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ADVERTISEMENT,

T Art of the enfuing Difcourfe abous Light was written
B at the defive of fome Gentlemen of the Royal Society,
in the Lear 1675. and then fens to their Secretary, and
vead at their Meetings, and the-veft was added about
Lwelve Vears after to complete the Theory ; except the
Lhird Book, and ihe laft Propofition of the Second, which
were_fince put together out of feattered Papers. T avoid
being engaged in Difputes about thefe Matters, I have
bitherto delayed the Printing, and Jfhould fiil} Tave de-
layed it, had not the importunity of Friends prevailed upon
me. 1 f any other Papers arit on this Subject are got out
of my Hands they are tmperfelt,and were perhaps awritten
éefom I bad tried all the Experiments here fet down,
and fully famﬁed y ﬁlf about ihe Lawr of Refmc’i‘zom
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1 think proper to come abroad, wifbing that it may not be
,'Tmnﬂated into another Langnge without my Confent.
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the Sun and Moon, I bave endeavoured to give an Ac-

count of 5 but for want of [ufficient Obfervations leave that
- M atter 1o lw.a . Y ovﬁm1ma/] rTl‘m orulmp/q nff]ﬂﬁ T]‘ﬂ/"/l

O ATEL T Uv Jurviotr Lvowaiiieiitive

Book T have alfo left imperfedt, 08 bawn;g t?zed all the
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Fovperiments which I intended whein I was about thefe
Matters,nor vepeated fome of thofe which I did try, until
I had fatisfied my felf abous all therr Circumflances. T
communicate what I have tried, and leave the vest to
others for further Eﬁquzry A all my Def 1011 11 pzzélszmg
thefe Papers. |
T a Letter written to Mr. Lelbmt’z, n ﬂoe Tear 1676.
and publifhed by Dr. Wallis, [ mentioned a Method by
awhich I bad fozxrz(l Jome gerzeml Theorems abous fquamng
Curvilinear Figures, or comparing them with the Cone
Seitious, or ather the f nplest Figures with which they may
he cor zpzzred And fume Vears ago I lent ont a Mannfcripe
containing fuch Theorems, and baving fince met with Some
Things copied out of it, 7 have on this Occafion made it
publick, prefixing to it an Introdultion and fubjoyning «
Scholium concerning that Method,  And -1 have jorned
with it another ﬁfmﬂ Lratt concerning the Cur vilinear
Figures of the Second Kind, which was dlfo written
wary Vears ago, and made known to fame Friends, who

'!wz,re? ﬁlzwfe.,z’ the maks rg 7t pué'z’;c/l
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PART L

Va [jeﬁén in this Bédk, is ﬁét;t'o cScPlé;in the Pro-
| perties of Light by Hypothefes, but to propofe

L. 2nd prove them by Reafon and Experiments:

tions and Axioms.
DEF

i Y as well Succeffive in the [ame Lines: as Contemporary in fe-

&Y

'?Jl-:Lz'ner. - For it i_s"jrﬁa‘ﬁifeﬂ -that: Light, confifts of parts

both Succeflive. and Contemporary ; becatife in thé fame
place you may ftop that which comes one moment, and

let pafs that which comies prefently after; and in the fame’
time you may ftop it in any one place, “and.let it pafs in

any other. -Tor that pare of- Light whi chis ftopt cannot

be the fame with that which is let pafs.. The leaft LJght |

or-part of Light , which may be {topt.alone without the

reft of the Light, or propagated alone, ordo or fuffer any

I orde to which , I fhall premife the following Defini-

B )Y the Rays of Lt(gthunderﬁand itsl_eaﬁm?a;*t.r, and thofe

- . "
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thing alone, which the reft of the Light doth not or fuf-.
ers not, I call 2 Ray of Light. |

DEFIN IL

Refrangibility of the Rays of Light, is their Di/})cﬁtion to be-
refratied or turned out of their Way in paffing out of one tranf-.

pavent Body or Medim mto another. And a oreater er lefs oo
221 _LJUUU V7. AFALUVRFIvIirs Fievys FIFU Vi wr 8 - Ll nﬂ-yu .l_\f,-

frangibility of Rays, is their- Difpofition to be turned more or lefs.
ont 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 their paffing out of one Me-
dium into another. And thus may Rays and Refraétions
be confidered, if Light be propagated in an inftant, But
by an Argument taken from the Equations of the times
of the Ecliples of Jupiter’s Satellites it [cems that Light is
propagated in time, {pending in its paflage from the Sun
ro us about Seven Minutes of time : And thercfore 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 Mediwm from any other Medsum upon whofe Surface they
fall.  And Rays are more or lefs reflexible , which are returned
back more or lefs eafily.  As it Light pafls 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 refleéted by that Surface ; thofe forts of Rays which
at like Incidences are refleted moft copioufly, or by in~

clining the Rays begin fooneft to be totally reflected, are
moft reflexible.. 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-
Sing or refrating Surface at the Point of Incidence.

DEFIN. V.

The Angle of Reflexion or Refraltion, is the Angle which the
Line defcribed by the refletled or refratted Ray containeth with
the Perpendicular to the reflefting or refrafling Surface at the
Point of Incidence.

DEFIN. VL

The Sines of Incidence, Reflexion, and Refraltion, are the
Sines of the Angles of Incidence, Reflexcion, and Refrattion.

DEFIN. VIL
" The Light whofe Rays are all alike Refrangible, I call Sim-

ple, Homaogeneal and Similar 5 and that whofe Rays are fome
more Refrangible than others, I call Compound, Heterogeneal and
Difimilar. The former Light I call Homogeneal, not
becaufe I would affirm it {o in all refpedts ; but becaufe
the Rays which agree in Refrangibility , agree at leaft in
all thole their other Properties.  Which I' confider in ' the
following Dilcourfe.
DEFIN. VI
- The Colours of Homogeneal Lights | I call Primary, Homo=
geneal and Simple 5 and thofe. of Heterogeneal Lights, Hleteroge=
" nealk and Compound.  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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AXIOMS

: AX L RN
" VH E Angles of Incidence, Rfy?exzorz and Re fmc‘lzon lye;

131 NHP n"nfi f'lso fnma mln 12

................. Jame Plane.
AX. IL

- The Angle of Q'{eﬂexmn ) eqmzl to. the A’ngle qf Inczdence
A X I11.

If the refraéted Ray be returned directly back to the @’omt"?
of Incidence , it [hall be refracted into the Line beﬁ)re defcm,

bed by the incident Ray.
AX. 1IV.

Refraftion out of the rarer Ma’mm imto the derg/ér is made:

towards the Perpendicular 5 that 75, fo that the Angle of G{efm. :
tion be lefs than the Angle of Incidence, -

A X, V.

Tke Sine of Incidence, is either accurately. or- 'very ?zearly in :L
| gzvm Rativ to the-Sine of Refraction. T

Whence if that Proportlon be known in any one Inch-#{
nation of the incident Ray, ’tis known in all the Inclina-
tions, and thereby the Refraction in all cafes of Incidence
on the fame refracting Body may be determined. Thus
. if the Refraétion be made out of Air into Water, the Sine’

'~ of Incidence of the red Light is to the Sine of its Refta-
Qion as 4 to 7. If our of Air into Glats, the Sines are
' ' ' as.
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“as 17 to 11, In Light of other Colours the Sines have
other Propottions : but the difference is {o litele thar it
need feldom be confidered.

Suppofe therefore, th,%,th S reprefents the Surface of Fo. 1.
ﬁagnating Water, and,C is the point of Incidence in
which any Ray coming in the Air from A in the Line
A C is refleGed or refraéted, and I would know whether
this Ray fhall go after Reflexion or Refradion : I ere&
upon the Surface of the Water from the point of Inci-
dence the Perpendicular C P and produce it downwards
to Q, and conclude by the firft Axiom, that the Ray af-
ter Reflexion and Refraction, fhall be found fomewhere in
the Plane 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 refle€ted Ray be defired , I pro-
duce AD to B f{o that DB be equal to A D, and draw
CB. Tor this Line CB fhall be the reflected Ray; the
- Ardgle of Reflexion'B € P and its Sine B D being equal
* to the Angle and Sine of Incidence, as they ought to be
by the fecond Axiom. Bue if the refracted Ray be de-
fired, Iproduce AD toH, fo that D H may be to AD
as the Sine of Refraction to the Sine of Incidence, that is
as 3 to 4 3 and about the Center C and in the Plane A CP
with the Radius € A defcribing 2 Circle ABE I draw
Parallel to the Perpendicular C P Q,, the Line H E cutting
- the circumference in E, and joyning C E, this Line CE
{hall be the Line of the refraéted Ray. For if E F be let
fall perpendicularly on the Line P @, this Line E F {hall
be the Sine of Refraction of the Ray CE, the Angle of
Refraction being E C Q; and this Sine EF is equal to

'DH, and confequently in Proportion to the Sine of Inci-
~ dence AD-as 3.t0 4, |

‘ Iﬁ ;
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In like mannet, if there be 2 Prilm of Glafs (thae is 2

Glafs bounded with two Equal a'nd Par:allcl Triangulan
ends, and three plane and wg:ll 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
Refraction of the Light in palling cm[js this Prifm be defi.
red: Let ACB reprefent a Planc cutting this Prifm tranf,
verllv to its three Parallel lines or edges there where the
Light paffeth through i, and lec B E be the Ray inci.
dent upon the firft fide of the Prifm A C where the Light
goes into the Glafs; And by pucting the Proportion of
the Sine of Incidence to the Sine of Refradtion as 17 ¢o
11 find E F the firft refracted Ray. “Then taking this Ray
for the Incident Ray upon the {econd fide of the Glags B €
where the Light goes out, find the next refradted 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 Inci

dence out of Air into Glals be to the Sine of Refradian

L A VETA Sk AR o

i ] - MA ANMUEL A GLIOT]
as 17 to 11, the Sine of Incidence our of Glafs into Ajr
muft on the contrary be to the Sine of Refradtion as 11

to 17, by the third Axiom.

Much 3&51' the faw\g manner . A ORI camenlane n
b B AARRAL RN 4 3 LA N 1D LS I«LPLLI(;HEH,

Glafs fpherically Convex on both fides (ufually called a
Lens, fuch as is a Burning-glafs, or Spectacle-glafs, or an
Object-glafs of a Telefcope) and ic be required to know

how Lighe falling upon it from any lucid point €, fhall

'be_reﬁ'gcted? let QM ;‘cprcll‘ng 1 ’R;l}r F:lllkjng lpon any
point M of its firft I";i)hcm:al Surface A CB, and by crcé‘rx’n&'

2 Perpendicular to the Glafs at the point M, find che firft

refracted Ray M N by the ‘ch)pmtrté(m of the Sines 12
to t1. Let that Ray i going out of the Glafs be incie

deﬂt L!ﬁD{l I\.T ;\l'\r"l "“113"\ Lo ) 1. Y ¥ 5% § P
Yy clilLhly 4na tne fecond fctrngtcd lka}g Nq

by the Proportion of the Sines 11 to 17, And after the

{ame



firde tnahher may thé Refra&ion be found vhen the
Lens is Convex on one fide and Plané or Concave on

the other, or Concave on both Sides. Conca
A X, VL

Homogeneal Rays which flow from feveral Points of any Ob-
jett, and fall almoft Perpendicularly on any refleéting or refra-
&ing Plane or Spherical Surface, [hall afterwards diverge from
fo many other-Points, or be Parallel to fo many other Lines, or
converge to fo many other Points, either accurately or without any
[fenfible Errvor. And the fame thing will bappen, if the Rays be
reflested or refralled fucceffively by two or three or more Blane
or [pherical Surfaces.

The Point from which Rays diverge or to which they
converge may be called their Focus. And the Focus of
the inicident Raysbeing given, that of the reflected or re-
fradted ones may be (gound by finding the Refraction of
any two Rays, asabove; 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 ¢ C a per-
pendicular to that Plane. And if this perpendicular be
produced to g, fo that 4 C be equal to QC, the point ¢
fhall be the Focus of the reflected Rays. Or if ¢ C be
taken on the {ame fide of the Plane with Q C and in Pro-
portion to Q C as the Sine of Incidence to the Sine of
Refraétion, the point ¢ fhall be the Focus of the refrac-
ted Rays.. . |
Cqf. 2. Let ACB be the reflecting Surface of any Fig. 5.
Sphere whofe Center is E. Bifect any Radius thereof (fup-
pofe E C) in T, and ifin that Radius on the fame fide the
point T you take the Points Q and ¢, fo that T Q, T E,
and T'q be continual Proportionals, and the point (G be
. | ) the
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the Focus of the incident Rays , theipoinj’é,q fhall be the
Focus of the reflected ones. . *

Caf. 3. Let ACB be the ,réﬁécting Surface of any
Sphere whofe Center is E. In any Radius thereof E ¢

.produced both ways take E T and C¢ feverally in fuch
‘%rgportion to that Radius as the lefler of the Sines of

Incidence and Refraction hath to the difference of thofe
Sines. And then if in the fame Line you find any two,
Points Q and ¢, fo that T Q 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 ¢ fhall be the Focus of the refracted ones. =

And by the fame means the Focus of the Rays after

two ot mote Reflexions or Refra&tions may be found.
C‘?//: 4. Lct ACRD kg an}: refrating T enc fhaors

Iy N1 37 ) Ivilavwiuily Smd WL LD 3 lyubliﬂ

cally Convex or Concave or Plane on cither fide, and let
C D be its Axis (that is the Line which cuts both its Sur-
taces perpendicularly, and pafles through the Centers of
the Spheres,) .and in this Axis lec 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 B, defcribe a Circle.
Suppofe now that any Point Q_be the Focus of any inci-
dent Rays. Draw QE catcing the faid Circle in T and ¢,
and therein take ¢ ¢ in fuch Proportionto t E ast E or TE
hathto T Q. Let £ ¢ lye the contrary way from t which -
T Q doth from T, and g {hall be the Focus of the refrac-
ted Rays without any fenfible Error , provided the Point
(3 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. 0 T
) 'Ap;._d oy the like,OPeratio_ngmay t‘he;‘reﬂegdﬁ‘g‘()r re-
fracting Surfaces be found when the two Foci are given,
s, T and

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

So then the meaning of this Axiom is, that if Rays
fal' upon any Plane or Spherical Surface or Lens, and
b ve their Incidence fow from or towards any Point Q.,
¢ {hall after Reflexion or Refraction flow from or to-
«»:1ds the Point ¢ found by the foregoing Rules.  And if
ti:e incident Rays flow from or towards feveral points Q,
the reflected or refracted Rays fhall flow from or towards
{o many other Points 4 found by the fame Rules. Whe-
ther the refiected and refracted Rays flow from or towards
the Point ¢ is cafily 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 g,
and the refracted towards it. And the contrary happens
when ¢ is on the other{ide of that Surface.

A X, VIL

Wherever the Rays which come from all the Points of any Qb-
je&t meet again in _fo many Points after they bave been made to
‘comverge by Reflexion or Refraltion, there they will miake a Pic-
ture of the Object upon any white Body on which they fall.

~ So if PR reprefent any Object without Doors, and ABFig. 3.
be a Lens placed at a hole in the Window-fhut of a dark
Chamber, whereby the Rays that come from any Point
of that Object are made to converge and meet again in
the Point ¢ ; and if a Sheet of white Paper be held at ¢
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 ¢, 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 correlpondent 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 ot the Ob~
ject is fo 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 Ta
nica Retina ) with which the bottom of the Eve 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 imperfecely.  If the Eye be tin-
ged with any colour (asin the Difeafe of the Jaundife) fo
as to tinge the Pictures in the bottom of the Fye wich that
©olous, then all Objects appear tinged with the fame Co-
lour. If the humours of the Eye by old Age decay, fo
as by fhrinking to make the Cornes and Coat of the Cry=

" - ‘ [talline:

g
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fhalline bumotir grow flatter than before, the Light will not be
refracted enough, and for want of a fufficient Refradtion
will not converge to the bottom of the Eye but to fome
place beyond it, and by conlequence paint in the bottom
of theEye aconfufed Piture,and according to the indiftinét-
nefs of this Picture the Obje& will appear confufed. This
is the reafon of the decay of Sight in old Men, and fhews
why their Sight is mended by Spectacles. For thofe Con-
vex-glafles {upply the defect of plumpnefs in the Eye, and
by encreafing the Refraction make theRays converge fooner
{o asto convene diftinétly at the bottom of the Eye if the
Glafs have a due degree of convexity. And the contrary
happens in fhort-fighted Men whofe Eyes are too plump.
For the Refradion being now too great,the Rays converge
and convene in the Eyes before they come at the bottom ;
and therefore the Pi¢ture made in the bottom and the Vifion
caufed thereby will not be diftinét, unlefs the Object be
brought {o near the Eye as thac the place where the con-
verging Rays convene may be removed co the bottom, or
that the plumpnefs of the Eye be taken off and the Refra~
&ions diminifhed by a Concave-~glals of a due degree of
Concavity, or laftly that by Age the Eye grow flatter eill ic

" come to adue Figure : For (hort-fighted Men {ee remote
Objeéts beft in Old Age, and therefore they are accounted

VU]\»\;L\J’

to have the mioft lafting Eyes.
A X, VIIL

An Object feen by Reflexion or Refration, appears in that place
from whence the Rays after their laft Reflexion or Refrattion di-
verge in falling on the Speétator's Eye. | |

Ifthe Obje& A be feen by Reflexion of a Looking- Fig. g.
glafs m n, ic {hall appear, not in it's proper place fl\; ,hbu(i:
., B 2 | benind
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behind the Glafs at 4, from whence any Rays AB, AC,
AD, which flow from one and the {ame Point of the Oba
jec, 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 Speétator’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 5 and all Vifion is
made according to the place and {hape of chat Picture.

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

And {o the Object Q feen through the Lens AB;appears -
at the place ¢ from whence the Rays diverge in pafling -
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
g from. the Lens AB is bigger or lefs than the diftance of -
the Object at Q from the fame 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 pqnﬁderation ur_lfol-ds_the Theory of Mi-
crofcopes and Telefcopes.  For that Theory confifts in al-
moft nothing elfe than the defcribing fuch Glafles as fhall :
make the laft Image of any Obje& as diftinét and large -
and luminous as it can conveniently be made. . |

I have now given in Axioms and their Explications the
{umm of what hath hitherto been treated of in Opticks.
For what hath been generallv acreed on T content mvr

-:‘ s L Ll e S s T““"‘"-’;F- ) ) . i \#.ULJ.L\-—J.J.L Ll‘.y .
felt to aflume under the notion of. Principles, in order to -
what I have furcher to write..  And this may fuffice for an

Intro-
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Intfoduéion to-Readers of quick Wit and good Under- -
ftanding not yet verled in Opticks: Although thofe whe -
are already acquainted with this Science, and have
bandled Glafles, will more readily apprehend what fol-
loweth. .

" PROPOSITIONS

PROP. I Theor [

F© IGH TS which differ in Colour, differ alfo in De-~ -
' 4 grees of Refrangibility.

The Proof by Experiments.

Exper. 1. Ttook-a black oblong fHiff Paper terminated -
by Parallel Sides, and with a Perpendicular right Line -
drawn crofs from one Side to ‘the other, diftinguifhed it
into two equal Parts. One of thefe Parts T painted with -
a red Colour and the other with a blew. . The Paper was
- very black, and the Colours intenfe and thickly laid om, -
~ that the Ph@nomenon 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 contained an Angle of about
Sixty Degrees : which Angle I call the refraéting Angle of -
the Prifm. And whilt T viewed ic, I held it before a -
Window in {uch manner that the Sides of the Paper were
parallel to the Prifin, and both thole Sides and the Prifm -
parallel to the Horizon, and the crofs Line perpendicular
to.it 5 and that the Light which fell from the Window
B Upom
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wpon the Papet made an Angle with the Paper, equal to
that Angle which was made with the fame Paper by the
Licht refleted from it to the Eye. Beyond the Prifi was
the Wall of the Chamber under the Window covered ovet
with black Cloth, and the Cloth was involved in Dark-
nefs that no Light might be refleed from thence, which
in pafing by the edges of the Paper to the Eye , might
mingle it {elf with the Light of the Paper and obfcure the
Phznomenon thereof. Thele things being thus ordered,
I found that if the refraQing Angle of the Prifm be curned
upwards, o that che Paper may leem to be lifted upwards
by the Refraction, its blew half will be lifred higher by
the Refraction than its red half. But if the refracting
Angle of the Prifm be turned downward, {o that the Pa~
per may feem to be carried lower by the Refraction, its
blew half will be carried fomething lower thercby chan
its red half.  Wherefore in both cafes the Light which
comes from the blew half of the Paper through the Prifm
to the Eye, does in like Circumftances {uffer a greater Re-
fra@ion than the Light which comes from the red half,
and by confequence is more refrangible.

Hnfiration.  In the Eleventh Figure, M N reprefents the
Window,and D E the Paper terminated with patallel Sides
DJ and HE, and by the tranfverfe Line F G diftinguifhed
into two halfs, the one D G of an intenflcly blew Colour,
the other F Fof an intenflely red. And BACcab repre-
fents the Prifm whofe refracting Planes ABb ¢ and ACca
meet in the edge of the refradting Angle A 4. This edge
Aq being upward, is parallel both to the Horizon and ro
the parallel edges of the Paper DJ and HE. And dere-
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

| fuffers
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fuffers a greater Refradtion. If the edge of the refradting
Angle be turned downward, the Image of the Paper will
be refracted downward {uppofe to ¢, and the blew half
will be refracted lower to ¢ 3 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 fiff
like thin Paftboard, I lapped feveral times a flender thred
of very black Silk, in fuch manner that the feveral parts
of the thred might appear upon the Colours like {o many
black Lines drawn over them, or like long and flender
dark Shadows caft upon them. I might have drawn black
Lines with a Pen, but the threds were {maller and better
defined. This Paper thus coloured and lined I fet againft
a Wall perpendicularly to the Horizon, fo that one of the
Colours might ftand to the right hand and the other to
the left. Clofe before the Paper at the confine of the Co-
lours below I placed a Candle to illuminate the Paper
ftrongly : For the Experiment was tried in the Night.
The Hame of the Candle reached up to the lower edge of
the Paper, or a very litcle higher. Then at the diftance of
Six Feet and one or two Inches from the Paper upon the
Floor I ere¢ted 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 {o form the Image of the coloured Paper upon a white
Paper placed there after the fame manner that a Lens at
a hole in a2 Window cafts the Images of Objeéts abroad
upon a Sheet of white Paper in a dark Room. The afore-
faid white Paper, erected perpendicular to the Horizon
and to the Rays which fell upon it from the Lens, 1 moved
fometimes rowards the Lens, fometimes from it, to find

the
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the places where the' Images of the blew and red parts of

the coloured Paper appeared moft diftin&. Thofe places

T ealily knew b; thelllfnages of the black Lines W}Lﬁch T

had made by winding the Silk about the Paper. For the

‘Images of thole 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 ej-
ther {ide of each Line were rerminated moft diftinétly.

WNoting therefore, as diligently as I could, the places where

the Images of the red and blew halfs of the coloured Pa-

per appeared moft diftinét, I found chat where the red

half of the Paper appeared diftin&, the blew half appeared

-confufed, fo that the black Lines drawn upon 1t could

T i s ]
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{carce be feen ; -and on the contrary where the blew half

‘appeared moft diftinct the red half appeared confuled, fo

tnat the black Lines upon it were fcarce vifible. And be-
tween the two places where thefe Images appeared diftin&
there was the diftance of an Inch and a half- the diftance
of the whice Paper from the Lens, when the Image of the
red half of the coloured Paper appeared moft diftiné, 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 1ppea1ed moft diftin&. In like Incidences there-

forc of the blew and red upon the Lens, the blew was re-
fracted more by the Lens than the red, fo as to converge
iconer by an Inch and an half, and therefore is more refran-
gible. | :
Hinfiration.  In the Twelfth Figure, DE fignifies the co-
loured Paper, D G the blew half) FE the red half, M N
the Lens, HJ che white Paper in that place where the red
half with its black Lines appeared diftin®, and hi the fame
Paper in ¢hat place where the blew half appeared diftin.
‘The place hi was nearer to the Lens M N than the place

CHJ by an Inch and an half, Scholium,
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Scholium. The {ame things {ucceed 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 Experiments, I have {et down f{uch Circumiftances
by which either the Phznomenon might be rendred more
con{picuous, or a Novice might more eafily try them, or
by which I did try them only. The fame thing I have
often done in the following Experiments : Concerning all
which this one Admonition may {uffice. Now from thefe
Experiments it follows not that all the 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 {ome
Rays not more Refrangible than thofe of thered ; But
thele 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 f{uffice
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 PROP.
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PROP. II. Theor: IL
The Light of the Sun confifts of Rays differently Refrangible.
The Proof by Experiments. |

¥ N a very dark Chamber at a round hole aboue
one third part of an Inch broad made in the
Shut of a Window I placed a Glafs Prifm, whereby the
beam of the Sun’s Light which came in at that hole mighe
be refrated upwards toward the oppofice Wall of the
Chamber, and there form a coloured Image of the
Sun. The Axis of the Prifm (thac is the Line pafling
throngh the middle of the Prifm from one end of it to
the other end Parallel to the edge of the Refracting Angle)

Exper. 3.

ES

was in this and the following Experiments perpendicular
to the incident Rays.  About this Axis I turned the Prifm:
{lowly , and faw the refracted Light on the Wall or co.
loured Image of the Sun firft to delcend and then ro af-
cend. Between the Defcent and Afcent when the Image
leemed Stationary , I fopt the Prifm, and fixt it in that
Dnn'nvm 1‘1‘\"\!‘ ;1" ai-r\!{‘rl t-\n m.r\‘trbrl

COLULC, hdr I 10lG 0C mMOVEQ no moic. Forin t‘h&t
pofture the Refractions of the Light at the two f{ides of
the Refradting Angle, that is at the entrance of the Rays
into the Prifm and at their going out of it, were equal to
one another. So allo in other Experiments as often as I
would have the Refra@ions on both fides the Prifm to be
equal to one another, I noted the place where the Image
of the Sun formed by the refracted Light ftood ftill be-
tween 1ts two contrary Motions, in the common Period.
of its progrefs and egrefs ; and when the Image fell upon
thar place, I'made faft the*Prifim. And in this pofture, as

the
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the moft convenient,it is to be underftood that all the Prifms
are placed in the following Experiments, unle(s 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 thar Light.
This Image was Oblong and not Oval, but terminated
with two Re&tilinear 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 Light
there decaying and vanifhing by degrees. The breadth of
this Image anfwered to the Sun’s Diameter, and was about
two Inches and the eighth parc of an Inch , including the
Penumbra. For the Image was eighteen Feet and an half
diftant from the Prifm, and at this diftance that breadth if
diminifhed by the Diameter of the hole in the Window-{hut,
that is by a quarter of an Inch, fubtended an Angle at the
Prifm of about half a Degree, which is the Sun’s apparent
Diameter. But che length of the Image was about ten Inches
and a quarter, and the length of the Rectilinear Sides about
eight Inches ; And the refracting Angle of the Prifm where-
by {o great a length was made, was 64 degr. With a lefs
Angle the length of the Image was lels, che breadth re-
maining the fame.  If the Prifm was turned abour its Axis
that way which made the Rays emerge more obliquely out
of the fecond refracting Surface of the Prifm, the Image foon
became an Inch or two longer, or more; and if the Prifm
- was turned about the conttary 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 cutious as I could be in pla-
cing the Prifm by the above-mentioned Rule exaltly in
- . C2 {uch
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fuch a pofture that the Refractions of the Rays at their emer-
gence out of che 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 fcae-
tered fome of the Sun’s Lighe irregularly, but had no fen-
fible effect in encreafing the length of the ‘ciolou1red’ SPfeca»
trum. FYor I tried the fame Experiment with other Priims
with the fame Succefs. And particularly with 2 Prifm
which feemed free from fuch Veins, and whofe refraéting
Angle was 61! Degrees, I found the length of the Image 93
or 10 Inches at the diftance of 182 Feer from the Prifm,
the breadch of the hole in the Window-fhut beingi of an

Inch as before. And becaufe it is eafie to commit a mi-
ftake in placing the Prifm in its due pofture, I repeated
the Experiment four or five times, and always found the
length of the Image that which is fet down above. With
another Prifm of clearer Glafs and better Pollifh, which
feemed free from Veins and whofe refra&in‘g, Angle was

63 ! Degrees, the length of this Image at the fame diftance
of 184 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 the Clouds feemed to be a lictle
tinged with red and violet, but fo very faintly that I fufpe-
cted that tinGture might either wholly or in great meafure
arife from fome Rays of the Spe@rum fcattered irre-
gularly by fome inequalities in the Subftance and Polifh
of the Glafs , and therefore I did not include it in thefe
Meafures. Now the different Magnitude of the hole in
theWindow-fhut, and different thicknefs of the Prifn 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

the
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the Prifms make any : for in a Veflel made of polifhed
Plates of Glafs cemented together in the fhape of a Prifi
and filled with Water, there 1s the like Succels of the Ex-
periment according to the quantity of the Refragion. It
is further to be obferved, that the Rays went on in right
Lines from the Prifm to the Image, and therefore at cheir
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 Opticks
vulgarly received, they could not poflibly be fo much in-
clined to one another.  For let EG reprelent the Window- g, 1.
- fhut, F the hole made therein through which a beam of the i
Sun’s Light was tran{micted 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. Orif you pleafe, let AB C reprefent the Prifm it
felf, looking directly towards the Spectator’s Eye with its
nearer end : And let XY be the Sun, M N thePaper upon
which the Solar Image or Speétrum is caft, and P T the
Image it {elf whofe [ides tovvards V and W are Redili
near and Parallel, and ends tovvards P and T Semicir-
cular. YKHP and XLJT are - two Rays, the firft
of which comes from the lower part of the Sun to the
higher part of the Image, and is refracted in the Prifm at
K and H, and the latter comes from the higher part of
the Sun to the lower part of the Image, and is refracted
at L and J. Since the Refra&ions on both fides the Prifm

are equal to one another, that is the Refradtion at K equal
e the R afradFinn at J, 3nd [he BPFT‘Q{Q‘!OQ at -[J. Cqual to

ElJ LIlw A wildadwhinvril AW AW BLY, bt 2y

the Refradtion at H, fo that the Refradtions of the inci-
dent Rays at K and L taken together are cqual,to-fthe

Refrations of the emergent Rays at Hand J raken t‘c;ge»
| ther :
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duer : it follows by adding equal things to equal thingy,
that the Refracions at K and H taken together, are equal
to the Refractions at J and L taken together , and there-

Crvn slha cvrm B Aave Reing ecvitably Y‘PFV');;,J:%';?A g_‘tfﬁvm f}\p_ rfrma
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Inclination to one another after Refra@iion which they had
before, thatis the Inclination of half a Degree anlwering
to the Sun’s Diameter. For fo grear 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 vw;
and cherefore the Image would be round.  Thus it would
be were the two Rays XL J T and YK HP and all che
reft which form the Image Pw» T v, alike Refrangible.
And therefore feeing by Experience it is found that the
Image is not round but about five times longer than
broad, the Rays which going. to the upper end P of the
Image fuffer the greateflt Refraction, muft be more Refran-
gible than thofe which go to the lower end T, unlefs the
inequalicy of Refraétion be cafual. o
This Image or Speétrum P T was coloured, ‘being red
at its leaft refracted end T, and violet at its moft refradted
end P, and yellow green and blew in the intermediate
fpaces. Which agrees with the firft Propofition, thac Lights
which differ in Colour do alfo differ in Reﬁangibi%ty;
The length of the Image in the foregoing Experiments I -
meafured from the fainteft and ourmoft red ac one end, 0
the faintelt and outmoft blew at the other end.. S

-d‘
»
a
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Exper. 4. In the Sun’s beam which was propagated in-
to the Room through the hole in the Window-fhut, at
the diftance of fome Feet frot the hole, I held the Prifm
in fuch a pofture chat its Axis might be perpendicular o

tiae beam.  Then I looked through the Prifm upon the
| ~ hole,
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hole, and turning the Prifm to and fro about ics Axis to
make thie Image of the hole afcend and defcend, when be.
tween its two contrary Motions it feemed ftationary, I
fropt the Prifm that the Refra&tions on both {ides of the
refratting Angle might be equal to each other as in the
former Experiment. In this Situation of the Prifm view-
ing through it the faid hole, I obferved the length of its
re%'a&ed Image to be many times greater than its breadth,
and that the moft refracted part thereof appeared violer,
the leaft refracted red, the middle parts blew green and
yellow in order. The fame thing happened when 1 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 yer if the Refraction were done
regularly according to one certain Proportion of the Sines
of Incidence and Refraction as is vulgarly fuppofed, the
refraéted Image ought to have appeared round.

So then, by thele two Experiments it appears that i
equal Incidences there is 2 confiderable inequality of Re-
fractions : But whence this inequality arifes, whether it be
that foime of the incident Rays are refradted more and
others lefs, conftantly or by chance, or that one and the
fame Ray is by Refraction difturbed, fhateered, dilated,
and as it were {plit and {pread into many diverging Rays,
as Grimaldo fuppofes, does not yet appear by thele Experi-
ments, but will appear by thofe that follow.

