
ficult to difcern the Colours.

0 B8 ML

Meafuring the Diameters of thefe Rings upon the
Chart as accurately as 1 could, 1 found them alfo in
the . fame ' proportion to one another with the Rings
made by Light tran{fmitted through the two Objett-
Glafles. For the Diameters of the four firft of the
bright Rings meafured between the brighteft parts of
their orbits, at the diftance of {ix Feet from the Specu-
lum were 13, 23, 2445 3} Inches, whofe fquares are in
anithmetical progreffion of the numbers 1, 2, 3, 4. If
the white circular Spot in the middle be reckoned
amongft the Rings, and its central Light, where it
feems to be moft luminous, be put equipollent to an
infinitely little Ring ; the {quares of thec})iameters of the
Rings will be in the progreflion o, 1,2, 3, 4, ¥e. 1
meafured alfo the Diameters of the dark Circles be-
tween thefe luminous ones, and found their {quares
m the progreflion of the numbers !, 1%, 21 3: Uec.
the Diameters of the firft four at the diftance of fix Feet
from the Speculum, being 1%, 25, 22, 3% Inches. If
the diftance of the Chart from the Speculum was in-

creafed
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creafed or diminifhed, the Diameters of the Circles were
increafed or diminifhed proportionally.

o s My

By the analogy between thefe Rings and thofe de-
fcribed in the Obfervations of the firft Part of this Book,
I fufpetted that there were many more of them which
Igread into one another, and by interfering mixed their

olours, and diluted one another fo that they could
not be feen apart. I viewed them therefore through a
Prifin, as I did thofe in the 24th Obfervation of the
firft Part of this Book. And when the Prifm was fo
placed as by refrafting the Light of their mixed Co-
lours to feparate them, and diftinguifh the Rings from
one another, as it did thofe in that Obf'ervatiun,gl could
then fee them diftincter than before, and eafily num-
ber 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.

LB STV,

Placing a Prifm at the Window to refraét the intro-
mitted beam of Light, and caft the oblong Spectrum
of Colours on the Speculum: I covered the Speculum
with a black Paper which had in the middle of it a Hole
to let any one of the Colours pafs through to the Spe-
culum, whilft the reft were intercepted by the Paper.
And now I found Rings of that Colour only which fell
upon the Speculum. If the Speculum was illuminated
with red the Rings were totally red with dark inter-

Nn 2 vals,
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vals, if with blue they were totally blue, and {o of the
other Colours. And when they were illuminated with
any one Colour, the Squares of their Diameters mea-
{fured between their moft luminous parts, were in the
arithmetical progreflion of the numbers o, 1,2,3,4,and
the Squares of the Diameters of their dark intervals in
the progreflion of the intermediate numbers {, 13, 2%, 3%:,
But if the Colour was varied they varied their magni-
tude. In the red they were largeft, in the indico and.
violet leaft, and in the intermediate Colours yellow,
green and blue ; they were of feveral intermediate big-
nefles anfwering 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 Speculum was illumi-
nated with white Light, the red and yellow on the out-
fide of the Rings were produced by the leaft refrangible
rays, and the blue and violet by the moft refrangible,
and that the Colours of each Ring {pread into the Co-
lours of the neighbouring Rings on either fide, after
the manner explained in the firft and fecond Part of this
Book, and by mixing diluted one another {fo that they
could not be diftinguifhed, unlefs near the center where
they were leaft mixed. For in this Obfervation I could
fee the Rings more diftinétly, and to a greater number
than before, being able in the yellow Light to number
eight or nine of them, befides a faint fhadow of a tenth.
To fatisfy my felf how much the Colours of the feveral
Rings fpread into one another, 1 meafured the Diame-
ters of the fecond and third Rings , and found them
when made by the confine of the red and orange to be
the fame Diameters when made by the confine of blue
and indico, as g to 8, or thereabouts. For it was hard

to
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to determine this ﬂpropurtion accurately. Alfo the Cir-
cles made fucceffively by the red, yellow and green,
diftered more from one another than thofe made {uccef-
fively by the green, blue and indico. For the Circle
made by the violet was too dark to be feen. To carry
on the computation, Let us therefore fuppofe that the
differences of the Diameters of the Circles made by the.
outmoft red, the confine of red and orange, the confine
of orange and yellow, the confine of yellow and green,
the confine of green and blue, the confine of blue and
indico, the confine of indico and violet, and outmoft vio--
let, are in proportion as the differences of the lengths
of a Monochord which found the tones in an Eight ;
Jol, la, fa, [ol, la, mi, fa, [ol, that is, as the numbers Z,
T b 3y = 1se And if the Diameter of the Circle made
by the confine of red and orange be 9 A, and that of
the Circle made by the confine of blue and indico be
8 A as above, their differenceg A ----8 A will be to
the difference of the Diameters of the Circles made by
the outmoft red, and by the confine of red and orange,
as ts +1: +7. 13, tos, thatisas = tos or 8 to 3, and to
the difference of the Circles made by the outmoft violet,
and by the confine of blue and indico, as s+ + 12 + 3,
to 3, +ie, that is, as 3 to 4, or as 16 to 5. And there-
fore thefe differences will be #+ A and i« A. Add the
firlt to 9 A and fubduét the laft from 8 A, and you
will have the Diameters of the Circles made by the
leaft and moft refrangible rays ¢* A and &3 A. Thefe
Diameters are therefore to one another as 75 to 61} or-
50 to 41, and their Squares as 2500 to 1681, that is,.
as 3 to 2 very nearly. Which proportion differs not

much from the proportion of the Diameters of the
| i Circless
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‘Circles made by the outmoft red and outmoft violet in
the 13th Obfervation of the firft part of this Book.

R g

Placing my Eye where thefe Rings appeared plaineft,
I faw the Speculum tinged all over with waves of Co-
lours ( red, yellow, green, blue ;) like thofe which in
the Obfervations of the firft Part of this Book appeared
between the Object-Glafles and upon Bubbles of Water,
but much larger. And after the manner of thofe, they
were of various magnitudes in various pofitions of the
Eye, fwelling and fhrinking as I moved my Eye this
way and that way. They were formed like Arcs of
concentrick Circles as thofe were, and when my Eye
was over againft the center of the concavity of the Spe-
culum (that is, 5Feet and 10 Inches diftance from the
Speculum) their common center was in a right Line
with that center of concavity, and with the Hole in the
Window. But in other poftures of my Eye their center
had other pofitions. They appeared by the Light of
the Clouds propagated to the Speculum through the
Hole in the Window, and when the Sun fhone through
that Hole upon the Speculum, his Light upon it was
of the Colour of the Ring whereon it fell, but by its
{plendor obfcured the Rings made by the Light of the
Clouds, unlefs when the Speculum was removed to a
great diftance from the Window, fo that his Light upon
1t might be broad and faint. By varying the pofition of
my Eye, and moving it nearer to or farther from the
direét beam of the Sun’s Light, the Colour of the Sun’s
refleéted Light conftantly varied upon the Speculum,

ds
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as it did upon my Eye, the fame Colour always ap-
pearing to a By-ftander upon my Eye which to me ap-
peared upon the Speculum. And thence I knew that
the Rings of Colours upon the Chart were made by thefe
refleCted Colours propagated thither from the Specu-
lum in feveral Angles, and that their production de-
gended not upon the termination of Light and Shad-
OW.

B 203 I T i I

By the Analogy of all thefe Phenomena with thofe of
the ﬁke Rings of Colours defcribed in the firft Part of
this Book, it feemed to me that thefe Colours were
produced by this thick plate of Glafs, much after the
manner that thofe were produced by very thin
plates. For, upon tryal, I found that if the Quick-
filver were rubbed off from the back-fide of the Specu-
lum, the Glafs alone would caufe the fame Rings of
Colours, but much more faint than before ; and there-
fore the Phenomenon depends not upon the Quick-
filver, unlefs {o far as the Quick-filver by the increafing
the reflexion of the back-fide of the Glafs increafes the:
Light of the Rings of Colours. I found alfo thata Spe-
culum of metal without Glafs made fome years fince
for optical ufes, and very well wrought, produced none
of thofe Rings; and thence I underftood that thefe
Rings arife not from one fpecular furface alone, but
depend upon the two furfaces of the plate of Glafs where-
of the Speculum was made, and upon the thicknefs of
the Glafs between them. For as in the 7th and 19th

Obfervations of the firft Part of this Book a thin platei;
0
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of Air, Water, or Glafs of an even thicknefs appeared
of one Colour when the rays were perpendicular to it,
of another when they werea little oblique, of another
when more oblique, of another when ftill more oblique,
and fo on ; {o here, in the fixth Obfervation, the Light
which emerged out of the Glafs in feveral obliquities,
made the Glafs appear of feveral Colours, and being
propagated in thofe obliquities to the Chart, there pain-
ted Rings of thofeColours. - And as the reafon why a
thin plate appeared of feveral Colours in feveral obli-
quities of the rays,was,that the rays of one and the fame
{ort are refle¢ted by the thin plate at one obliquity and
tranfmitted at another, and thofe of other forts tranf-
mitted where thefe are refle(ted, and refleted where
thefe are tranfmitted : So the reafon why the thick
plate of Glafs whereof the Speculum was made did ap-
pear of various Colours in various obliquities, and in
thofe obliquities propagated thofe Colours to the Chart,
was, that the rays of one and the fame fort did at one
obliquity emerge out of the Glafs, at another did not
emerge but were refleted back towards the Quick-fil-
ver by the hither furface of the Glafs, and accordingly
as the obliquity became greater and greater emerged
and were refle¢ted alternately for many fucceffions, and
that in one and the {fame obliquity the rays of one fort
were refle¢ted, and thofe of another tranfmitted. This
1s manifeft by the firft Obfervation of this Book : For
in that Obfervation, when the Speculum was' illumi-
nated by any one of the prifmatick Colours, that Light
made many Rings of the fame Colour upon the Chart
with dark intervals, and therefore at its emergence out
of the Speculum was alternately tranfmitted, and not-

tranf-
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tranfmitted from the Speculum to the Chart for many
fucceffions, according to the various obliquities of ifs
emergence. And when the Colour caft on the Specu-
lum by the Prifm was varied, the Rings became of
the Colour caft on ityand varied their bignefs with their
Colour, and therefore the Light was now alternately
tranfmitted and not tranfmitted from the Speculum to
the Lens at other obliquities than before. 1t feemed to
me therefore that thefe Rings were of one ‘and the fame
original with thofe of thin plates, but yet with this
~ difference that thofe of thin plates are made by the al-

ternate reflexions and tranfmiffions of the rays at the
fecond furface of the plate after one paflage through it :
But here the rays go twice through the plate before
they are alternatel%r refleCted and tranfmitted ; firft,
they go through it from the firft furface to the Quick-
filver,and then return through it from the Quick-filver
to the firft furface, and there are either tran{mitted to
the Chart or refle¢ted back to the Quick-filver, ac-
cnrdingjlqy as they are in their fits of eafie reflexion or
tranfmiffion when they arrive at that furface. For the
intervals of the fits of the rays which fall perpendicu=
larly on the Speculum; and are refleCted back in the
fame perpendicular Lines, by reafon of the equality of
thefe Angles and Lines areof the fame length and num-
ber within the Glafs after reflexion as before by the
19th Propofition of the third Part of this Book. = And
therefore fince all the rays that enter through the firft
{furface are in their fits of eafy tranfmiffion at their en-
trance, and as many of thefe as are reflefted by the fe-
cond are in their fits of eafy reflexion there, all thefe

muft beagain in their fits of eafy tranfmiffion at their
Oo return
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return to the firft, and by confequerice there go out of
the Glafs to the Chart; and form upon it the white
Spot of Light in the center of the Rings. For the rea-
fon holds good in all forts of rays, and therefore all
{forts muft go out promifcuoufly to that Spot, and by
their mixture caufe it to be. white. But the intervals
of the fits of thofe rays which are refleted more ob-
liquely than they enter, muft be greater after reflexion
than before by the 15thand 20th Prop. ~And thence
tt may happen that the rays at their return to the firft
{furface, may in certain obliquities be in fits of eafy re-
flexion, and return back to the Quick-filver, and in
other intermediate obliquities be again in fits of eafy
tranfmiflion, and fo go out to the Chart, and paint on
it the Rings of Colours about the white Spot. And
becaufe the intervals of the fits at equal obliquities are
greater and fewer in the lefs refrangible rays, and lefs
and more numerous in the more refrangible, therefore
the lefs refrangible at equal obliquities {hall make fewer
Rings than the more refrangible, and the Rings made
by thofe fhall be larger than the like number of Rings
made by thefe ; thatis, the red Rings fhall be larger
than the yellow, the yellow than the green, the green
than the blue, and the blue than the violet, as they
were really found to be in the 5th Obfervation. And
therefore the firft Ring of all Colours incompaffing the
white Spot of Light fhall 'be red without: and ‘violet
within, and yellow, and green, and blue in the middle,
as 1t was found in the fecond Obfervation ; and thefe
Colours in the fecond Ring, and thofe that follow thall
be more expanded till they {pread into one another,
and blend one another by interfering. |
Thefe
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Thefe feem to be' the reafons of thefe Rings in ge-
neral, and this put me upon obferving the thicknefs of
the Glafs, and confidering whether the dimenfions and
Ernpnrtinns of the Rings may be truly derived from it

y computation.

O B8OV 1L

I meafured therefore the thicknefs of this concavo-
convex plate of Glafs, and found it every-where : of an
Inch precifely. Now, by the éth Obfervation of the
firft Part of this Book, a thin plate of Air tranfmits the
brighteft Light of the firft Ring, that is the bright yel-
low, when its thicknefs is the gl th part of an Inch;
and by the 1oth Obfervation of the fame part, a thin
plate of Glafs tranfmits the fame Light of the fame Ring
when its thicknefs is lefs in proportion of the fine of
refraétion to the fine of incidence, that is, when its
thicknefs is the hsth or ;—th part of an Inch, fup-
pofing the fines are as 11 to 17. And if this thicknefs
be doubled it tranfmits the fame bright Light of the
fecond Ring, if tripled it tranfinits that of the third,
and fo on, the bright yellow Light in all thefe cafes be-
ing in its fits of tranfmiffion. And therefore if its thick-
nefs 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 tran{-
mitted perpendicularly from the reflefting convex fide
of the (Glafs through the concave fide to the white Spot
in the center of the Rings of Colours on the Chart : And
by a rule in the feventh Obfervation in the firft Part of
the firft Book, and by the C; sth and 20th Prupoﬁtmn?

0 2 0
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of the third Part of this'Book, if the rays be made ob-
lique to the Glafs, the thicknefs of the Glafs requi-
fite to tran{mit the fame bright Light of the fame Ring
in any obliquity is to this thicknels of ; of an Inch,as
the fecant of an Angle whofe fine is the firft of an hun-
dred and fix arithmetical means between the fines of
incidence and refraction, counted from the fine of inci-
dence when the refration is made out of any plated Bo-
dy into any medium incompaffing it, that 15,1n this cafe,
out of Glafs into Air. Now if the thicknefs of the Glafs
be increafed by degrees,fo as to bear to its firft thicknefs,
( wiz. that of a quarter of anInch ) the proportions
which 34386 (the number of fits of the perpendicular
rays in going through the Glafs towards the white Spot
in 'the center of the Rings,) hath to 34385, 34384,
34383 and 34382 (the numbers of thefits of the oblique
rays in going through the Glafs towards the firft, fe-
cond, third and fourth Rings of Colours,) and if the
firft thicknefs be divided into 1ccccococe equal parts,
the increafed thickneffes will be 100002908, 100005816,
100008725 and 100011633, and the Angles of which thefe
thicknefles are fecants willbe 26" 13", 37 5, 45 6" and
52'26"; the Radius being 100000c00 ; and the fines of
thefe Angles are 762, 1079, 1321 and 1525, and the
proportional fines of refrattion 1172, 1659, 2031 and
2345, the Radius being 1coooo. For fince the fines
of incidence out of Glafs into Air are to the fines
of refration as 11 to 17, and to theabove-mentioned
fecants as 11 to the firft of 106 arithmetical means
between 11 and 17, that 1s as 11 to 11,%, thofe fe-
cants will be to the fines of refraction as 11%; to 17,
and by this Analogy will give thefe fines. = So then

if
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if the okliquities of the rays to the concave furface of
the Glafs be fuch that the fines of their refra&tion in
paffing out of the Glafs through that f{urface into the
Air be 1172, 1659, 2031, 2345, the bright Light of
the 34386th Ring fhall emerge at the thicknefles of the
Glafs which are to : of an Inch as 34386 to 34383,
24384, 34383, 34382, refpectively.  And therefore if
the thicknefs in all thefe cafes be ! of an Inch (as it is in
the Glafs of which the Speculum was made) the bright
Light of the 34385th Ring fhall emerge where the fine
of refrationis 1172, and that of the 34384th,384383th
and 34382th Ring where the fine is 1659, 2031, and
2345 refpectively.. And in thefe Angles of refration
the Light of thele Rings fhall be propagated from the
Speculumto 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 Semidiame-
ters of thefe Rings fhall fubtend the Angles of refraction
made at the concave furface of the Speculum, and by
confequence their Diameters fhall be to the diftance of
the Chart from the Speculum as thofe fines of refraction
doubled are to the Radius that isas 1172, 1659, 2031,
and 2345, doubled are to 10co0o. And therefore if
the diftance of the Chart from the concave f{urface of
the Speculum be fix Feet (as it was in the third of thefe
Obfervations) the Diameters of the Rings of this bright
yellow Light upon the Chart fhall be 1’688, 2’389,
2’925, 3375 Inches : For thefe Diameters are to 6 Feet
as the above-mentioned fines doubled are to the Radius.
Now thefe Diameters of the hright yellow Rings, thus
found by computation are the very,fame with thofe