Exper. 5. Confidering therefore, that if in the third Ex-
periment the Image of the Sun {hould be drawn out into
an oblong form, either by a Dilatation of every Ray, ot
by any other cafual ineqtlalg?y of the Refrations, the {ame
oblong Image would by a fecond Refration mz}deﬁlflcn
ways be drawn out as much in breadih by the like Dila-

tation of the Rays or other cafual inequality of the Ke-
fractions
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fra&ions Sideways, I tried what would be the Effeéts of
fuch a fecond Refraction. For this end I ordered all thingg
as in the third Experiment, and then placed a fecond Prifm
immediately after the firft in a crofs Pofition to it, thatit
might again refract the beam of the Sun’s Light which
came to it through the firft 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 {upe-
rior part which in the firft Prifm fuffered the greater Re-
frattion and appeared violet and blew, did again in the
fecond Prifm fuffer a greater Refra&ion than its inferior
part, which appeared red and yellow , and this without
any Dilation of the Image in breadth. | S
Hluftration. Let S reprelent the Sun, F the hole in the
Window, ABC the fuft 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 paffing through the
firft Prifm alone when the fecond Prifm is taken away, and
pt the Image made by the crofs Refra&tions of both
Prifms together. Now if the Rays. which tend towards
the {everal Points of the round Image Y were dilated and
fpread by the Refrattion of the firft Prifm, f{o that they
{%ould not any longer go in fingle Lines to fingle Points,
but that every Ray being fplic, fhattered, 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 {hould
go in thofe Planes to fo many Lines reaching almoft
from one end of the Image P'T to the other, and if
that Image fhould thence become oblong : ‘th(.)fe.'RayS
and their {everal parts tending towards the feveral Points of
the
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the Image PT ought to be again dilated and {pread Side-
ways by the tranfverfe Refracion of the fecond Prifm, fo

as to compofe a fourfquare Image, fuch as is reprefented
at »1. For the better underftanding of which, let the Image

v AW AL LRLILLL AL

P T be diftinguifhed into five equal Parts PQK, KQRi,
LRSM, MSVN, NVT. And by the {ame irregularity
that the Orbicular Light Y is by the Refrattion of the firlt
Prifm dilated and drawn out into a long Image P T, the
the Light P QK which takes up a {pace of the fame lengeh
and breadth with the Light Y ought to be by the Refra-
&ion of the fecond Prifim dilated and drawn out into the
long Image =g kp, and the Light K Q R L into the long
Image & q 71, and the Lights LR SM, MSVN, NV T
into fo many other long Images [ r s m, m sy u, nvt7; and
all thefe long Images would compofe the fourlquare 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
firlt 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
¢chan others. But the Event is otherwife. Thelmage PT
was not made broader by the Refraction of the {econd
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 vefracted in the fecond Prifm
chan the Light which tended towards the lower end T,
chat is the blew and violet, than the red and yellow ; and
therefore was more Refrangible. The fame Light was by
the Refraction of the Arft Prifm tranflaced further ﬁ'Ol‘nlthe

D place
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place Y to which it tended before Refraction ; and there
ore [uffered as well in the firft Prifm as in the fecond :

areater Refraction than the reft of the Light, and by con.

its:j incidence on the firft Prifm. | I
Sometimes | placed a third Prifm after the fecond, anc
fometimes alfo a fourth after the third , by all which the
Image might be often refraed fideways : but the Rays
which were more refrated than the reft in the firft Prifm
were alfo more refracted in all the reft, and that without
any Dilatation of the Image fideways : and therefore thofe
Rays for their conftancy of a greater Refraction are de-

fervedly reputed more Refrangible. |
But thac the meaning of this Experiment may more
clearly appear, it isto 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 whole length is
equal to its breadth, and which, as ro fenfe, may feem.
circular.  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
oppolite 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, D K, the circles
gy o many intermediase forts of Rays would fisccef-
Lyey pelit HpOl the wall, 1w chey were lingly propagated
from the Sun in fucceflive Order, ythe reﬂ‘bégiggpahgaygs in-
tercepted 5 And conceive that there are other inrermediate
Circles without number which innumerable other inter-
I&lfﬁﬁ? t%;t; uc;f illiays would fucceffively paint upon the
tould fucceflively emit every fore apart.

And
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And feeing the Sun emits all thefe forts 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 Spectrum P T is compoled which I defcribed in the
third Experiment. Now it the Sun’s circular Image Y
which is made by an unrefraéted beam of Light was by
any dilacation of the fingle Rays, or by any other irregu-
larity in the Refracion of the firft Prifm, converted into
the Oblong Spectrum, P T : then ought every circle A G,
BH, CJ, ¢ in that Speétrum, by the crofs Refra-
&ion of the fecond Prifm again dilating or otherwile
(cattering the Rays as before, ro be in like manner drawn
our and cransformed into an Oblong Figure, and thereby
the breadth of the Image P 'T' would be now as much aug-
mented as the length of the Image Y was before by the Re-
fraction of the firft Prifm ; and thus by the Refractions of
both Prifms together would be formed a fourfquare Figure
prt1as I deferibed above.  Wherefore fince the breadth of
the Spetrum P T' is not increafed by the Refraétion fide-

ways, it is certain that the Rays are not {plit or dilated, or
otherways irregularly fcattered by that Refraction, but

that every circle is by a regular and uniform Refraction
cranflated entire into another place, as the circle A G by
the greateft Refraction into the place ag, the circle BH by
a lefs Refraction into the place bb, the circle CJ by a Re-
fraction ftill lefs into the place ¢4, and fo of the reft; by
which means a new Spectrum p ¢ inclined to the former
P T isin like manner compofed of circles lying in 2
right Line ; and thefe circles muft be of the fame bignels
with the former, becaufe the breadths of all the Spe-

Srums Y, P T and pt at equal diftances from the Prifms

are equal.
D 2 ! con-
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I confidered further that by the breadth of the hole F
throngh which the Light enters into the Dark Chamber,
thete is a Penumbra made in the circuit of the Spectrum
Y, and that Penumbra remains in the reétilinear Sides of
the Spectrums P-T and pt. I placed therefore ac that hole
a Lens or Object-glals of a Telefcope which might caft
the Image of the Sun diftinély on Y without any Penum.
bra at all, and found that the Penumbra of the Recctili-
near Sides of the oblong Spectrums P T and pr was alfo
thereby taken away, {o that thofe Sides appeared as di-

ftinétly defined as did the Circumference of the firft Image
Y. Thus it happens if the Glals of the Prilms be free.

from veins. atd their Sides be accurarelv nlane and well.
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polifhed without thofe numberlels waves or curles which-
ufually arife from. Sand-holes a lictle fmoothed in polifh.
ing with Puety.  If the Glafs be: only well polihed and:
free from veins and the Sides not accurately plane buc a
lille Convex or Concave, as it frequently happens ; yet
may the three Spe¢trums Y, P T and p¢ want Penumbras,
but not in equal diftances from the Prifms. Now from
this wasit of Penumbras, I knew. more certainly that ever
oneof the circles was refrated according to fome 11101{
regular, uniform, and conftant law. For if there were
any irregularity in theRefraction, the right Lines A I and
G L whichall the circles in the Spe¢trum P T' do touch,
could not by that Refration be tranflated into the Lincs
a.¢cand g/ as diltin& and fraighe as they were before, but
there would arife in thofe tranflated Lines fome Penumbra
or crookednefs or undulation, or other fenfible Pereurban
tion contrary to, what is- found by Fxperience.  What{o-
ever. Penumbra or Perturbation {hould be. made in the.
circles by the crofs' Refraéion of the fecond Prifm . all
that Penumbra or: Perturbation would be conf‘picuoﬁs in
' the.
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the right Lines # ¢ and g! which touch thofe circles. And’
therefore {ince 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 Refractions, the Dia-
meters of the circles are not increafed thereby.  Since thofe

Tangents continue to be right Lines, every circle which
in the G} Prifm is more or lels refracted . 1s exaétly in
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the {ame Proportion more or lefs refracted in the {econd.
And fecing all thele 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 evidenc that
the Rays of one and the fame circle as to their degree of
Refrangibility continue always Uniform and Homogeneal
to one another, and that thofe of feveral circles do diffex
in degree of Refrangibility, and that in fome certain and
conftant Proportion.. Which is the thing I was to prove:
There is. yet another Circumitance or two of this Ex-Fig. 16.

periment by which. it becomes {till more plain. and con-
vincing. Let the fecond Priflm D H be placed not:imme-
ately after after the firft, but at fome diftance from it ;
Suppole in the mid-way between it-and the Wall on which -
the oblong Spectrum P T is caft, fo that the Light from
the firft Prifm may fall upon it in the form of an oblong
Spectrum, =1 Parallel to this fecond Prifm,and be refracted
Sideways to form the oblong Spectrum p ¢ upon the Wall.
And you will find as before, that this Speétrum p ¢ is in=
clined tothat Spe&rum P T, which the firft Prifm forms
alone without the fecond ; 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 fuffer the greareft
Refraction in the firft Prifm, are againin the fecond Prifm
more refracted than the reft. The.
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The fame thing I try’d allo by letring the Sun’s Lighe
into 2 dark Room through two little round holes Fande
made in the Window, and with two Parallel Prifms ABC
and a2 placed at thofe holes (one at each) ref}a&in'g
thofe two beams of Light to the oppofite Wall of the

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

P T and ¥N 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 endMlof the other. For if thefe |
two refralted beams were again by a third Prifm D H pla-
ced croft to the two firft, refracted Sideways, and the Spe-
¢trums thereby tranflated to {ome other part of the Wall
of the Chamber, (uppofe the Spectrum P T to pt and
the SpeGtrum M N to mn, thele tranflated Spe@rums pr
and m n would not lie in one ftraight Line with their ends
contiguous as before, but be broken off from one another
and become Parallel, the blew end of the Image m » being
by a greater Refraction tranflated farther from its former
place M T, than the red end ¢ of the other Image p ¢ from
the fame place MT which puts the Propofition paft di-
{pute.  And'this happens whether the third Prifm D H be
placed immediately after the two firft or at a great diftance ~
from them, fo that the Light refrated in the two firft
Prifms be either white and circular, or coloured and ob-
long when it falls on the third. o

Exper. 6. In the middle of two thin Boards I made

round holes 2 third part of an Inch in' Diameter, andin
the Window-fhut a much broader hole, being madeto ler
into my darkned Chamber a large beam of the Sun’s |

Lighey I placed a Prifm behind the Shut in that beam to

refract it towards the oppofice Wall, and clofe behind the

Pr_ifm I fixed one of the Boards, in fuch manner that the
middle of the refracted Light might pafs through the hole
made
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made in i, and the reft be intercepted by the Board.
Then ar the diftance of about twelve Feet from the firlk
Board I fixed the other Board, in fuch manner that the
middle of the refracted Light which came through the hole
in the firlt Board and fell upon the oppofite Wall might
pafs through the hole in this other Board, and the reft be-
ing intercepted by the Board might paint upon it the co-
loured Spectrum of the Sun.  And clofe behind this Board
1 fixed another Prifm to refra¢t the Light which came
through the hole. Then I returned 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, chat all its parts
might fuccellively pals through the hole in that Board and
fall upon the Prifm behind it.  And in the mean time, I
“noted the places on the oppofite Wall to which rhar Light
after its Refraction in the fecond Prifm did pafs ; and by
the difference of the places I found that the Light which
being moft refracted in che 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 thac
Image, which proves as well the fult Propofition as the
fecond.  And this happened whether the Axis of the two
Prifms were parallel, or inclined to one another and to the
Horizon in any given Angles.

Hiyftration. Let F be the wide hole in the Window-fhut, g, 13,
througl which the Sun fhines upon che firft Prifm ABC,
and lec the refradted Light fall upon the middle of the
‘Board D E, and the middle part of thatr Light upon the
hole G made in the middle of that Board. Let this tra-
jected part of the Lighe fall again upon the middle of the
fecond Board d e and there pamnt fuch an oblong coloured

Image of the Sun as was defcribed in the third Experiment.
. By
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By tutning the Prilm A B C {lowly to and fro about i
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 pafs fucceflively through the
hole ¢ which is made in the middle of that Board. In the
mean while another Prifm a b ¢ is to be fixed next after
that hole ¢ to refra& che trajected Light a fecond time,
And thefe things being thus ordered, 1 marked the places
M and N of the oppofire Wall upon which the refracted
Light fell,and found that whilft the two Boards and fecond
Prifm remained unmoved, thofe places by turning the firft
Prifm about its Axis were changed perpetually.  For when
the lower pact of the Light which fell upon the fecond
Board de was calt through the hole g it went to a lower
place M on the Wall , and when che higher part of that
Lightwas caft through the fame hole g, it went to a higher
place N on the Wall, and when any intermediate part of
the Light was caft through that hole it went to fome place
on the Wall 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 refraded
in this Prifm which by a greater Refradion 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. o
Exper. 7. At two holes made near one another in my
Window-fhut I placed two Prifms , one at each, which
mighe caft upon the oppofite Wall (after the manner of
the third Experiment ) two oblong coloured Images of the:
Sun.  And at a little diftance from the Wall 1 placed a
long flender Paper with ftraight and parallel edges, and
| ordered
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ordered the Prifms and Paper {o, that the red Colour of
one Image mighe 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 that the Paper appeared of two
Colours, red and violet , much after the manner of the
painced Paper in the firft and fecond Experiments. Then
with a black Cloth I covered the Wall behind the Paper,
that no Light might be refleted from it to difturb the
Experiment, and viewing the Paper through a third Prifm
held parallel to it, I faw that halt of ir which was llumi-
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 conuguous 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 reprelented in the 19th Figure , where Fig. 19.
D G denotes the Thred illuminated with violet Light
from D to E and with red Light from Fto G, and de fg
are the parts of the Thred feen by Refraction. If one half
of the Thred be conftantly illuminated wich red, and the
~other half be illuminated with all che Colours fucceffively,
(which may be done by caufing one of the Prifms to be
turned about its Axis whilft the other remains nnmoved)

this other half in viewing the Thred through the Prifi,
~will appear in a continued right Line with the firft halt
‘when illuminated with red , and begin to be a little divi-
ded from it when illuminated with Orange, and remove

further from it when illuminated with Yellow, and fhill
E furcher
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arther when with Green, and further when with Blew, and:

go yet further off when illuminated wich Indigo, and fug-
theft when with deep Violet.  Which plainly {hews, that

- the Lights of (everal Colours are more and more Refran-

Fig. 17,

.F{g. 20,

gible one than another, in this m*_dcr' of cherr (30!0111'5,R0d,
Orange, Yellow, Green, Blew, Indigo, deep j\/mlcr 5 and
fo proves as well the firft Propoficion as the fecond.

I caufed alfo the coloured Spectrums P71 and MN
made in a dark Chamber by the Refractions of two Prifms
to lyein a right Line end to end, as was deferibed above
in the fifth Experiment, and viewing them through a third
Prifm held Parallel to their length, they appeared no longcr*
in a right Line, but became broken from one another, as
they are reprefented at pt and mn, the violer end m of the
Spe¢trum ma being by a greater Refraction tranflated
further from its former place M T than the red end ¢ of the:
other Spectrum p ¢.

I further caufed thofe two Spe@trums P T and M N to
become co-incident in an inveited order of their Colours,
the red end of each falling on the violee end of che other,
as they are reprefented in the oblong Figure P T'M N ;
and then viewing them through a Prifm I I held Paral-
lel to-their length, they appeared not co-incident as when
viewed with the naked Eye, but in the form of two di-
ftin¢t Spectrums pt and mn croffing one another in the
middle after the manner of the letter X, Which {hews

FE A A W X

that the red of the one Spectrum and violet of the other,
which were co-incident at PN and M T, be

from one another by a greater Refraction of ¢l
p and m than of the red to nand ¢, do
Refrangibilicy.

I illuminated alfo a lictle circular picce of white P
all over with the Lights of both Prifins interuis.ed

ing pmted

of the violet to
differ in degrees of

aper
, and
when
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when it was 1llumm‘u:c d witch che red of one Spectrum and
deep violet of the other, (0 as by the mixture of thofe
Colours to appear all over purple , 1 viewed the Paper,
firlt ac a lefs diltance , and thenac a greater, through a
third Prifm ; and as [ went from the Paper, ¢ the refracted
Image thmcuf became more and more divided by the un-
mml Refraction of che two mixed Colours, and ac lengeh
P,utc d into two diftinet Images, a ved one and a violee (m(,
whercot the violer was hmhcﬂ fmm the Paper, and chere-
fore futered the greatett Retraction. And when chat Prifm
at the Window which caft the violet on the Paper was ca-
ken away,the violer Image dilappeared; bue when the other
I’UIin was taken away the red vamithed @ which fhews chat
thele tvo Imuges were nothing clle than the Lights of the
two Pridms which had been intermixed on the pmp]n Y.
per, bur were pmul .1%_1 an by their unequal Refractions
made i the thod Pridm rlzmugh which the Paper was
viewed. 'Hm 2o was oblervable thae if one of the
Pritias ac the Wandow, fuppole thae wineh caft the violee
on the Paper, was turned abour ies Axis o make all the
Colours in this mdm Violer, Tndigo, Blew, Gieen, Yel-
low, Orange, Red, tdl fuceel zula on the 1’.‘1”16 mm thar
Prifm, the violet o e Changed Colour accordingly, and
in changing Colour came nearer to the red one, anctl w hen
it was alfo ved they bash becane tully co-incident.

[ placed alto twor p ,;pc'x arcles very near one another,
the hm m the red Lapht of one Prifm, and the other in
the violer l,i%?ht of the other. The circles wee each of
them an Inch in Diamerer, and behind diem the Wall was
dark that the Eapenment mighe not be ditusbed by any
Light coming trom thence. Thele circles thus illuminated,
I viewed chrough a Prifm fo held thae the Refraction :wvht
be made towards the red cirele, and a5 I wene from 1) ;n m

I 2 Wy
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they came nearer and nearer cogether, and at length be.
came co-incident y -and afterwards when Tweat ftill furcher
off, they parted again in a contrary order, the violet by.a
greater Refradtion being carried beyond the red. ¢
Exper. 8. In Summer when the Sun’s Light ufes to
be ftrongeft, I placed a Prifm at the hole of the Windew
thut, 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,,
placed there the abovementioned Lens,by vvhich the Light
refle@ed from the Book might be made to converge and
meet again at the diftance of fix Feet and tvvo Inches be- -
hind the Lens , and there paint the Species of the Book
upon a {(heet of vvhite Paper much after the manner of the:
{econd 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 diftinétly ; And then I ftay’d till by the Mo-
tfon of the Sun and confequent Motion of his Image on
the Book, all the Colours Cflrom that red to the middle of
the blew pafs’d over thofe Letters; and when thofe Lett
were illuminated by thae blew, I noted again the place
the Paper when they caft their Species moft diftinétly up
it : AndIfound that this laft place of the Paper was neas
to the Lens than its former place by about two Inches a;
an half, or two and three quarters. ~ So much focner there-
fore did the Light in the violet end of the Image by a ?gfé_g;
ter Refraction converge and meet , than the Light in the
red end. But in trying this the Chamber was as dark asT
could make it. Forif thefe Colours be diluted and weaks
ned by the mixture of any adventitious Light, the diftance
| between. -
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between che places of the Paper will not be fo great. This
diftance in the fecond Lxperiment where the Colours of
nacural Bodies were made ufe of, was bue anInch and a
half, by reafon of the impertettion of thofle Colours. Here
in the Colours of che Prifm, which are manifeftly more
full, inrvenfe, and lively than thofe of natural Bodies, the
diftance is two Inches and chree quarcers.  And were the
Colours {hll more full, T queftion not but that the di-
ftance would be confiderably greater.  For the coloured
Light of the Pritm, by the interfering of the Circles de-
feribed in tie vidh Tgore of the fifth Experiment, and alfo
by the Light of the very bright Clouds next the Sun’s
Body intermiving with thele Colours, and by the Lighe
{earcercd by the mequibiies in the polith of the Prifm, was
fo very mudh componnded, thae the Species which chofe
iz ) I ' i ,
faine and dark Colowrs, the Indigo and Violet, caft upon
the Paper were not diflinet enough o be well obferved.
xpor. g A Pribn, whole two Angles ac its Bafe were
equal to one aporlior and halt right ones, and the third
a right one, T plaedin a beam of the Sun’s Lighte lec in-
to a Jark Chamber dhvoueh a bole in the Window-{hut
as in the dond aperimene, And rurning the Prifm flowly
abour s Asi unud 23 dhe Liphe which went through one

"
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racted by it began to be retlected

by its Bale, ar which sl then it wene our of the Glafs,
I oblerved thar thole Ravs which had [uffered the greatelt
Refraction were fooner rellected dhan the reft. T conceived
therefore that thole Ravs of the reflected Lighe,  which
were mott Refangeble, did finlt of all by a cotal Reflexion
beconie more copious in that Lighe than che reft, and
that afierwards the refl alfo, by a total Reflexion, be-
came as copious as thefe.  To try chis, Imade che re-
fected Lighe pafs through another Prifm, and being rcga‘{
&ec

"
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&ed by it to fall afterwards upon a {heet of white Paper

placed at fome diftance behind it, and there by that Re-
fraltion to paint the ufual Colours of the Pnﬁ*n. And
then canfing the firft Prifm to be turned abou_t 1ts.Ax1§ as
above, T obferved that when thofeRays which in this Prifm
had fuffered the greateft Refraction and appeared of a blew
and violet Colour began to be totally reflected, the blew
and violet L"'ight 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 fuft
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, thar the beam of Light reflected by
the Bale of the Prifm, being augmented firft by the more
Refrangible Rays and afterwards by the lefs Refrangible
-ones, is compounded of Rays differently Refrangible.
And that all fuch reflected 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 Alreration
in its Modifications and Propertics. I do not here take
notice of any Refractions made in che Sides of the frft
Prifm, becaufe the Light enters it perpendicularly at the
firft Side, and goes ont perpendicularly ac the fecond Side,
and therefore fuffers. none. So then, the Sun’s incident
Light being of the fame temper and conftitution wich his
emergent Light, and the laft being compounded of Rays
differently Refrangible , the firt muflt be in like manner
compounded. |
Tluftration. In the 21th Figure, AB C is the firft Prifm,
BC its Bafe, B and C its equal Angles at the Bale, each
| of
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of 45 degrees, A its Rectangular Vertex, FM a beam of
the Sun’s Light let into a dark Room through a hole ¥
one third part of an Inch broad, M ics Incidence on theBafe
of the Prilm, M G a lels refracted Ray, M 1 a more refraé-
ed Ray, M N the beamn of Lighe reflected from the Bafe,
VXY the fecond Pedm by which this beam in pafling
tl‘lrm‘lgh it 1s refracted, Wt the lels refracted Light of thus
beam, and N pthe more refracted pare thereof. When the
frft Prifm A B C s curned aboue its Axis according to the
order of the Tetters A B € the Rays MU cn‘lcrgc more
and more obliquely out of thae Prifm, and ac lcngch after
their moft oblique Fmergence are reflected towards N,
and poing on to p do increade the number of the Rays Nop.
Aftervvards by continuing the motion of the bt Prifim, the
Rays MG are llo reflected o Wand increafe the aumber of
the Rays W& And cherefore the Lighe M N admits into
its C?m'ilpnﬁtiun, fult the taore R c,:[mr.u;;g;i‘l"slc Rays, and then
the lels Refrangible Rays, and vee afrer this Compofition
is of the Line Nature vvith the Sun's nmiediace Lighe F M,
the Rellexion of the fpecular Bate B C caufing no Alrera-

tion therain, |
Exper. vo. "T'wo Prfms, which were alike o [hape, T
tied o tagether, thae thewr Axes and oppoliee Sides being
Parallel, they compnfed a I"’.imllc]c;pi_pcd; And, the Sun
fhining into my dark Chamber through a licde hole in che
Window-{hur, T placed that Parallelopiped in his beam ac
fome diftance from che hole, in fuch a polture thae the Axes
of the Prilms nught be perpendicular to dhe incidens Ravs,
and rthae dhiofe Rays bemg icident upon the firft Side of
one Prifm, might go on tﬁamuggh the two contignons Sides
of boih Prifs, and cinerge oue of the laft Side of the fe-
cond Prifm.  This Side being Parallel to the firft Side of
the fuft Prifm, caufed the emerging Light ro be Parallel
to
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to the Incident. Then,fbe Of‘ld

thefe two Prifis T placed
@ . 1. 4 ISR SV BV « EEPE P T RRE T P e T 1o0he l)‘li'-z-l‘ s
a th]fd, which mlgnt réIract tinac CImCTECiit LAy, «11Q uy
chat Refraction caft the ufual Colours of the Prifm upon
the oppofite Wall, or upon a {heet of white Paper held at
4 convenient diftance behind the Prifm for that refracted

Light to fall upon it. After this I turned the Parallelopiped

about its Axis, and found that when the contiguous Sides
of the two Prifms beeame fo oblique ro the inc_xdent Rays
that thofe Rays began all of them to be reflected, thofe

‘Rays which in the third Prifm had fuffered the greateft Re«

fra&tion and painted the Paper with violet and blew, were

firft of all by a total Reflexion taken out of the tranf{mitted

Light, the reft remaining and on the Pzaper painting their
Colours of Green, Yellow, Orange, and Red as before
and afterwards by continuing the motion of the two Prifms,
the reft of the Rays alfo by a total Reflexion vanifhed in
order, according to their degrees of Refrangibilicy. The
Light therefore which emerged out of the two Prifms is

~compounded of Rays differently Refrangible, fecing the

more Reﬁ:ang%ble Rays may be taken out of it while the

]aﬁ Dnr«nhrv: o u/_;ha;-:-- Du-ubg J-.L:.* T :....‘-A. 1,‘:_ s I . Y |
1015 RUTAngIplC remaifi. Dt this Lagne L)(:Il;lg, FL‘EL]CCECCI

only through the Parallel Superficies of the two Prifms, if

At fuffered any change by the Refrattion of one Superficies

it loft thar impreflion by the contrary Refradtion of theé
other Superficies, and fo being reftored to its priftine ¢ott
ftitution became of the fame nature and condition as at filt
before its Incidence on thofe Prifins; and therefore, before
its Incidence, was as much compounded of Rays &iﬁefénﬂy

Refrangible as afterwards. |
Hftration. In the 22th Figure AB C and B C D are/the
the two Prifms tied together in the form of a P*lmllé:lm |
piped, their Sides B C and CB bein cOmtigucus - and
their Sides A B and CD Parallel. An% HJK is the third
| . Prilm,



[ 41 ]

Prifm, by which the Sun’s Light propagated through the
hole F into the dark Chamber, and there paffing through
th. {e fides of the Prifms AB, BC, CB and CD, is refra-
&ed at O to thewhite Paper P T, falling there partly upon
P by a greater Refraction, partly upon T by a lefs Refra-
¢tion, 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 {ufficiently 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
refrated Rays O P, (the reft 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 torally reflect-
ed by it towards N5 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 they are in order totally reflect-
ed to N, they muft difappear in the {ame order at R and

T. . So then the Rays which at O fuffer the greateft Re-
fradion, may be taken out of the Light 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 C D are parallel, and. therefore
by equal and contrary Refractions deftroy one anothers
Effe@s, the incident Light FM muft be of the fame kind
and nature with the emergent Light M O, and therefore
doth alfo confift of Rays differently Refrangible. + Thefe
two Lights FM and MO, before the moft refrangible Rays
are {eparated out of the emergent Light MO agree in Co-

F | ‘ lour,
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four, and in all other properties fo*‘ far as my obfervation
reaches, and therefore are defervedly reputed of the fame
Nature and Conftitution, and by confc:}uenc:f: the one is
compounded aswell as the other. But after the moft Re.
frangible Rays begin to be totally reflected, and thereby-
feparated out of the emergentLight MO, that Light changes
its Colour from white to a dilute and faint yellow, a pretey.
good orange, a very full red fucceflively and then totally
vanithes. For after the moft Refrangible Rays which paine-
the Paper at P with a Purple Colour, are by a. total 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 MO compound there a faint yellow,
and after the blue and past of the green which appear on
the Paper between P and R are taken away, the x:e[{ which
appear between R and T (that is the Yellow, Orange, Red:
and a 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, exceptthe lealt Refrans
gible, whichi at T appear of a full Red, their Colour is
the {ame in that Beam' M O. as afterwards at T, the Re~
fraction of the Prifm HJK ferving only to f(eparate the-
differencly Refrangible Rays, without making any alteration
in their Colours, as fhall be more fully proved hereafter.
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cond. |
- Scholinm. If this Experiment and the former be conjoyned
and made one, by applying 2 fourth Prifm VXY to res
fra&t the refleéted 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 flronger
when the Light O P, which in the thivd Prife [ K is
more sefracted, vanifhes at P 5 and afterwards when che lefs
; - I - refracted
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refracted Light O ‘T vanifhes at ‘T the lefs refracted Light
M will become encreafed whillt the more refraéted Lighe
at p receives no further encreafe. And as the trajected
Beam M O in vanifhing is always of f{uch a Colour as
ought to refule from che mixture of the Colours which
fall upon the Paper P, fo is the reflected Beam MN al-

~ .
wEEANIC LN nf“ﬂ ~y ( .("\‘l\!ll' AR l!HCI"\f‘ iy 1'(*(;1]7‘ pv'nnn rl1n YY1V
VV <l > (it JARL WY [ R A A LR T L A R A M N A Y A AN A PR S WLV T, N

re of the Colours which fall upon the Paper pt.  For
when the moft refrangible Rays are by a toral Reflexion
caken 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 the Violer, Indigo and Blue a

more full, but alfo makes the Beamw M N change from
the yellowifli Colour of the Sun’sLight, to a pale white in-
clining to blue, and afrerward recover its yellowifh Co-
lour again, fo foon as all the reft of the tranfmiteed light
MOT is reflected.

Now feeing that in all this variety of Lxperiments,
whether the trial be made in Light refledted, and thae either
from natural Bodies, as in the firft and {econd Experiment,
or Specular, as in the Ninth 5 or in Lighe refraéted, and
that cither before the unequally refracted Rays are by di-
verging [eparated from one another, and lofing their whice-
nefs which they have altogether, appear feverally of feve-
ral Colours, as in the fifth Experiment ; or after they are
feparated from one another, and appear Coloured as in the
fixth, fevench, and cighth Experiments 5 or in Light tra-
jected through Parallel fuperheies, deftroying each others
Lffects as in the 1oth Experiment ; there are alw;t?zs found
Rays, which at equal Incidences on the fame Medium fuf-
fer uncqual Refradtions, and thar without any fplitting or
dilating of hngle Rays, or contingence in the inequality
of the Refractions, as is proved in the hifth and fixch Lx-

F oz periments ;
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periments 5 and feeing the Rays which differ in Refrangi(‘;i....
lity may be parted and forted from one another, and that
either by Refraction as in the third Experiment, or by Re-
flexion as in the tenth, and then the feveral forts apart a
equal Incidences {uffer unequal Refractions, and thole forts
are more refracted than others after feparation, which were
more refracted before it, as in the fixth and following Fx-
periments, and if the Sun’s Light be trajected through three
or more crofs Prifms {ucceflively, thofe Rays which in the
firft Prifm are refradted more than others are in all the fol-
lowing Prifms, refradted more then others in the fame rate
and proportion, as appears by the fifth Experiment; it’s
manifeft thac the Sun’s Light isan Heterogeneous mixture of

Rays, fome of which are-conftantly more Refrangible then

others, as was - . .~ propofed.
PROP. III. Theor HI
The Sun’s Light coﬁﬁﬁs of Rays ‘di]jréring mn Q{eﬂéxiéilig}, and

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

VHIS is manifeft by the ninth and tenth Experi-
8 ments: For in the ninth Experiment, by turning
the Prifm about its Axis, until the Rays within it which in
going out into the Air were refracted by ics Bafe, became
fo oblique to that Bafe, as to begin to be totally reflected
thereby ; thofe Rays became firfk of all totally reflected,
which before at equal Incidences with the reft had fuffered
the greateft Refraction. And the fame thing happens in

the Reflexion made bythe commonBaf¢ of the two Prifins
1 the tenth Experiment, | \ |

PROP.
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PROP. IV. Prob 1L

To [eparate from one another the Heterogeneous Rays of
Compound Light.

T YHE Heterogeneous Rays are in fome meafure fepa-
| rated from one another by the Refraétion of the
Prifm in the third Experiment, and in the fifth Experiment
by taking away the Penumbra from the Recilinear {ides of
the Coloured Image, that feparation in thofe very Rectili-
near fides or ftraight edges of the Image becomes perfece.
But in all places between thofe vectilinear edges, thofe in-
numerable Circles there defcribed, which are {everally illu-
minated by Homogeneral Rays, by interfering with one
another, and being every where commixt, do render the
Light fufficiently Compound. Butif 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 illaminate ; of all
which and innumerable other intermediate ones lying in a
continual Series between the two Reétilinear and Parallel
edges of the Sun’s oblong Image P T, that Image is com-
poled as was explained in the fifth Experiment.  And let
ag, bh, ciy dk, el, fm be fo many lefs Circles lying in
a like continual Series between two Parallel right Lines a f
and g m with the fame diftances between their Centers,
and illuminated by the fame forts of Rays, that is the

Circle g with the fame fort by which the correfponding
o Circle
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Circle A G was illuminated, and the Ciscle bb with the fame
foreby which the correfponding Circle BHwas illuminated,
“and the reft of the Circles ct, dk, el, fm relpeively,
with the fame forts of Rays by which the fﬁyeral corre-
fponding Circles CJ, D K, EL, FM were l}luminatcd,
. 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 chree forts of Rays by which thofe Cir.
cles are illuminated, together with other innumerable forts
of intermediate Rays, are mixed at QR in the middle of
the CircleBH. And the like mixture happens through-
out almoft the whole length of the Figure P T. Burin
the Figure pt compofed of the lefs Circles, the three lef;
“Circles ag, bh, ci, 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 the
Figure P T are all of them intermingled at BH.
Now he that {hall thus confider it, will eafily underftand
that the mixture is diminifhed in the f{ame Proportien
with the Diameters of the Circles. 1f the Diameters of
the Circles whilft their Centers remain the fame, be made
three times lefs than before, the mixeure will be alfo- three
times lefs; if ten times lefs, the mixture will be ten times
lefs, and fo of other Proportions. That is, the mixtute
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 les. For the Latitudes of thefe Fi-
gures are equal to the Diameters of their Circles. And
hence it eafily follows, that the mixture of the Rays in the
rqﬁ*a&ed Spectrum p ¢ is to the mixture of the Rays in the -
direct and immediate Liglit of the Sun, as the breadth of

that Spectrum is to the difference between the lengch and
breadth of the fame Spectrum. So
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So then, if we would diminifh the mixture of che Rays,
we are to diminifh the Diameters of the Circles. Now
thefe would be diminifhed if the Sun’s Diameter to which
they anfwer could be made lefs than it is, or (which comes?
to the fame purpofc) if without Doors, at a great diftance
from the Prifm tcowards 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 ﬁolc to
the Prifm.  For fo the Circles A G, BH and the reft,
would not any longer an{wer to the whole Difque of the
Sun , but only to that part of ic which could be feen
from the Prifm through that hole, that is to the apparent
magnicude of that hole viewed from che Prifm.  But chat
thele 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, BH, ¢e.,) di-
ftinétly upon the Paper ac P I, after fuch a manner as by
a Lens placed ata Window the Specices of Objects abroad
are caft diftinétly upon a Paper wichin the Room, and che
Rectilinear Sides of the oblong folar Image in the fifth
Experiment became diftinét wichour any Penumbra,  If
this be done it will not be neceflary to place chat 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.

Fxper. 11, In the Sun's Light let into my darkned
Chamber chrough a- fmall round hole in my Window-
fhur, at about 10 or 12 Feer trom the Window, I placed
a Leus, by which the Image of the hole mighe be di-
ftinétly caft upon a fheer of white Paper, placed at the
diftance of fix, eight, ten or twelve Feer from che 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 traje¢ted Light might be refracted 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 Sides, as in the third
Experiment. This oblong Image I ler fall upon another
Paper at about the fame diftance from the Prifm as be.
fore, moving the Paper either towards the Prifm or from.

it, until 1 found the juft diftance where the Reétilinear

Sidec af the Tmace hecame molt difHinét. Far in thic rafa
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the circular Images of the hole which compofe that Image
after the (ame manner that the Circles ag, 25, ci, &c. do

. the Figure p t, were terminated moft diftinétly wichout any

Penumbra, and therefore extended into one another the
leaft that they could, and by confequence the mixture of
the Heterogencous Rays was now the leaft of all. By this
means I ufed to form an oblong Image (fuch as is p¢) of
circular Images of the hole (fuch as are ag, bh, ci, &c.)

vvvvv .

and by ufing a greater or lefs hole in the Window-fhut, I
made the circular Imagesa g, b5 ci, &c. of which it was
formed, to become greater or lefs at pleafure, and thereby
the mixture of the Rays in the Image pt to be as much
or as litcle as I defired. -
Hlufiration. In the 24th Figure, F reprefents the circular
hole in the Window-fhut, MN the Lens whereby the
Image or Species of that hole is caft diftin&ly upon a
Paper at J, A B C the Prifm whereby the Ravs are at their
emerging out of the Lens refradted from J towards ano-
ther Paper at p¢, and the round Image at J is turned into
an oblong Image p ¢ falling on that other Papér. This
Image p t confilts of Circles placed one after another in a
Regtilinear order, as was fufficiently explained in che fifth
Experiment ;



[49 ]

Experiment ; and thefe Circles are equal to the Circle I,
anf canfequently anfwer in Magnitude to the hole F; and
¢herefore by diminifhing that hole they may be at pleafure
diminithed , whil'ft their Centers remain in their places.
By this means 1 rr_mdc: ic 1‘)1;(::1(‘1{1‘“1 cf the Image p t to be
forty timcs, and fometimes h:xty or {eventy times lefs than
ies lengeh.  As for inftance, if the breadth of the hole F
be . of an Inch, and M I the diftance of the Lens from
che hole be 12 Yeery and if pB or pM the diftance of
the Image pt f'rc:»m*c}m ,l?x'ii‘h} or Lens be 1o Feet, and the
refracting Angle of the Prifm be 62 degrees, the breadch
of the Image p will be 5 of an Inch and the length aboue
fix Inches, and therefore the lengeh o the breadeh as 72
to 1, and by confequence the Lighe of chis Image 71 times
lefs compound than the Sun’s direct Light.  And Light
thus far Simple and Homogeneal, s fufficiene for erying
all the Experiments in this Book abour fimple Light.  For
the compolicion of Heterogeneal Rays is in this Lighe fo
licele that ic s fearce to be difcovered and perceived by
fenfe, excepr perhaps in the Indigo and Violers for thefe
being dark Colours; do calily fufter a fenfible allay by chat
liede Teareering Livhe which nfes to be refracted irregularly
by the inequalicers of the Prifm. |
Yer inftead of the cocnlar hole T Ctis betrer to fubfti-
euce an oblong hole fhaped hke a Jong Parallelogram
with s leageh Parallel to the Prifm AB C. For if chis
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 theretore more fie o have
Experiments wied in irs Lighe chan betore,
Inftead of chis Parallelogram-hole may be fubftitued a
Triangular one of equal Sides, whofe Bale for inftance 1
' G about
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about the tenth part of an Inch, and its height an Inch op
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 2 g, bb, ¢,
dk, el, fm, &c. and imminmgrn‘blc_ 0;}1@1‘ intermediate ones
anfwering to the Triangular hole 1 thape and bignefs,and
lying one after another ina com:in_ual Series between two
Parallel Lines af and gm.  Thele Triangles are a licsle
intermingled at their Bafes but not at their Verrices, and
thercfore the Light on the brighter {ide «f of the Image
where the Bafes of the Triangles arc is alittle compounded,
but on the darker fide gm is altogether uncompounded,
and in all places between the {ides the Compolfition is
Proportional to the diftances of the places from that obe
fcurer fide g m.  And having a Speétram p ¢ of fuch a
Compofition, we may try Experiments cither in its ftronger
and lefs fimple Light near the fide « f, or in its weaker
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, lealt any forreign
Light mingle it felf wich the Light of the Spe&rum pt,
and render it compound ; cfpecially if we would try Ex-
‘periments in the more fimple Light nexe the fide g m of
* the Spe@trum; which being fainter, will have a lels Pro-
portion to the forreign Light, and fo by the mixture of

- that Light be more troubled and made more compound.
The Lens al(0 ought to be good, fuch as may ferve for

- wpHcal Wies, and the Prilm ought to have alarge Angle,
. fuppofe of 70 degrees, and to be well wrought, being
~made of Glafs free from Bubbles and Veins, with its fides
not a litle Convex or Concave as ufually happens but -
truly Plane,and its pollith elaborate, asin working Optick-
IR T o glafles,
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glaffes ; and not fuch as is ufually wroughe with Putcy,
whereby the edges of the Sand-holes being worn away,
there are left all over the Glafs a numberlefs company of
very littke Convex polite rifings like Waves. The edges
alfo of the Prifm and Lens fo far as they may make any
irregular Refraction, muft be covered with a black Papes
glewed on. And all the Light of the Sun’s beam let into
the Chamber which is vfelefls and unprofitable to the Ex-
periment, ought to be intercepted with black Paper or ocher
black Obftacles. For otherwife the ufelels Light being
reflected every way in the Chamber, will 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 fuccels of the Experiments, and by a
very ferupulous Examiner of things deferves to be applied.
It’s difficule to get glafs Prifms fic for this purpofe, and
and therefore I ufed fometimes Prifmatick Veflels' made
with pieces of broken Looking-glafles, and filled with rain
Water. And to increafe the Refra&ion, 1 {ometimes im-
pregnated the Water ftrongly with: Saccharum Saturni.

PROP. V. Theor. IV.

Homogeneal Light is refracted rvegularly withour any Dilatation
[plitting or [hattering of the Rays , and the confufed Vifion
of Objelts. feen throngh Refratting Bodies by Heterogeited
Light arifes from the different Refrangibility. of - feveral forts

o cf Rays.

rEHE feft Pare of thisIl-’.;ﬁdpdﬁ-tipﬁ‘hasﬁéen alread
| (ufficiently proved in the fifth Experiment, ,_a‘h'd’gwiﬂ
furcher appear by the Experiments which follow.

G 2 Exper. 11,
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Exper. v2. In the middle of a black Paper 1 madey
round hole about a fifth or fixth part of an Inch in Dia-
meter. Upon this Paper I caufed the Speétrum: of Homo:

eneal Light defcribed in the former Propofition , fo to
%all, that {ome part of the Light might pafs through the
hole of the Paper. This tranlmitted 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 Refratting the Sun's compound Light, but was (fo far
as I could judge by my Eye) perfeétly circular, the length
being no greater than the breadth.  Which {hews that this
Light is refracted regularly without any Dilatation of the
Rays.  papes

Exper. 13. In the Homegeneal Light I placed a,,éircle
of ; of an Inch in Diameter, and in the ,Sun’s unrefradted
Heterogeneal white Light I placed another Paper Circle of
thefame bignefs. ~ And goingfrom the Papers 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 breadch : but the other
Cirele illuminated with Homogeneal Light appeared Cir-
cular and diftin&ly defined as when ’ris viewed with:the
naked Eye. Which proves the whole Propofition. =~

_ Bxper. 14. In the Homogeneal Light I placed Flies and
fuch like Minute Objeds, and viewing them through a.
Prifm , I faw their Pares as diftingtly defined as if I had
viewed them: with the:naked Eye.  The {ame Objeéts Pla..
ced in the Sun’s unrefracted Heterogeneal Light which was
white I YIC.WCC{. &lfO.th(I'OUgh a Pl‘lfm, and faw them moft
. nfufedly:

M
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confedly defined, fo that I could not diftinguifh cheir {mal-
ler Parts from one another. T placed alfo the Letters of a
fmall Print onc while in the Homogeneal Light and then
in the Heterogeneal, and viewing tﬁcm through a Prifm,
they appeared in che latter cafle fo confufed and indiftiné
that I could not read them 5 but in the former they ap-
peared (o diftinet that I could read readily, and thoughe
I (aw them as diftinét as when I viewed them wich my
naked Eye. In both cafes T viewed the fame Objedts
through the fame Prifm ac the fame diftance from me and
in the [ame 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 rhe diftinét Vifion in che former cafe and confu-
fed in the laccer could arife from nothing elfe than from
that difference of the Lighes.  Which proves che whole
Propofition.

And in thefe chree Experiments ic is furcher very remars
kable, that the Colour of Homogeneal Lighe was :
changﬁd by the Refradlion.

PROJP. VI Theor V.

The Sine of Incidence of every Ray confidered apart, is to its Sime
of Refraétion in a given Rato.

TTHA T every Ray confidered apart is conftant to

B i felf in fome certain degree of Refrangibilicy, is
fufficiencly manifelt our of what has been fad. Thofe
Rays which in che frft Refraction are ar equal Incidences
moft refraéted, arc alfo in the following Relradtions at
equal Incidences muoft refra¢ted 5 and o of the lealt Re-
frangible , and the reft which have any mean degree of
Refran~
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Refrangibility, as is manifeft by the sth, 6th, 7th, 8th,
and oth Experiments. And thofe which the firft time a¢
like Incidences are equally refracted, are again at like Ins
cidences equally and uniformly refracted, and that whe-
ther they be refradted before they be feparated from one
another as in the 5th Experiment, or whether they be re-
fracted apart, asin the 12th, 13th and 14th Experiments,
The Refracion therefore of every Ray apart 1s regular,
and what Rule that Refradtion obflerves we are now
to. {hew.

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 §th Axiom ; and fome by
Inftruments ficted for meafuring Refraétions, or otherwile
experimentally examining this Proportion, do acquaint us
that they have found it accurate. But whilft they, not
underftanding che different Refrangibility of feveral Rays,
conceived them all to be refradted 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 reft appear
green, are refracted according to a given Proportion of
their Sines.  And therefore we are now to fhew that the
like given Proportions obtain in all the reft. That it
{hould be fo is very reafonable, Nature being ever corfors
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 Refraétion 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 tothe-Sine of Refradtion
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of a Ray which has a mean degree of Refrangibility, and
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Incidence, thofe other Sines of Refra&tion will alfo bein
given Proporrions to the equal Sines of Incidence. Now
when the Sines of Incidence are equal, it will appear by
the following Experiment that the Sines of Refraction are
in a given Proportion to one another.

Exper. 15. The Sun fhining into a dark Chamber |

through a lictle round hole in the Window-{hut, let S re~
prefent his round white Image painted on the oppofite
Wall by his dire& Lighe, P T his oblong coloured Image
made by refracting that Light with a Prifm placed at the
Window s and pt, or 2p 2£, or 3p 3t, hisoblong coloured
Image made by refracting again the fame Light {ideways
with a fecond Prifm placed immediately after the firft in
2 crofs Pofition to it, as was explained in the fifth Experi-

ment : thatis to fay, pt when theRefradtion of the fecond

 Prifm is {mall, 2 p' 2t when its Refraction is greater, and
3p 3¢ when it is greateft.  For fuch will be the diverfity

Fig. 26.

of the Refractions if the refradting 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 {ixty to make
the Image 3p-3¢. But for want of folid Glafs Prifms with

Angles of convenient bignefles, there may be Veflels
made of polifhed Plates of Glafls cemented together in the
form of Prifms and filled with Water. Thele things being
thus ordered, I obferved that all the folar Images or co-
loured Spe@rums P T, pt, 2p 2t, 3p 3t did very nearly
converge to the place S on which the direct Light of the
Sun fell and pamted his white round Image when the
Prifms were taken away. TheAxis of the Spe¢trum P'T,

xS

that is the Line drawn through the middle of it Parallel to
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jtsRedilinear Sides, did when produced pafs exaétly _through
the middle of that white round Image S.  And when ¢he
Refraction of the fecond Prifm was equal to the Refraction
of the firfk, the refracting Angles of them both bemg about
6o degrees, the Axis of the Spectrum 3 p 3¢t made by thy;
Refraction, did when produced pafs alfo through the mid.
dle of the fame white round Image S.  But when the Re.
fraction of the fecond Prifm was lefs than that of the firft,
the produced Axes of the Spectrums £p or 2¢ 2p made
by that Refration 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 3p P was a little greater than
theProportion of 2¢T to2 pP, and this Proportion a little
greater than that of ¢t T to pP. Now when the Light_, of
the Spectrum P T falls perpendicularly upon the Wall; thofe
Lines 3¢ T, 3pP,and 26T, 2p P and ¢ T, pP,are the Tan-
gents of the Refractions; and therefore by this Experiment
the Proportions of the Tangeats of the Refractions are ob-
tained, from whence the Proportions of the Sines being deriv-
ed, they come out equal, (o faras by viewing the Spe&rums
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 apare, fo far as ap-
pears by Experiment.  And that it is accuracely true may.
be demonftrated upon this Suppofition, That Bodies refralt
Light by atting upon its Rays n Lines Perpendicular to their
Surfaces. Bur in order to this Demonftration, I muft di-
ftinguith the Motion of every Ray into two Motions, the
one Perpendicular to the refradting Surface, the other Pa-
rallel to it, and concerning the Perpendicular Motion lay
‘down the following Propofition. ' | o

3
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~ If adty Motion or moving thing what{oever be incident

with any velocity on any broad and thin Space termina-

ted on both fides by two Parallel Planes, and in its paflage
through that fpace be urged perpendicularly towards the
further Plane by any force which at given diftances from

the Plane is of given quantities 5 the perpendicular Velo-

city of rhat Motion or Thing, at its emerging out of that
{pace, fhall be always equal to the Square Root of the
Summ of the Square of the perpendicular 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

at its Incidence its perpendicular Velocity was infinicely

lictle.

And the fame Propofition holds true of any Motion ot
Thing perpendicularly retarded in its paflage chrough thae
{pace, if inftead of the Summ of the two Squares you rake
‘their difference. The Demontftration Mathemarticians will
eafily find out, and therefore I {hall not trouble the Rea-
der with it. . | | :

Suppofe now that a Ray coming moft obliquely in the 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 refratted ; ler MC, AD, be
the Sines of incidence of the two Rays, and NG, EE, 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 thé Motion MC being confidered as parallel to
the refracting Plane, let the other Motion AC be diftin-
guithed 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
emer‘ing Rays be diftinguifld into two, whereof the per-

" H pendicular
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perpendlcular ones are CG and

ne beg
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either in that Plane or at a cert
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other fide; and in all places between thole two lelts alts
upon the Rays in Lines perpendicular to that rafradting
Pla.ne and the A&ions upon the Rays at equal diftances
from the refracting Plane be equal, and at unequal ones ei
ther cqual or unequal accordmg to any rate whatcver

that motion of the Ray which is Parallel to the 1eﬁa6tmg
Plane will fuffer no alteration by that force -and that mo-
tion wluch 15 Perpendwulm to it WIH be altered accordmg
to the rule of the roregomg J.’l‘OPOllthI‘l It tnererore tor

the perpendicular Velocity of the emerging Ray CN you

MC

C"}
Fri
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o
-
=
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write No CG  as-above, then the Perpendlcula V 10;@11;y
of anv other emercine Rav CF vhtrh 7 {1—9 CF. will he-
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equal to the (quare Root of CDgq -\— NGq CGyq. And

by {quaring thefe equals, and adding to them the Equals
ADgand MCq---CDy, and dividing the Summs by che:

Equals CFq - EFq and CGg 4 NGy, you will ha.vc
fi?, equal to ;353 Whence AD, the Sine of Incidence,

is to EF the Sine of Refracion, as MC to NG, that 15,

1n a CTIVPQ }(fflﬂ Aﬂf] f']’TIQ anr‘!ﬂﬂ'i‘dfinﬁ Lni!“lr‘r gotaval
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without determining what Light is, or by what kind of
force it is refracted, or-afluiming. any thing further- than

that the refra&mg Body adts upon the Rays in Lines Pe}-
pendicular to its Surface ;- Ltake it to be a very convmcuwi

Argument of the full Tmth of thlS Propo{' ition,

So.
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So then, if the ratio of the Sines of Incidence and Res
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 Perfection of Telefcopes is impeded by the different Refran-
| gibility of the Rays of Light,

FE 3V H E imperfection of Telefcopes is vulgarly attri-

& buted to the fpherical Figures of the Glafles, and
therefore Mathematicians have propounded to Figure them
by the Conical Sections. 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-
fraing 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 this 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
with a Quadrantthe: Angle which the mean refrangible Rays
(thatis, thofewhich wentto the middle oftheSun’s colour-
ed Image ) made wich the Horizon and by chis Angle and
~the Sun’s altitude obferved at the fame time, I found the
‘Angle which the emergentRays contained with che incident
to be 44 deg. and 40 min. and the half of this Angle ad-
- ded to the Angle of Incidence 31 deg. 15 min. makes the
| H 2 Angle
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Angle of Refraétion,which is therefore §3 deg. 35 min. and
its Sine 8047. Thefe are the Sines of Incidence and Re-
fracion of the mean refrangible Rays, and their proportion
in roundnumbersis 20 to 1. This Glafswas of a colourin-
clining to green. The laft of the Prifms mentioned in the
third Experiment was of clear white Glafs. Its refracing
Angle 63: degrees. The Angle which the émergent 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 proportioni in round num-
bers 20 to 7t as before. o

From the Length of the Image, which was about 92 or -
ro Inches, fubduct its Breadth, which was 2 | Inches, and
the Remainder 7} Inches would be the lengthof the Imag}
were the Sun but a point, and therefore fubtends the An-

the moft and leaft refrangible Rays, whe
v
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dent on the Prifm in the fame Lines, do contain with one
another after their Emergence. Whence this® Angle is
2 deg. 0. 7." For the diftance between the Imageand the
Prifm where this Angle 1s made, was 18~ Feet,and at that
diftance the Chord 7ZInches {ubtendsan Angle of 2 deg.

: _ ol
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 jo. 2.” may be ac-
counted the Angle which they would contain. with the
{fame emergent mean refrangible Rays, were they co-inci-
dent to them within the Glafs and {uffered no other Re~
fraction then that ar their Emergence. For if two equal
Refradions, 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 make
about a quarter of that Angle, and this quarter added to

T A v - (< ) -

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

Now if you {ubdué@ the common Sine of Incidence 5o
from the Sines of Refraétion 77 and 78, the remainders
17 and 28 fhew chat in fmall Refrations the Refracion
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 chat are skilled in Opticks will eafily un-
derftand, that the breadth of the leaft circular fpace into
which Object-Glaffes of Telelcopes can collect all forts of
Parallel Rays, is about the 27:th part of half the aperture

of the Glafs, or §5th past 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 berween 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 f{hall be
“nearer to the Lens than the Focus of the leaft refrangible
ones, by a diftance which is to the 274th 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 bhe:
cween that lucid point and the Lens very nearly.

Now to examine whether the difference between theRe.
fracions which the moft refrangible and the leaft refran.
gible Rays flowing from the fame point {uffer in the Ob.
ject-Glafles of Telefcopes and fuch like Glafles, be fo grea
as is here defcribed, I contrived the following Experi.
ment. N
Exper. 16. The Lens which I ufed in the fecond and
sighth Experiments, being placed fix Feet and an Inch di.
tant from any Objed, collected the Species of that Objed
by the mean refrangible Rays at the diftance of fix Feet
and an Inch from the Lens on the other fide.  And there-
fore by the foregoing Rule it ought to colle&t the S?ecies of
that Object by the leaft refrangible Rays at the diftance of
fix Feet and 32 Inches from the Lens, and by the moft re.
frangible ones at the diftance of five Feet and 102 Inches
fromit: So that between the two Places where thefe leaft

R 4 Y . ; ‘ﬂi‘]‘ﬂ Palnt n.f)- LA:CMAA:,A.«, J-L ok e
and 1“1110& I‘f‘,glauglb},ﬂ-Rau S uuﬂcu, tine OPELItS, IEIc may

be the diftance of about §§ 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, {o is the 271th
part of fix Feer and an Inch (the diftance berween the Lens
and the fameFocus ) to the diftance between the Focus of
the moft refrangible Rays and the Focus of the leaft re-
frangible ones, which is therefore 52 Inches, that is very
nearly §: Inches. Now to know whether this meafire
was crue, Irepeated the fecond and eig-hthExperiment'-df \
thisBook with coloured Light, which was lefs compound-
ed than that I there made ufe of : For I now feparated the
hetero-
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h eterogeneous Rays from one another by the Method I de.
{cribed in the 11th Experiment, fo as to make a coloured
Spe&rum about twelve or fAfteen times longer than broad.
This Speétrum I caft on a printed book, and placing the
above-mentioned Lens at t};xe diftance of fix Feet and an
Inch from this Spectrum to colleét the Species of the illu-
minated Letters at the fame diftance on the other fide, I
found that the Species of the Letters illuminated with Blue
were nearer to the Lens than thole illuminated wich deep
Red by about three Inches or three and a quarter: but the
Species of the Letters illuminated with Indigo and Violet

appeared fo confufed and indiftin&, that I could not read
them : Whereupon viewing the Prifim, I found it was full
of Veins running from one end of the Glafs to the other
{o that the Refraction could not be regular. I took ano-
ther Prifm therefore which was free from Veins, and in=
fread of the Letters I ufed two or three Parallel black Lines-
a lictle broader than the firoakes of the Letters, and caft-
ing the Colours upon thefe Lines in fuch manner that the-
Lines ran alougd{e Colours from one end of the Spedtum
to the other, 1 found that the Focus where the Indigo, or-
confine of this colour and Violet caft the Species of the
black Lines moft diftinétly,tobe 13.b0ut14 I.rzt‘ches or ﬁ“!‘ near-
er to the Lens than the Eocus where the deepelt Red cait.
the Species of the fame black Lines moft diftinétly.
The violet was {o faint and dark, that I could not
difcern the Species of the Lines diftinctly by that Co-

lour 5 and therefore confidering that the Prifm was made

of a dark coloured Glafs inclining to Green, I took another.

Pifim of clear white Glafs; but the Speétrum of Colours

which this Prifm made had long white Streams. of fa,_int
Light fhooting out from both ends of the Colours, which
made me conclude that fomething was amifs ; and view-

ing
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ing the Prifm, I found two or three little Bubbles in the
Glafs which refra@ed the Light irregularly.  Wherefore |
covered that part of the Glals with black Paper, and let
ting the Light pafs through another part of it which wag
free from fuch Bubles, the Speétrum of Colours became
free from thofe irregular Streams of Light, and was now
fuch as T defired. - But ftill [ found the Violet fo dark and
faint, that I could fcarcefee the Species of the Lines by the
Violetr, and not at all by the deepeft part ofit, which was
next the end of the Spe@rum. I fufpeéted therefore that
this faint and dark Colour might be allayed by that fcat-
tering Light which was refracted, and reflected irregalarly
partly by fome very fmall Bubbles in the ‘Glafles and
partly by the inequalities of their Polifh: which Light,

e - . .
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might f{uffice to affe& tlyle Senfe foéf’crongly as to difturb
the Phanomena of that weak and dark Colour the Violet,
and therefore I tried, as in the 12th, 1;th,{’f1 4th 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. ~ And therefore I cons
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 Thinnels 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 Colouss in the S ectrum
from one another, and noted the diftances of the Lens
from the Foci of fch Colours as caft the Species of the

Lines
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Lines diftin&ly, and then confidered whether the diffe-

rence of thofe diftances bear fuch proportion to 5 “Inches,

the greateft difference of the diftances which the Foci of
the deepeft Red and Violet ought to have from the Lens,
as the diftance of the obferved Colours from one another
in the Spectrum bear to the like diftance of the deepeft Red
and Violet meafured in the rectilinear fides of the Speét-
rum, that is, to the length of thofe fides or excefs of the
length of the Spectrum above its breadth.  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 the. re@ilinearfides of the SpeGtrum was diftant from it
half the length of thofe fides, the Focus where the confine
of Green and Blue caft the Species of the Lines ditinétly
on the Paper, was nearer to the Lens then the Focus where
the Red caft thofe Lines dictin&ly on it by about 21 or
2 3 Inches. For fometimes the Meafures were a little grea-
ter, fometimes a lictle lefs, but feldom varied from one
another above ¢ of an Inch. For it was very difficule to
define-the Places of the Foci, without fome little Errors.
Now if the Colours diftant half the length of the Image,
{ meafured at its rectilinear fides ) give 2 ; or 2 2 difference
of the diftances of their Foci from the Lens, then the Co-
lours diftant the whole length ought to give 5 or 5] Inches
difference of chofe diftances. .. o

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 5 and therefore I compared this Red not with that Co-
lour which was exaély in the middle of the Spectrum, or

confine of Green and Blue, but with that which verged a

little more to the Blue than to the Green : And aal rcc_kg
- | I - one
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oned the whole length of the Colours not to-be the whole.
length of the Spectrum, but igbe -length‘ of its reCtilinear
fides, fo completing the Semicirlar Ends into Circles, whep
cither of the obferved Colours fell within thofe Circles, 1
meafured the difftance of that Colour from the End of the
Spe@rum, and {Ubducting half the diftance from the mes.
fured diftance of the Colours, .I took the remainder for
their correed diftance ; and in cthefe Obfervations fer
down this correéted diftance for the difference of their.d;.
ftances from the Lens. For asthe length of the reilinear
fides of the Speétrum would be the whole length of all the.
Colours, were the Circles of which (as we {hewed) that-
Spectrum  confifts contracted and reduced to Phyfical
Points, o in that Cale this correted diftance would be ¢he -
real diftance of the obferved Colours.

When therefore I further oblerved the deepeft fenfible Red,
and that Blue whole corrected diftance from it was Z parts.
of the length of the rectilinear fides of the SpeGtrum, the:
difference of the-diftances of their.Foci from the Lens was.
about 3= Inches, and as 7 to12 fo is 32tog »

When I obferved the deepeft fenfible Red, and. that Indi-
go whofe corrected diftance was or ? of the length ofithe:
rectilinear frdes of the Spectrum, the. difference. of the.di-
ftances of their Foci from the Lens, wasabout 3-* Inches;,
and as2to 3 fois 3%t0 5% | .

When 1 obferved the deepelt fenfible Red, and that deep~
Indigo whofe. correéted diftance from one anotherwas 2 or-
3 of the length of the rectilinear fides of the Spectum, the:
difference of the diftances of their Foci from the Lens . was:
about 4 Inches ;- and as 3 to 4o is 4.t0 51, JREER

When I obferved the deepeft fenfible Red, “and that part
of the Violet next the Indigo whofe correéted diftance from-
the Red was ;2 or {of the length of the Yectilinear fides of -
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the Spectrum, the difference of the diftances of their Faci
from the Lens was: about 4¢ Inches; and as s to 6, fo is
45 to §%  For {ometimes when the Lens was advantagi-
oufly placed, fo that its Axis refpected the Blue, and all
things elfe were well ordered, and theSun thone clear, and:
I held my Eye very near to the Paper on which the Lens
caft the Species of the Lines, I could fee pretty diftinetly:
the Species of thofe Lines by that part of the Violet which

was next the Indigo ; and lometimes I could fee them by

a - 4 - a
above half the Violet. For in making thefe Experiments

I had obferved, that the Species of thofe Colours only ap-
peated 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 appearedmuch
lefs diftinct than before. Wherefore I contrived to make
“the Spectrum of Colours {horter 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 ot
~ tof an Inch. Alfo inftead of the black Lines on which the
Spectrum was caft, I made one black Line broader than
thole, thac I might fee its Species more eafily 5 and this
Line I divided by fhort crofs Lines: into equal Parts, for
meafuringthe diftances of the obferved Colonrs.  And now
T could fometirnes {ee the Species of this Line with its divi-
fions almoft as far as the Center. of the Semicircutar Violet
~ End of the Spectrum; and made thefe further Obfervations.
When1 obferved:-the deepeft fenfible Red, and thar part
of the Violet whofe  correded diftance from it was about
" £ Pares of the rectilinear fides of the Spectrum the difference
" of the diftances of the Foci of thofe Colours from - the Lens,
was one time 4%, another time 42, anothertime 4%, Ir%cl}es,
andas 8 to g, foare 43 4%, 45,1055, 5553 é?i"l'efPC@f_{Yle"
| ' - I | When
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When I obferved the decpeft fenfible Red, and deepeft
{enfible Violet, (the corrected diftance of which Coloyss:
when all things were orderedto the beft advantage, andthe
Sun fhone very clear, was about ; or &z parts of the length
of the rectilinear fides of the coloured Spectrum, ) Ifound
the difference of the diftances of their Foci from the Lens
fometimes 42 fometimes 53, and for the moft part 5 Inches
or thereabouts: and as 11 to 12 or 15 to 16, fois five
Inches to ) or § {Inches. . |

And by this progreflion of Experiments I fatisfied my
felf, chat had the light atthe very Ends of the Spectrum been:
ftrong enough to make the Species of the black Lines ap-
pear plainly on the Paper, the Focus of the deepeft Vio-
let 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 Refradtions which
they do in the greateft. ) | T
My progrefs in making this nice and troublefome Expe--
riment I have {er down more at large, that they that {hall-
try it after 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-*
le¢t by the Proportion of the diffance of the Colours in the:
Spectrum, 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. Andyct if they ufe a-
broader Lens than Idid, and fix it to a long ftreight Staff
by means of which it may be readily and truly dire@ted to
the Colour whofe Focus 1s defired, I queftion not but the.
Experiment will fucceed better with them than it did with
me.  For I directed 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
Spe@rum being remotcirom the Axis, caft cheir Species lefs
diftinétly on che Paper than they w ould have done had the
Axis been fucceflively direéted to chem.