found in the third of thefe Obfervations by meafuring
them,,
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them, (wz. with 13- 2§, 233, and 3+Inches, and there-
fore the Theory of deriving thefe Rings from the thick-
nefs of the plate of Glafs of which the Speculum was
‘made, and from the obliquity of the emerging rays agrees
with the Obfervation. In this computation I have
equalled the Diameters of the bright Rings made by
Light of all Colours, to the Diameters of the Rings
made by the bright yellow. ' For this yellow makes the
brighteft part of the Rings of all Colours. If you defire
the Diameters of the Rings made by the Light of any
other unmixed Colour, you may find them readily by
putting them to the Diameters of the bright yellow ones
in a fubduplicate proportion of the intervals of the fits
of the rays of thofe Colours when equally inclined to
the refracting or refleting {urface which caufed thofe
fits, that is, by putting the Diameters of the Rings made
by the rays in the extremities and limits of the feven
Colours, red, orange, yellow, green, blue, indico, violet,
proportional the Cube-roots of the numbers, 1, 7,553,
1,3, %, 1, which exprefs the lengths of a Monochard
founding the notes in an Eight : For by this means the
Diameter of the Rings of thefe Colours will be found
pretty nearly in the fame proportion to one another,
which they ought to have by the fifth of thefe Obfer-
vatrons.

And thus I fatished my felf that thefe Rings were of
the fame kind and original with thofe of thin plates,
and by confequence that the fits or alternate difpofi-
tions of the rays to be refleéted and tranfmitted are pro-
pagated to great diftances from every refleting and re-
fratting {urface. But yet to put the matter out of doubt
I added the following Obfervation.

O BS.
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OB 8. IX:

If thefe Rings thus depend on the thicknefs of the plate
of Glafs their Diameters at equal diftances from feveral
Speculums made of fuch concavo-convex plates of Glafs
as are ground on the fame Sphere, ought to be recipro-
cally in a fubduplicate proportion of the thicknefles of
the plates of Glafs. And if this proportion be found
true by experience it will amount to a demonftration
that thefe Rings (lik= thofe formed in thin plates ) do
depend on the thicknefs of the Glafs. I procured there-
fore another concavo-convex plate of Glafs ground on
both fides to the fame Sphere with the former plate :
Its thicknefs was §, parts of an Inch ; and the Diameters
of the three firft bright Rings meafured between the
brighteft parts of their orbits at the diftance of 6 Feet
from the Glafs were 3. 42. 5% Inches. Now the thick-
nefs of the other Glafs being ; of an Inch was to thick-
nefs of this Glafs as ; to{,, that s as 31 to 10, or
310000000 tp 100000000, and the roots of thefe numbers
are 17607 and 10000, & 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. 4z. 55 to the Diameters of the fame Rings made
in, the third of thefe Obfervations by the thicker Glafs
14, 23 24, that is, the Diameters.of the Rings are reci-
procally in a fubduplicate proportion of thicknefles of:
the plates of Glafs.

So then in plates of Glafs which are alike concave on
one fide, and alike convex on the other fide, and alike

quick-filvered on the convex fides, and differ in nothing
but
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but their thicknefs, the Diameters of the Rings are re-
ciprocally in a fubduplicate proportion of the thicknefles
r_}fl the plates. And this fhews fufficiently that the Rings
depend on both the furfaces of the Glafs. They de-
pend on the convex furface becaufe they are more lu-
minous when that {urface 1s quick-filvered over than
when it is without Quick-filver. They depend alfo
upon the concave furface, becaufe without that furface
a Speculum makes them not. They depend on' both
{furfaces and on the diftances between them, becaufe
their bignefs is varied by varying only that diftance.
And this dependance 1s of the fame kind with that
which the Colours of thin plates have on the diftance
of the furfaces of thofe plates, becaufe the bignefs
of the Rings and their proportion to one another,
and the variation of their bignefs arifing from the varia-
tion of the thicknefs of the Glafs, and the orders of
their Colours, is fuch as ought to refult from the Prnpu;.
fitions in the end of the third Part of this Book,derived
from the the Phenomena of the Colours of thin plates
{et down in the firft Part.

There are yet other Phznomena of thefe Rings of
Colours but fuch as follow from the fame Propofitions,
and therefore confirm both the truth of thofe ProPuﬁ-
tions, and the Analogy between thefe Rings and the

Rings of Colours made by very thin plates. ' I fhall
tubjoyn fome of them. ,

O BS.
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O:B. 8. X,

When the beam of the Sun’s Light was refle¢ted back
from the Speculum not direétly to the Hole in the Win-
dow, but to a place a little diftant from it, the common
center of that Spot, and of all the Rings of Colours fell
in the middle way between the beam of the incident
Light, and the beam of the refleted 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 refleéted Light by inclining the Speculum re-
ceded more and more from the beam of incident Light
and from the common center of the coloured Rings be-
tween them, thofe Rings grew bigger and bigger, and
fo alfo did the white round Spot,and new Rings of Co-
lours emerged fucceffively out of their common center,
and the whiteSpot became a white Ring encompafling
them ; and the incident and refleCted beams of Light
always fell upon the oppofite parts of this Ring, illumi-
nating its perimeter like two mock Suns in the oppofite
parts of an Iris. So then the Diameter of this Ring,
meafured from the middle of its Light on one fide to
the middle of its Light on the other fide, was always
equal to the diftance between the middle of the incident
beam of Light, and the middle of the refleCted beam
meafured at the Chart on which the Rings appeared:
And the rays which formed this Ring were refleted by
the Speculum in Angles equal to their Angles of inci-
dence, and by confequence to their Anglesof refraltion
at their entrance into the Glafs, but yet their Angles of

Pp reflexion
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retlexion were not in the fame planes with their Angles
of incidence.

PYB S H N

The Colours of the new Rings were in a contrary
order to thofe of the former, and arofe after this man-
ner. The white round Spot of Light in the middle of
the Rings continued white to the center till the diftance
of the incident ond refletted beams at the chart was
about 7 parts of an Inch, and then it began to grow
dark in the middle. And when that diftance was about
13, of an Inch, the white Spot was become a Ring en-
compaffing a dark round Spot which in the middle in-
clined to violet and indico. And the luminous Rings
incompafling it were grown equal to thofe dark ones
which in the four firft Obfervations encompafled them,
that is to fay, the white Spot was grown a white Ring
equal to the firft of thofe dark Rings, and the firft of
thofe luminous Rings was now grown equal to the fe-
cond of thofe dark ones, and the fecond of thofe lumi-
nous ones to the third of thofe dark ones, and fo on.
For the Diameters of the luminous Rings were now 1%
k., 2%, 3%, Ve, Inches. |

When the diftance between the incident and refleéted
beams of Light became a little bigger, there emerged
out of the middle of the dark Spot after the indico a
blue, and then out of that blue a pale green, and foon
after a yellow and red. And when the Colour at the
center was brighteft, being between yellow and red,
the bright Rings were grown equal to thofe Rings which
in the four firft Obfervations next encompafled them;

that
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that 1s to fay, the white Spot in the middle of thofe
Rings was now become a white Ring equal to the firft
of thofe bright Rings, and the firft of thofe bright ones
was now become equal to the fecond of thofe, and fo
on. For the Diameters of the white Rings; and of the
other luminous Rings incompafling it, were now 1i%,
2%, 2i%, 3%, Ue. 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 yel-
low and red, the former indico, blue, green, yellow and
red, were become an Iris or Ring of Colours equal
to the firft of thofe luminous Rings which appeared in
the four firft Obfervations, and the white Ring which
was now become the fecond of the luminous Rings was
grown equal to the fecond of thofe, and the firft of
thofe which was now become the third Ring was be-
come the third of thofe, and fo on. For their Diame-
ters were 1+¢, 2%, 2i3, 3% Inches, the diftance of the
two beams of Light, and the Diameter of the white
Ring being 2: Inches.

When thefe two beams became more diftant there
emerged out of the middleof the purplifh red, firft a
darker round Spot, and then out of the middle of that
Spot a brighter. And now the former Colours (purple,
blue, green, yellow, and purplifh red) were become a
Ring equal to the firft of the bright Rings mentioned in
the four firft Obfervations, and the Ring about this
Ring were grown equal to the Rings about that re-

{pectively ; the diftance between the two beams of
rp 2 Light
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Light and the Diameter of the white Ring ( which
was now become the third Ring) being about 3 In-
ches. -

The Colours of the Rings in the middle beganr now
to grow very dilute, and if the diftance between the
two beams was increafed half an Inch, or an Inch more,
they vanifthed whilft the white Ring, with one or two
of the Rings next it on either fide, continued ftill vi-
fible. But if the diftance of the two beams of Light
was ftill more increafed thefe alfo vanithed : For the
Light which coming from feveral parts of the Hole in
the Window fell upon the Speculum in feveral Angles of
incidence made Rings of {everal bignefles, which diluted
and blotted out one another, asl knew by intercepting
fome part of that Light. For if I intercepted that part
which was neareft to the Axis of the Speculum the
Rings would be lefs, if the other part which was re-
moteft from 1t they would be bigger.

OB S, “A4L

When the Colours of the Prifm were caft fucceffively
on the Speculum, that Ring which in the two laft Ob-
fervations was white, was of the fame bignefs in all the
Colours, but the Rings without it were greater in the
green than in the blue, and ftill greater in the yellow,
and greateft in the red. And, on the contrary, the
Rings within that white Circle were lefs in the green
than 1o the blue, and ftill lefs in the yellow, and leaft
in the red. For the Angles of reflexion of thofe rays
which made this Ring being equal to their Angles of
incidence, the fits of every refleted ray within the Glafs

after
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after reflexion are equal in length and number to the
fits of the fame ray within the Glafs before its incidence
on the refletting {urface ; and therefore fince all the rays
of all forts at their entrance into the Glafs were in a fit
of tranfmiffion, they were alfo in a fit of tran{miffion at
their returning to the fame furface after reflexion ; and
by confequence were tran{mitted and went out to the
white Ring on the Chart. This is the reafon why that
Ring was of the fame bignefs in all the Colours, and
why in a mixture of all it appears white. But in rays
which are refleted in other Angles, the intervals of the
fits of the leaft refrangible being greateft, make the
Rings of their Colour in their progrefs from this white
Ring, either outwards or inwards, increafe or decreafe
by the greateft fteps ; fo that the Rings of this Colour
without are greateft, and within leaft. And this is the
reafon why 1n the laft Obfervation, when the Specu-
lum was illuminated with white Light, the exterior
Rings made by all Colours appeared red without and
blue within, and the interior blue without and red
within.

Thefe are the Phznomena of thick convexo-coneave
plates of Glafs, which are every where of the fame
thicknefs. There are yet other Phenomena when thefe
plates are a little thicker on one fide than on the
other, and others when the plates are more or lefs con-
cave than convex, or plano-convex, or double-convex.
For inall thefe cafes the plates make Rings of Colours,
but after various manners ; all which, fo far as I have
yet obferved, follow from the Propofitions in the end
of the third part of this Book, and fo confpire to con-

firm the truth of thofe Propofitions. But the Phazno-
mena.
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mena are too various, and the Calculations whereby
they follow from thofe Propofitions too intricate to be
here profecuted. I content my felf with having profe-
cuted this kind of Phenomena fo far as to difcover their
caufe, and by difcovering it to ratify the Propofitions
in the third Part of this Book.

O Biss 3ok

As Light refle¢ted by a Lens quick-filvered on the
back-fide makes the Rings of Colours above de-
{cribed, fo it ought to make the like Rings of Colours
in paffing through a drop of Water. At the firft re-
flexion of the rays within the drop, fome Colours ought
to be tran{mitted, as in the cafe of a Lens, and others
to be refle¢ted back to the Eye. For inftance, if the
Diameter of a fmall drop or globule of Water be about
the sooth part of an Inch, fo that a red-making ray in
pafling through the middle of this globule has 250 fits
of eafy tran{miffion within the globule, and thatall the
red-making rays which are at a certain diftance from
this middle ray round about it have 249 fits within the
globule, and all the like rays at a certain further di-
ftance round about it have 248 fits, and all thofe at a
certain further diftance 247 fits, and {o on ; thefe con-
centrick Circles of rays after their tranfmiffion, falling
on a white Paper, will make concentrick rings of red
upon the Paper , fuppofing the Light which paffes
through one fingle globule ftrong enough to be fenfible.
And, 1n like manner, the rays of other Colours will
make Rings of other Colours. Suppofe now that in a
fair day the Sun thines through a thin Cloud of fuch

globules
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globules of Water or Hail, and that the globules are all
of the fame bignefs,and the Sun feen through this Cloud
thall appear incompafled with the like concentrick Rings
of Colours, and the Diameter of the firft Ring of red
{hall be 7: degrees, that of the fecond 10-degrees, that
of the third 12 degrees 33 minutes. And accordingly
as the globules of Water are bigger or lefs, the Rings
(hall be lefs or bigger. This is the Theory, and expe-
rience anfwers it. For in Ffune 1692. 1 {aw by reflexion
in a Veflel of ftagnating Water three Halos Crowns or
Rings of Colours about the Sun, like three little Rain-
bows, concentrick to his Body. The Colours of the
firft or innermoft 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 without, and green in the
middle. And thofe of the third were pale blue with-
in, and pale red without ; thefe Crowns inclofed one
another immediately, fo that their Colours proceeded
in this continual order from the Sun outward : blue,
white, red ; purple, blue, green, pale yellow and red ;
pale blue, pale red. The Diameter of the fecond Crown
meafured from the middle of the yellow and red on one
fide of the Sun, to the middle of the fame Colour on
the other fide was 9} degrees, or thereabouts. The Dia-
meters of the firft and third 1 had not time to meafure,
but that of the firft feemed to be about five or fix de-

rees, and that of the third about twelve. The like
%ruwns appear fometimes about the Moon ; for in the
beginning of the year 1664, Felr. 19th at night, I faw
two {uch Crowns about her. The Diameter of the firft

or innermoft was about three degrees, and that of the
{econd.
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{econd about five degrees and an half.” Next about the
Moon was a Circle of white, and next about that the
inner Crown which was of a bluifh green within next the
white, and of a yellow and red without, and next about
thefe Colours were blue and green on the infide of the
outward Crown, and red on the outfide of it. At the
fame time there appeared a Halo about 22 degrees 35
diftant from the center of the Moon. It was Elliptical,
and its long Diameter was perpendicular to thEngizun
verging below fartheft from the Moon. I am told that
the Moon has fometimes three or more concentrick
Crowns of Colours incompafling one another next about
her Body. The more equal the globules of Water or
lIce are to one another, the more Crowns of Colours
will appear, and the Colours will be the more lively.
The Halo at the diftance of 22: degrees from the Moon
1s of another fort. By its being oval and remoter from
the Moon below than above, 1 conclude, that it was
made by refraction in fome fort of Hail or Snow floating
in the Air inan horizontal Pofture, the refratting Angle
being about 58 or 6o degrees.
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Obfervations concerning the In_ﬂexﬁam of the rays of Light
and the Colowrs made thereby. > of Lagets

Rimaldo has informed us, that if a beam of the
Sun’s Light be let into a dark Room through a

very {mall Hole, the fhadows of things in this Light
will be larger than they ought to be if the rays went
on by the Bodies in fireight Lines; and that thefe fha-
dows have three parallel fringes, bands or ranks of co-
loured Light adjacent to them. But if the Hole be
enlarged the fringes grow broad and run into one ano-
ther, {o that they cannot be diftinguifhed. Thefe broad
fhadows and fringes have been reckoned by fome to pro-
ceed from the ordinary refraltion of the Air, but with-
out due examination of the matter. For the circum-
ftances of the Phznomenon, fo far as I have obferved

them, are as follows.
Qq OBS.
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I made in a piece of Lead a fmall Hole with a Pin,
whofe breadth was the 42th ‘part of an Inch. For 21
of thofe Pins laid together took up the breadth of half
an Inch. Through this Hole I let into my darkened
Chamber a beam of the Sun’s Light, and found that the
fhadows of Hairs, T'hred,Pins,Straws, and fuch like flen-
derfubftances placed in this beam of Light, were confider-
ably broader than they ought to be, if the rays of Light
pafled on by thefe Bodies in right Lines. And particu-
larly 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 fhadow which at the diftance of four Inches from
the Hair was the fixtieth part of an Inch broad, that s,
ahove four times broader than the Hair, and at the di-
ftance of two Feet from the Hair was about the eight
and twentieth part of an Inch broad, thatis, ten times
broader than the Hair, and at the diftance of ten Feet
was the eighth part of an Inch broad, that 1s 35 times
broader.

Nor is it material whether the Hair be incompaffed
with Air, or with any other pellucid fubftance.  For 1
wetted a polifhed plate of Glafs, and laid the Hair in
the Water upon the Glafs, and then laying another po-
lithed plate of Glafs upon it, fo that the Water might
fill up the fpace between the Glafles, 1 held them in
the aforefaid beam of Light, fo that the Light might
pafs through them perpendicularly, and the fhadow
of the Hair was at the fame diftances as big as before.

The
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The fhadows of fcratches made in polithed plates of
Glafs were alfo much broader than they ought to be,
and the Veins in polifhed plates of Glafs did alfo caft the
like broad fhadows. And therefore the great breadth
of thefe fhadows proceeds from fome other caufe than
the refraction of the Air.