Now by what has been faid its cerrain, that the Rays
which difter in refranaibility do not converge to the {ame
Focus, but it they flow from a lucid point, as far from
the Lens on one fide as their Foci are one the other, the
Focus of the mott wfx;mgihle Rays {lall be neaver to the
Lens than thar of the Teaft veh .111911) by above the four-
teenthp 1part of the whole diltance: and ft:hc) How from a lu-
cid point, fo very remote from the Lens that before their
Incidence they may be accounted Parallel) che Focus of the
moft ret s mmhk R ays {hall lu nearer to the Lens chan the
lcxcm of the 1(:‘11Luuauwum, by about che 27ch or 28ch p:m:
of therr u]mla diltance fmm it.  And the Diameter of ¢
&_J! uc, m Hi(., uw}m}sit« li'dkk ‘uuxi e t}u)f{i WO u)(;; wmcﬂ_
they illuminate when they fall there on any I”I:mc:, perpen-
dicular to the Axis (which Circle is the leaft into w%j’ud
they can all be u.uhtrml} is about the 55th part ot the Dia-
meter of the aperture of the Gla Is So thar ‘tis a wonder
that Telefcopes u"m[am()b echs t‘) diftinét as they do. But
were all the Ra},s of Light equally refrangible, the Error
arifing only from the [phericalnels of che Itgmca of Glafles
would be many hundred dmes lels. For if the Object-
Glafs of a ldcimptﬁ e Plano-convex, and the Plane fide
be turned towards the Object, and ht’: Diameter of the
Sphere whereof this Glals s a ﬁg;fmc:nt be called D, and the
Semidiameter of the aperture of the Glals be called S, and
the Sine of Incidence our of Glafs mro A, be co the Sine of
Refraction as [ ro R the Rays which come Parallel vo the
Axis of the Glals, thallin the Place where the Image of the

Object is molt diftinétly made, be feattered all over a liude
Circle
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' . R Scus. ‘ N
Circle whofe Diameter is 7 * o=, very nearly, as T ga

Fig. 127.

ther by compuring the Errors of the Rays by the. method,
of infinite Series, and rejecting the Terms whole quanyi.
dities-are inconfiderable.  As for inftance, if the Sine of .
cidence I be to the Sine of Refraction R, a5 20 to 31, and
if D. the Diameter of the Sphere to which the Convex fide

of the Glafs is.ground, be 100 Feci or 1200 Inches, apnd

idiameter of apecrure be two Inches. the
S the Semidiameter the ar < q«., hes, the

Diameter of the little Circle ( that is 7 quid, ) Will be
31 x 8 _ T TR S S
e e (OF J5osees } paris of an Inch. But the
‘Diameter of the little Circle through which thefe Rays are
feattered by unequal refrangibility, will be about the 55tk

~pare of the aperture of the Object-Glafs which here is four

Inches, And therefore the Error arifing from the {pherical
Figure of the Glafs, is to the Error arifing from the diffe-
rent Refrangibilicy. of th}e-&ay§5 as 3 to % thatis as v
to-8151: and therefore being in Comparifon fo very litde;
.-Iarna-ngn Ak ‘Lg Amemdtdovad ' o )

AIWILEYLO LIUL LU UL QULLTIVUVI VU, :
But you will fay, if the Brrors caufed by the different re:
frangibility be fo-very great, howcomes it to pals that Obs
jeéts appear through ‘Telefcopes fo. diftint as they do ? Tans
{wer, ’tis becaufe the erring Rays are not fcattered uniforms
ly over all that circular {pace; but-collected infinitely more
denfely in the Center than-in any other part- of the "Circle,
and in-the way from' the-Center to the Circumference grow

continually rarer and rarer, {0 as at the Circumference to
become infinitely rare; and by reafon of their rarity - are
not ftrong enough to bevifible, unlefs in the Center and ve:
1y near it. Let ADE reprefent one of thofe’ Circles.des
{cribed with the CenterC and Semidiameter AC, and: let
BEG be a fmaller Circle concentric to tl’lé*‘ﬁ)l‘l‘!’léé cutting

-with
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wich'its Cireumference the Diameter AC in B, and bdfect
AC in N, and by my reckoning the denfity of the Light
in any place B will be toits denfity in N, as AB to BCj
and the whole Lighe within the lefler Circle BFG, will be
to the whole Light within the greater AED, as the Excefs of
the Square of AC above the Square of AB, is to the Square
of AC. . As if BC be the fifth part of AC, the Light will be -

fb-ﬂi‘ rimes denfer in Bf-"mn in N ﬂh(l rhe whn]e I__Aghtwwh-

A -LILEEUY ARl 2L Llichlhk AdL 4Ny - 6viale Wi FL VSRV ALi2

in the lefs Ciicle,will be to the whole Light within the grea-
ter, as nine to twenty- five. Whence 1t’s evident thac the -
Jight within the lefs Circle, muft ftrike the {enfe much more -

ftrongly, than-thac faint and dilated light round about be- -

tween it and the Circumference of the greater.
But its further-to be noted, that the moft luminaus of
the prifmatick Colours are the Yellow and Orange. Thefe -
affe& the-Senfes more fironglytfidnall che veft together, and -
next to thefle in ftrength are the Red and Green. TheBlue -
compared with:thefe 1s a faint and dark Colour, and the In- -
digo and Violer are: much'darker and fainter, fo that thefe
compared with the ftronger Colours are little to be regard- -
ed. The Images of Objects are therefore to be placed, not -
in the Focus ‘og the :mean refrangible Rays which ate in the -
confine of Green and Blue, but in the Focus of thofe Rays
which are in the middle of the Orange and Yellow ; there =
‘where the Colour is moft luminous and fulgent, that is in
the brighteft Yellow, that Yellow which inclines more to -
©range than to Green. And by the Refradtion of thele -
Rays (“whofe Sines of Incidence and Refraction in Glafs +
are as 17 and 11 ) the Refragion of Glafs and Cryftal for =
optical ufes is to be meafured. Let us therefore place the
Tthage of the Object in the Focus of thefe Rays, and.all.the -
Yellow and Orange will fall within a Circle, whofe Dia- -
meter is about the 250th part of the Diametge-of she aper-
| » fure -
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turt of the Glafs.  And if you add the brighter half of the
Red, (chat half which is next the Orange, and the brighter
half of the Green, (that half which is next the Yellow,) ,.
bout three fifth parts of the Light of thefe two Colours wifl
fall within the fame Circle,and two fifth parts will fall with.
out it round about 5 and that which falls without will be
fpread through almoft as much more {pace as that which
falls within, and fo in the grofs be almoft three times ra-
rer. Of the other half of the Red and Green, (thatis of
the deep dark Red and Willow Green ) about one quarter
will fall within this Circle, and three quarters without, and
that which falls without will be {pread through about fou
ot five times more {pace than that which fallswithin; 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 fgroﬁ ; or rather more than 30 or 40 times rarer, be-
caufe the deep red in the end of 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 fo very much rarer than that
within the Circle, will fcarce affect the Senfe efpecially fince
the deep Red aid Willow Green of this Light, are much
darker Colours then the reft.  And for the fame reafon the
Blue and Violet being much darker Colours than thefe, and
much more rarified, may be neglected. For the denfe and
bright Light of the Circle, will obfcure the rare and weak
Light of thefedark Colours round about it, and render them
almoft infenfible.  The fenfible Image of a ]ucidpointi‘s
therefore {carce broader than a Circle whofe Diameter is
the 250th part of the diameter of the aperture of the Object
Glafs of 2 good Telefcope, or not much broader, if you
except a faint and dark mifty light round about it, which
aSpettator will fcarce regard. And therefore in 2 TcIeFCOIJ'(c

whole
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~ whofe aperture is four Inches, and length an hundred Fect;
it exceeds not 2" 45", or3. Andin a Telefcope whofe
- aperture is two Inches, and length 20 or 30 Feer, it may
~ be §"or 6"and fcarce above. And this Anfwers well to
Experience : For fome Aftronomers have found the Dia-
 meters of the fixt 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-Glals be tincted faindy
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 vifible, and the Star (if the Glafs be fuffici-
ently foiled with fmoke) appearsf{omething morelike aMa-
thematical Point. And for the fame realon, the enormous
- part of the Light in che Circumference of every lucid Point
ought to be lefs difcernable in fhorter Telefcopes than in
longer, becaufe the fhorter tran{mit lefs Light to the Eye.
Now if we {uppofe the fenfible Image of 2 lucid point,
to be even 250 times narrower than the aperture of the
Glafs: yet were it not.for the different refrangibilicy of the
Rays, its-preadth in an*100 Foot Telelcope whofe aperture
is.4 Inches would be but Fi parts of an Inch, as is ma-~

3600000

nifeft by the foregoing Computation. And therefore in
this-Cale 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 2
~to ~ at moft, that is only as 1 to 1826. And this fufh-
ciently fhews that. it is not the fpherical Figures of Glafles
~ but the different refrangibility of the Rays which hinders the
" perfection of Telefcopes. o
* “There is another Argument by which it may appear that
the different refrangibility of Rays, is the true Caufe of the

~imperfecion of Telefcopes. For the Errors of the Rays
~arifing from the fpherical Pigulées of Object-Glafles, are ﬁs
| the
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the Cubes of the apertuires of the Obje@t-Glafles; and therice
to take Telefcopes of various lengths, magnify with equaf
diftin@nefs, the apertures of the Object-Glafles, and “che.

Charges or magnifying Powess, ought to beas the Cubes of
the {quare Roots of their lengths ; which doth not anfwer
to Experience. But the errors of the Rays arifing from
the different refrangibility, are as the apertures of the Ob.
ject-Glafles, and thence to make Telelcopes of varioys

fengths, magnify with equal diftinétnefs, their apertures and

charges ought to be as the fquare Roots of their lengchs;
and this anfwers to expetience as is well known.  For in.

Rance, a Telefcope of 64 Feet in length, with an aperture

of 22 Inches, magnifies about 120 times, with 4s much dife

tinétnefs as one of a Foot in length, with > of an Inch aper.

ture, magnifies 15 times. :
Now were it not for this different refrangibility of Rays,
Telelcopes might be brought to a greater Perfe¢tion thap.

we haveﬂyet defcribed, by compofing the Object-Glafs of

Fig. 28,

two Glafles with Water between them. Let ADFC repte.
fent the Object-Glafs compofed of two Glaflfes ABED and
and BEFC, alike convex on the outfides AGD and CHE,
and alike comncave on the 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
toR, and by confequence out of Glafs into Water, asIto.
K : and let the Diameter of the Sphere to which the convex

fides AGD and CHF are ground be P, 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—KTI'to the
€ube Root of RK~— RI: and the Refractions on the con-
save fides of the Glaffes, will very much correé the Exros.
of the Refractions on the convex fides, fo far as'they arife
from: the fphericalnefs of the Figute, And by this means
- L might
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might Tclcfcgycs be brought co fufficient perfection, wereit
not for thedifferentrefrangibility of feveral{orsof Rays. But
by reafon of this diffcrent refrangibilicy, I do not yet fee any
other means of improving Telelcopes by Refractions alone
than that of increaling their lengths, for which end the late
coatrivance of Hupenins {eems well accommodated.  For
very long Tubes are cumberfome, and fecarce to be readily
managcdﬁ and by reafon of their length are very apt to
bend, and {hake by bending fo as to caufe a continual
trembling in the Objects, whereby ic becomes difficule to
fee them diftinétly © whereas by his contrivance the Glafes
are readily manageable, and the Objeét-Glals being fixe up-
on a ftrong upright Pole becomes more fteddy.

Seeing therefore the improvement of Telefcopes of given
lengths by Refractions is defperate 5 T contrived heretofore a
Perfpective by reflexion, ufing inftead of an Obje&t Glafs
a concave Metal.  The diameter of the Sphere to which
the Mctal was ground concave was about 25 Englifh Inches,
and by confequence the lengeh of the Inftrument about fix
Inches and a quarter.  The Lye-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 magnihed berween 30 and 4o rimes. By ano-
ther way of meaturing I found that it magnified about
y5 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 Meal round about,
but by an opake circle placed between the Eye-Glafs and the
Eye, and perforated in the middle with a licle round hole
for the Rays to pafs through to the Eye.  For this Circle
by being placed iﬁ*rc:,, ftopt much of the erroncous Light,
which otherwife would have difturbed the Vifton, By com-
pating it wich a pretey good Perlpective of four Feer in

K 2 length,
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length, made with a concave Eye-Glafs, I could read a4
greater diftance with my own Inftrument ‘th‘an with the
Glafs. Yet Objects appeared much darker in it than in che
Glas, and that partly becaufe more Light was loft' by re.
fexion in the Metal, then by refradtion in the Glafs, and'
partly becaufe my Inftrument was overcharged. Had'it

magnified but 3001 25 times itwould have madethe Objegy
appear more brisk and pleafant. Two of thefeImade about
16 Years ago, and have one of them ftill by me by which
f can prove the truth of what [ write. Yet it is not fo good
as.at the.firt.  For the concave has been divers times tap:
nifhed and cleared again, by rubbing it with very foft Les-
ther. When I made thefe, an Artift- in London undertook
to .imitate it ; but ufing another way of polifhing them
than T did, he fell much fhort of what I had attained to,
as I alterwards underftood by difcourfing the under-Work-
man-he had imployed. The Polifh I ufed. was on thisman-
ner.. [ 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 poliflyd, till it had
taken the Figure of the convex and was ready for a Polifh:
Then I pitched over the convex very thinly, by dropping
melted pitch upon it and warming - it -to ~keep- the pitch
fofe, whillt T ground it with the concave Copper wetted to
make it fpread evenly all over the convex. . Thus by works
ing it well I made it a5 thin.asa Groat, and after the cons
vex was.cold I ground- it apain, to give It as true.a Figure'as’_'
1”co_uld" Then I took Putty which I had. made very fine
by wafhing it from all ics grofler Pasticles, and:laying a lit-

?}: of this upo(x)] the P1t.cl]1,'I ground it upon the Pitch with
e concave Copper till it had done makmg‘- a noife and

then upon the Pitch I ground the Object-Metal with 2 brisk
| T Motion.
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Motion, for about two or three Minutes of time, leaning
hard upon it. Then I put. frefh Putty upon the Pitch and

ground it again till it had done making a noife, and. after-
wards ground the Ob}!ﬂ'(q' Metal upon it as before. And

N S e -a A B A

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 becter than that which Tkept.  And thus by many
“Trials I learnt the way of polifhing, till I made thofe two
refleing. Pefpectives I {pake of above. For this Art of
polifhing.will be better learnt by repeated Pradice than by
my defcription.  Before I ground the Object Metal on the
DPicch, I always ground the Putty on it with the.concave
- Copper till it had done making a noife, becaufe'if the Par-
~ ticles of the Putty were not by this means made to- {tick
faft.in the Pirch, they would by rolling up-and down grate
and fret the Obje@ Metal and fill it full of little holes.
- But becaufe Metal is more difficult to polifhthan Glafs
and is afterwards very apt to be fpoiled by tarnithing, and
 refleés not-fo- much-Light as Glafs ?ick-ﬁlvered over does:

1 would propound-toufeinftead of theMeral, .2 Glafs ground
concave on the forefide, and as much.convex on the back-
fide, and quick-filvered over on.the convex fide. The Glals
muft.be every where of the fame thicknefs exactly.  Other-
wife it will make Objeés look coloured and indiftinét. By
 fuch a Glafs Itried about five or fix Years ago to make
 arefleting Telefcope: of four Feet in length to magnify a-
bout 150 times; and I fatisfied my felf that there W-antshr}o--

T | thing
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thing but a good Artift to bring the defign to Petfettion.
For the Glafg being wrought by one of our London Attifks
after fuch 2 manner as they grind Glafles for TelefcoPes_j,
tho it feemed as well wrought as the Obje&t Glafles ufe to
be, yet when it was quick-filvered, the reflexion difcovered
imnumerable Inequalities all over the Glafs. And by reafon
of thefe Inequalities, Objects appeared indiftinét in this In-
ftrument.  For the Errors of refle¢ted Rays caufed by any
Inequality of the Glafls, are about f{ix times greater than the
Errors of refrated Rays caufed by the like Inequalities. Yet
by this Experiment 1 {atisfied 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 perfeét thele Telefcopes, but
good Workmen who can grind and polith Glaffes truly {phe-
rical. An Obje&-Glals o? a fourteen Foot Telefcope, made
by one of our London Artificers, I once mended confidera~
bly, by grinding it on Pitch with Purty, and leaning ve-
1y eafily onit in the grinding, left the Putty fhould feratch
it.  Whether this way may not do well enough for polith-
ing thefe reflecting Glafes, I have not yet tried. But he
that fhall try either this or any other way of polifhing which
he may think better, may do well to make his Glaffes rea-~
dy for polifhing by grinding them without that violencé,
wherewith our London Workmen prefs their Glafles 1ngrmd-
ing. For by fuch violent preflure, Glaffes are apt to bend

a lictle in the grinding, and fuchbendingwill cerrainly fpoil

their Figure. To recommend therefore the confideration

of thefe reflecting Glafles, to fuch Artifts as are curious -in

figuring Glaffes, I {hall defcribe this Optical Inftrument in

the following Propoficion. I IR

¥ 5
o N P Y. | P Y

PROP.
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PROP. VII. Prob. IL
To fhorten Telefcapes.

ET ABDC reprefent a Glafs fpherically concave on

che forclide AB, and as much convex on the back-

fide CD, fo that it be every where of an cqual chicknefs. Let
it not be thicker on one fide than on the other, left it make
Objects appear coloured and indiftin@, and let ic be very
eruly wrought and quick-{ilvered overon the backfide 5 and
fet in the Tube VXYZ which muft be very black wichin,
Let EFG reprefent a Prifm of Glafs or Cryftal placed near
the other end of the "Tube, in the middle of it, by means of
a handle of Brafs or Iron FGK, to the end of which made
flac ic is cemented. et this Prifm be re&angular at I, and
let the other two Angles at F and G be accurately equal to
each other, and by confequence equalto half right ones, and
let che plane (ides FF and GE be {quare, :m§ by confe-
quence the chird 1de 76 a rg&aragxxl;u'pnr:ﬂlclogrzun,w}ml%
length is to its breath in a fubduplicate proportion of two
to one.  Let it be fo placed in che Tube, that the Axis of
the Speculum may pals through the middle of the fquare
fide I'F perpendicularly, and by confequence through che
middle of the fide ¥ G at an Angle of 45 degrees, and lee the
fide T¥ be turned towards the Speculum, and the diftance
of this Prifm from che Speculum be fuch char the Raysof the
light PQQ, RS, & which are incident upon che Speculum in
Lines Parallel to the Axis thereof, may enter che Prifm ac
the fide EF, and be relleéted by the fide F G, and thence
go out of it through the fide GL, o the point 'T" which
mult be the common Focusot the Speculnm ABDC, and of
a Plano-convex Lye-Glals H, chrough which thofe Rays
muft pals to the Lye.  And et the Rays ac their coming

ke
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out of the Glafs pals through a fmall round hole, or aper.
ture made in a licdde Plate of Lead, Drafs, or Silver, where-
with the Glas is to be covered, which hole muft be no
bigger than is neceffary for light enoupli to pals through,
For fo it will render the Obje& diftinét, the Place inwhich
" ’tis made intercepting -all the erroncous pait of the Light
which comes from the Verges of the Speculunn AB. Such
an Inftrument. well made if it-be 6 Toot long, ( rcckouiug
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 chree hundred times,
But the hole H here limits the aperture with more advan-
tage, then if the aperture was placed at the Speculum.  [f
the Inftrument be made longer or {horter, the apercure muft
be in proportion as the Cube of the fquare Root of the
length, and the magnifying as the apercure.  Bue its con.
venient that the Speculum be an Inch or two broader than
the aperture at the leaft, and that the Glafs of the Speculum
- be thick, that it bend not in the working. The Prifin BFG
muft be no bigger than is neceffary, and its back fide FG
muft not be quick-filvered over.  For without quick-filver
it will reflect.all the Lightincident on it from the Speculum,
In this Inftrumenc the Object will be inverted, but may
be ere@ted by making the {quare fides BF and LG of the
Prifm EFG not plane but (pherically convex, that the Rays
may.crofs as well before they come at it as afeerwards be.
tween it and the Eye-Glafs. 'If it be defired chac che Inftru.
ment bear a larger aperture, that may be alfo done by com.

%Oﬁngthe, Speculum of two Glaffes with Wacter berween
them. E '
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PART IL

PROP.I. THEOR. L

T he ‘P]mnamem of Colours in refmﬂed or refleded Light
 arenob caufed by new modifications of the Laght variouf-
ly impreft, according to the warious tevminations of the

Lzo bi and ;Sba,dofw
Tbe Proof by ENP&’VMZ(:’%ZJ‘

FXPER'L
i 1OR 1f' the Sun fhine into a very dark Chamber .

thlgngh an oblone Hole F whofe breadth i1s the

R W W AW A Y A A S A e

fixth or eighth part of an Inch, or fomething lefs ; and
~ his Beam FH do afterwards pafb firft through a very
-lftrge Prifm ABC, diftant about 20 Feet from the
- L. Hole,
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Hole, and parallel to it, and then (with its white part)
through an oblong Hole H, whofe breadth is about
the fortieth or fixtieth part of an Inch, and which is
made in a black opake Body G1, 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 tranﬂn}tted 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 q, and violet at p ; you may with an 1ron Wire,
or any fuch like {lender opake Body, whofe breadth is
about the tenth part of an Inch, by intercepting the Iays.
atk, 1, m, noro, take away any one of the Colours
att, s, r, q or p, whilft the other Colours remain up-
on the Paper as before ; or with an obftacle {omething
bigger you may take away any two, or three, or four Co-
lours together, the reft femaining: So that any one of
the Colours as well -as violet may become outimoft 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 fhadow towardst, and any one of them may alfo
border upon the thadow 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 any
conhnes of thadow, and therefore the differences of thefe
Colours from one another, do not arife from the diffe-
rent confines of fhadow, whereby Light is variouily
modified as has hitherto been the Opinion of Philofo-
. phers.
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phers. Intrying thefe things ’tis to be obferved, that
- by how much the Holes F and H are narrower, and the
‘intervals between them,and the Prifm greater, and the
Chamber darker, by fo much the better doth the Ex-
periment fucceed ; provided the Light be not fo far
diminifhed, but that the Colours at pt be f{ufficiently
vifible. To procurea Prifm of folid Glafs large enough
for this Experiment will be difficult, and therefore a
prifmatick Veffel muft be made of polithed Glafs-plates
cemented together, and flled with Water.

EXPER. IL

“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 Priim, be-
came very much inclined to the Light as ’tis reprefen-
ted in the pofitions de and ¢ ; the {fame Light i the
- .-one cafc appeared yellow and red, in the other blue.

UMY g™ 0™y ~y ‘ﬂfl 4"‘11:\ "a [ e ] * ““ 4:‘ - ” ‘ _ -
.. Here one and the fame part of the Light in oneand the

fame place, according to the various inclinations of the
- Paper, appeared in one cafe white, in another yellow
or red, ina third blue, whilft the confine of Light and
| L. 2 - Shadow,



Fig. 3.

[84]
Shadow, and the refraétions of the Prifm in all thefz
cafes remained the {dme. |

EXPER. IIL

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.
fracting Angle C is more than 60 degrees, and fo foon
as it comes out of the Prifm let it fall upon the white
Paper DE glewed upon a fiff plune, and this Light,,
when the Paper is perpendicular to it, as “tis reprefen-
ted i D E, will appear perfetly. white upon the Paper,
but when the Paper is very much mclined to it in fuch
a manner as to keep always parallel to the Axis of tiie
Prifin, the whitenefs of the whole Light upon the
Paper will according to the inclination of the Paper
this way, or that way, changeeither into- yellow and
red, as in the pofture de, or into blue and violet, as
in the pofture 4. 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. Hereall 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 onc uniform €olour, 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 reflecting Paper, without any change
mn the refra@ions or thadow, or in- the Light which
tell upon the Paper:  And: therefore: thefe Colours are.

10:
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--to be derived from fome other. caufe than the new mo-
- difications of Light by refra&ions and thadows.
- Ifitbeasked, What then is their caufe? I anfwer,
- ‘T'hat 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 illuminated by the lat-
- ter than by the former, and therefore the leis refran-
- gible rays aré predominant in the refleted Light. And
wherever they are predominant in any Light they tinge-
it with red or yellow, as may in fome meature appear by
- the firft Propofition of the firft Book,jand will more fully
- appear- hereafter.. And the contrary happens in the
- pofture of the Paper ¢, the more refrangible rays be-
. 1ng then predominant which.always tinge Light with
blues and violets.. - |

‘- ,;M'M':_TherlourS‘Cf Bubbles with which Children play

_ are variows, and change their fituation vartoufly, with--
 eut any refpeét. to any confine of {hadew. 1f fuch a
. Bubble be 'co?v_eyed with a concave Gl'afs, to -1:; eep it frp‘m :
. being agitated by any wind or motion of-the Alr, the
- €olours will flowly and regularly. change their fitua-
. 4 v Lt — T a1 Roabhde aed qll A
- tion, even Whll_.lft the'by%,, and the HubdsdIe, and ait _Duf
- dies which emit any. Light, or cz}ﬁ}ﬁany madg_w,: re-
+ mainunmoved. And.therefore their Colours arife from.
fome regular caufe which-depends not on any confine of.
fhadow.. What this. caufe is will be fhewed 1n the next
;’BO'{')kg:.. | ' ‘ ‘
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“To thefe Experiments may be addcq the tenth Fx.
periment of the firft Book, where the Sun’s Light in 5
“dark Room being trajetted through the parallel fuperf.
cies of two Prifins tied together in the form of a Pargl.
lelopide, became totally of one umform yellow or red
Colour, at its emerging out of the Prifms. Here, iy
the produétion of thefe Colours, the 'c:cmhnc of thadow
can have nothing to do. Forthe Light chunges froy
white to yellow,orange and red fuccefhvely,withoutany
alteration of the confine of thadow: And at both edges of
theemerging Light where the contrary conhnes of fha.
dow ought to produce different efleéts, the Colour s
one and the fame, ‘whether it be white, yellow, orange
or red :*And in the middle of the emerging Light
all. the Chln;ur

WLEA RALLWE AW

where there 1s no confine of fhadow at
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 withoutany change of Colour, {uch as the
~contine of thadow is vulgarly {uppofed to work in re
“fralted Light after its'emergence.  Neither can thefe
“Colours arife from any new modifications of the Light
by refradtions, ‘becaufe they change fucceflively from
whiteto yellow, orange and red, while the relraétions
remain’ the fame, and alfo becaufe the refradtions are
made contrary ways by parallel fuperficies which de-
{troy  one:amothers effelts. “They arile not therefore
from any modifications of Light mude by refractions
and {hadows, but have fome other caufe, What that

- . L] L] a .
! | 4 -V k b ok o b, v ey felm YT YR Y IR ELT. | :
caufe 15 we thewed above in this teoth “E'a.\liu.uuﬁﬂt, 2

and need not here repeat it.

‘T here



[87]

“There is yet another material circumfance of this
Experiment. For this emerging Light being by a third Fig. 22.
Prifm HIK refratted towards t] t ’u. Paper PT, and there Part 1.
painting the ufual (,‘ul’uum of the Prifm, wd, yellow,

reen, blue, violet @ 1f thele Colours arofe from the
refractions of that Prifin moc lifying the Light, they
wonld not bein the Light betore its incidence on that
Prifm. And yct in that Experiment we found that
‘when by turning the two firft Prifms about their com-
mon Axis all the Colours were made to vanifh but the
ed ;5 the Light which makes that red being left alone,
appeared of the very fame red Colour before its inci-
dence on the third Prifim.  And in general we find by
other I‘*xp{.nmmtw that when the rays which differ in

Y U S v {onmratoed hr\rn one lnnfhnx a1yl Ny
,LQ”,L;,J.”&!LHJLR) u;u khl’k&kilb\.«kl- KL AJELL .LLL.I\R)'LI.L (.I...li\.l- sl

one fort of Hlun is confidered apart, the Colour of the
Mgn{, which Lm.\, Lumiium cannot be L}Ldubhu u_y any
refrattion or reflexion whatever, as it ought to be were
Colours nothing elie than modifications of lebllt caufed
by refrattions, and reflexions, and thadows.  “I'his un-
changeablenuts of Colour lnm now to deleribe in the

| f@:}ilmwuw Propofition.

THEOR 1L

PROP T

All bornng enead Toaht bas its proper Colour anfwerang to
25 u’rw” of u,‘:m;wﬂ:/ﬁy aind that Colowr comnot be

f“l’sbxizwtfl /ZU ?c} AN ETTT R f.;mi Hll i [NM!.

In the Lxgmzzmnh of the 4th Propofition of the firft
Book, whuen 1 had teparated the heterogencous rays

from one another, the Spettrum pt formed by the fepu-
dt(..d
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tated rags, did in the progre(s from its end p, on whiy
the moft refrangible rays fell, unto its other end t, ¢,
which the leaft refrangible rays fell, appear tinged wity
this Series of Colours, violet, indico, blue, green, yel.
low, orange, red, together with all their intermediate
degrees in a continual {ucceflion perpetuallx varying:
So that there appeared as many d.egre(j:‘s of Colours, a
.there were {orts of rays differing in reurangibihty.

EXPER. V.

- Now that thefe Colours could not be changed by re..
‘fraltion, I knew by refra&ting with a Prifm fometimes
one very little part of this Light, fometimes another
very little part, as is defcribed 1n the 12th E)g)eriment
of the firft Book. For by this refrattion the Colour of
the Light was never changed in the Jeaft. If any part
of the red Light was refracted, it remained totally of

the-fame red Colour as before. No oringe, no yel-
low, no green, or blue, no other new Colour was pro- -
duced by that refraction. Neither did the Colour any
vays change by repeated refrations, but continued al-
ways the fame red entirely as at firft. The like con-
ftancy and immutability I found alfe in the blue, green,
and other Colours.  Soalfo if' I looked through a Prifim

LR & .8
HLGon anv ]\mﬂ'w :fI”l'ln11ﬂQf'Pr‘ \’xzﬂ"ﬁ AT ey e ~f +hic b ama.
| hadlia WAL Y CRLLWRI L ILRACGRLLAL VY L] (L1 flid b W Lo vy«

J
geneal Light, as inthe 14th Experiment of the fuft
Book 1s deferibed.; I could not perceive any new Co-
lour generated this way. All Bodies illuminated with
com p%o.u11.1ci‘ Light appear through Prifins confufed (as
was faid above ) and tinged with various new Colours,
At thofe illuminated with homogeneal Light appeared

through
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ghrough Prifme neither Teb diftingt, nor otherwife co.
foured, than when vicwed with the maked wyes. Lherr
Colours were not 1 the lealt changed by the refraction
of the interpofed Prifm. 1 ipeak here of a fentible
change of Colour ; For the Faght whach | here call ho-
n’af)bcm:al bux:;]nm abyf ulutgly hc;muumal there ought
o arife fome hictle change oi Colour from 1‘L~: heteroge-
neity. Bur i thut lwmupumty wis fo littleas 1t mwht
e made by the Liid f,\pummm of the tourth l’mpu
{ition, that” ¢l wnge was not fenfibley and therefore, i
]-l:.-,pmmmntm where fenft is Judg, mwht to be accoun

ted none at all,
EXPER: VI

And as thele GColours were not changeable by refra.
- {tions, fo neither were they by retlextons,  For all
-Whlw?g}wy&md yellow, green, Dluey violet Bodies, as
aper, Aflics, red Lead, (”‘)zp;mmt lnum Bife, (.mid
Slvmﬁ Copper, Grafy, bll.,u; Flowers, V mlc:tw Bubbles
of Wam tinged with various lemu*«w Peacock’s Fea-
thers, the tinéture of mem Nephriticum, and fuch
like, inred homogeneal Lightappeared totally red, in
- blue Light totally blue, in green Light torally green,
and {o of other f;gc;imm fn the hm*xmgmml Lght of
of any Colour they a up%}mwd totally of that fune
Colour, with this only ditference, that fome of them
efleéted that Light more ftrongly, others more taintly.
lﬁWﬁ*t‘yw f'(:mmi any If}c;dy which by refwéting homo-
pencal ngg 1t could fenfibly change its Colous.

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

7

DEFINITION.

he homogeneal light and rays which appear red,

or rather make Objefts appear fo, 1 call rubrifi.
or red-makng ; thofe which make Objelts appear
yellow, green; blue and violet, 1 call yellow-ma.
king, green-making, blue-making, violet-making,
and {o of thereft. And if at any tume I {peak of
lightand rays as coloured or endued with Co-
lours, T would be underftood to fpeak not philo.
fophically and properly, but grolly, 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 coloused.

In them there 15 nothing elle than a certain power:

- and difpofition te ftir up a fenfation of this or that
- Lolour. ¥oras found ina Bell or mufical String,,

or other founding Body, is nothing but a trem-
blihg Motion, and in the Air nothing but that:
Votlcm propagated. from the Objelt, and in the-
Senforium *tis a fenfe of that Motion under. the:
torm of found ; fo Colours in the Objeét are no-
thing buta ditpofition to refleét this or that fort.
of rays-more copioufly.than the reft ; in the rays
they are nothing but their difpofitions. to propa-

: | gate’
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gate thisor that Motion into the Senflorium, and
“in the Senforium they are fenfations of thofe Me-
rions under the forms of Colours.

PROP. 111. PROB. L |
To define the refrangibilivy of the [everal farts of bamo-

geneal Laght anfwering to the [everal Colowrs.

 For determining this Problem I made the following
Fxperiment. | o

EXPER. VIL

" When I had caufed the reétilinear line fides AF, GM, Fig. 4.
of the Speétrum of Colours made by the Prifin to he
diftin&ly defined, as in the ffth Experiment of the
firft Book is defcribed, there were found in it all the
homogeneal Colours in the fame order and fityation
one among another as in the Spectrum of fimple Light,
defcribed in the fourth Experiment of that Book. For
the Circles of which the Spe&trum of compound Light
PT is compofed, and which in the middle parts of
the Spe&trum interfere and are intermixt with one ano-
‘ther, are not intermixt in their outmoft parts where B
they touch thofe re&ilinear fides AF and GM. And

LU LUMLLL

therefore in thofe veétilinear fides when diftinétly defi-
ned, there is no new Colour generated by refraction. 1
- ebferved alfo, that if any where between the two out-
- moft Circles TM F and PG A a night line, as y4, was
erofs to the Speétrum, fo as at both ends to fall per-
“pendicularly upon its rectilinear fides, there appeared

TR M 2 | one
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ane and the fame Colour and degree of Colour from gy
end of this line to the other. [ delinicated therefore iy
a Paper the pefimeter of the Spectrum FAPGMT,
and in trying the third Experiment of the firft Book, |
held the Paper fo that the Spectrum might fall upoy
this delineated Figure, and agree with ite x;aut’rlqy,, whilf
anr Affittant whofe Eyes for dittinguithing Colours wer
more critical thammmine, did by right lines s o4 iy,
drawn crofs the Speétrum, note the confines o { the Co.
lours that is of the red M«8F of the orange ayan of
the yellow 7+¢d, of the green«n0¢, of the blue g,
of the indico 1apx, and of the violet »GA#  And
this operation being divers times repuated both in the
 {ame and in feveral Papers, 1 found that the Ob.
~Afervations agreed well enough with one another, and
that the re@ilinear fides M G and F A were by the faid
erofs lines divided after the munner of a mufical Chord,
let GM be produced to X, that M X may be equal
to GM, and conceive G X, X, ' X, "X, + X, v X, X
MX, tobe inproportion to one another, as the num.
bers 1, &, £, 4. %, 4, %, 1, and {o to reprelent the
Chords-of the Key, and of a Tone, a thivd Minor, 4
fourth,, a-fifth, a fixth Major, a teventh, and an eighth
above that Key: And the intervals M, ay, ve o om,
o and 2 G, will be the fpaces which the feveral Cos
lours ( red, orange, yellow, green, blue, indico, violet ).
~take up.