Let the Circle X reprefent the middle of the Hair ; Fig. 1.
ADG, BEH, CFI, three rays paffing by one fide of
the Hair at feveral diftances; KNQ, LOR, MPS,
three other rays paffing by the other fide of the Hair at
the like diftances; D, E, F and N, O, P, the places
where the rays are bent in their paffage by the Hair ;
G, H, Iand Q, R, S, the places where the rays fall on
a Paper G Q ; 1S the breadth of the thadow of the Hair
caft on the Paper, and T I, VS, two rays paffing to the
points I and S without bending when the Hair is taken
away. And it’s manifeft that all the Light between
thefe two rays Al and VS is bent in pafling by the
Hair, and turned afide from the thadow 18, becaufe if
any part of this Light were not bent it would fall on
the }Eaper within the thadow, and there illuminate the
Paper contrary toexperience. . And becaufe when the
Paper is at a great diftance from the Hair, the fhadow
is broad, and therefore the rays T'I and VS are at a

reat diftance from one another, it follows that the
%‘Iair acts upon the raysof Light at a good diftance in
their paffing by it. ' But: the action is ftrongeft on the
rays which pafs’by at leaft diftances, and grows weaker
and weaker accordingly as the rays pafs by at diftances

reater and greater, as is reprefented in the Scheme:
%‘ur thence 1t comes to pals, that the fhadow of the
Hair is much broader in proportion to the diftance of

Qq 2 | the
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the Paper from the Hair, when the Paper is nearer the
Hair than when it isata great diftance from it.

) %y, S

The fhadows of all Bodies ( Metals, Stones, Glafs,
Wood, Horn, Ice, ©9¢. ) in this Light were bordered
with three parallel fringes or bands of coloured Light,
whereof that which was contiguous to the {hadow was
broadeft and moft luminous, and that which was re-
moteft from it was narroweft, and fo faint, as not eafily
to be vifible. It was difficult to diftinguith the Colours
unlefs when the Light fell very obliquely upon a {mooth
Paper, or fome other {imooth vvhite Body, {o as to make
them appear much broader than they vvould otherwife
do. And then the Colours were plainly vifible in this
order : The firft or innermoft fringe was violet and deep
blue next the thadovv, and then light blue, green and
yellovv in the middle, and red vvithout. The fecond
fringe vvas almoft contiguous to the firft, and the third
to the fecond, and both vvere blue vvithin and yellovv
and red vvithout, but their Colours vvere very faint
efpecially thofe of the third. The Colours therefore
proceeded in this order from the thadovv, violet, indico,
pale blue, green, yellovv, red ; blue, yellovv, red ; pale
blue, pale yellovv and red. The fhadows made by
teratches and bubbles in polifhed plates of Glafs vvere
bordered vvith the like fringes of coloured Light. And
if plates of Looking-glafs {loop’d off near the edges vvith
a Diamond cut, be held in the fame beam of Light, the
Light which pafles through the parailel planes of the
Glafs will be be bordered with the like fringes of Co-

lours
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lours where thofe Planes meet with the Diamond cut,
and by this means there will fometimes appear four or
five fringes of Colours. Let AB, CD reprefent the Fig. 2.
parallel planes of a Looking-glafs, and BD the plane
of the Diamond-cut, making at B a very obtufe Angle
with the plane AB. And let all the Light between the
rays EN I and F BM pafs direétly through the parallel
planes of the Glafs, and fall upon the Paper between 1
and M, and all the Light between the rays GO and
H D be refraéted by the oblique plane of the Diamond
cut B D,and fall upon the Paper between K and L ; and
the Light which paffes dire¢tly through the parallel
planes of the Glafs, and falls upon the Paper between
[ and M, will be bordered with three or more fringes

at M.
OB 5.0 111,

When the Hair was twelve Feet diftant from the
Hole, and its fhadow fell obliquely upon a flat vvhite
fcale of Inches and parts of an Inch placed half a Foot
beyond it, and alfo when the ﬂladpw fell perpendu:_w
larly upon the fame {cale placed nine Feet beyond it;
I meafured the breadth of the fhadow and fringes as
accurately as I could, and found them 1n parts of an

Inch as tollows.

The
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At the diftance of

half a
Foot.

.-\..'5

-

~mine
Feet,

The breadth of the Shadow

I
54

The breadth between the middles of the

brighteft Light of the innermoft fringes
on either fide the thadow

1§ 1
5% Ol 55

] s
BT T o

The breadth between the middles of the
brighteft Light of the middlemoft frin-
ges on either fide the fhadow

The breadth between the middles of the
brighteft Light of the outmoft fringes
on ¢ither fide the thadow

¥ g

The diftance between the middl_-‘;s of the
brighteft Light of the firft and fecond

fringes

oo
1
: I = 4
pute o N s TS A e SRR U

The diftance between the middles of the

brighteft Light of the fecond and third
fringes

L
2 A
b,

The breadth of the luminous part (green, |

white, yellow and red ) of the firft
fringe

‘I'he breadth of the darker fpace between
the firft and fecond fringes.

The breadth of the luminous part of the
{fecond fringe

The breadth of the darker {pace between
the fecond and third fringes.

T hefe
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Thefe meafures I took by letting the fhadow of the
Hair at half a Foot diftance fall fo obliquely on the
fcale as to appear twelve times broader than vvhen it
fell perpendicularlyron it at the fame diftance, and fet-
ting down in this Table the twelfth part of the mea-
fures 1 then took.

L e b e e LD

When the fhadovv and fringes vvere caft obliquely
upon a fmooth vvhite Body, and that Body was remo-
ved further and further from the Hair, the firft fringe
began to appear and look brighter than the reft of the
Light at the diftance of lefs than a quarter of an Inch
from the Hair, and the dark line or fthadovv between
that and the fecond fringe began to appear at a lefs di-
ftance from the Hair than that of the third part of an
Inch. The fecond fringe began toappear at a diftance
from the Hair of lefs than halfan Inch, and the fhadow
between that and the third fringe at a diftance lefs than
an Inch, and the third fringe at a diftance lefs than three
Inches. At greater diftances they became much more
fenfible, but kept very nearly the fame proportion of
their breadths and intervals which they had at their firft
appearing. 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 to two, or ten to feven. And
the laft of thefe two diftances vvas equal to the breadth
of the bright Light or luminous part of the firft fringe.
And this breadth vvas to the breadth of the bright Light

of the fecond fringe as feven to. four, and to the dark
interval
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interval of the firft and fecond fringe as three to two,
and to the like dark interval between the fecond and
third as two to one. For the breadths of the fringes
feemed to be in the progreffion of the numbers 1, »/5,
/% and their intervals to be in the fame progreflion
vvith them ; that is, the fringes and their intervals to-
gether to be in the continual progreflion of the numbers
1, V1, V'3, V5, Vi, or thereabouts. And thefe fpru-
portions held the fame very nearly at all diftances from
the Hair ; the dark Intervals of the fringes being as
broad in proportion to the fringes at their firft appea-
rance as afterwards at great diftances from the Hair,
though not fo dark and diftinét.

O'B 50V,

The Sun fhining into my darkened Chamber through

a Hole a quarter of an Inch broad ; 1 placed at the di-
{tance of two or three Feet from the Hole a Sheet of
Paft-board, vvhich vvas black’d all over on both fides,
and in the middle of it had a Hole about three quarters
of an Inch {quare for the Light to pafs through. And
behind the Hole 1 faftened to the Paft-board vvith Pitch
the blade of a fharp Knife, to intercept fome part of
the Light vvhich paffed through the Hole. "T'he planes
of the Paft-board and blade of the Knife vvere parallel
to one another, and perpendicular to the rays. And
vvhen they vvere fo placed that none of the Sun’s Light
fell on the Paft-board, but all of it pafled through the
Hole to the Knite, and there part of it fell upon the
blade of the Knife, and part of it pafled by its edge:
I let this part of the Light vvhich pafled by, fall ona
vvhite
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white Paper two or three Feet beyond the Knife, and
there faw two ftreams of faint Light fhoot out both
ways from the beam of Light into the fhadow like the
tails of Comets. But becaufe the Sun’s dire&t Light by
its brightnefs upon the Paper obfcured thefe faint
ftreams, fo that 1 could fcarce fee them, I madea little
Hole in the midft of the Paper for that Light to pafs
through and fall on a black cloth behind it ; and then
I faw the two ftreams plainly. They were like one
another, and pretty nearly equal in length and breadth,
and quantity of Light. Their Light at that end next
the Sun’s dire¢t Light was pretty ftrong for the {pace of
about a quarter of an Inch, or half an Inch, and in all
its progrefs from that dire& Light decreafed gradually
till it became infenfible. The whole length of either of
thefe ftreams meafured upon the Paper at the diftance
of three Feet from the Knife was about {ix or eight
Inches ; {o that it {ubtended an Angle at the edge of
the Knife of about 10 or 12, or at moft 14 degrees.
Yet fometimes I thought I faw it f{hoot three or four
degrees further, but with a Light {o very faint that 1
could fcarce perceive it, and {uipetted it might (in
fome meafure at leaft) arife from fome other caufe than
the two ftreams did. For placing my Eye in that Light
beyond the end of that ftream which was behind the
Knife, and looking towards the Knife, 1 could fee a
line of Light upon its edge, and that not only when
my Eye was in the line of the ftreams, but alfo when
it was without that line either towards the point of the-
Knife, or towards the handle. “This line of Light ap-
peared contiguous to the edge of the Knife, and was
narrower than the Light of the innermoft fringe, and

Rr narroweft
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narroweft when my Eye was furtheft from the dire&
Light, and therefore feemed to pafs between the Light
of that fringe and the edge of the Knife, and that

which pafled neareft the edge to be moft beut though
not all of 1t.

I g R

I placed another Knife by this fo that their edges
might be parallel and look towards one another, and
that the beam of Light might fall upon both the Knives,
and fome part of it pafs between their edges. And
when the diftance of their edges was about the 4ooth
part of an Inch the fiream parted in the middle, and
left a fhadow between the two parts. ' This thadow
was {o black and dark that all the Light which paffed
between the Knives feemed to be bent, and turned afide
to the one hand or to the other. - And as the Knives fill
approached one another the fhadow grew broader, and
the ftreams fhorter at their inward ends which were
next the thadow, until upon the contat of the Knives
the whole Lrght vanifhed leaving its place to the
fhadow.

And hence 1 gather that the Light which is leaft
bent, and goes to the inward ends of the ftreams, paf-
fes by the edges of the Knives at the greateft diftance,
and this diftance when the thadow begins to appear be.
tween the ftreams 1s about the eight-hundredth part of
an Inch. And the Light which pafles by the edges of
the Knives at diftances ftill lefs and lefs 1s more and
more bent, and goes to thofe parts of the ftreams which
are further and further from the direct Light, becaufe

when
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when the Knives approach one another till they touch,
thofe parts of the ftreams vanifh laft which are furtheft
from the direct Light,

QRS RN

In the fifth Obfervation the fringes did not appear,
but by reafon of the breadth of the Hole in the Win-
dow became fo broad as to run into one another, and
by joyning make one continued Lightin the beginning
of the ftreams. But in the fixth, as the Knives ap-
proached one another, a little before the fhadow ap-
peared between the two ftreams, the fringes began to
appear on the inner ends of the ftreams on either fide
of the dire¢t Light, three on one fide made by the edge
of one Knife, and three on the other fide made by the
edge of the other Knife. They were diftin&eft when
the Knives were placed at the greateft diftance from the
Hole in the Window, and ftill became more diftin&t by
making the Hole lefs, infomuch that I could fometimes
fee a faint lineament of a fourth fringe beyond the three
above-mentioned. And as the Knives continually ap-
proached one another, the fringes grew diftinéter and
larger until they vanithed. The outmoft fringe va-
nifhed firft, and the middlemoft next, and the inner-
moft laft. And after they were all vanifhed, and the
line of Light which was 1n the middle between them
was grown very broad, enlarging it felf on both fides
into the ftreams of Light defcribed in the fifth Obfer-
vation, the above-mentioned fhadow began to appear
in the middle of this line, and divide it along the middle
into two lines of Light, and increafed until the whole

Rr'2 Light
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tween the Knives at the concourfe of their edges. And
therefore the diftance of the edges of the Knives at the
meeting of thefe dark lines was the 16oth part. of an
Inch. For as four Inches to the eighth part of an Inch,
fo is any length of the edges of the Knives meafured
from the point of their concourfe to the diftance of the
edges of the Knives at the end of that length, and fo is
the fifth part of an Inch to the 160th part. So then the
dark linesabove-mentioned meet in the middle of the
Light which pafles between the Knives where they are
diftant the 16oth part of an Inch, and the one half of
that Light pafles by the edge of one Knife at a diftance
not greater than the 320th part of an Inch, and falling
upon the Paper makes the fringes of the fhadow of that
Knife, and the other half pafles by the edge of the
other Knife, at a diftance not greater than the 320th
part of an Inch, and falling upon the Paper makes the
fringes of the fhadow of the other Knife. But if the
Paper be held at a diftance from the Knives greater than
the third part of an Inch, the dark lines above-men-
tioned meet at a greater diftance than the fifth part of
an Inch from the end of the Light which pafled. be-
tween the Knives at the concourfe of their edges; and
therefore the Light which falls upon the Paper where
thofe dark lines meet pafles between the Knives

where their edges are diftant above the 16oth part of

an Inch. 3
For at another time when the two Knives were di-
ftant eight Feet and five Inches from the little Hole in
the Window, made with a {fmall Pin as above, the Light
which fell upon the Paper where the aforefaid dark
lines met. pafled between the Knives, where the di-
ftance

el
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ftance between their edges was as in the following
Table, when the diftance of the Paper from the Knives
was alfo as follows.

Diftances of {Fm_ Paper | Diftances between the edges|
Jrom the Kaives in|  of the Knives in mille-
dnches. fimal parts of an Inch.

15 o'ol2.
2% o’020.

>3 A
81, 0 034.
2! 0'057.
96. o’'o81.
QI o’'087.

And hence I gather that the Light which makes the
fringes upon the Paper is not the fame Light at all di-
ftances of the Paper from the Knives, but when the Pa-

ris held near the Knives, the fringes are made by
gght which pafles by the edges of the Knives at a lefs
diftance, and is more bent than when the Paper is held
at a greater diftance from the Knives.

O BL Sin s X.

When the fringes of the fhadows of the Knives fell
perpendicularly upon a Paper at a great diftance from
the Knives, they were in the form of Hyperbolas, and
their dimenfions were as follows. Let CA, CB repre-
fent lines drawn upon the Paper parallel to the edges of
the Knives, and between which all the Light would
fall, if it paffed between the edges of the Knives with-

out intlexion ; D E a right line drawn throughC maki?]g
the
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the Angles ACD, BCE, equal to one another, and
terminating all the liight whith falls upon the Paper from
the point where the edges of the Knives meet ; eis, fkt,
and g 1v, three hyperbolical lines reprefenting the ter-
minus of the thadow of one of the Knives, thedark line
between the firft and fecond fringes of that fhadow, and
the dark line between the fecond and third fringes of
the fame fhadow ; xip, ykq and zlr, three other Hy-
perbolical lines reprefenting the terminus of the fhadow
of the other Knife, the dark line between the firft and
fecond fringes of that fhadow, and the dark line be-
tween the fecond and third fringes of the fame {hadow.
And conceive that thefe three Hyperbolas are like and
equal to the former three, and crofs them in the points
i, kand 1, and that the fhadows of the Knives are termi-
nated and diftinguifhed from the firft luminous fringes
by the lines e1s and x1p, until the meeting and crof-
fing of the fringes, and then thofe lines crofs the fringes
in the form of dark lines, terminating the firft luminous
fringes within fide, and diftinguifhing them from ano-
ther Light which begins to appear at 1, and illuminates
all the triangular {pace 1p D Es comprehended by thefe
dark lines, and the right line DE. Of thefe Hy-
perbolas one Afymptote 1s the line DE, and their other
Afymptotes are parallel to the lines CA and CB. Let
rv reprefent a line drawn any where upon the Paper
parallel to the Afymptote DE; and let this line crofs
the right lines AC inm and BC in n, and the fix dark
hyperbolical lines in p, q, r';s, t, v ; and by meafuring
the diftances ps, qt, rv, and thence colleting the
the lengths of the ordinates np,"nq, nr or ms, mt,
mv, and doing this at feveral diftances of the linef rv,

rom
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from the Afymptote DE you may find as many points
of thefe Hyperbolas as you pleafe, and thereby know
that thefe curvelines are Hyperbolas differing little from
the conical Hyperbola. And by meafuring the lines
Ci, Ck, Cl, you may find other points of thefe
Curves.

For inftance, when the Knives were diftant from the
Hole in the Window ten Feet, and the Paper from the
Knives 9 Feet, and the Angle contained by the edges of
the Knives to which the Angle ACB is equal, was fub-
tended by a chord which was to the Radius as 1 to 32,
and the diftance of the line rv from the Afymptote DE
was half an Inch: I meafured the lines ps, qt, rv,
and found them 0’35, 0’65, 0’98 Inches refpectively,
and by adding to their halfs the line} mn (which here
was the 128th part of an Inch, or 0’0078 Inches% the
fums np, g, nr, were 0’1828, 0’3328, 0’4973 In-
ches. 1 meafured alfo the diftances of the brighteft
parts of the fringes which runbetween pqand st, qr
and tv, and next beyond r and v, and found them 0’5, .
0’8, and 1’17 Inches.