Now thefe intervals or {paces fubtending the diffes
rerices of the refraétions of the ruys geing to the limits
of thefe Colours, that is, to the points M, «, 4, 1 1,1, 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 fwe of incidencey 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 deferibed above ) found in p}.opmtl.on to their

fines of refraction, as go to77and 78, divide the dif-

ference between the fies of refraction 77 and 78, as the
:1

I.G'\ ( "ﬁ/{ t‘i!i!lrljwl I“\I! f“\l\ i % If“\‘l".ﬂ"!,!n o ] I

SIN0 U VL s GEIVIACG VY tiital eI Vdlo, yuu Wil [dyve
g oy T o oy pien o

?7’) 77“ /iy? T7:s 77 775 ;7 /7)9 7}) the fines of

refrattion c)t thofe rays out of Glafs 1nto Airy their
common fine of incidence being s, So then the fines
of the adences of all the n_d nml«;inu rays out of
Gilafs into Air, were to the fines of their refi fractions,
not greater than 5¢ to 77, nor lels than 50 to 77, but
vaucd from one another according to all interme-
diate Proportions.  And the fines of the incidences
of the green-making rays were to the fines 01’
their refractions in all pmpmtmm from that of
to 775, unto that ot 50 to 77, And by the like lumh
al)(wuw-umuwnul \um the refractions of the mys be-
Jonging to the reft of the Colours dehined, the fines of
the red-making ruys mt,umhng_, hom 77 to 77i, thofe
of the orange-making trom 77; to 771, thole ol the yel-
_low.wxmlmw from 771 to 77 ; thoft of the green- ma]unw
from 773 10 775, thuia. of the blue- nmlqug., Tom 771 to
Vi thofe ot the indico-making from 778 to 772, and
thole of the violet trom =77 to “*i
Thele ure the Laws of rlu: Mxku‘;ﬁam nude out of .
Glafs into Air, and thenee by the third Axiom  of the
donk " The 1.,m s of the retractions made out of Air

i%lilt() (Jl I are caly 1’% derivad.

EXPER
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EXPER VIIL

[ found moreover that when Light goes out of 4j;
through feveral contiguous refracting Mediums
through Water and Glafs, and thence goes out agaip
into Air, whether the refralting fuperhicies be paralle]
or inclined to one another, that Light as often as by
contrary refrattions tis fo cc.)rreé’fe.d., that 1t emergeth
in lines parallel to thofe 1n W‘lnch it was incident,
continues ever after to be white. But if the emer.
gent rays be in.clined.tothe incident, the whitenefs of
the emerging Light will by degr_ees mapa;ﬂing on h‘pm
the place of emergence, become't}nged 1n 1ts -gdges with
Colours. This I'tryed by refratting Light with Prifins
of Glafs within a prifmatick Veflel of Water. Now thofe
Colours argue a diverging and feparation of the hetero-
geneous 1ays from-one another by means of their un-
equal refrattions, as in what follows will more fully
appear. And, on tl}_ﬁ;’ contrary, the ‘permanent white-
-nefs argues, that in kike ncidences of the rays there is
no {uch {eparation of the emerging rays, and by confe-
quence noinequality of their whol= refrations. Whence
1 {feem to gether the two following Theorems.

1. The Excefles of the fines of refraétion of feveral
forts of rays-above their-commen fine of incidence when
the refrattions #ftmade out of divers denfer mediums
inmediately into one and the fame rarer medium, are
to one another in a given Proportion.

2. The
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a. 'The Proportion of the fine of incidence to the fine
~ of refraltion 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 refra&ion out of the
firt medium into any third medium, and of the Pro-

portion of the fine of incidence to the fine of refraction
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 refractions of the rays of every fort
“eut of Rain-water into Ailr be defired, let the common -
fine of ‘incidence out of Glafs mnto Air be {fubduéted
from the fines of refrattion, and the Excefles will be.

27, 275 275, 2770 271, 275, 277,28, Suppofe now
 that the fine of 1ncidence of the leaft refrangible rays be
#o their fine of refrattion outof Rain-water into Air as
three to four, and {ay as 1 the difference of thofe fines.
is to 3 the fine of incidence, fo 1s 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.-

ozt #om g € i~ Ao A.:n + 117!"1;{"11 {:ﬂD ;‘F XTMTY fjl‘](‘i 13]?1“#‘!"-\13 ‘ﬂlV\TTﬁ_ .
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mentioned HExcefles you will have the defired fines of .
the refractions 108, 108%, 1084, 1083, 108, 1085,
y0825. 109.. | |

By the latter Theorem the refraltion 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 info.
Air be to its fine of refraftion as 20 to 31, and the fine
of incidence of the {ame ray out of Air into Water, be
| | - to



to its fine of refrattion as four to three; the fine of
incidence of that ray out of Glafs into Water will be g

Y (T AF pofraftian 1e A0 to I ﬂ,pd,zi.. to 3 1ovntlyv, thas
108 1111€ O I'CILalLIULL us 2% v 4 2 &5s 1 Y J-J )y dilag

is, as the FaGtum of 20 and 4 to the Factum of 31 and
3, or as 80 to 93. . o D

" And thef¢ Theorems being admitted 1into Opticks,
there would be {cope enough of handling that Science
voluminoufly after a new manner ; not _cmly by'teuching
thofe things which tend tothe perfection of vifion, but
alfo by determining mathematically all kinds of Pheno.
mena of Colours which could be produced by refra.
&ions. For to do this, there is nothing elfe requifite
than to find out the feparations of heterogencous rays,
and their various mixtures and proportions in every
mixture. By this way of arguing 1 invented almoft
all the Phenomena defcribed in thefe Books, befide fome
others lefs peceflary 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 Glafles and {ufficient circumipection, the
expetted event will not be wanting.  But he is firft to
know what Colours will arife from any others mixr in
any afhgned Proportion. '

PROP. IV. THEOR. 111

Colours mey be produced by compofivion which fball be like
to the Colowrs of homogencal Laght as o vhe appearance
of Colour, but not as vo the immutability of Colowr and
confiivution of Laght.  nd thofe Colowrs by how much
they are mmore compounded by o much are they lefr full
it ditenfey, and by o0 mnel compolition ey may be

diluted
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diluted amd wveakesed ] g/w m’.'v/“ T here sy b
cLl/() L{J!(.’iiﬁr R !)i i Z SN 1{ {Gx/ / f};lgﬂy/, il .«-;])“ ]J e nok /%[Zy
leke any of the Colosiy uj /w;‘ . sz Laohe,

For a mixture of homogeneal red and yellow con-
puunda an orange, hike inup prarancy of Colour to that
orange which in thu feries of unmixed pllimtud Co-
Jours lics betwween them; but the Light of one orange
is homogenedl as to refl mwﬂnhty Ilmt of the other is
het uuwmm&l and the Colour of the one, 1t viewed
thmw il l”mm remains unchanged, that of the other
is QI_Jnm*d and retolved into its component Colours red
and yullc:nwﬁ And ufter the fume manner other neigh-
bouring homogeneal Colours may compound new Co-
lours, Tike the intermediate homogeneul ones, as yel-
low and green, the Colour between them both, and at-
terwards, if blue be added, there will be .r.mclc a green
“the middle C,aulc:m nf the thmu which enter the compo-
htx,ozz, For the yellowand blue on cither hand,if they are
equal inquantity they draw themtermedute greenequal-
ly towards thenflves in compofition, and fo keep it as
it were in equilibrio, that it verge not more to the
yellow on the one hand, than to the blue on the other,

Zut by their mint ﬁta,t'mm rematn (bl g middle (mlmu
To this mmui preen there may be further added
~fome red and violer, and }u, the green will not prefent-
ly ceate but only gﬁmw fels tull and mzciﬂ, and by in-

01
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m more
lilute, until by the prevalence of the added Colours it
e overcome and rurned mnte whiteaels, ov tome other
Lolour. 8o if to the Colour of any honwopeneul Light,
m &mn s white Light compotid of all forts of mw be
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added, that Colour will not vanifli or chunge its {pe-
cies but be diluted, and by adding more and more white
it will be diluted more and more perpetually.  Laf.
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 mixtwith yel.
low and blue may be made other new Colours.
PROP. V. THEOR. IV.
Whitene[s and all grey Colours betaveen fwbz'tcj rwng /;l{zck,
- may be compounded of Colours, 'n,mi the fac:/ivzmn-:/.sj of the
Sun’s Laight s compaund@(l of all the primary Colours
it e a due proporiion.

Lhe Proof by Experiments.

EXPER. [IX

‘The Sun fhining into a dark Chamber through a
little round Hole in the Window thut, and his Light
being there refratted by a Prifm to caft his coloured
Image P'T-upon the oppofite Wall : I held a white Pa-
per V to that Image in fuch munner that it might be
tlluminated by the coloured Light retle¢ted from thence,
and yet not intercept any purt of that Light in its paf-
fage from the Prifm to the Spectrum. And [ found that
when the Paper was held nearer to any Colour than to
the reft, it appeared of that Colour” to which it ap-
proached neareft ; but when it was cqually or almoft

cqually
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equally diftant from all the Colours, fo that it might
be equally illuminated by them all it appeared white.
And in 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 its proper Colour, until it was incident on the
Paper, and became refletted thence to the Eye ; {o that
if 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 refletted from the Paper,it would
hdve tinged the Paper with its own Colour; and yet be-

. | M . - 2 1 o) e
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 reflected from the
Spetrum, whilft they are propagated from thence thro’
the Air, do perpetually retain their proper Colours,
becaufe wherever they fall upon the Eyes of any Spetta-
tor, they make the {everal parts of the Speftrum to
appear under their proper Colours. They retain there-
fore their proper Colours when they fall upon the Pa-
per V, and {o by the confufionand perfeft mixture of
thofe Colours compound the whitenefs of the Light
- refleted from thence. ,

EXPER. X

- Let that Spe&trum or folar Image PT fall now ﬁpbn* Fig. &.
~ the Lens MN above four Inches broad, and aboutFﬁx
| N 2 eet



Feet diftant from the Prifm ABC, and fo hgured thy
it may caufe the coloured Faght wlm'I} clwg'gﬂ;c}:ll 1‘1‘09}
the Prifim to converge and .l]’lt.‘t‘?_' dehi at s Focus (J',
about fix or eight Fect diltunt from the !’,uns, g
there to fall perpendicularly upon a white Paper DE,
And if you move this Paper to and tro, you will per.
ceive that near the Lens,as at de, the vhole folar Image
(fuppofe at pt) will appear upon 1t mtenily colotired
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 Iength the Paper
come to the Focus G, where by a pertect mixture they
will wholly vanifh and be converted into whi tenefs, the
whole Light appearing now upon the l"upur_ hlke a l‘: (tle
white Circle. And afterwards by veceding further trom
the Lens, the rays which before converged will now
crofs one another 1 the Focus G, and diverge from
thence, and thereby make the Colours to uppear again,
but yet in a contrary order ; {uppole at -, where the
red t is now above which before was belove, and the
violet p is below which before was above.
~Let usnow flop the Puper ut the Focus € where
the Light appears totally white and circular, and Jot us
confider its whitenefs. 1 fay, thut this is compolud of
the converging Colours. For if uny of thott Colours
be intercepted at the Lens, the whitcuets will ceafi and
degenerate into that Colour which arifeth from the
compofition of the other Colours which ure not inter-
cepted. And then if the intereepted Colours be et
pas and fall upon that compound Colour , they mix
with 1t, and by their mixture reftore the whitenofs.
| o0
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Sont‘t'ht violet, Diue 'i areen be intereepted, the re-
mwm}u yu Hm'» orange and red will compound upon
the Pa PUT A G, wind then if the 1111L‘1Luptgd Co-
lours be et pals they will fall upon this (.ompoumlul
OrAngL, and tosether with i decompound a white. So
alfo 1f tl oored and violet he intereepted, the eI
‘;‘»v”““ grevi aid bluey, will compound a green upon
the P apur, and then the red and violet bunw let pufs

w1l Gl uon (lygs BICCT a1 tnm-f]n 3% urnh 11 e
vwilil 1" i l P4 :, LR L& ,,’ L O " A VY

pourn:l a white,  An 1 that in this compolition of white

the feveriad raysdonot futter any change in their colori-
fic qmlxt;w by acling upon one {.mmhu but are only
mixed, and by @ misture of their Colours produce
white, muay further appear by thefe Arguments.

[t the lﬁum e placed h«.,wnd the l*m_ua (i, fuppole
at o, i then the red Colour at the [.ens be altermate-
ly intercepted, and let patsagain, the violet Colour on

the Papur w 11 ot tutter any lemw thereby, as it ought
to do it the feveral Torts of raysucted upon one another
in the Focus Gy where they uuh Neither will the
red upon the l*;;m bhe changed by any alternute ftop-
ping, wnd hotting Hiwhuuulnt‘ which crofleth it

| And if the Fuper be placed at the Focus Gy and the
white mmml hma Wt Gobevie md through the Prifim
HIK, and by the retrastion of that Pritim be tranflated
to the phice vy, wnd there appear tinged with various
(,;t;)lz;mk smxmih iha wmlgt at v oand red at r, and
others m tweun, aid then the red Colour at the Lens be
often ftopt aixl lu pats by turns, the red ac e will ace-
cordingly difippurar and returneas olten, but the vielet
at v-will not thereby futler any change. And o by

ﬂmwu% and letting pafs alwenately  the blue 4; the
K | | INIEN
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- T.ens, the blue at r will accordingly difappear and re,
turn, without any change made in the red atr. Tie
red therefore depends on one fort of rays, and the blue
on another {ort, which in the Focus G where they are
commixt do not aét on one another. And there 15 the
{ame reafon of the other Colours.

1 confidered further, that when the moft refrangible
rays P p, and the leaft refrangible ones T t, are by con-
verging inclined to oneanother, the Paper, if held very
oblique to thofe rays in the Focus G, mlght_ refleét 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 firike the fenfe with the per-
ception of white, then they could never lofe their white.
nels 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 refletted than the reft, and the white.
nefs at length changed fucceflively into blue, indico
and violet. "Then 1inclined it the contrary way, that
~ the moft refrangible rays might be more copious in the
refleCted Light than the reft, and the whitenefs turned
fucceflively to yellow, orange and red.

Laftly, I made an Inftrument XY in fafhion of 2
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

{uc-
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fucceffively the Teeth of this Inftrument near the Lens,
I intercepted part of the Colours by the interpofed

Tooth, whilft the reft of them went on through the in-
terval of the Teeth to the Paper D B, 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 f{aid 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 fucceffively over the Lens, and when the
motion was flow, there appeared a perpetual {fucceffion
of the Colours upon the Paper : But if I {o much acce-
lerated the motion, thatthe Colours by reafon of their
quick f{ucceffion could not be diftinguifhed from one
another, the appearance of the fingle Colours ceafed.
There -was no red, no yellow, no green, no blue, nor
purple to be feen any longer, but from a confufien 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 impreflions
follow one another {lowly, fo that they may be feve-
 rally perceived, there is made a diftin¢t fenfation of all
" the Colours one after another in a continual f{ucceffion.

But
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But if the impreflions follow one another 1o quickly
that they cannot be feverally perceived, th_ere arifeth
out of them all one common lenfation, which is nej.
ther of this Colour alone nar of that alone, but hath j
{elf indifferently to ’em all, anc} this is a fenfation of
whitenefs. By the quicknefs of the {uccefhions the im-
prefiions of the feveral Colours are confeunded in the
Senforium, and out of that confution artfeth a mixt fen.
{ation. 1f a burning Coal be numbly moved round in g
Circle with Gyrations continually repeated, the whole
Circle will appear like fire 5 the realon of which is, that
the {enfation of the Coal in the feveral places of that

3 ~—-u'\-\n:c1 :11 -~ At ‘b:‘ | .
Circle remains impreft on the Senforium, until the

Coal return again to the fame place. And foin a
quick confecution of the Colours the impreffion of every
Colour remains in the Senforium, until a revolution of
all the Colours be compleated, and that firft Colour re-
turn again. The imprefiions therefore of all the fucceffive
Colours are at once in theSenforium,and joyntly ftir up
a {enfation of themall ; and foit is manifeft by this Ex.
periment, that the commixt impreflions of all the Co-
lours do ftir up and beget a fenfation of white, that is,
that whitenefs is compounded of all the Colours.

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

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

You
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the contrary way to that of the fivit refraction, may

make the diverging rays converge and meet again in G,

as you fc lL’PlLILI]IL’l in the feventh l'*lguw For Fig. 7.
where they meet and mix they will compole a white
Light as when a Lens s uted.

X PER XL

Let the Sun’s coloured Image P fall upon the Wall I

of a dark Chamber, as 1 the third Fxperiment of the
firlt BU(J]&, and let thu fame be viewed tluougi 4 Prifm
abe, held parallel to the Prifm A BC, by whote refra-
Gion that 1. we was made, and let it now appear Jower

than betore, iuppm ¢ inthe place S over againft the red
colour 1. And if you go near to the Image P'T, the
- Spectrum “3 will appear oblong and coloured like the
I;mg,c. Pl 5 but af you recede from it the Colours of
the $ pu’rmm S will be contratted more and more, and
Catdeneth vamilh, that Spedtram S becoming per h ‘tly

o R Sy B Bl R A S -qwmnp—w'v

round and white ; and 1F you recede yet iilltllt:.‘l., the
Colours will cmerge ugain, but in a contrary order.
Now that "vpud:mm S appuirs white in that cafe when
the rays of [everal fovts which converge from the feve-
ral parts of the Image PI, to the Prifin abe, are (o
“refracted uncqually by ir, that m their pafluge from the
Prifin to the Eye they mzy diverge trom one und the
fame point of the "’Wl}kdllllll o, and fo fall aft m. wards
“upon onv ‘mcl the fame point i the bottom of the .l*‘y(f

7;1191(.{ EUHL’ be II]I!'}” u.u
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“And further, if the Comb be here made ufe of by
whofe Teeth the Colours ut\t!u:_lmug:;c"P I muay be e
ceffively intercepted ; the Spectrum & when th'c Coml
is moved flowly will be perpetually tn}g};cd with {uc.
ceffive Colours: But when by z"mrclf:i';it,ing,_.», }"hu motioy
of the Comb, the {uccefhon oi’w the (,,mlmfm s 1o quich
that they cannot b feverally feen, that b]"&fd’l"lll’l] 3, by
a confuled and mixt fenfation of” them ally will P
white.

EXPER. XIL
~ The Sun fhining through a lurge Pritm A BC upon
a Comb XY, placed immediately behind the Prifm, his
Light which pafled through the mnteritices of the Teeth
fell upon a white Paper Dk The breadths of the
Teeth were equal to their mterftices, and feven Teeth
together with their interfbices took up an Inch in
breadth. Now when the Paper was about two or
three Inches diftant from the Gomb, the Lapht which
pafled through its feveral interftices puinted fo many

ranges of Colours k1, mn, op, qr, @e. which were

paralle] to one another and centiguous, and without any
mixture of white.  And thele vunges ot Colours, if the
Comb was moved continually up und down with a re
ciprocal motion, afcended und defecnded in the Papery
and when the motion of the Comb wus to quick, thae
the Colours could not be diftingrithed trom oneunother,
the whole Paper by their contuiien and reraure in the
Serforium appeared white.

[t
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Let the Comb now reft,-and let the Paper be remo-
ved further from the Prifim, 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, ora
lLittle more ({uppofe in the plice 2D 2E) they will
fo 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. Iet 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, {o that the moft refrangible rays may be more
~copioufly refleted than thereft, 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 refleted 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 by their excefs
- and predominance caule their proper Colour to“ap:
- pear. | |

0O -2 i And
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| And by the fame way of agguingj applied to thetldrd
Experiment of this Book, it may be concluded, that
the white Colour of all refrated Light at 1ts very firf
emergence, where it appears as white as before 1ts incl.
dence, is com pounded of various Colours.

EXPER. XIIL

In the foregoing Experiment the {everal intervals of
the Teeth of the Comb do the office of fo many Prifins,
every interval producing the Phenomenon of one Prifim,
Whence inftead oftho.ic llllft:’l.'V:-llS u {.'11"1g ic.:v_cr;i I Prifms, |
try'dto compound whitenels l:t)y mixing tl}m r Colours,and
did it by ufing only three Prifms, as alto by uhing only
two as follows. Let two Prifms A BC and abe, whofe
refracting Angles Band b are cquul,lm to placed parallel
to one another, that the refracting Angle BB of the one
may touch the Angle ¢ at the bafe of the other, and
their planes CB and cb, at which the rays emerge, may
lye in dire¢tum., Then let the Light trajected througl
them fall upon the Paper M N, diftunt about 8 or 12
Inches from the Prifms.  And the Colours generated
by the interior limits B and ¢ of the two Prifins, will
be mingled at P'T, and there compound white.  For if
either Prifm be taken away, the Colours made by the
other will appear tn that place P°L, and when the Prifin
is reftored to its place again, {o that its Colours may.
there fall upon the Colours of the other, the mixture
of thewm both will reftore the whitenels.
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- This Experiment fucceeds alfo, as T have tryed, when
‘the Angle b of the lower Prifin, is a little greater than
‘the Angle B of the upper, and between the interisr
Angles B and ¢, there intercedes fome f{pace Be, as is
reprefented 1n the Figure, and the retralting planes
BC and bc, are neither in dire€tum, nor parallel to
one another. For there is nothing more requifite to
the {uccefs 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 {uperior Prifim take up all the{pace from M to P, the
rays of the fame fort which come from the inferior
Pritm ought tobeginat P, and take up all the reft of the
fpace from thence towards N. 1f the leaft refrangible
rays coming from the fuperior Prifin take up the fpace
MT, the rays of the {fame kind which come from the
other Prifin ought to begin at T, and take up the remain:
‘ing fpace TN. If onedort of the rays which have in-
termediate degrees of refrangibility, and come from.the
fuperior Prifm beextended through the fpace MQ, and
_another fort of thofe rays through the fpace MR, and
“a.third fort of them. through the fpace M5, the fame
forts of rays coming from the lower Prifm, ought to il-
Juminate the remaining {paces QN, RN, SN refpe-
&ively. And the fame is to be underfiood of all the
other forts of rays.  For thus the rays of every fort will
“be {cattered uniformly and evenly through the whole
fpace M N, and {6 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 TN, they

_muft alfo produce white in the interior {pace. P'Ly This
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. the reafon of the compofition by which whitepp,
wils Droduced in this kxperiment, an'd by what othey
i~ aver | made the like compofition the refult yy,,

wiy 1oever 1
whitenels. ‘, )

Laftly, If with the Teeth of a Comb of a due fize,
the coloured Lights of the two Prifms which fal] Upoy
the fpace P'L" be alternately intercepted, that g
PT, when the motion of the Comb s flow, wil} always
appear coloured, but by accelerating the motion o
the Comb {fo much, that the fucceflive Colours ¢z
not be diftinguifhed from one another, 1t will appe;

white.

EXPER XIV.

Hitherto I have produced whitenefs by mixing the
Colours.of Prifms.  If now the Colours of natural Be.
dies are to be mingled, let Water a little thickned with
Soap 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 cvery where in the
furfaces of the feveral Bubbles; but to one that fhall
go fo far off that he cannot diftinguifh the Colours from
one another, the whole froth will grow white with a

perfet whitenefs.

EXPER. XV.

Laftly, in attempting to compound a white by mixing
the coloured Powders which Painters ufe, I confidered
that all coloured Powders do fupprels and frop in
them a very confiderable part of the Light by which
- they
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they are illuninated. For they become coloured by
refle€ting the Light of their own Colours more copiouily,
and that of all other Colours more {paringly, and vee
“they do not reflet the Light of their own Colours 1o
copioulily as white Bodies do.  If red Lead, for inftance,
and a white Paper, be placed in the red Light of the
~coloured Spetrum made in a dark Chamber by the re-
fraCtion 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 c?pigt}ﬂy 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-
fleéted 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
~expeét a ftrong and full white, fuch as is that of Paper,
but fome dusky obfcure one, fuch as mightarife from a
- mixture of light and darknels, or from white and black,
that is, a grey, ordun, or ruflet brown, fuch asarethe
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 wbhite I have
~ oftén produced by mixing coloured Powders. For thus
~ one part of red Leadgs}nd five parts of Puride zﬂ_;‘;-rzs)com:»
~ pofed a dun Colour like that of a Moufe. For thele
 two Colours were {everally {fo compounded of others,
- that in both together were a mixture of allerurs ;and
 there was lels red Lead ufed than V’frzde s, becaule
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 tocg;l:ii;




[112 ]

certain mixture of Orpiment and Fureds diris in a dye
proportion, the mixture loft its purple tin€ture, and pe,
came perfetly dun. But the Experiment {ucceeded beft
without Minium thus. To Orpiment L added by litt|,
and little a certain full bright purple, which Paintey
afe-until the Orpiment ceafed to be yellow, and became
of a pale red.  Then 1 diluted that red by adding 4
little Veride Aurss, and a little more blue Bife than /7.
vide Aris, until it became of {fuch a grey or pule white,
1s verged to no one of the Colours more than to ano.
ther. For thus it became of a Colour equal in white.
pels to that of Afhes or of Wood newly cut, or of
Man’s Skin. The Orpiment refleCted more Light than
did any other of the Powders, and therefore conduced
more to the whitenefs of the compounded Colour than
they. To affign the proportions accurately may be
dificult, 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 ina lefs or greater proportion. |
- Now confidering that thefe grey and dun Colouss
may be alfo produced by mixing whites and blacks, and
by confequence differ from perfet whites not in Species
of Colours but only in degree of luminoufne(s, it 1sma-
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 perfect whitenefs, it will
thencealfo follow, that they are of the fame Species of
Colour with the beft whites, and differ from them only
1 the quantity of Light, And this T tryed as follows.
1 took the third of the above-mentioned grey mixtures

| o ~ (that
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I
nded of O

( that WJ}C}L} wds compoun o l‘p'i;lwnf:, ﬁui‘pk"?
Bife and Vride AFris) and rubbed it thickly upon the

foor of my Chamber, where the Sun fhone upon it
through the opened Cafement ; and by it, in the fha-
dow, I laid a picce 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 furface
of the Powder, nor the little thadows let fgll from the
gritty particles. 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 {haded 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 thines through the Glafs of the Window,

or by thutting the Window that the Sun might {hine
through the Glafs upon the Powder, and by {uch other
fit means of increafing or decreafing the Lights where-
with the Powder and Paper were illuminated , the
 Light wherewith the Powder is illuminated may be
made ftronger in fuch a due proportion than the Light
~ wherewith the Paper is.illuminated, that they fhall both
“appear exaltly alike in whitenefs. For when I was
- trying this, a Friend coming to vifit me, 1 ftopt him
_at the door, and before 1 told him what the Colours
- were, or what I wds doing ; Taskt 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
e;could not fay which was beft, nor wherein their Co-
ours.differed Now if vou confider. tl‘”f'“fihiSWlli;Q

the Powder in the Sun-fhine was compounded of the
P Colours
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Colours which the component Powders ( Orpimen
Purple, Bife, and Foride Airss ) have in the fame Sup.
hine, you muft acknowledge by this Experiment,. 4
well as by the former, that perfeCt whitenefs may e
compounded of Colours.

T i ..fa-l.-u:uﬁ lhac hoom ‘rr];r'! ';‘f" ;_C Cl]rf\ f-:"‘:/'if']P‘!'if" ot
OO Wildt 1la> pCCiE 1alld it 49 ddrls L vauiiil Liial (e
whitenefs of the Sun’s Light is compounded of all the

Colours wherewith the {everal forts of rays. wheregf
that Light confifts, when by their {everal refrangibili.
ties they are feparated from one another, do tinge Paper
or any other white Body whereon-they fall.  For thofs
Colours by Prop. 2. are unchangeable, and whenevey
all thofe rays with thofetheir Colours are mixt again;
they reproduce the fame white Light as-before.. |

PROP. V. PROB. IL

i o muxture of j)'rim;m‘"y‘Calbmﬁf‘,- i be '-gumtity and quality.
of each bemng given, to know the Colowr of the com..

faz;nd;; o

. With the Center Otand Radius O'D déferibe a Circle:

ADF, anddiftinguith its circumference nto {even parts.

DE, EF, EG, GA, AB; BC, €D, proportional to.
the feven mufical Fones or Intervalsof the eight Sounds,,
Soly lay fay foly lay -mu; fo, [ol, contained in an Hight,

that 1s; proportional to the numbers |, &' 100 55 &; iy
% Let the firft part DE reprefenta red: Colour, the.
fecond EF orange, the third E-G. yellow; the fourth
G H greeny the-fifth AB.blue, the fixth-BC indico,
and the {feventh CDwielet..  And: conceive that thele

are-all the Coloursof uncempounded. Light gradually.

paffing
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"pclﬂinvY into onc another, as they do when made by
P11Lm~, ; the uumnluuuu, DEFGABCD, xepmimp
ting the whole fertes of Colours from on end ot the
‘;31,111 s coloured Image to the other, fo that from Dto B
be all deprees of lLd at I the mean Colour between red
and orange, from B to Fall deprees of orange, at Fthe
pean between orange and \nlluw from F to (¢ all de-
rees ol }LH()\.M, ‘mel fo on. Lut p be the center of
%31,,;\; y ool the Arch D By and q, 1, 8, ¢ v, x, the centers
of gravity of the Aulu_a l'l } (: (JA AB, BC
,,,1{1(;1( 1) uilumxhuh., and about tholt centers of gra-
wty Jot G HLlu}11()1\()1leh1] to the number of 1 rays of
each Colour mn the given mixture be deferibed ; that is,
the cirele p lwlc)pmtmml to the number of Lht, LLd-—Illd«
king rays in the mixture, the Circle g pl()p()Lll()IMl to
the nuimber of the orange- making rays in the mixture,
and o of the reft. Find the common center of ;:g;avxty
of all thote Circles py gy 1y 8, 8, vy x0Tt tl at Luntur
beZ ; and trom the center of t[u Circle Al

!

/’f{y\ fh« r1 cumivrence r“l Jyy nn’t rhe rn,r 1fj e (\ V
LY LR A l' AR LR R R R TR '\:l)' .5,,.,..’ k!-l‘:’ L;tfml‘;h lcll":n-- N ¥ ,l.‘n}
the pl:u:«: of the pomnt Y in the circumterence fhall thew
ﬂam I IN: ~:-1'H1nm fram the camnalition af a1l the (’_“,r\#
¥ A Nl:ll\ll.ll Ll!'klﬁlir, !.t\«fl&# hli"\m \sl#}},ﬁ!.’k!&&:&;:\m’.&l w\} t*&ﬁ 'hll\u Ml .
lours in the given mixturey and the line OZ fhall be
Y e 1yt 1y | IS t o ﬁ:‘ﬂ.«-!?g Fay ;ﬂf‘ﬁnf:n!‘htlL ”{_» thys rﬁn'n‘n!'
Al-l_\!il\:ll lll;ll,lt'l}, L&F*l,.ml.l‘g l%lli‘A\ml‘J LT ll"ihg\el.l-l\m&l\.;,l."‘l.J,l- \:lih’ \ik.ll.l,ll.i.l.j
that 1s, to it diftunce trom whitenets. As iF Y &l n
Flio b Teotveeon Boand f: rhe covmumatindod Calosy
WHA LTHLRUL DR UL s U ATy WL LW M el LL010UY
fhall be ehe bett yellow 5 10 verpe from the middle to-
: wll ¢

1
Cwards For G thevo upumzdm(mlmn thall according-
ly bew v lcm,, vergiig towards orange or green. [t /
fall upon the Creumtvrence the qulmn Mt be intenfe
Cand flornd e the highedt degree s o fall in the mad

way betvoen the crcumiterenee and center, it thall be
P = hut
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but half fo intenfe, thatis, it {hall be fuch a Colour g
would be made by diluting the intenfeft yellow with ay
equal quantity of whitenefs ; and if 1t.fa1.l upon the
center O, the Colour fhall have loft all its intenfenefs,
and become 2 white. But it is to be noted.7 '1 hat if the
point Z fall in or near the line O D, the main ingredients
being the red and violet, the Colour compounded fhal}

ot ko anu of the nriimatic Colours, but a nurnle  in
HOUL LJC a]_l‘y WL L1l J:J.I..LL.L,LLLLLJ.\.- WAUL LAY AL 1.1;_1.11_;1\_) 1ij»

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 {hall fall upon the center O, and yet the Co-
lour eompounded of thofe two fhall not be perfettly
white, but fome faint anonymous Colour. ForI could
never yet by mixing only two primary Celours produce
a perfet white. -Whether it may be compounded of a
mrxture of three taken at equal diftances 1n the circum-
ference I do not know, but of four or five I do net much
queftion but it may. But thefe are curlofities 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 ; {uppofe a Colour is
. compouinded of thefe homogeneal Colours, of violet
¥ part, of indico 1 part, of blue 2 parts, of green 3 parts,
of yellow 5 parts, of orange 6 parts, and of red 1o parts.
Proportional to thefe parts I defcribe the Circles x, v, t,
s, 1, y p refpectively, that is, fo that if the Circl.ebx
, o o
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“pe 1, the Cix‘gl.e v may be 1, the Circle t 2, the Circle:
s 3, and the Circles r, qand p, 5, 6 and 10. Then I
find Z the common center of gravity of thefe Circles,

 and through Z drawing the line OY, the point ¥ falls
apon the circumference between E and ¥, fome' thing
pearer to E than to F, and thence T conclude, that the
Colour compounded of thefe ingredients will be am
erange, verging a little more to red than to yellow.
Alfo I find that O Z 1is a little lefs than one half of

0Y, and thence I 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 O Z to.
the line Z Y, this proportion being not of the quantities.
of mixed orange and white powders, but of thé quan-
tities of the lights refle¢ted from them. |

This Rule I conceive accurate enough for praltife,,
though not mathematically accurate ; and the truth of
it may be fufficiently proved to fenfe, by ftopping any
 of the Colours at the Lens in the tenth Experiment of
" this Book. For the reft of the Colours which are not

male Arn +n the I:l‘n!“l'l-g Gf the Teng TKT‘ﬂl

a-r\ [t i Wi
kv Xd YT AL

LLUPPCd) but pals on to tie rocu

there compound either accurately or very nearly {uch
- a Colour ‘as by this Rule ought to refult from their
-~ mixture. | - | |

PROPY
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PROP VII. THEOR. V.

Y] the Colowrs in the Univer[e wbich are wmc? ¢ éy Looh,
and depend not on the power of wmagination, are
ether the Colours of bomogeneal Lights, or comparnded

of thefe and that eiher accurately or very nearly, uc-
cording to the Roule of the foregoing Problem.

For it has been proved (in Prop.1. :[2%.2.) that the
-changes of Colours made by refractions do not arife
from any new modifications of the rays impreft by thofu
refraltions, and by the various terminations ol light
and thadow, as has been the conftant and genceral opi-
nion of Philofophers. It has alfo been proved that the
jeveral Colours of the homogeneal rays do conttantly
anfwer to their degrees of refrangibility, (Prop.r. P,
and Prop.2. P.2.) and that ther degrees of refrangt-
bility cannot be changed by refraltions and reflexions,
(Prop.2. P¥.1.) and by confequence that thofe their
*Colours are likewife ummutable. It has alfo beea pro-
ved direCtly by refracting and reflecting homogeneal
Lights apart, that their Colours cannot be changed,
( Prop.2. Pt.2.) It has been proved alfo, that when
the feveral forts of rays are mixed, and m crothng pafs
through the famc tpace, they do notact on oncanother
1o as to change each others colorifick qualitics, (Fxper.
10. PE.2.) but by mixing their actions in the Senfo-
rium beget a fenfation diftering from what cither would
«do upart, that 1s a fenfation of @ mean Colour between
thicir proper Colours 5 and particularly when by the
goncour{e and mixtures of ull forts of rays, a white
Colour
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Colour 1s producad, the white is a mixture of ali'tlw
Lolom which the rayvs would have apart, ( Prop. 5
Parfa. ) The ravs that mixture do not lofe or Jltc
the.ll. lwt 1l coloritick ¢ quaditics, but by all their various
kinds of ;x;iicm»; mist in the Senforiun, hwct a {enti-
fion of @ muldlins Colour between Jl their Colours
which 1w h ienet= Forwhitenefs is a mean betweery
all Colours, having 1 il inditferently to them all, {o
a5 with o 1 1l MHI&M to be tinued with any of thum
A red Powder mined with L litele b lue, or a blue with
a4 hietle red, du honot ;m(u itly lofe m Colour, but a
‘\"‘hi’tu Pumhl mixacd with any Colour i3 pwlmtlv t117
audd with tht Colour, and 1s equally capable of ' being

tin d m!h any Caolour ul at ever. [t has 11\ ‘UIl ﬂu\\ul

womy

TS ¢ N ‘mun._f vt re geveees d oad o 118

HlU-’ CILLE d LR Ol »d amau iR AULL L) uu S u[ 1‘[)5
RIS \.amtumiwiw mixture of the Colours of all {ores
ol rvs s thole ravs iaving trom the besinning their {o.
P Ay yoon B kAR ¥ mn ¥ gy L %F%bl-il Bhipy WAL Ry

I .
veral coloribie qu z] ties as woll us ther feveral refrangi-
bilitics, ,md m g them perpetually unchang’d not-
with(tadimyy auy uta‘lmmm or reflexions 1 Iuy m.;y 41
Yy nmg mii vry and that when-ever any fort ot the
NS 1V T M any means {ds I:u refloxton cbxper. g
and 1o, Pa®. 1. or by reftuction s happens inoall e
fractions ) upu,m A trom tlu red i’“ they then manifert
then proper Colours. Thole things huve been proved,
and the fum ot 1 ths amounts to the P mlwiztwm hure
to beproval. For .Ji the Sun'™s Light tomixed of fu-
veral forts ot tave, cach of which have t};l;mmlly their .
(everal vetignds aiﬂw; il colovihok qualiticsy and not- -
withitindi, *hz o I;tham and redicetions, .md their
variots is,,gﬁ Litins of xtures, Keep thole ther or-
pinal e f; ;«m}wuuih the fune without altera-
tion | e
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tion ; then all-the Colours in the Wc?.rlt.i m.u,.ﬁ be fuch as
conftantly ought to artfe from the ongmul colorific qua-
lities of the rays whereof the ng,ht:s con hft by v;_flu_ch
thofe Colours are feen.  And thercefore it the veafon of
any Colour what-ever be required, we have nothing elfe.
to do then to confider how }“he rays n the §1.111’s Light
have by reflexions or refraltions, or other caufesbeen par. -
ted from one anotheror mixed togethcr ;01 otherwile tg
find out what forts of rays are i 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 -mixiqg thole rays (?1' their ‘:4019urs)
in that proportion. I {peak here of Golours {o fur as
they arife from Light. For they appear fometimes by
other caufes, as when by the power of phantaly we
fee Colours ina Dream, or amad Mun fees things before
him which are not there ; orwhenwe fee Fire b{ ftriking
the Eye, or fec Colours like the Hye of a Peucocl’s
Feather, by prefling our Eyes m either corner whilf
we look the other way. Where thele and fuch like
caufes interpofe not, the Colour always anfwers to
the fort or forts of the rays whereof the Light confifts,
as 1 have conftantly found in what-cver Phenomeng of
Colours | have hitherto been able to examin. [ fhallin -
the following Propofitions give inftances of this in the
Phenomena of chiefeft note, .

PROP
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PROP. VIIL. PROB. IIL

: - .47 _ ‘1..[‘.! A'Arn,-,.ﬂ/’;/] cnni"l\,x"\f_’ﬁf‘"‘:f’l ~ -.l‘- T ;I\g ’_.L N AN S _"_- £ 7, -
»15}’ the a,;ycuuc:!t.w £z rr/ffu LiEs q/ .L.J._&g.wl« v ﬁxz)ﬂﬂlﬂ L ¢

“ Colours made by Prifms.

e RS g e " u AT R e IS el R e T

. Let ABC reprefent a Priim refraéting the Light of
ithe'Sun, which comes into a dark Chamber through a
Hole F ¢ almoft as broad as the Prifim, and let M N
%g:l;eprefent a white Paper on which the refracted Light is
paft, and fuppofe the moft refrangible or deepeft violet
making rays fall upon the fpace Px, the leaft refran-
gible or deepeft red-making rays upon the {pace T,
the middle {ort between the Indico-making aud blue-
imaking rays upon the {pace Q 5, the middle fort of the
green-making rays upon the fpace Re, the middle fort

ipon the {pace S o> and other intermediate forts upon
intermediate {paces.  For fo the {paces upon which the
everal fortsadequately fall will by reafon of the diffe-
fent refrangibility of thofe forts be one lower than ano-

ther. Now if the Paper MN be fo near the Pri{in that the

) A ) - - . - [ o )
Ipaces I’ 1 and =1 do not intertere with one another, the

fance between them T » will be illuminated by all

eforts of rays in that proportion to one another which
ey have at their very hrft coming out of the Prifn,
d confequently be white. But the {paces P'T" and =1
either hand, will not be illominated by them all,

152

s

it P, where the outmoft violet-making rays fall alone,
the Colour muft be the decpeft violet. At Q where the

Holet-making and indico-making rays are mixed , it

Q muft

P

between the yellow-making and orange-making rays

Fig\a {2,

ind therefore will appear coloured. And particularly .
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muft be a violet inclining much to imndico. AtR whey
the violet-making , indico-making, blue-making gy
one half of the green-making rays are mixed, their Co.
lours muft ( by the conftruttion of the fecond Prol blemm)
wmpound 1 middle Colour between indico and bluef
At S where all the rays are mixe d except the red.y,
king and orange-making, their Colours ought by thefy, ](3*
Rule to compotnd a faint blue, verging more to gy
than indie. Andin the plOC‘"ILfH fromSto [, this ble
will grow more and more faint and dilute, tx] tT
where all the Colours begin to be llllm,dj it end i '
Whltemis, | ‘

So again, on the other fide of the white at T, wheg
the leaft rehangjtbh, or utmoft red-making rays e 1long
the Colour muft be the deepeft red. At o the mmtur
of red and orange will LOlI]p()LIL"ld 1 red incl 11]1110 t;‘
orange. Ate tht., mixture of red, orange, yellow, ‘m'
one lnlf of the green mufl Lompound a middle Coloy

between orange md ycllow Aty the mixture of
C nlmnqhnf vmh—‘r mrl tndico will (nmiwmnd 1hm

aaaa

yellow, verging more to. green than to arange. Au
this yellow will grow more fuintand dilute (.ontmm[
in its progrefs from 5 to «, where by a mixture of
forts of rays it will bn.(,onh_ white.

Theft Colours ought to ppear were the Sun’s Lgh
perfectly white: But Becaufe it inclines to yellow,thec
cefs of the yellow-making rays whereby “tis mweawl
timt Colour, being mmcd wu:h the faint blue betweei

i S § S OO R O R Al

! 'H ..
:.) diicl A Wil Qraw iL l(l d hHHL ?_,‘,’ILLU .H.HU. lUli/q

Colours 1n order tfrom P to T ought to be violet, indi

hlue. verv faint oreeH white {‘1”11

1l villo W, Or nmP 16
Nt Ny Awtd Al . ¥Y LA W 7 ALtk 7\.&]. f WL LR t,) ’ ':
T'hus it 15 by the computation : And the chat pleate

we;
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view the Colours made by a Prifmm will find it fo in
Nature. |

~ Thete are the Colours on both fides the white when
the Paper is held between the Prifing and the point X
where the Colours meet, and the interjacent white va-
nifhes. For if the Paper be held fHll farther off from the
Prifm, the molt refrangible and leaft refrangible rays
will be wanting in the middle of the Light, und the reft
of the rays which are found there, will by mixture pro-
ducca tuller green than before.  Alfo the yellow and
bluc will now become lefs compounded, and by con-
fequence more i.i}tu‘xzil.' than before,  And this alfo
agrees with experience. |

~And it one look through a Prifm upon a white Objeét
encompafled with blacknets or darknefs, the reaton of

- the Colours arifing on the cdges is much the Lume, as

[

will appear to one that thall u little confider it.  If a
black Objett be encompafled with @ white one, the Co-
Yours which appear through the Prifmare to be derived

from the Light of the white one, {preading into the Re-
- gions of the black, and therctore they appear in a con-

N

trary order to that, in which they appear whenu white

Objutt is furrounded with black,  And the fame is to

be underftood when an Object is viewed, whote parts

»

are fome of them lefs luminous thun others. For in the

- Borders of the more and lefs luminous parts, Colours

ought always by the fume Principles to arife from the

excels of the Light of the more luminous, and to be of

- the fume kind as it the darker parts were black, but yet
1o be more faint and dilute, :

Q 2 What
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What is faid of Colours made by Prifms may be eaf,,
ap;;l%d to Colours made by the Glafles of Telefec)peg;

or Microfcopes, or by the humours of the Eye. Forjs
the Obje&-glafs of a Telefcope be thicker on one fide
than on the other, or if one half of the Glafs, or ope
half of the Pupil of the Eye be covered with any opake
fubftance : the Objeét-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 fubftance, has the effe&t of a Prifm in refra&ing
the Light which pafles through it. |
How the Colours in the 9th and 1oth Experiments
of the firft Part arife from the different reflexibility of
Light,is evident by what was there {aid. But it is obfer.
vable in the gth Experiment, that whilft the Sun’s di.
re¢t Light is 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. To.
obtain therefore a better blue, 1 ufed inftead of the yel.
low Light of the Sun the white Light of the Clouds, by
varying a little the Experiment as follows. =~

EXPER XVL

Let HF G reprefent a Prifm in the open Air, and§
the Eye of the Spectator, viewing the Clouds by theitr
Light coming into the Prifm at the plane fide FIGK,
and reflefted in it by its bale HEI G, and thence going
out through its plain fidle HEFK to the Eye. And
when the Prifm and Eye are conveniently placed, fo
that the Angles of incidence and reflexion at the bafe

may
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may be abeut 4o degrecs, the Spectator will {ee a Bow
M N of a bluc Colour, running from one end of the
bafe to the other, with the concave fide towards him,,
and the part of the bate IMN G beyond this Bow will
be brighter than the other part EM NI on the other
fide of it.  “I'his blue Colour M N being made by no-
thing clie than by reflexton of u fpecular fuperhcies,.
feems fo odd a Phaenomenon, and fo unaccountable for
by the vulpar Flypothefis of Philotophersy that | could-
not but think 1 deferved to be tuken noticeof.  Now
for underftanding the reafon of it, fuppofe the planc:
A BC to cat the plane fides and bafe of the Prifm per-
pendicularly. From the liye to the line BC wherein that
plane curs the hate, draw the lines Spand St in the
Angles Spe 5o degr. 2y and Ste 49 degr. gy, and the
point p will be the limit beyond which none of the moft:
refrangible rays can pafs through the bafe of the Prifin, |
and be refracted; whofe meidence 1s fuch that they may
be reflected to the Fye s and the point ¢ will be the like
limit for the leaft retrangible rays, that 1s) beyond
which none of them can pals through the bafe, whote
incidence s fuch that by reflexion they may come to the
Eye. And the point v taken in the middle way between
p and ¢, will be the Tike imit for the meanly vetrangible:
rays.  And theretore all the refrangible rays which fall.
upon the bafe buyond t, that isy between tand B, and:
can come {rom thenee to the Eye will be reflected thi-
ther @ But on this Lide ¢, that is, between tand ¢, many.
of thefe rays will be tranfmitted through the bale.
CAnd all the moft retrangible rays which full upon the.
bafe beyond py that ix, between poand B, and can by
rellexion come trom thenee to the Eye, will be refleéted:
thither, |
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thither, but every where between ang ¢, many of
thefe rays will get through the ba!e and be 1efra&ed;
I the fame is to be underftood of the meanly refrqp.

ana tne alue 1s 2 . o I
aible rays on either fide of the point r. \’\/ hence it fy).
lows, that the bafe of the P{flhp mufc every Wl@re be.
eween t and B, by a total reflexion of all {orts of rays tq
the Eye, look white and bright.  And every where
between p and C, by reafon of the tranimifhion of many
rays 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 refleCted to the Eye
and many of the lefs refrangible are tranimitted, the
excefs of the moft refrangible in the reflefted Light wil)
ringe that Light with their Colour, which is violet and
blue. And this happens by taking the line CprtB any
svhere between the ends of the Prifm H G and E1.

PROP.IX. PROB. IV.
By the difcovered ?ropertieshof..L_z;g‘bt to explomn the

Colours of the R.ain-bow.

Sun-fhine, and may be made artificially by {pouting up
Water which may break aloft, and {catter into Drops,
and fall down like Rain. For the Sun thining upon thefe
Drops certainly caufes the Bow to appear to a Spe@a.
tor ftanding ina due pofition 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.
‘I'his was underftood: by fome of the Ancients, and of
date more fully difcovered-and explained by the Famous

- Antonius

This Bow never appears but where it Rains in the
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_Antomius de Dowinnis Archbifhop of Spilata, in his Book
De Radiss 1 ifus & Lacrs, publithed by his Friend Bar-
tolus at eaice, mothe Year 1611, and written above
twenty Years before. For he teaches there how the
interior Bow 1s made m round Drops of Rain by two
refraétions of the Sun’s Lisht, and one reflexiont be-
tween them, and the exterior by two refraétions and
two lorts of reflexions berween them in cuach Drop of
Water., and proves lus Fxplications by Experiments
made witha Phial full ot Water and with Globes of Glafs.
filled with Water, and placed in rhe Sun to make the
Colours of the two Bows appear 1 them. . The fame
Explicutiml Pes-Curtey hath purfued in his Meteors,
and mended that of the extertor Bow. But whillt they
underftood not the true origin of Colours, it’s neceflary
to purfue it here o little further. For underftunding,
therefore how the Bow is made, let a Drop of Rain or
any other {pherical tranfparent Body be reprefented by
the Sphere BN F G, deferibed with the Center G, and Fig. 14.
Semi-diameter CGN. Aand let AN beone of the bun’s
rays incident upon it at N, and thence refraéted to I,
where Jet it cither go out of the Sphere by retraction to-
wards V, or bereleeted to G oand at G et it either go
“out by refraction to R, or be refletted to H 5 and at H
Jet it go out by refraction towards 8, cutting the nci-
Cdent ray in Y 3 produce AN and R G, till they meet in,
X, and upon AX and N F let full the perpendiculars
- CD and CE, and produce C1) till it tall upon the cir-
~eumference at L. Parallel to the incident ray AN draw
~the Dinmeter BQ, and et the fine of incidence out of
~Air into Water be to the fine of refraction as L oto
R, Now if vou fuppoft the pointof incidence N toe
| MGV
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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 AXR which the rays AN and GR
contain  and the Arch QF and Angle AXR will be
biggeft when ND is to CN as //ILRR to /'3 RR,

in which cafe NE willbeto NDas2R to L. Alfo the
Angle A YS which the rays A Nand HS contain wi|]

et decreafe. and then increafe and orow lealy when

L LL\»LL\,uAe’ L Rhr i SRAIRT A MYY S MRs vY LIV ]

ND is to CNas #II-RR to /'8 RR, 1n 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 reflexions ) contains with the incident ray AN
‘will come to its limit whenND is to CN as » 1T-RR to
V15 RR, in which cafe NE will be to ND as 4R o1,
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 /' TI.RR to 24 RR, in which cafe
NE will beto ND as 5R toI; and fo on infinitely,
the numbers 3, 8, 15, 24, ¥e. being gathered by conti-
nualaddition of the terms of the arithmetical progreffion
3,5, 7,9,9¢c. Thetruth of all this Mathematicians will

eafily examine. |
Now it 1s to be obferved, that as when the Sun comes
to his Tropicks, days increafe and decreafe but a very
little for a great while together ; fo when by increafing
the diftance CD, thefe Angles come to their limits,
they vary their quantity but very little for {ome 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,
#hen in any other inclinations. And further it is
' to
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to be oblerved, that the rays which differ in refrangi.
bility will have different limits of their Angles of emer-
gence, and by conlequence according to their different
degrees of refrangibility emerge moft copioufly in dif-
ferent Angles, and being feparated from one another
appear each in their proper Colours.  And what thofe
- Angles are may be eafily gathered from the foregoing
Theorem by computation.
. For in the leaft refrangible rays the fines L 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 §7 minutes.  And in the moft refrangible
rays the fnes 1 and kv are 109 and 81, and thence by
computation the greateft Angle AXR will be found
godegrees and 17 minutes, and the lealt Angle AYS
54 degrees and 7 minutes. | o - |
Suppofenow that Ois the Speftator’s Eye, and OPa line Fig. 13.
drawn parallel to the Sun’s rays, and let POE, POF,
POG, POH, be Angles of 40 degr. 17 min. 42 degr.
2 min. godegr. 57 min. and 54 degr. 7 min. refpectively,
and thefe Angles turned about their common fide O P,
fhall with their other fides OE, OF; OG, OH de-
defcribe the verges of two Rain-bows AFBE. and
CHDG. For it E, ¥, G, H, be Drops placed an
where in the conical {uperficies defcribed by OE, OF,
OG, OH, and be illuminated by the Sun’s rays SE,
8F, 8G, SH; the Angle SEO being equal to the
JAngle POE or 40 degr. 17 min. fhall be the greateft
JAngle in which the moft refrangible rays can after one
flexion be refracted to the Eye, and therefore all the

s N A b 6 i W

rops in the line OF fhall fend the moft refrangible
R o pays
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rays moft copioufly to the Eye, and thereby flrike ¢,
fenfes with the deepeft violet Colour 1 that regiop,
And in like manner the Angle SFO being equal ¢,
the Angle P OF, or 42 deg. 2 min. fhall be the greate
in which the leaft refrangible rays aiter one reflexiop
can emerge out of the Drops, and therefore thofe ray
fhall come moit copiouﬂy to the E}’? from the Dr Ops In
the line O F, and ftrike the fenfes with the deepeft reg
Colour in that region. And by the fame argument,
the rays which have intermediate degrees of refrangib;.
lity fhall come moft copioufly from Drops betweey
E and F, and firike the fenfes with the intermediate
Colours in the order which their degrees of refrangibi.
lity require, that is, in the progrefs from E to F, or
from the infide of the Bow to the outlide in this order,
violet, indico, blue, green, yellow,orange, red, But the
violet, by the mixture of the white Light of the Clouds,
. will appear faint and incline to purple. -
~Again, the Angle SG O being equal to Angle POG,
or 50 gr. 51 min. ihall be the lealt Angie in which the
leaft refrangible rays can after two reflexions emerge out
of the Drops,and therefore the leaft refrangible rays fhall
comeé moft copioufly to the Eye from the Drops ‘in the
line O G, and firike the fenfe with the deepeft red in
that region. And the Angle SHO being equal to the
Angle POH or 54 gr. 7 mn. {hall be the leatt Angle in
‘which the moft refrangible rays after two reflettions can
emerge out of the Drops, and therefore thote rays fhall
come moft copioufly to the Eye from:the Drops 1n the
line OH, and frike the fenfes with the deepett violetin
that region. And by the fame argument, the Dropsin
the regions between G and H fhall firike the fenfe.with
o : the
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the intermediate (_:39101'11'5 inthe order which their de.
grecs of refrangibility require, that is, in the progrefs
from G to U, or from the mfide of the Bow to the out-
fide i this order, red, orange, yellow, green, blue, in-
dico, violet.  And fince thele four lines OE,OF, OG.
O H, may be lituated any where in the above-mentioned
conical fuperhicies, what is faid of the Drops and Co-
Jours in thele lines is to be underftood of the Drops
and Colours every where in thofe fuperheies.

Thus thall there be made two Bows of Colours, an
interior und ltronger, by one reflexion in the Drops,
and an exterior and anter by two 5 for the Light be-
comes fainter by every reflexton. And their Colours
fhall ly in a contrary order to onc another, the red of
both Bows bordering upon the {pace G F which is be-
tween the Bows.  “L'he breadth of the interior Bow
O F meatured erofs the Colours (hall be 1 degr. 4.5 min,
and the breadth of the exterior GOH fhall be
degr. 1omin. and the diftance between them GOF
(hall be ¥er. 55 min. the greateft Bemi-diameter of the
innermoft, that is, the Angle PO F being 42 gr. 2 min,
and the leatt Semi-diameter of the outermott PO G, be-
ing 50 gr. 57 min, Lhefe are the meafures of the Bows,
as they would be were the Sun but a point 5 for by the
breadth of his Body the breadth of the Bows will be in-
Cereafed and their diftance decrcated by halfa degree,
and {o the breadth of the interior Iris will be 2 i‘gx
1g min. that of the esterior 3 degr. 40 min, their dis
ftance 8 degr. 25 min, the greatelt Semi-diametor ot the
nterior Bow 42 degr. r7min, and the leaft of the ex-
Cterior 5o degr. 43 min. And fuch are the dimenfipns
ptthe Ei::;w in the Hmvwﬁ fomul to be very nearly,

: 1 n when
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when their Colours appear ftrong and perf@&. For
once, by fuch means as I then had, I meafured
sreatelt Semi-diameter of the interior Ir1s about 42 de.
gfees, the brea.dth of the red, yellow and green in thy
[ris 63 or 64 minutes, befides tlle outmoft faint red o}
feured by brightnefs of the Clouds, for which e
may allow 3 or 4 minutes more. The breadth of the
blue wus about 4o minutes more befides the vigler
which was fo much obfcured by the brightnefs of thé
Clouds, that 1 could not mealure its breadth. *But
fuppofing the breadth of the blue and violet together
to equal that of the red, yeﬂqw and green together, the
whole breadth of this Iris will be about 2! degrees 4
above, The leaft diftance between this Iris and the ey
terior [ris was about 8 degrees and 30 minutes. The ex.
terior Iris was broader than the imtertor, but fo faint,
efpecially on the blue fide, that I could not meafure itg
breadth diftinétly. At another time when both Bows
appeared more diftin¢t,” 1 meafured the breadth of the
terior Iris 2 gr. 10, and the breadth of the red, yel-
low and green in the exterior Iris, was to the breadth
of the fame Colours in the interior as 3 to 2.

This Explication of the Rain-bow 1s yet further con.
firmed by the known Experiment ( made by Auonius
de Domanzs and Des-Cartes) of hanging up any where
in the Sun-thine a Glifs-Globe filled with Water, and
viewing it in fuch a pofture that the rays which come
from the Globe to the Eye may contain with the Sun’s
rays an Angle of either 42 or 50 degrees. For if the
Angle be about 42 or 43 degrees, the Speltator ( fup-
pofe at O) fhall fee a full red Colour in that fide of the

Globe oppofed to the Sun as ’tis reprefented at ¥, and
| if
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if that Angle become lefs (fuppofe by deprefing the
Globe to F ) there will appear other Colours, yellow,
reen and blue fuccetlively in the fame fide of the Globe,
%ut if the Angle be made about 50 degrees (fuppofe by
lifting up the Gilobe to G)theve will appear a red Colout
in that fide of the Globe towards the Sun, and if the
Angle be made greater (fuppole by lifting up the Globe
to 1) the red will turn fucceflively to the other Colours
yellow, green and blue. "The fame thing 1 have tried by
letting @ Globe reft, and raifing or deprefing the Eye,
or otherwile moving it to make the Angle of a juft
magnitude.

[ have heard 1t reprefented, that if the Light of a
Candle be refracted by a Prifim to the Kye ; when the
blue Colour falls upon the Eye the Spettator fhall fee
red in the Prifim, and when the red falls upon the Eye
he (hall fee blue 3 and if this were certain, the Colours
of the Globe and Ramn-bow ought to appear ina con-
trary order to what we find. But the Colours of the
Candlc being very faint, the miftake {eems to arife from
the difficulty of difcerning, what Colours fall on the
Eye. For, on thecontrary, | have fometimes had oc-
cafion to obferve in the Sun’s Light refraéted by a Prifm,
~that the Spectator always fves that Colour in the Prifin
which falls upon his Eye.  And the fame [ have found
- true alo in Candle-Light.  For when the Prifim is mo-
~ved {lowly from theline which is drawn diveétly 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 pufles over the Eye
- firft, and then the blue, |
N The
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The Light which comes tll-rough Drops of Rain |
cwo refraétions without any reflexion, ought to appeq
frrongeft 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 ¢,

. Lollnnd ~£Ticht fran{murted through (vher e
De unaCrIIUU(-L Uj. 241 1L LEMILALALAT Y, b ter Wi 1—&.&4\:&‘%‘)14‘ J-Ijl-l‘\xll‘.dl

Hail-flones.  And if the Hail be a little fl;;it:ted3 as it
often is, the Light tranfmitted may grow fo ftrong gt
a little lefs diftance than that of 26 degrees, as to fory
2 Halo about the Sun or Moon ; which Halo, as oftep
as the Hail-frones are duly figured may be coloured,
and then it 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 iy
their center to intercept the Light within the Halo (45
Hugenius has obferved ) and make the infide thereofmore
ditin&tly 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
colourlefs 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 refracted,
and fo come to the Eyein the direCteft lines.
- The Light which' paffes through a Drop of rain after
two refraltions, and three or more reflexions, is {carce
ftrong enough to caufea fenfible Bow 3 butin thefeCy-
linders of Ice by which Hugenius explains the Parbels,

it may ‘perhapsbe fenfible., -

" PROP.
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PROP X. PROB. V.,

By the difeovered Properties of Light to exsplain the per
TR ananent Colowrs of natural Bodiey. |

~Thefe Colours artde from hence, that fome natural
Bodies refleet fome forts of rays, others other {orts more
@@pien{ly than the i‘-tf:"i-’r. Minium refleéts the leaft re-
frangible or red-making rays moft copioufly, and thence
appears red.  Violets vefleét the moflt refrangible, mott
copioufly, and thence have their Colour, and {o of other
Bodies. Every Body refletts the rays of its own Colour
more copioudly than the refty and from their excefs and
predominance in the refle¢ted Lighe hus its Colour.

EXPER. XVIL

 For if the homogeneal Lights obtained by the folu-
tion of the Problem propofed in the 4th Propofition of
the firft Book you plice Bodies of feveral Colours, you
~will find, as | have done, that every. Body looks molt
fplendid and Tarinous in the Light of its own Colour.
Cinnaber in the homogeneal red Light is mott refplen-
“dent, in the gicen Light it is manifeftly lefs relplen-
dent, and in' thée blue Light fill lefs. Indico in the
Yiolet blue Light is mofk refplendent, and its {plendor
s gradually diminifhed as it is removed thence by de-
grees throngh the green and yellow Light to the red.
By a Leek the green Light, and next that the blue and
- yellow which compound green, are more i”h*ongéy {:’t&
AN “
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dedted than the other Coloursred and violetjand fo of the
reft. But to make thefe Experimentsthe more manifap
fuch Bodies ought to be chotfen as hqve thf: fulleft ami
moit vivid Colours, and two of thole Bodies are tg
compared toge.ther{! Thus, ‘f:Of"'l-ﬂ&flﬂcea L}f] ‘C‘iillnaber
and wlrra marine blue, or lome other full blue pe
held together in the homogeneal Light, they will bog
appear red, but the Cinnaber will appear of a ftrongly
luminous and relplendent red, and the wltra marge
blue of a faint obfcure and dark red; and if they be
held together in the blue homogenez}l L‘ig_h‘t they wil]
both appear blue, but the wlire marine will appear of
a ftrongly luminous and refplendent blue, and the
Cinnaber of a faint and dark blue.  Which puts it oyt
of difpute, that the Cinnaber refletts the red Light
much more copioully than the #ltra marine doth, ang
the ultre marine refleéts the blue Light much more co.
pioufly than the Cinnaber doth. "The fame Experiment
may be tryed fuccesfully with red Lead and Indico, o

with any other two coloured Bodies, if due allowance
be made for the different ftrength or weaknefs of their
Colour and Light. . ...~ . -

And as the reafon of the Colours of natural Bodies is
evident by thefe Experimenrs, fo 1t 1s further confirmed
and put paft difpute by the two firft Experimentsof the
- firft Book, whereby ’twas proved in fuch Bodies that
the refletted Light which differ in Colours do differ allo
in degrees of: refrangibility.  For thence it’s certain,
that fome Bodies reflect the more refrangible, others
the lefs refrangible rays more copioufly.