0:B .S - XL

The Sun fhining into my darkened Room through a
{finall round Hole made in a plate of Lead with a {lender
Pin as above ; I placed at the Hole a Prifm to refract
the Light, and form on the oppofite Wall theSpettrum
of Colours, defcribed in the third Experiment of the
firft Book. And then I found thatthe fhadows of all
Bodies held in the coloured Light between the Prifm
and the Wall, were b_ordf:reél with fringes of the C{Jlaur‘%

S 0
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of that Light in which they were held. In the full red
Light they were totally red without any fenfible blue
or violet, and in the deep blue Light they were totally
blue without any fenfible red or yellow ; and fo in the
green Light they were totally green, excepting a little
yellow and blue, which were mixed in the green Light
of the Prifm. And comparing the fringes made in the
feveral coloured Lights, | found that thofe made in the
red Light were largeft, thofe made in the violet were
leaft, and thofe made in the green were of a middle
bignefs. For the fringes with which the fhadow of a .
Man’s Hair were bordered, being meafured crofs the
thadow at the diftance of fix Inches from the Hair ; the
diftance between the middle and moft luminous part of
the firft or innermoft fringe on one fide of the fhadow,
and that of the like fringe on the other fide of the fha-
dow, was in the full red Light ;: of an Inch, and in
the full violet 5. And the like diftance between the
middle and moft luminous parts of the fecond fringes on
either fide the fhadow was in the full red Light L, and
in the violet % of an Inch. And thefe diftances of the
fringes held the fame proportion at all diftances from
the Hair without any fenfible variation.

So then the rays which made thefe fringes in the red
Light pafifed by the Hair at a greater diftance than thofe
did which made the like fringes in th= violet ; and there-
fore the Hair in caufing thefe fringes acted alike upon
the red Light or leaft refrangible rays at a greater di-
ftance, and upon the violet or moft refrangible rays at
a lefs diftance, and by thofe attions difpofed the red
Light into larger fringes, and the violet into fmaller,
and the Lights of intermediate Colours into fringes of

mnter-
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intermediate bigneffes without changing the Colour of
of any fort of Light.

When therefore the Hair in the firft and fecond of
thefe Obfervations was held in the white beam of the
Sun’s Light, and caft a fhadow which was bordered with
three fringes of coloured Light, thofe Colours arofe not
from any new modifications impreft upon the rays of
Light by the Hair, but only from the various inflettions
whereby the feveral forts of rays were feparated from
one another, which before feparation by the mixture
of all their Colours, compofed the white beam of the
Sun’s Light, but whenever feparated compofe Lights
of the feveral Colours which they are originally difpo-
fed to exhibit. 1In this 13th Obfervation, where the
Colours are feparated before the Light pafles by the
Hair, the leaft refrangible rays, which when fepara-
ted from the reft make red, were infletted ata greater
diftance from the Hair, {o as to make three red fringes
at a greater diftance from the middle of the fhadow of
the Hair ; and the moft refrangible rays which when
feparated make violet, were infle¢ted at a lefs diftance
from the Hair, fo as to make three violet fringes at a
lefs diftance from the middle of the thadow of the Hair.
And other rays of intermediate degrees of refrangibi-
lity were inflefted at intermediate diftances from  the
Hair, fo as to make fringes of intermediate Colours at
intermediate diftances from the middle of the fhadow
of the Hair. And in the fecond Obfervation, where
all the Colours are mixed in the white Light which
paflés by the Hair, thefe Colours are feparated by the
various inflexions of the rays, and the fringes which

they make appear all together, and the innermoft.
s 2 ‘ ~ fringes
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fringes being contiguous make one broad fringe compo-
fed of all the Colours in due order, the violet lying
on the infide of the fringe next the fhadow, the red on

the outfide furtheft from the fhadow, and the blue,
green and yellow, in the middle. And, 1 like man-
ner, the middlemoft fringes of all the Colours lying in

order, and being contiguous, make another broad fringe =

compofed of all the Colours ; and the outmoft fringEs
of all the Colours lying®in order, and being contiguous,
make a third broad fringe compofed of all the Colours.
Thefe are the three fringes of coloured Light with
which the fhadows of all Bodies are bordered in the fe-
cond Obfervation.

When I made the foregoing Obfervations, I defigned
to repeat moft of them with more care and exaétnefs,
and to make fome new ones for determining the man-
ner how the rays of Light are bent in their paflage by
Bodies for making the fringes of Colours with the
dark lines between them. But I was then interrup-
ted, and cannot now think of taking thefe things into
further confideration. And fince 1 have not finifhed
this part of my Defign, I fhall conclude, with propo-
fing only fome Queries in order to a further {earch to
be made by others.

Query 1. Do not Bodies a& upon Light at a diftance,
and by their ation bend its rays, and is not this action
(ceterss paribus) ftrongeft at the leaft diftance ?

Lu. 2. Do not the rays which differ in refrangibilit
differ alfo in flexibility, and are they not by their dif-
ferent inflexions feparated from one another, fo as
after feparation to make the Colours in the three fringes

above

-
el ol e g e e e il e
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above defcribed ? And after what manner are they in-
fle¢ted to make thofe fringes?

Qu. 3. Are not the rays of Light in pafling by the
edges and fides of Bodies, bent feveral times backwards
and forwards, with a motion like that of an Eel ? And
do not the three fringes of coloured Light above-men-
tioned, arife from three fuch bendings?

&Qu. 4. Do not the rays of Light which fall upon Bo-
dies, and are refletted or refrated, begin to bend be-
fore they arrive at the Bodies; and are they not re-
fleCted, refratted and inflected by one and the fame
Principle, aéting varioufly in various circumftances?

Qu. 5. Do not Bodies and Light a¢t mutually upon

one another, that is to fay, Bodies upon Light in emit-
ting, refle¢ting, refracting and infletting it, and Light
upon Bodies for heating them, and putting their parts
into a vibrating motion wherein heat confifts ?
. Qu. 6. Do not black Bodies conceive heat more eafily
from Light than thofe of other Colours do, by reafon
that the Light falling on them is not reflected outwards,
but enters the Bodies, and is often refle¢ted and re-
fracted within them, until it be ftifled and loft ?

%.7. Is not the ftrength and vigor of the altion
between Light and fulphureous Bodies obferved above,
one reafon why fulphureous Bodies take fire more
readily, and burn more vehemently , then other Bo-
dies do ?

Qu. 8. Do not all fixt Bodies when heated beyond a
certain degree, emit Light and fhine, and is not this
emiffion performed by the vibrating motions of their

parts ?
Ru.9.
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u. 9. Is not fire a Body heated fo hot as to emit

5

Light copioufly ? For what elfe is a red hot Iron than
fire? And what elfe is a burning Coal than red hot
Wood ? 30 Lo

9. 10. Is not flame a vapour, fume or exhalation
heated red hot, that is, fo hot as to fhine? For Bodies
do not flame without emittinga copious fume, and this
fume burns in the flame. The Ionss Fatuus is a vapour
fhining without heat, and is there not the fame diffe-
rence between this vapour and flame, as between rot-
ten Wood 'fhining without heat and burning Coals of
fire ? In diftilling hot Spirits, if the head of the ftill be
taken off, the vapour 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. Seme Bodies heated by motion or fermen-
tation, if the heat grow intenfe fume copioufly, and if
the heat be great enough the fumes will fhine and be-
come flame. Metals in fufion do not flame for want of
a copious fume, except Spelter which fumes copioufly,
and thereby flames. All flaming Bodies; as Oyly Tal-
low, Wax, Wood, foflil Coals, Pitch, Sulphur, by
flaming wafte and vamifh inte burning {moke, which
fmoke, if the flame be put out, 1s very thick and vifible,
and fometimes {mells ftrongly, but in the flame lofes
its {mell by burning, and according to the nature of the
fmoke the flame is of f{everal Colours, as that of Sul-
phur blue, that of Copper opened “with Sublimate
green, that of Tallow yellow. Smoke pafling thyough
flame eannot but grow red hot, and red hot {moke can
have no other appearance than that of flame.

Qu. 11,
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Qu. 11. Do not great Bodies conferve their heat the
longeft, their parts heating one another, and may not
great denfe and hix’d Bodies, when heated beyond a
certain degree, emit Light fo copioufly, as by the emif-
fion and reaétion of its Light, and the reflexions and re-
fractions of its rays within its pores to grow ftill hot-
ter, till it comes to a certain period of heat, fuch as is
that of the Sun 7 And are not the Sun and fix’d Stars
great Earths vehemently hot, whofe heat is conferved
by the greatnels of the Bodies, and the mutual acion
and reaction between them, and the Light which they
emit, and whofe parts are kept from fuming away, not
only by their fixity, but alfo by the vaft weight and
denfity of the Atmofpheres incumbent upon them, and
very {trongly comprefling them, and condenfing the va-
pours and exhalations which arife from them?

Qu. 12. Do not the rays of Light in falling upon the
bottom of the Eye excite vibrations in the 7 unica re-
tina 2 Which vibrations, being propagated along the
folid fibres of the optick Nerves into the Brain, caufe
the fenfe of feeing.  For becaufe denfe Bodies conferve
their heat a long time, and the denfeft Bodies conferve
their heat the longeft, the vibrations of their parts are
of a lafting nature, and therefore may be propagated
along folid fibres of uniform denfe matter to a great di-
ftance, for conveying into the Brain the impreffions
made upon all the Organs of fenfe. For that motion
which can continue long in one and the fame part of a
Body, can be propagated a long way from one part to
another, fuppofing the Body homogeneal, fo that the
motion may not be retleted, refratted, interrupted or
difordered by any unevennefs of the Body.