0 And
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Ard that this is not onlya true reafon of thefe Co-
lours, but even the only reafon may appear further
from this confideration, that the Colour pf hicmogeneal
Light cannot be changed by the reflexion of natural
Bodies. :
For if Bodies by reflexion cannot 1n the leaft change
the Colour of any one f{ort of rays, tbey cannot appear
coloured by any other means than by reflecting thole
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 {ufficiently homogeneal. For if
Bodies be illuminated by the ordinary prifmatick Co-
Jours, 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-
Juminated with white Light, wheremn all forts of rays
are equally mixed, and in the green Light all forts of
rays are not equally mixed, the excels of the yellow-
-making, green-making and blue-making rays in the
Jincident green Light, will caufe thofe rays to abound
fo much in the refle¢ted Light as to draw the Colour
from red towards their Colour. And becaufe the red
Lead reflets the red-making rays moft copioufly in
.proportion to their number, and next after them the
-orange-making and yellow-making rays ; thefe rays -lin
S5 - the
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the reflected Light will be more 111 proportion to
}ight than they were in the incident green Light, apg
thereby will draw the refleted Light from green ¢,
wards their Colour. And therefore the red Lead wi] up-
peir neither red nor grifen,blllt Qrf_:i Colou{ bet.u:e;en botly

In tranfparently coloured l.quors “tis obfervable
that their Colour ufes to vary with their thickpef;
Thus, for inftance, a red Liquor 1n a conical Gla
held between the Light and the Eye, looks of a pale
and dilute yellow at the bottom where "tis thin, and 4
little higher where ’tis thicker grows orange,and where
tis ftill thicker becomes red, and where ’tis thickep
the red is deepeft and darkeft. For 1t 1s to be conceiveq
that fuch a Liquor ftops the indico-making and viglet.
“making rays moft eaﬁly.,.the blue-making rays more
difficultly, the green-making rays {till more difficultly,
and the red-making moft difficultly : And that if the
thicknefs of the Liquor be only' fo much as f{ufficesto
ftop a competent number of the violet-making and in-
dico-making rays, without diminithing much the num.
ber of the reft, the reft muft (by Prop. 6. Lié.2.) com-
pound a pale yellow. But if the lLiquor be fo much
thicker as to ftop alfo a great number of the blue.making
rays, and fome 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 conf-
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. o
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O this kind isan Experiment lately related to me by
M. Hadley, who, in diving deep into the Sea, found
s 0 clear Sun thine day, that when he was funk many
Fathoms deep into the Water, theupper purt of his
CHand in which the bun thone divectly through the
Water looked ot red Colour, and the under p;u,‘t of
his Fland tHuminated by Bishtretleted from the Water
helow looked preen. For thence it may be gathered,
that the Seaavater noflects ack  the violer and blue-
Cmakiny, tays moft cutlyy wnd Tets the ved-nuadang rays
oads mott el and copioully to praat dq')thsa.k For
thereby the Sun’s divect ishe ur all great depths, by
reaton of the predominating, red-makang rays,  mutt
dAppear red ; and  the greater the depth is, the tuller
and intentor mufl that red beo - And at fuch depths as
the vielet-making rays faree penctrate unto, the blue-
making, greenanaking and yullow-making rays bemg
reflectud from below more copnoufly than the redr-making
otics, mutt compound @ green. N '
Now it there be two Liquors of full Colours, fup-
pole a red and @ blue, and both “c)l“ them Jo thick as
{uffices to make their Colotrs fulliciently full 5 though
cither Liquor be fufficiently tranfparent apiart, yet
will you not Lo able to tee thirough both topether. For
it only the red-imaling raye pats throngh one Liguor,
and only the bluc-mudeng, tirroush the other, no rays
can pals throvsh both, Fhis M. Flaoak tricd cafually
with Glawedges tilled with red and blue Liguors,
and was furprized at the unespostad cvent, the reafon
of it heing, then unknown 5 which nikes e trudt the
Cmove to his Experiment, though Thave not tryed 1t
my I But he that w ould vepeat it, mufh take cuee
Cthe Liquors be ol very good dod tull Colours. |
:“ | D o2 Now

i
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Now whilft Bodies become coloured by refletting g
tranfmitting this or that {ort of rays more copioufly thay
the reft, it 1s to be conceived that they ftop and fhifie i,
themfelves therays which they do not retlect or tranfimit,
For if Gold be foliated and held between your Eye ang
theLight, the Light looks blue, m}d therefore mafly Golg
lets into its Body the blue.making rays to- be: refletteq
to and fro within it till they be ftoptand ftifled, whilp
it reflets the yellow-making outwards, and thereby
looks yellow. And much after the fame manner thy
Leaf-gold 1s yellow by reﬂeé’ged, and b_lue by tranfmit.
ted Light, and mafly Gold is yellow in all pofitions of
the Eye; there are {ome Liquors as the tinture of
Lagnum Nepbriticum, and fome forts of Glafs which
tranfmit one fort of Light moft copioufly, and refle®
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, I 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 affirm by experience. For all
coloured Bodies, fo far as my Obfervation reaches, may
be feen through i 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 fufficient
thicknefs becoming opake. A tran{parent Body which
looks of any Colour by tranimitted Light, may alfo
look of the fame Colour by reflected Light, the Light
of that Colour being retlected by. the further {urface of
the Body, or by the Air beyond it.. And then the re-
fected 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 {urface,
o that the Light refleCted from the tinging particles
may. predominate. In fuch cafes, the Colour of the re-
fletted Light will be apt to vary from that of theLight
tranfmitted. But whence 1t 1s that tinged Bodies and
- Liquors reflect fome fort of rays, and intromit or trani-
- mit other forts, {hall be faid in the next Book. In this
- Propofition I content my {elf to have put 1t palt difpute,
that Bodies have fuch Properties, and thence appear
coloured.

PROP XL PROB. VL

By mixing colowred Lights to compound a Beam of Laght
of the [ame Colour and N ature with a Beam of the Sun’s
diredt Loght, and thercin to- escperience the truth of the
foregoimg Propofitions. |

Let ABCabec reprefent a Prifm by which the Sun’s Fig. 16:

Light let into a dark Chamber through the Hole ¥, may

- be refralted towards the Lens M N, and paiat upen it
at p,q, 1, s and t, theufual Colours violet, blue, green,.
- yellowand red, and let the diverging rays by the re..
~fra&ion of this Lens converge again towards X, and

‘there,by the mixture of all thofe their Colours,compound.
1 whiteaccording 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-

Cwards Y. Lot the vefraéting Angles of the Prifms,.
~and their diftances from the Lens be equal, fothat the:
~ rays which converged from the Lens towards X, and:
- withoutrefraction, would there have crofled and diver-

- ged.again, may by the refrattion of the fecond Pritm be:
" | reduced
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ceduced into Parallelifm and diverge no more, F,
then thofe rays will recompofe a Be::ml of vyhlte Ligh
X Y. If the refraing Angle of either Prifin be g,
bigaer, that Prifm muit be {o much' the nearer to ¢
Lens.  You will know when the Prifms and the Le,
are well {et together by oblerving if the Beam of Ligh
X Y which comes out of the fecond Prifm be perfetly
white to the very edges of the Light, and at all diftan
ces from the Prifm continue perfectly and totally whi
like 2 Beam of the Sum’s Light.  For till this happens
the polfition-of the Prifms and Lens to one another muf
be corrected, and then it by the help of a long Beam o
Wood, as 1s rePrefented in the Figure, or by a Tube
or fome other {uch inftrument made for that purpofe
they be made faft in that fituation, you may try all the
{ame Experiments in this comp_mmded Beam of Lighi
XY, which in the foregoing Experiments have beer
made in the Sun’s divet Light. For this compounde
Beam of Light has the fame appearance, and is endowed
with all the fame Properties with a direét Beam of the
Sun’s Light, fo faras my Obfervation reaches.  And i
trying Experiments in this Beam you may by ftopping
any of the Colours p, q,r, 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 refrattions and reflexions, but from the
various {eparations and mixtures of the rays originally
endowed with their colour-making qualities,

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

examin
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examin the raaton of the Colours made by Prifins, 1
refractad this compounded Beam of ,[_.i;;ghtu N Y owith
another Prif: PIS kI _
mutick Colours PQRST upon the Paper LY placed be-
hind.  And then by ftopping any of the Colours p, g,
r, 5, t,at the Lensy T ound that the fame Colour would
vanifh at the Paper. So 1t the purple Powas ftopped at
the Lens, the purple Prupon the Paper wo“h['\}u”if]}?
and the relt of the Colours would remain unaltered,,
unlefs perhaps the bluey fo faras fome purple latent m
it at the Lens might be feparated from it by the fol-
Jowing refractions.  And fo by intercepting the green
gpon the Lens, the green R upon the Paper would va-
auth, and fo ot the reft 5 which pluanly {hews, that as
the white Beam ot Light X ¥ wus compounded ol fe-
ve Lights varioully coloured at the Lens, fo the Co-
Jours which afterwards emerge out of it by new refra-
&ions are no other than thole of which 1ts whitenefs
was compounded.  The refraction of the Prifin HIK
kh generates the Colours POQRST upon the Paper,
not by changing the colorilic qualitics of the rays, but
by {eparating the rays which had the very fame colorific
qualitics before they entered the compofition of the re-
fracted Beam white of Light X Y. Forotherwile the rays.
which were of one Colour at the Liens might be of ano-
ther upon the Paper, contrary to what we find.
- Soagain, tocxwmin the reafon of the Colours of na-
tural Bodics, | placed fuch Bodies in the Beam of Light
XY, and found that they all appeared there of thole
their own Colours which they have in Day-light, and:
that thofe Colours depend upon the rays which bad the:

fame Colours at the Lens before they entred the co;f’nl?,o“
| 11011,

1 ! ‘ ” IR ATE T M AVEIEN] “Ilah ereen d
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fition of that Beam. Thus, for inftance, Cinnaber illgpy;.
nated by this Beam appears of the fame red Colour gg i
Day-light ; and if at t.he L.ens you 1ntercept t.he green.
making and blue-making rays, its rednefs will becope
more full and lively : But1if you there intercept the red.
making rays, it will notany lﬁonger appear red, but be.
come yellow or green, or of fome other Colour, accor.
ding fo the forts of rays which you do not intercept,
So Gold in this Light XY appears of the fame yellow
Colour as in Day-light, but by intercepting at the Lens,
due quantity of the yellow-making rays it will appear
white like Silver (as I have tryed) which thews that it
y.ellownefs arifes from the excefs of the intercepted rays

I R W a “I"g\‘- 'vflﬁ:"-‘f\t‘\ﬁrﬁ TTT:‘}'I‘\ 4“"1D: 1” (‘.f\‘f\‘t" '11‘7"\{,37‘\ 4—!« SATT o oae4
Unging tnat WIILCncs Widh titcil AAoul Wit Ty are

let pafs. So the infufion of Lagnum Nepbriticum (as]
havealfo tryed ) when held in this Beam of Light XY,
looks blue by the refle¢ted part of the Light, and yellow
by the tranfmitted part of it, as when ’tis viewed in Day-
light, but if you intercept the blue at the Lens the infy
fion will lofe its refle€ted blue Colour, whilft its tranf
mitted red remains perfet and by the Jofs of fome blue.
making rays wherewith 1t was allayed becomes morein-
tenfeand full. And,onthe contrary,if the red and orange-
-making rays be intercepted at Lens, the infufion will

PR L S N At N e L Rl L=t % LI o e =44 LR L WP
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lofe its tranfmitted red, whilft its blue will remain and
become more full and perfect. Which fhews, that the in-
fuflon does not tinge the rayswith blue and yellow, but
only tran{mit thofe moft copioufly which were red-ma-
king before, and reflets thofe moft copioufly which were
blue-making before. And after the fame manner may the
reafons of other Phenomena be examined, by trying
them in this artificial Beam of Light X Y. -

. THE



Book I. Part I, Plate I,

Ef'g B/////;

=i /%

=

@///

@]

b :q-} ':‘

e g
o

el



Book I, Pare II. Plate 1L,

-
=]




I
#a

2F

ilnimn\Iimiiimllmni‘l
immm|.mmnnmn|m n
ﬁiimiiilnuniuimmu
|||‘iliimnlmillllhlihi
anmnnmmi.muiml
iilInumnnummmu
ilullmlmmnnmlﬂh
|IItIlllliillililt|lillillli1

illllilillHiiIIHIIII!hh

E

%Qbsk\

po
L‘

e,

/7

P

1’7
CF
o O

\-ﬁm'ﬁﬂ(ow

e

BooklI. Part IL. Plate. ]]I .




L

te

Book 1. Part .Pla

R e |

i
Al

/9]

e




[1]
| "THE

SECOND BOOK
I C

PART L

Obfervations concerning the Reflexions, Refraltions, and
Colours of thin tranfparent Bodies.

T has been obferved by others that tranfparent
8 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 eftablithing 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, onwhich their Colours or
- Tranfparency depend ; 1 have here fet down an ac-
" count of them. To render this Difcourfe fhort and
diftinét, 1 have firft defcribed the principal of my
I | Aa - Obfer-
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Ohfervations. and then confidered and made ufe of

uul"* &&&&&&&&

7 . . -
them. The Obfervationsare thefe.

OBS L

Comprefling two Prifms hard tqgether that theiy
Sides (which by chance werea very little convex )might
fomewhere touch one another: I found the place in
which they touched to become abfolutely tranfparent,
asif they had there been one continued piece of Glafs
For when the Light fell {fo obliquely on the Air, which
in other places was between them,as to be all reﬁe&ed;
it feemed in that place of contact to be wholly tranf:
mitted, infomuch that when looked upon, it appeared
like a black or dark Spot, by reafon that little or po
fenfible Light was refleéted from thence, as from other
places ; and when looked through it feemed (as it were)

, 1 o ) . o : L ) . » ) .
A bhnle i fhat A which wace farmed 1nfra a +hin Plas
A fiUAC LI Likal Ol VVLLILIL VWO s dalg d1aeyr o Uik o 1d e

by being comprefled between the Glaffes. And througﬁ
this hole Objelts that were beyond might be feen di-
ftinétly, which could not at all be feen through other
parts of the Glafles where the Air was interjacent. Al
though the Glafles were a little convex, yet this tranf-
pareiit Spot 'was of a confiderable breadth,which breadth
feémed principally to proceed from the yielding inwards
of the parts of the Glafles, by reafon of their mutusl
preflure.  For by prefling them very hard together it
would become -much broader than otherwife. =

0BS
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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 {fome of them began to be tran{mit-
ted, there arofe in it many flender Arcs of Colours
which at firft were fhaped almoft like the Conchoid, =
~as you fee them delineated in the firft Figure. And Fip. 1.
by continuing the motion of the Prifms, thefe Arcs in-
creafed and bended more and more about the faid tranf-
parent Spot, till they were completed into Circles or
Rings incompaffing it, and afterwards continually grew
- more and more contraéted.
. Thefe Arcs at their firft appearance were of a violet
~ and blue Colour, and between them were white Arcs
. of Circles, which prefently by continuing the motion of
- the Prifins becamea little tinged in their inward Limbs
~ with red and yellow, and to their outward Limbs the
blue was adjacant. So that the order of thefe Colours
- from the central dark Spot, was at that time white,
. blue, violet ; black ; red, orange, yellow, white, blue,
violet, &e. But the yellow and red were much fainter
than the blue and violet. -
. 'The motion of the Pri{ms about their Axis being con-
_ tinued, thefe Colours contratted more and more;fhrink-
~ing towards the whitenefs.on either fide of it, until they
totally vanithed intoit. And then the Circles in thofe
partsappeared black and white, without any other Co-
lours intermixed. But by further moving the Prifms
- about, the Coloursagain emerged out of the whitenefs,
 the violet and blue as its inward Limb, and at its out-
) Aaa2 ward




ward Limb the red and yellcjw. So that now their order
from the central Spot was white, yellow, red ; black ,
violet, blue, white, yellow, red, O¢. contrary to what

it was before.

O B S IIL

When the Rings or fome parts offhc.em appeared only
black and white, they were very diftinct and well de-
fined, and the backnefs feened as mtenfe as that of
the central Spot. Alfo in the borders of the Rings,
where the Colours began toemerge out of the white.
nefs, they were pretty diﬁ-in:&, which made them vi
fible to a very great Multitude. I 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 finalnefs 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 diftind,
and without any other Colour than black and white.]
found it neceflary to hold my Eye at a good diftance
from them. For by approaching nearer, although in the
fame 1nclination of my Eye to the plane of the Rings,
there emerged a blueith Colour out of the white,
which by dilating it {elf more and more into the black
rendred the Circles lefs diftinét, and left the whitea
little tinged with red and yellow. 1 found alfo by
looking through a {lit 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
diftin€ter and vifible to a far greater number than

bth'erwizfé .
OBS. IV.

‘Lo obferve nmiore 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 Objelt Glafles, 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 preffed them
flowly 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
compreffing the Glaffes 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 Glafles fill 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 thelaft: And foon
until a third, a fourth, a fifth, and other following

L T B A e 4.5 L. 13 v}

" new Colours fucceffively emerged there, and became:
- Rings encompaffing the innermoft: Colour, the laft of
- which was the black Spot. - And, on th‘e.-._conti'aliyg.by'
R | itting
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Jifting up the upper Glafs from thaﬁlawer , the diametey
of the Rings would decreafe, and the breadth of thej,
Orbit encreafe, until thetr ;(Zologrg reacgled fucgt?fﬁvely
to the center ; and then they béing oI a confiderable
breadth, I could more eafily difcern gnd diftinguifh
their Species than before. And by this means 1 gh.
ferved their Succeffion and Quantity to be as fol.
loweth. -

Next, to the pellucid central Spot made by the cop.
ralt of the Glaffes {ucceeded blue, white, yellow, and
red. the blue was fo little in quantity that I could ngt
difcernit in the circles made by the Prifms, nor could
I well diftinguifh any violet in it, but the yellow and
red were pretty coplous, and feemed about as much
in extent as the white, and four or five times more
than the blue. The next Circuit in order of Colours
immediately encompaffing thefe were violet, blue,
oreen, yellow, and red, and thefe were all of them co-
pious-and vivid, excepting the green, which was very
little in quantity, and feemed much more faint and
dilute than the other Colours. Of the other four, the
violet was the leaft in extent, and the blue lefs than
the yellow or 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
tormer 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 began to be.
a little faded, inclining very much to purple. After
this fucceeded the fourth Circuit of green and red. The
green was very. copious and lively, inclining on the one
fide to blue, and on the other fide to yellow. ‘Buthip

L 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 perfect whitenefs. Their Form, when the
Glafles were moft comprefled {o as to make the black
Spot appear in the Center, isdelineated in the Second
Figure; where o, b, c, d)ﬁe_.: 15 &b, z,‘kq: Lywnyny o, p:gy7: Fig. =,
5.t vyx:y denote the Colours reck’ned in order from
the center, black, blue, white, yellow, red : violet,
blue, green, yellow, red : purple, blue, green, yellow,
red : green, red: greenifh blue, red: greenilh blue,
TR S— ‘

...‘7_‘_-;- -n-\.] - ~mmn--:ﬂﬁ 1-\‘,1‘rn Lo Y : -x 1: fa)
pale rea ;. grecniin Diue, reddifh witlte.

OBS V.

At

et

To determine the interval of the Glafles, or thick-

1 al of the Glafles

nefs of the interjacent Air, by which each Colour was
produced, T'meafured the Diameters of the firft 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 Glaffes 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 exa@ly ; I repeated them at divers times at divers
parts of the Glafles, that by their Agreement 1 might

be confirmed in them. And the fame Method I ufed in
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OBS. VI

The Diameter of the fixth Ring at the moft lucig
part of its Orbit was £ parts of an Inch, and the Dig.
meter of the Sphere on which the double convex Op.
je&t-Glafs was ground was about 102 Feet, and hence

I gathered the thicknefs of the Air or Aereal Interval

A rhe (1allaz ar +hat Rinc Bt {fame t1ime affer  Gaf
AL LILC X 1adiilo di Lilab Lwlllz e AFuiL AVALIIC LRl -LLJ--L\.-l.) JRISES

peéting that in making this Obfervation I had not de.
termined the Diameter of the Sphere with fufficient ac.
curatenefs, and being uncertain whether the Planc.
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 Glafles together, as
I often did, to make them touch. (for by preffing fuch
Glaffes 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 Diameter of
the fixth lucid Ring about ;Z parts of an Inch. I re-
peated the Experiment alfo with fuch an Obje&t-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 832 Inches.
And thence, if the Sines of incidence and refraétion 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 1 laid upon a flat one, fo thaht]thf[
ar
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black Spot appeared in the middle of the Rings of Colours

without any other preflure than that of the weight of

the Glafs.  And now meafuring the Diameter of the

fifth dark Circle as accurately as T could, I found it the
fifth part of an Inch precifely. This meafure was taken
with the points of a pair of Compaffes on the upper fur-
face on the upper Glafs, and my Eye was about eight
or nme Inches diftance from the Glafs, almoft perpen-
dicularly overit, and the Glafs was ¢ of an Inch thick,
and thence it is ealy to colleét that the true Diameter
of the Ring between the Glafles was greater than its
meafured Diameter above the Glafles in the proportion
of 8o to 79 or thereabouts, and by confequence equal
to £ parts of an Inch, and its true Semi-diameter equal
-to =2 parts. Now as the Diameter of the Sphere (182 In-
ches) is to the Semi-diameter of this fifth dark Ring
( 5 parts of an Inch) fo 1s this Semi-diameter to the
thicknefs of the Airat this fifth dark Ring ; which i1s
therefore ;2 or 2 parts of an Inch, and the hfih
part thereof; viz. the gth 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 Objett-glafs ground on both fides to one and

* the fame Sphere. Its Focus was diftant from it 168;
1Inches, and therefore the Diameter of that Sphere was

;1'84._;_13:1ches. This Glafs being laid upon the fame

plain Glafs, the Diameter of the fifth of the dark

Rings, when the black Spot in their center appeared
plainly without prefling the Glafles, was by the mea-

~fure of the Compafles upon the upper Glals & parts
 of an Inch, and by confequence between the Glafles it
was 2=, Yor the upper Glafs was; of an Inch thick,

Goaa®
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and my Eye was diftant from it 8 Inches.  And a thiyg
proportional to half this from Ei:‘%e_ Dmmeter of the
Sphere is g, parts of an Inch.  "Lhis 1s therefore e
thicknefs of the Air at this Ring, and a fifth part thepe.
of, viz. the gi-th part of an Inch s the thicknefs thee.
of at the firft of the Rings as above.

I tryed the fume thing by laying thefe Object-Glaffis
upon tat pieces of a broken L@of‘mngwgiaﬁs? and foung
the fame meafures cf the Rimngs © Which makes e
rely upon them till they can be determined more ac.
curately by Glafles ground to larger Spheres, though
in fuch Glafles greater care mult be taken of a true
plaimn.

Thefe Dimenfions were taken when my Eye was
placed almoft perpendicularly over the Glaffes, being
abour an Inch, or an Inch and a quarter, diftant from
the incident rays, and eight Inches diftant from the
slats 5 1o that the rays were inclined to the Glats inan
Angle of about 4 degrees. Whence by the following

Obfervation you will underftand, that had the rays
been perpendicular to the Glafies, 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
roooo. Let the thicknefles found be therefore dimi-
nifhed in this proportion, and they will become - and
e OF ( to ufe the neareft round number ) the gth
partof an Inch. Thisis the thickne(s of the Air at the
darkeft part of the firft dark Ring made by perpendi-
cular rays, and half this thicknefs multiplied by the
progreffion,1,3,5,7,9. 11,9¢. gives the thicknefles of the
Alr at the moft luminous parts of all the brighteft
Rlﬂgs.} 7”2-"2:“ jykjéoo?‘ 1762001 !75200) 1763009,&9)6"‘ theil' al‘ithmetical

means
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means g3, mea, e, O¢. being its thickneffes at the
darkeft parts of all the dark ones.

O B S5 VIL

‘1'he Rings were leaft when my Eye was placed per-
pendicularly over the Glaflesin the Axis of the Rings:
And when I viewed them obliquely they became big-
ger, continually {welling as I removed my Eye further
from the Axis. And partly by meafuring the Diameter
of the fame Circle at feveral obliquities of my Eye,

naritly bv other meane a3z 9o by makine ule of the
7 'tILL.L LLJ -L:J \J‘:-.I.i.\...!. Lrliv gl 1O L) CL:.].U }J“Y EFriliiinviild I.rl-j.\.-' UL L'l]_"..,
two Prifims 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- | dugle of Re~ | Diameter of | Thicknefs of
cidence o the | fraétion into |the Ring.  |the Air.
Air. the Atr,

deg.  min.

co ©0o| oo oo 10 10

ob 26| 10 00 10% 10

12 45 20 00 103 103

18 49| 30 o©0 1c5 113

24 30| 40 00 IIs 13

29 371 50 00 123 15;

33 58} 6o oo 14 20

b . I

35 47| 65 oo 15 23

27 19| 70 oo 163 283

38 331 75 ool 19 37,

39 271 8o oo) 237 5%

40 00| 85 ool 29 L

40 11 Q0 QO 25 1223 3

In
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In the two firlt Columns are exprefled the obliquitie
of the incident and emergent rays to the plate_ of thu
Air, that is, their angles of incidence and refraltion. L
the third Column the Diameter of any coloured Riny
at thofe-obliquities is exprefed in parts, of which tet
conftitute that Diameter when the rays are 13(31‘9611@(:1}:
lar. And in the fourth Column the ‘thicknei._s of the Al
at the circumference of that Ring is exprefled in part:
of which alib ten conftitute that thicknels when the rays
are perpendicular. | .

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

OBS. 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&-Glafles the Prifms
were made ufe of; its inereafe was more manifeft when
viewed {o obliquely that no Colours appeared about it.
[t was leaft when the rays were incident moft obliquely
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
| tra-n{[}jatency was not only at the abfolute contat of the

Gzlafles, but allo where they had fome little interval.
~ 1 have fometimes obferved the Diameter of that Spot to
- be between half and two fifth parts of the Dinmeter 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 colletted

that the Glafles did then {carcely, or notat 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 mterval at the circumference
of the {aid red.

O B:S. IX.

By looking through the two contiguous Objet-
 @Glaffes, I found that the interjacent Air exhibited Rings
 of Colours, as well by tranfmitting Light as by reflect-
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,
. yellow, red, I9e. But thefe Colours: were very-faint
~and dilute unlefs when the Light was- trajeted very
~ obliquely through the Glafles: Forby that means they
. became pretty vivid. Only the firft yellowifh red, like-
 the blue inthe fourth Obfervation, was {o-little and™
- fdint.as fcarcely to-be difeerned. Comparing the’co--
" lourediRings made: by reflexion; with:thefe: made by

S tran{-



Fig. 3.

thereby will be to their intervals caufed by interjacent

L 14 ]
granfmiffion of the Light ; I found that white v 0p-
pofite to black, red to blue, yellow to violet, and gree,
to a compound of red and violet. That is, thofe parts
of the Glafs were black when looked through, which
when looked upon appeglred_ white, and on the con-
trary. And {o thofe which in one cate exhibited blue,
did in the other cafe exhibit red. Aund the like of the
other Colours. The manner you have reprefented in
the third Figure, where AB, C D, are the furfaces of
the Glafles contiguous at E, and the black lines be.

tviroon Flhoem are Fhetr diffances in arithmerical nraosral
LVWAUULL LILICLTL el LIl id  palii{iaal-fed S22 &3 idbidliliebifcila .t-'J-UE’)lLl"

fion, and the Colours written above are feen by re.
fle¢ted Light, and thofe below by Light tranfmitted.

OBS X

Wetting the Obje&t-Glafles a little at their edges,

the water crept i {lowly between them, and the Cir-

- cles thereby became lefs and the Colours more faint:

Infomuch that as the water crept along one half of
them at which 1t firft arrived would appear broken off
from the other half, and contra¢ted into a lefs room.
By meafuring them I found the proportions of their
Diameters to the Diameters of the like CGircles made by
Air to be about feven to eight, and confequently the in-
tervals of the Glafles 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 intervalsat the Rings caufed

Atr,
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Air, as the Sines are which meafure the refra&ion made
out Of that medium into Air.

OBS XL

- When the water was between the Glafles, 1if 1 pre -efL.
{fed the upper Glafs \;muuﬂy at 1ty edges to make the
Rings move nunbly from onc place to azmlhc a little
white Spot would 1£11111Ld M.Ll‘{ milmv the wmu of
tllc:m., which upon uu:pmﬂ m of the ambient water

into that phm: would pre u]tiy vamifh,  1ts dppearance
was {uch us uﬂ*mnu‘pf Airr would have wn:lwl and it

Y elwd A Wb R b e e Nﬂr,l-\.l-

exhibited the fame Colours.  But it was not An; for
where any bubbles of ‘Alrwere in the water they would.
not vanifh. "L'he reflesion mudt haverather been cauted.
by a {ubtiler medium, which could recede through the.
Glafles at the ereeping in of the water.

OBS XIL

- Thefe Obfervations were made in the open Air. But
further to examin the effects of coloured Light fulling
on the Glafles, 1 darkened the Room, and viewed them
'b reflexion of the Colours of a Pritm caft on a Sheet

white Paper, my Fyc being {o placed that I could

I' s iy e ITT, Hsfnv-tnﬁ 111 the (w‘uﬂ e
.1;;(. LIM, kujuu;hu LQul L4 LaaNe M del u.\.,J o

in a Looking-glafs. “And by by this means the Rings be-

came diftinéter and vifible to a far greater number than.
in the open Air. | have {ometimes feen more than.
twenty of them, whereas in the open Air 1 could not.

difcern ubove L’Wlit or nine.

O BS.
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OBS XIIL

Appointing an affiftant to move the Prifm ¢ g4y
fro about its Axis, that all the Colours might fucer.
fively fall on that part of the Paper which T faw p,
reflexion from that part of the Glafles, where the Cj;.
cles appeared, fo that all the Colours might be fucee,
fively refletted from the Circles to my Eye whilft [ helg
it immovable, I found the Circles which the red Light

made to be manifeftly bigger than thofe which wer
made by the blue and violet.  And it was very ples-
fant to fee them gradually {well or contralt according
as the Colour of the Light was changed. The inter.
val of the Glafles at any of the Rings when they were
made by the utmoft red Light, was to their interval gt
the fame Ring when made bythe utmoft violet, greater
than as 3 to 2,and lefs than us 13 to 8,by the moft of my
Obfervations it was as 14 to 9. And this proportion
feemed very nearly the fame in all obliquities of my
Eye; unlefs when two Prifins were made ufe of inftead
of the Objet-Glafles. For then ut a certain great
obliquity of my Eye, the Rings made by the fevenl
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 refraétion of the Prifin
in this cafe caufing the moft refrangible rays to fill
more obliquely on that plate of the Air than the leaft
refrangible ones. Thus the Experiment fucceeded in
the coloured Light, which was f{ufficiently ftrong and
copious to make the Rings fenfible. And thence it
may be gathered, that if the moft refrangible and fleaﬁ

refran-



L17]
refrangible rays had been copious enough to make the
Rings fenfible without the mixture of other rays, the
proportion which here was 14 to 9 would have been 2

little greater, fuppofe 14} or 14 Lto 9.

O BsSs. XIV.

 Whilft the Prifin was turn’d about its Axis with an
uniform motion, to make all the tfeveral Colours fall
fucceffively upon the Objelt-Glafles, and thereby to
‘make the Rings contradt and dilate : The contraétion
‘or dilation of each Ring thus made by the variation of
its Colour was fwiftelt in thered, and floweft in the
violet, and in the intermediate Colours it had inter-
- mediate degrees of celerity. Comparing the quantity
of contraétion and dilation made by all the degrees of
each Colour, I found that it was greateft in the red ;
" lefs in the yellow, {till lefs in the blue, and leaftin the
" violet. And to make as juft an eftimation asI could of the
~proportions of their contrattions or dilations, 1 oblerved

~ that the whole contraétion 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-
arees 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 happensn gh_e _(_Qolqur;s: 9t} the oblong
~ Spectrum made by the refrattion of a Prifmy, where the
red is moft contralted , the goéet.lno& expanded, and

| in
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in the midft of all the Colours is the confine of green
and blue. And hence 1 {eem to colleét that the thick-
nefles 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 muddle of the in-
digo, and by the extreme violet ) are to one another
very nearly as the fix lengths of a Chord which found
the notes 11 a fixth Major, fol, la, mz, fa, [ol, la. But
it agrees fomething better with the Obfervation to fay,
that the thicknefles of the Air between the Glafies there,
where the Rings are {ucceffively 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-
toots of the Squares of the eight lengths of' a Chord,
which found the notes in an eighth, [0l la, fu, fol, la,
mzy fu, fol 5 that is, as the Cube-roots of the Squares
of the Numbers, 1,55 2223 L P

S 0BS XV.

Thefe Rings were not of various Colours like thofe
made in the open-Air, but appeared all over.of that
prifmatique Colour enly with which they were illu~
minated. And by proje&ing the prifimatique Colours
immediately upon the Glaffes, T found that the Light
which fellon the dark Spaces which were between
the coloured Rings, was tranfmitted through the
Glafles without any variation of Colour.. For en a

i : o - white
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white Paper placed behind, it would paint Rings of
the fame Colour with thofe which were refleéted, 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 1ts va-
rious thicknels, is difpoled in fome places to reflect,
and in others to tranimit the Light of any one Co-
Jour (as you mumy fee reprefented in the fourth Figure') Fig. 4.
and 1n the fame place to refleét that of one Colour
where 1t tranfmits that of another,

O BS XVIL'

The Squares of the Diuncters of thefe Rings made
by any prifmatique Colour were in arithmetical pro-
greffion as in the fifth Oblervation. And the Diameter
of the fixth Circle, when made by the citrine yellow,
and viewed almoft perpendicularly, was about & parts
~ofan Inchy or a little lefsy agreeable to the fixth Ob.
~ fervation. -

« The precedent Oblervations were made with a rarer
thin medium, terminated by a denfer, fuch as was Air
or Water comprefled between two Glafles.  In thofe
that follow arc vt down the appearances of a denfer
- medium thin’d within a rarer, fuch as are plates of
© Mufcovy-glafs, Bubbles of Water, and fome othier-thin
{ubftances terminated on all ides with A,

X Dd 2 - - OBS
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OBS XVIL

If a Bubble be blown with Water firlt mude tenacious
by diffolving a little Soap in it, ’tis a common Obfer-
vation, that after a while it wm appear tmged with a
great. variety of (.:0101115 To dch;:ud thele Bubbles

+he
Il@lll DL]HU dbll.d(@(l Dy Ult‘ L"S.Lt_llldl I‘HL k\Nl!LLLL))I Lucu.