Qu. 13.
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Qu. 13. Do not feveral fort of rays make vibrations
of feveral bignefles, which according to their bignefles
excite fenfations of feveral Colours, much after the
manner that the vibrations of the Air, according to their
{everal bignefles excite fenfations of feveral founds ?
And particularly do not the moft refrangible rays ex-
cite the fhorteft vibrations for making a fenfation of
deep violet, the leaft refrangible the largeft for making
a fenfation of deep red, and the feveral intermediate
{orts of rays, vibrations of feveral intermediate bignef-
{es to make fenfations of the feveral intermediate Co-
lours ?

Qu.14. May not the harmony and difcord of Co-
lours arife from the proportions of the vibrations propa-
gated through the fibres of the optick Nerves into the
Brain, as the harmony and difcord of founds arifes from
the proportions of the vibrations of the Air ? For fome
Colours are agreeable, as thofe of Gold and Indico, and
others difagree.

Qu.15. Are not the Species of Objetts feen with both
Eyes united avhere the optick Nerves meet bLefore
they come into the Brain, the fibres on the right fide
of both Nerves uniting there, and after union going
thence into the Brain in the Nerve which is on the
right fide of the Head, and the fibres on the left fide
of both Nerves uniting in the fame place, and after
union going into the Brain in the Nerve which is on
the left fide of the Head, and thefe two Nerves meet-
ing in the Brain in fuch a manner that their fibres
make but one entire Species or Picture, half of which
on the right fide of the Senforium comes from the
right fide of both Eyes through the right ﬁd;o cif

t
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both optick Nerves to the place where the Nerves
meet, and from thence on the right fide of the Head
into the Brain, and the other half on the left fide 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, O¢. ) meet before they come into the
Brain, but the optick Nerves of fuch Animals as do
not look the fame way with both Eyes (as of Fithes and
of the Chameleon) do not meet, if I am rightly in-
formed.

Qu. 16. When a Man in the dark prefles either cor-
ner of his Eye with his Finger, and turns his Eye away
from his Finger, he will fee a Circle of Colours like
thofe in the Feather of a Peacock’s Tail ? Do not thefe
Colours arife from {uch motions excited in the bottom
of the Eye by the preflure of the Finger, as at other
times are excited there by Light for caufing Vifion ? And
when a Man by a ftroke upon his Eye fees a Flafh of
Light, are not the like Motions excited in the Retma
by the ftroke?
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ENUMERATIO

LINEARUM

TERTII“ORDINTS:

Inee Geometrice fecundum numerum dimen- I
fionum =quationis qua relatio inter Ordinatas ij””””" Or=

& Abfciffas definitur, vel (quod perinde eft) fecun-
dum numerum punétorum in quibus a linea retta

fecari poflunt, optime diftinguuntur in Ordines.

Qua ratione linea primi Ordinis erit Retta fola, ez
fecundi five quadratici ordinis erunt fectiones Conice

& Circulus, & ez tertii five cubici Ordinis Parabola
Cubica, Parabola Neiliana, Ciflois veterum & reli-

quz quas hic enumerare {ufcepimus. Curva autem

primi generis, (fiquidem reta inter Curvas non eft
numeranda) eadem eft cum Linea fecundi Ordinis,

& Curva fecundi generis eadem cum Linea Ordinis

tertii. Et Linea Ordinis infinitefimi ea eft quam

reta in punétis infinitis fecare poteft, qualis eft Spi-

ralis, Cyclois, Quadratrix & linea omnis qua per

radii vel rotz revolutiones infinitas generatur.

Tt s Seftionum
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I, Se&tionum Conicarum proprietates pracipuz a
ﬁf:;?;“'éf;;;-f_; Geometris paffim traduntur. Et confimiles funt pro-
rum comperunt - prietates Curvarum fecundi generis & reliquarum, ut
oreis/uperiora e {equenti proprietatum pracipuarum enumera-
N ; tione conftabit.
L. Nam fi re€te plures parallele & ad conicam fe-
Curvarum fe- Gionem utring; terminatz ducantur, reta duas ea-
cundi generss Or- g e g, el . Lol Ty
dinate, Disme- UM bifecans bifecabit alias omnes ideoq;dicitur ‘Dig-
tri, Vertices,Cen- ygeter figure & reCte bifeCte dicuntur Ordinatim ap-
THA¥ licate ad Diametrum, & concurfus ofhniom Dia-
metrorum eft Centran: hgure, & interlectio Curve &
diametri Vertex nominatur, & diameter illa Axis
eft cui ordinatim applicate infiltunt ad angulos re-
&os. Etad eundem modum in Curvis fecundi ge-
* neris, fi recte due quevis parallele ducantur occup-
M rentes Curve in tribus punctis : reéta qua ita fecat
has parallelas ut fumma duarum partium ex uno. fe-
cantis Jatere ad curvam terminatirum @quetur parti
rertiz ex altero latere ad curvam terminate, eodem
modo fecabit omnes alias his parallelas curveq; in
tribus punctis occurrentes reCtas, hoc eft, ita ut fum-
ma partium duarum ex uno 1pfius latere femper
@quetur parti tertie ex altero latere. Hasitag; tres
partes que hinc inde ®quantur, Ordmatim appli-
catas & reCtam fecantem cui ordinatim applicantur
Diametrum & interfettionem diametri & curve Fer-
trcem & concurfum duarum diametrorum Centrum
aominare licet. Diameter autem ad Ordinatas re-
¢tangula fimodo aliqua fit, ettam s dici poteft,
& ubt omnes diametri 1 eodem puntto concurrunt
ttud erit Centrum generale.

Hyper-
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- Hyperbola primi generis duas .Afymptotos, ca {z-

1V.
o .
#‘i;’}’ﬁ{j“fﬂ!{ a

cundi tres,ea tertu quatuoi X nion piures habere pes 0
teft, & fic in reliquis. Et quemadmodum partes s

linee cujufvis re¢te inter Hyperbolam Conicam &
duas ejus Afymptotos funt hinc inde @quales : fic in
Hyperbolis fecundi generis fi ducatur reta quevis
fecans tam Curvam quam tres ejus Afymptotos in
tribus punétis, fumma duarum partium iftius reéta
qua a duobus quibufvis Alfymptotis a1 eandem pla-
gam ad duo punéta Curve extenduntur 2qualis erit
parti tertiz que a tertia Afymptoto in plagam con-
trariam ad tertium Curva punttum extenditur.

'Et quemadmodum in Conicis fectionibus non Pa-

V.

Latera reffn a-

rabolicis quadratum Ordinatim applicatz, hoc eft,, > fonls

reftangulum Ordinatarum que ad contrarias par-
tes Diametri ducuntur, eft ad re&angulum partium
Diametri quz ad Vertices Ellipfeos vel Hyperbola
terminantur,ut data quadam linea qua dicitur Latus
yedum, ad partem diametri que inter Vertices jacet
& dicitur Latus tranfver[um : fic in Curvis non Para-
bolicis fecundi generis Parallelepipedum fub tribus
Ordinatimapplicatis eftad Parallelepipedum fub par-
tibus Diametriad Ordinatas & tres Vertices figur@ab-
{ciffis, in ratione quadam data : in qua rationc fi {u-
mantur tres reéte ad tres partes diametri inter ver-
tices figure fitas fingulead fingulas, tunc ille tres
reéte dici poflunt Latera recla figure, & ille partes
Diametri inter Vertices Latera tranfverfa. Et ficut
in Parabola Conica que ad unam & eandem diame-
trum unicum tantum habet Verticem, retangulum,
{ubOrdinatis zquatur reftangulofub parte Diametri.
que ad Ordinatas & Verticem abfcinditur & recta

quadam
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quadam data que Latus reGtum dicitur,fic in Curvis

fectindr genetis qu# non nifi duos habent Vertices ad
eandem Diametrum, Parallelepipedum fubOrdinatis
tribus @quatur Parallelepipedo fub duabus partibus
Diametri ad Ordinatas & Vertices illos duos abfciffis,
& re€ta quadam data que proinde Latus re@um
dic1 poteft. a

VI Deniq; ficut in Conicis fettionibus ubi duz paral-
”ff;;f:.j; e lelz ad Curvam utring; terminatz f{ecantur a dua-
Larum fegmentis. bus parallelis ad Curvam utring; terminatis, prima
_a tertia & fecunda a quarta, reCtangulum partium
prime eft ad re€tangulum partium tertiz ut re€tan-
gulum partium fecunde ad reftangulum partium
quartz: {ic ubi quatuor tales rete occurrunt Curve
{ecundi generis fingule in tribus punttis, parallele-
pipedum partium prime recte erit ad parallelepide-
dum partium tertiz, ut parallelepipedum partium

{fecunde ad parallelepipedum partium quartze.
VIL Curvarum fecundi & fuperiorum generum zque

Crura Hyper-

bolica & Parabo- 4€Q5 Primi crura omnia in in