Colours are 111ecu1'111y moved one among another, {o
+ "N qlpr“nr' H"f:-x n]*\rﬁuxmhnn Cian I'\f" 113 lt‘»(‘ {“l" 1]1(’”". \ 'h'

t+h
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foon as I had blown any ot them 1 covered it with a
clear Glafs, and by that means its Colours emerged i
a very regular order, like fo many concentrick Rings
incompafiing the top of the Bubble. And as the_
Bubble grew thinner by the continual {ubfiling of the
Water, thefe Rings dilated {lowly and ()‘,’(f‘lr-{l‘)lt"'?ld the
whole Bubble, ctelccx:rmng in order to the bottom of it
where they vanifhed {ucceffively, In the mean whlle

abtae Alt +hh o Ph‘ﬂ'l"ltl" rvn,n*n. nnﬂun vyl e 1“11:3- f‘n"“ﬂ‘\ 1"]1!-‘4!
-&ILLLL Ll-l.l. LLIw UUJ.UUL YWhLil Ui LB\» i (iL LEdNw LUJk L.l.l'\.fl\f :

grew in the Center of the Rings a fnx all round black
‘mot. like that in the firft Obfervation, which conti~
nually dilated it felf till it became im‘nemma more than
or £ of an Inch in breadth before the Bubble broke:

Atfirk 1 thought there had been no Light reflected from

the Water in that place, but obferving it more eu-
nouiiy I faw within it {everal 111’1&1101 round bpot __

which dppé’:dr@d much blackér 'md dmkur tl 1an the re

R T R TP TR T o
wut:u:uy I knew that there was {ome reflexion at’ Enc:

other places which were not fo dark s thofe Spots.
And by further tryal I fouud that I could fee the Images

A% AL

of fome things (as of a Cardle or the Sun ) very tamt—
ly refleéted, not only from the great bluck Spot, but
alib :
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alfo from the little darker Spots which were with-
i it.

Befides the aforefaid coloured Rings there would
often appear {mall Spots of Colours, alcending and de-
fcending up and down the fides of the Bubble, by reafon
‘of fome inequalities in the fubfiding of the Water.
~ And fometumes {mall 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 BS. XVIIL

Becaufe the Colours of thefe Bubbles were more ex-
tended and lively than thofe of the Air thin’d: between:
two Glafles, and {o more eafy to to. diftinguifhed , T
thall 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, whitey blue, black..

- The three firft Succeflions 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~

~ neda little to yellow, and then became a pretty brifque
SR | S and.
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and sood willow green, and afterwards_ changed to 4
hiuith Colour ; but there fucceeded neither blue poy

Y A8l 2

The fifth red at firt inclined very much to purple,
and afterwards became more »bright and brifque, byt
yet not very pure. This was {ucceeded with_ a ver
bright and intenfe yellow, -which was but little iy
quantity, and foon Chai}ged 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-coleur, 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
yellow, and then to a greenifh blue ; but the green
between the yellow and the blue, wus very little and
dilutey feeming rather a greenifh white than a green.
The blue which fucceeded became very good, and aof a
very fair ‘bright sky-colour, but yet fomething inferior
to the fermer blue i and the violet was intenfe and
deep with little or no rednefs in it.  And lefs in quan-
tity than the blue. o - -
~In the laft red appeared a tinture of {carlet next
to violet, which foon changed to a brighter Colour,
inclining-to-an orange ; and the yellow which followed
was at firft pretty good and lively, but afterwards it
grew more dilute; unti] by degrees it ended in perfett
. | white-
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White.nefs. And this whitenefs, if the Water was very
tenacious and welh&mpered would flowly {pread and
dilate 1t felf over the Greatejr art of the B bl o
L1 : g part o the bubble ; con-
tinually growing paler at the top, where at length it
w_ould crack in many places, and thofe cracks, asthey
dilated, would appear of a pretty good, but yet obfcure
and dark sky-colour ; the white between the blue Spots
diminifhing, unttl it refembled the threds of an irre-
sular Net-work, and {foon after vanithed and left all
the upper part of the Bubble of the faid dark blue
Colour. And this Colour, after the aforefaid manner
dilated it felf downwards , until fometimes it hath
over{pread the whole Bubble. In the mean while at
the top, which was of a darker blue than the bottom,
and appeared 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 dufplay. them-
felves. o B S
By this defcription you may perceive how great an
affinity thefe Colours have with thofe of Air defcri-
bed in the fourth Obfervation, although f{et down in
a contrary order, by reafon that they begin te appear
when the Bubble is thickelt, and are moft conve-
. o - niently
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niently reckoned from the lowe T and thickeft patt of

the Bubble upward&

O BS XIX

Viewing in feveral oblique pofitions of my Eye
the Rings of Colours emergimg on the top of the Bubble7
I found that they were fenfibly dilated by increafing
the obliquity, but yet not fo much by faras thofy
made by thin'd Air in the feventh Obfervation. TFoy
there they were dilated fo much as, when vieweg
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 1o, an increafe about
24 times lefs than in the other cafe.

Sometimes the Bubble would become of an uniform
thicknels all over, except at the top of it near the black
Spot, as I knew, becaufe it would exhibit the fame
appearance of Golours in all pofitions of the Eye. And
then the Colours which were feen 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 Spetators might fee the
fame part of 1t 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
feveral
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feveral obliquities of the rays; by the affiftance of the
4th, 14th, 16th and 18th Obfervations, as they are
‘hereafterexplained, I collettthe 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,

Incidence on Refraétionin- | Thicknefs of
the Water. | tothe Water.| the Water,

deg. min. T de g«  min.

00 00| 00 00 10

15 00 IT 11 10;
30 oo| 22 1 105
45 cof 33 2 il
o 00 40 30 13

75 oo | 46 23 144
90 00 48 25 15

- In the two firft Columns are exprefled the obliqui-
“ties of therays to the {uperficies of the Water, that
is, their Angles of incidence and refradtion. Where
1 fuppofe that the Sines which meafure them are in
- yound numbers as 3 to 4, though probably the diffo-
Jution of Soap in the Water, may a little alter its
refractive Vertue. 1In the third Column the thicknefs
of the Bubble, at which any one Colour is exhibited
i thofe {everal obliquities, 1s 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 polifhed Steel by heating it, or on Bell-metal,
‘and fome other metalline fubftances, when melted and
| | Fe | poured
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p@u‘rzzd ont the grgpund, wlgcre they may cool in the
Bpen Air, have, like the Colours of Water-bubbles
been a little changed by viewing them at diveps n‘nj
liqtiities, and particularly that a deep blue, or viglet
when viewed very obliquely, hath been changed to 1
deep red. But the changes of thefe Colours are not
great and [enfible as of thofe made by Water.  For the
Scoria or vitrified part of the Metul, which moft Me.
tals when heated or melted do continually protrude
and fend out to their furface, and which by coverigs
the Metals in form of a thin ;nguﬂy skin, caufes thefé
Colours, is much denfer than Water 5 und 1 find that
the change made by the obliquation of the Eye is leat
in Colours of the denfeft thin {ubftances. |

OBSsS XX

~ As m the ninth Obfervation, fo here, the Bubble, by

tranfinitted Light, appeated of a contvary Golous to
that which it exhibited by reflexion. “Thus when the
Bubble being looked on by the Light of the Clouds re-
Hefted from it; feemed red at its apparent circumfe-
renice, if the Clouds at the fame time, or immediately
after, were viewed through it, the Colour at its <it-
cuthference would be blue.  Amnd, on the contrary,
when by refleéted Light it appeared blue, it would ap-
PeaT v b}i teanimt ;;@d IR |
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OBSsS XXL
By wetting very thin plates of Mufeovy-glafs, whofe
thinnef$ made the like Colours appeur, the Colouss
became



L27]
became more faint and languid ; efpecially by wetting
‘the plates on that fide oppofite to the Eye : But I conld
not perceive any variation ef their {pecies. 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
- 10th and 16th Obfervations, may be known the thick-
nefs which Bubbles of Water, or Plates of Mufcovy-

slafe nr aother {th¥ancee have ar anv. Calatie nrn.
PFavy L ULLLL eliiGuilhoy AVt bl dily o lppliul HiUs

~ duged by them.
| O BS XXIL

- A thin tranfparent Body, which is denfer than its
‘ambient medium, exhibits more brifque and vivid Co-

lours than that which is fo much rarer ; as 1 have

- particularly obferved in the Air and Glafs. For blow~

a | amn 'pnrnnno +thnAln nlf]f.c)cn.;
4 LalDp-IUllldee, UlQle Pidlls

- ing Glafs_very thin at a_ ur
incompaffed - with - Air- did exhibit Golours much
‘more vivid than thofe of Air made thin between two

- Glaffes. - |
. O0BS. XXIIL

~ Comparing the quantity of Light refleGted from the

feveral Rings, 1 found that it was moft copious from
the firft or inmoft, and in the exterior ngs be-
came gradually lefs and lefs. Alfo the whitenefs of
the firft Riﬂg was ﬁmnger than tha{t‘ Leﬁeé;‘ted fl:..Q.HJ
~ thofe parts of the thinner medium which were with-
outt-the Rings; as I could manifeftly perceive by views
“ing-at a diftance the Rings made by the two Object-
LRI Ee a Glafles,
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Glaffes; or by comparing two Bubbles of Water bloyy,
at diftant times, in the firft of which the whitepeg
appeared, which fucceeded all the Colours, ang
the other, the whitenefs which preceded themall. .

0BS. XXIV.

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

‘But it was but one fide of thefe Rings, namely, that
towards which the refrattion 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 ortwo, and fometimes none of thofe Rings, of
which I ceuld 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 thid part of a Circle. IF the Re.
fraction was very. great, or tne rrim VEry diftant from
the Object-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-
ftinéter than before, appearing in the form as you fee.
them defigned in the fifth Figure. Fig. 5.
The Arcs, where they feemed. diftinteft, were only

white and black fucceffively, without any other Co-
lours intermixed. But in other places there appeared.
- Eolours, whofe order was inverted by the refraltion
in' fuch manner, that if 1 firft held the Prifm very near
 the Obje&t-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. |
-1 have fometimes fo lay’d one Object-Glafs upon-
~ thie other, that to the naked Eye they have all over

{eemed 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
 HKave 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 Prifie
‘exhibited a great variety of them ranged irregu-

1v up and down in the form of waves. And fe
~larly up and down in et
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Bubbles of Water, before they began to exhibit thej,
Colours to the naked Eye of a By-ftander, have qp.
peared through a Prifm, girded about with many P%*-'
rallel and horizontal Rings; to produce which effeg
it was neceflary to hold the Prifm parallel, or ver;
nearly parallel to the Horizon, and to difpofe it (g
that the rays might be refrated upwards. |
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ing Obfervations

¥ Aving given my Obfervations of thefe Colours,,

R before I make ufe of them to unfold the Caules
of the Colours of natural Bodies, it is convenient that

| by the ﬁlnph‘}ﬂf of tl’lﬂll‘if) (uch as age thﬁ ch) Ed'} 4‘t1'1')4
gth, 1ath, 18th, 20th, und 24th , I firft explain the
“more expounded.  And firft to thew how the Colours.
in the fourth and eighteenth Obfervations are produ-

eod, let there be taken in any right line from the point

y" t‘i’k@ k@qgthb Y A-, Y B,’ ' (.,.) Y D-; YE-; YFﬁ Y G) Figﬁ
YH, in proportion to one another, as the Cube-roots

- of the Squares of the numbers, 53, L3455 1y Where-

by the lengths of a mubical Chord to found all the Notes:

in an Edghth are reprefonted ; that is, in the propor.:
tion of the numbers 6300, 6814, 7114, T3y OB
8855, 9243, 1oooo., Aund at the points A, B, %" %1

Ty
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3 let perpendiculars A e, BB e be erefieg
57 I\;A;h(gz’eHi;ltervgls pthe extent of the feveral Coloyy
fet underneath againft them, is to be reprefented. They
divide the line A« in fuch proportion as the ‘numbers
1,2 3,5,6,7,9, 10,11, Ye. {et at ‘the points of diyi.
fion denote. And through thofe divifions from Yy
draw lines 11, 2K, 3L, s M, é N, 70,0 .
Now if A 2 be tuppofled to reprefent the thicknef;
of any thin tranfparent Body, at which the outmoft
violet is moft copioufly refleCted in the firft Ring, o
Series of Colours, then by the 13th Obfervation HE,
will reprefent itslthicknefs,_ at which the utmoft red
is moft copioufly refleted in the fame Series. Alfy
by the 5th and 16th Obfervations, A6 and H N wij

denote the thickneffes at which thofe extreme Colouys
are moft copioufly reflefted in the fecond Series, and
A 10 and H Q the thicknefles, at which they are
moft copioufly reflected in the third Series, and fo on.
And the thicknefs at which any of the intermediate
Colours are reflefted moft copiouily, will, according to
the 14th Obfervation, be defined 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., s

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 refle€ted, and let HI, 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 1 I, 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 refle€tions be fuppofed
ltrongeft at the intermediate Spaces, 2K, 6N, 10Q,b.
and from thence to decreafe gradually towards thefe li-
mltsa X I) gL) 5 M, 70-, bf- 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, becaufe al-
though the Colours in the firft Series {eem to be a little

“;\‘ﬂnnrln::\r‘- +han tha reft i readnm ~AF a4 Franoor raofla
ULU“UV‘- LI LL LILV L\u.l.l.j LJ-y LoeqQiiil Uik 1 LLiVLd ‘-—.L FR WY LW

there, yet that inequality is 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-
 fleted at the Spaces 11 L3, s M O 7, 9P R 11,90,
- and tranfmitted at the Spaces AHI1,3LMg35,70Py9,
e it is eafy to know what Colour muftin 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-
~ france from it by which the thickne(s of the body is
* reprefented, the alternate Spaces 11L 3, 5§ MO 7,0,
 which it crofleth will denote the refletted original Co-
- lours, of which the Colour exhibited in the open Air
~is.compounded. Thus if “the conftitution of the greén
. in the third Series of Colours be defired, apply the
" Ruler as you feeat =¢<9, and by its paffing through

'KY: FaX o
ALULL

]

~ fome of the blue at = and yellow ate, as well as through
 the green at ¢, yoy may conclude that the green exhi-
bited at that thicknefs of the body 1s 'p‘rmapall){ con-
ftituted of original green, but not without a mixture
- of fome blue and yellow,
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| By this ‘means you may know how the Colours figy
the center of the Rings outward. ought to fucceed i
order as they were def’cnbed‘ in the Agth and 1_81;11 Ob.
fervations.  For if you move the Ruler gradually frop
AH .through  all diftances, having paft over the firf
{pace which denates’ little or no reﬂ;xmn 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 4

the vellow 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 a‘fger"jcha,tby_""the fucceffive deficience of
its i::b"‘rﬁpbnéﬁt Colours, turhs ﬁ;‘ﬁ to compound yGHOW}
and then to red, and laft of all the red ceafeth at I,
Then begin the Colours of the fecond Series, which
fucceed in order during the tranfit of the edge of ‘the
Ruler from'5'to O, and are more lively than before,
becaufe more expdnded 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 imperfect green. So the Co-
Yours of the third Serics all fucceed m 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 conféquently ‘more lively than be-
fore, efpecially the green: Then follows the yellow,
fomeof which towards thegreen s diftinét and good, but
that part of it towards the fucceeding red, as alfo that

#ed is mixed with the violet and blue of the fourth Se-
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ipsy, whereby, varioys degreés of red wery. much incli-
‘ning to purple are compounded.” This violet and blue,

which ﬂlould fcceed this red, bcmg mitxed with, anci
hidden- in it, there fucceeds N green. . And this at firft
s much inclined to blue but foon becomes a good
green ,  the OnIy umnmed and lively  Colour in this
fourth Series. . For as it verges towards the yellow, it
begins to 111texfem w1th the Colours of the fifth Sedes

by whofe mixture the fncceeding yellow and red aie
very much diluted and made dirty, efpecially the yel-
low, which bemg the weaker Colour 1s fcarce able to
’{hew it felf.  After this the feveral Series interfere more
and - more, and their Colours become more and more
111t61m1xed, 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 1 sth Obfervation the rays mdued
W.tth one Golour are tlammlttea where thofe of ano-
ther Colour are reﬂe@ced the 1edfon of the Colours
“made by the tran{initted L1ght in the gth and aoth Obw

fervationsis from hence evident:, ; -

- iIf ‘ot only the order and {pecies of thefe Coleuls

' 'but al{o the preafe thicknefs of the plate or thin body
at which they are exhibited, be defired in parts of an
Inch, that may be alfo obtamed by afliftance of the 6th
“or 16th Obfervations. For according to thofe Obfervi-
tions the thicknefs of the thinned Air, which between
- two Glaffes EXhlbl’CEd the moft lummous parts of the
' ﬁrﬂ: ﬁX ngs were 176000; lytigoc::; I?Bgm; 1753093 lybgooa 175000 Parts Gf
an Inch. Suppofe the Light refleted moft copioully

Cat thefe thicknefles be the bright citrine yellow, or con-
Ffa fine
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fine of yellow and orange, and thefe thicknefles wifp
be Gu, G, GE Go, G, ~ And this being known, it js
eafy to determine what thicknefs of Air is reprefented
by G¢, or by any other dlﬂance of the ruler from
But further, fince by the 10th Obfervation the thick.
nefs of Air was to the thicknefs of Water, which be.
tween the fame Glafles exhibited the fame Colour, g5
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 1oth
and 21th Obfervations the thicknefs of a phte of
Glafs, whole refra&ion of the mean ref;a’ngible Iay, is
meafured by the proportion of the Sines 31 to 20,
may be £ of the thickne(s of Air producing the fame
Colours ; and - the like of other mediums. T do not
affirm, that this proportion of 2o 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 (o little that I de not here confider them.. Og
thefe Grounds I have compofed the following Fable,
wherein the thicknefs of Air, Water, and Glafs, at
which each Colour is moft intenfe and fpecifick, is ex-
preffediin parts of an'Inch divided. into "Len hundred

| ':tha_‘uf:gnd “equal-parts.,

T
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e thicknefs of coloured Plates and Particles of

‘rVery Black
Black

Begin

LA

~ Their Colours of the} Black

' . Blue
-, firft Order, \ White

1 Yellow

Orange-
.wRed &

~Violet
Indico
o Blue
e ale o . Green.
- ©Of the fecond Order, } Vellow
Orange
Bright Red
“Scarlet
Purple
. |  Indico
e e Blue
- ‘@f the third Order, < Green
o ; Yellow
‘Red
. Bluifh Red
AR Bluifh Green:
Of the fourth Order, JETeen

ning of

Yellowifh Green

T -, .Red |

o OF the ﬁftl’iO[‘deﬁ, ,gle‘:zenlﬂl Blue.

© ©OFfthe fixth Order, $Greenifh Blue
. _ :

INEQ

. Mth@f ¢'1,7€1..‘1_t_11: Order, Greenifh Blue

Ruddy White

@

W ater. Gla&[}f-

= Lo
B 31
4 29
+ 31
1| 17
¥ | 138
38 | 3%
93 4%
6 | 5%
611 st
! 8| 7%
L 9% 81:
14 | Ioz ]| 9
155 | 15| 97
167 | 12§ | 10
175 | 13 | 115
182;:‘ Ig%— : Il_é_
103 | 143 | I2f
21 |1§% | 1330
o2t 16% | 143
23% | 1755} 197e
182, 163
203 17z
211 | 18%
24 20%
287 | 22
265 | 22%
27 235
jor | 26
345 | 395
]398 | 34
44 38.
483 | 42,
533 1‘455/




[38]

Now if this Table be compared with the 6th Scheme
vou will there fee the conftitution of" each Colour) a;
to its Ingredients, or the original Colours of which j¢
is compounded, and thegce.be _‘eqanbled to judge of it
intenfenefs or imperfection ; which may fufhice in ex.
plication of the 4th 311d11_8th-' Obfervations, unlefs it
be further defired to delineate the manner how the Co.
lours appear, when the two Obje&—Glaﬂes are lay’d
upon one another. To do which, let there be de.
fcribed a large Arc of a Circle, and a ftreight Line
which may touch that Arc, and parallel to that Tapn-
gent feveral occult Lines, at fuch diftances from 1t, as
the numbers fet againft the feveral Colours in the Table
denote. For the Arc, and its Tangent, will reprefent
the fuperﬁcies'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 contaét, each Colour is refleted.

There are alfo other ufes of this Table : For by its
afliftance the thicknefs of the Bubble in the 19th Ob.
{ervation was determined by the Colours which it ex-
hibited. And fo the bignefs of the parts of natural
Bodies may be conjectured by their Colours, as fhall be
hereafter fhewn. . Alfo, if two or more very thin plates
be lay’d one upon another, fo as to compofe one plate
equalling them all 1 thicknefs, the refulting Colour
may be hereby determined.” For inftance, Mr. Hook in
his Miferographia obferves, that a faint yellow plate of
Mufcovy-glafs lay’d upon a blue one, conftituted a very
deep purple. . ‘The yellow of the firk Order is a faint
one, and the thicknefs of the plate exhibiting it, ac-
cording to the Table is 47, to which add 9, the.thid}-

nels
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nefs exhibiting blue of the fecond Order, and the fun
will be 13%, which is the thicknefs exhibiting the
purple of the third Order.
T A evndatn 1m Flhe smeut edacn o £ o trnrreniloc mme L
_‘r_.u Lapiialiiy I LLLL‘LH.EAL Plal.,(_-) L‘UL V-llLuIIILLLLL‘lLCb Ul
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
mutft be remembred, that thofe Rings of Colours are di-
lated by the obliquation of the rays to the Air which
intercedes the (ilaffes, and that according to the Table
in the 7th Obfervation, their dilatation or increafe of
their Diameter is moft manifeft and fpeedy when they
are obliqueft. Now the rays of yellow being more re.
fracted by the firft fuperhcies of thefaid Air than thofe
- of red, are thereby made more oblique to the fecond fu-
perficies, at which they are refleCted to produce the co-
loured Rings,and confequently the yellow Circlein each.
Ring will be more dilated than the red ; and the excefs of
its dilatation will be {o much the greater, by how much
the greater is the obliquity of the rays, until at laft it be-
come of equal extent with the red of the fame Ring. And:
for the fame reafon the green, blue and violet, will be alfo
{o 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 2
~'white Ring.  And thefe white Rings muft have black

 ‘aiid dask Rings between them, becaufe they do not
KR | {pread
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Rings which when viewed at a diftance appear diftinét,
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 Glaffes, 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 {o much the greater by how much the greater is the
difference of the obliquity ; that is; by how much the

CParnel 3e wrider or the Fve nearer to the (31a{lec A vt
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“the breadth of the violet muft be moft expanded, be-
- caufe the rays apt to excite a fenfation 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 firft, and then thofe nearer the
~ Center, fo that they can no longer be diftinguifh'd
apart, but feem to conflitute an even and uniform
- whitenefs. o G
" Among gll the Obfervations there is none accompa-
~ nied with fo odd circumftances as the 24th. Of thofe
| -the_‘pr‘incipa\l' are, that in thin plates, which to the
 naked Eye feem of an even and uniform tranfparent.
T Gg © white-
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whitenefs, without any terminations of fhadows, the
refraétion of a Pritm fhould make Rings of Colours ap-
pear, whereas it ufually makes Objects appear coloured
only there where they are terminated with fhadows, or
have purts unequally luminous 5 and that it thould make
thofe Rings exceedmgly diftinét and white, although
it ufually renders Objects contu fed and coloured. The
caufe of thefe things you will underftund by confiderin
that all the Rings of Colours are really in the plate,
when viewed with the nuked Eye, although by reafon .
of the great breadth of their circumferences they fo
much interfere and are blended together,that they {eem
to conftitute an even whitenefs. But when the rays
pafs through the Prifin to the Eye, the orbits of the
{everal Colours in every Ring are refralted, fome more
thun 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 unfolded
and dilated, and thofe on the other fide more compli-
cated and contrated.  And where by a due refraction
they are fo much contraéted, that the fevreal Rings be-
come narrower than to interfere with one another, they
muft appear diftiné, 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 diftin¢t, o
To explain this a little further, fuppofe the concen-
trick Circles A V, and BX, reprefent the red and violgt
of any order, which, together with the intermediaté’
Colours,
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.quourg, ‘conftitute any one of thefe Rings. Now thefe
being viewed through a Prifim, the violet Circle BX,
will by a greater rciraltion be further tranflated from
its place than the red AV, and fo approach nearer to
it on that fide, towards which the refra&ions are made.
For inftance, if the red be tranflated to aw, the violet
may be tranflated to 4 x, {o 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 « T, the violet may be ftill fo much
further tranflated to 8% as to pafs beyond it at ¢ and
convene with 1t 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 percetve how thofe of the
{ame revolution or order; by their nearnefs at xv dnd
‘T £ and their coincidence at xv, e and f, ought to con-
ftitute pretty diftin¢t Arcs of Circles, efpecully at xv,
~or at e and f, and that they will appear feverally at
%, ad at X v exhibit whitenefs by their coincidence,
.and again appear feveral at T& but yet in a contiary
-order to that which they had before, and ftill retain
beyond e and f. But, on the other fide, at g4, ab,
_ or B, thefe Colours muft become much more confu-
_fed by being dilated and {pread fo, as to interfere with

thofe of other Orders. And the fame confufion will
happen at T £ between ¢ and f, if the refraction be very
' _great, or the Prifim very diftant from the Ob ject-Glafles :
- I which cafe no parts of the Rings will be feen, fave
. only twolittle Arcs at ¢ and f; whofe diftance from one
sone | H Gg 2 another,
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nother will be augmented by  removing the Prifiy
?’cill'fm‘ther‘from thge Objeét-Glafles:: And thefe [ittle
Arcs muft be diftinéteft 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.

1 s bt . emmsvam)yr o oﬁr‘S VVhiCh verge tnnm..,]__
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T will be red and yellow on that fide next the Cep-
ter, and blue and violet on the OtthI' fide. But theip
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 yellow.

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
Prifin, by reflexion of the feveral prifmatique Colours,
which ‘an affiftant caufes to move to and fro upon a
Wall or Paper from whence they are refietted, whiltt
the Speétator’s Eye, the Prifm and the Object-Glafles
(as in the 13th Obfervation) are placed fteddy : the
pofition of the Circles made {ucceffively by the feveral
Colours, will be found fuch, in refpett of one another,
as 1 have defcribed in the Figures as4xwv, or abxy,
or «B¢T., And by the fame method the truth of
the Explications of other Obfervations may be exa-
mined. . | N

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 =z
Tahleand are turned about their Centers whilft they are
viewed through-a Prifim, they will in fome poftures
exhibit waves of various Colours, and fome of them ex-
hibit thefe waves 1n one or two pofitions only, but the
moft of them do inall 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: Nowthough

+ ho hiit {ame verv {mall and narrower narte of +he
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Glafs, by which thefe waves for the mof’c‘pétrtfare cau--
fed, yet they may {eem to extend themfelves over the-
- whole.Glafs, becaufe from the nirroweft of thofe parts-
there are Colours of feveral Orders that is of feveral-
‘Rings, confufedly refletted, which by refration of the
Prifm are unfolded, feparated, and aceording to their
~ degrees of refraltion, difperfed to feveral places, {o as-to-
- conftitute fo many {everal waves, as there were divers:
orders of ‘Colours promifcuoufly refleted from that

_pactof theGlafs, - .
. Thefe are the principal Phenomena of: thin- Plates
- or,Bubbles, whofe explications  depend- en: the ‘pro--
 pertes of Light, which I have heretofore delivered.
- And thefe you {ee do necefiarily follow fromthem; and
- agree with. them, even to their very leaft circumftances;:
- and:not only fo, but do very much tend to their proof:
- Thus, by the 24th. Obfervation, it appears, that the
. ;é; - . Iay5
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rays of feveral Colours made as vy'ell by thin Plates o,
Bubbles, as by r;fyq&lons of a Prifin, have fevera] 4.
grees of refrangibility, whereby thofe of each order,
which at their reflexion from the Plate or Bubble gy,
intermixed with thofe of other orders, are feparateq
from them by refraction,and aflociated together [5 as tq
become vifible by themfelves like Arcs of Circles, Fyp
if the rays were all alike refrangible, ’tis impoffible thia¢
the whitenefs, which to the\nal.i(‘:d fence appears uni.
form, fhould by refrattion have.lts parts tranfpofed and
ranged into thofe black and white Arcs.

It appears alfo that the unequal refractions of dif.
form rays proceed not from any contingent il‘l‘&gularj,
ties ; fuch as are veins, an uneven polifh, or fortuitoys
pofition of the pores of Glafs ; unequal and cafual m.
tions in the Air or Mither ; the {preading, breaking, or
dividing the fame ray into many diverging parts, or
the like. For, admitting any {uch irregularities, it would
be impoffible for refractions to render thofe Rings o
very diftintt ; and well defined , as they do in the
24th Obfervation. It is neceflary therefore that eve.
ry ray have its proper and conftant degree of refran-
gibility connate with 1t;according to which its refraétion
is ever juftly and regularly performed, and that feve-
ral rays have feveral of thofe degrees. | |

~And what is faid of their refrangibility may be alfo
underftood of their reflexibility, that is of their difpo-
fitions to be refleted 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, anii
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15th Obfervations compared with the fourth and
eighth. o | -
"By the vecedent Oblfervations it appears alfo, that
whitenefs 1s a diffimilar mixture of all Colours, and that
Lightis a mixture of rays indued with all thofe Co-
lours. For confidering the multitude of the Rings of
Colours, in the 3d, rath and 24th Obfervations, it is
manifeft that although in the 4th and 18th Obferva-
tions there appear 1o more than eight or nine of thofe
Rings, yet there are really a far greater number, which,
{fo much interfere and mingle with one another, as after
thofe eight or nine revolutions to dilute one another
wholly, and conititute an evenand fenfibly uniforny
whitenefs.  And confequently that whitenels muft be
altowed a mixture of all Colours, and the Light which
conveys it to the Kye muft bea mixture of rays indued
with all thofe Colours.

But further, by the 24th Obfervation, it appears,
© that there is a conftunt 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 res
frangibility.  And by the 13th, 14th and 15th Obfer-
~ vations, compared with the 4th or 18th, thereappears
- tobe the fame conftant relation between Colour and
- Reflexibility, the violet being in like circumftances re-

flefted at leaft thicknefles of any thin Plate or Bubble,
- the red at greateft thicknefles, and the intermediate
Colours at mtermudiate thicknefles.  Whence it fol-
lows, that the colorihque difpofitions of rays are alfo
connate with them and immutable, and by coni&q;uezl]lce‘

that.
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that all the produétions and appearances of Coloyy
.1 the World are derived not from any phyfical chayge
I iod in Light by refraction or reflexion, but opf
from the various mixtures or feparations of rays by
virtue of their different Refrangibility or Reflexibilit 4
And in this refpeét the Science of Colours becomes ya:
Speculation as truly mathematical as any other péirt of
Optiques. I mean fo far as they depend on the natyre
of Light, and are not produced or altered by the power
of imagination, or by firiking or prefling the Eyes,

 THE
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PART IIL

Of the permaneint Colours of natural Bodies, and the
Analogy beraween them and the Colours of thin iranf-
- parem Plates.

Y Am now come to another part of this Defign, whicl

is to confider how the Phaenomena of thin tranfpa-
rent Plates ftand related to thofe of all other natural
Bodies. Of thefe Bodies 1 havealready told you that
they appear of divers Colours, accordingly as they are
difpofed to refle€t moft copioufly the rays originally
indued with thoft Colours. But their Conftitutions,
~whereby they refleét fome rays more copioully than
~others, remains to be difcovered, and thefe 1 fhall en-. .
‘deavour to manifelt in the following Propofitions.

'
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[50]
PROP L

T hofe fuper freies of tranfparent Bodies reflect the greate ft

quantity of Light,which bave the greatefi vefracting power;
that s, which ntercede med.zumy that dzﬁer %:zaﬁ 1 thesy
refradiive denfities. And t/:)é‘. confines of equally ye-
frading mediums there is no reflexion.
" The Analogy between reflexion and refraltion will
appear by confidering, that when Light paffeth ob.
liquely out of one medium into another which refradts
from the perpendicular, the greatey 1s difference of
their refraétive denfity, the lefs obliquity is requifite
to caufe a total retflexion. For as the Sines are which
meafure the refration, fo is the Sine of incidence at
which the total reflexion begins, to the radius of the
Circle, and confequently that wncidence 1s leaft where
there is the greateft difference of the Sines. "T'hus in the
paffing of Light out of Water into Air, where the
refraétion is meafured by the Ratio of the Sines 3 to 4,
the total retlexion begins when the Angle of incidence
is about 48 degrees 35 minutes. In pathng out of Glafs
into Air, where the refraction is meafured by the Ratio
of the: Sines 20 to 31, the total reflexion begins when
the Angle of incidence is 40 deg. 1o min. and fo in
paffing out of cryftal, or more ftrongly refracting me.
diums into Air, thereis ftill a lefs obliquity requifite
to caufe a total reflexion. Superficies therefore which
refralt- moft do fooneft refleét all the Light which is in-
cident on them, and fo muft be allowed moft ftrongly
reflexive.

Q-
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. But the truth of this Propofition will further appear:
by obferving , that in the fuperficies interceding two
tranfparent mediums, fuch asare (Air,Water,0yl, Com-
mon-Glafs, Cryftal, Metalline-Glaffes, Ifland-Glaffes,
white tranfparent Arfnick, Diamonds, . ) 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 f{till {tronger in the
confine of Air and Common-Glafsor Cryftal and ftronger
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 fill
weaker if they be immerged in the more ftrongly res
fratting Liquors of well-rectified oyl of Vitriol er fpirit
of Turpentine. 1f Water be diftinguithed into two parts,
by any imaginary furface, the reflexion in the confine
of thofe two parts 18 none at all. In the corfine of Wa-
ter and Ice tis very little, inmthat of Water and Oyl *tis
famething greater, in that o;f ‘Water and Sal-gemm il
~ greater, and in that of Water and Glafs; or Cryfial; op
other denfer {ubftances fhill greater, accordingly as thefe
mediums differ more or lefs in their refradtihg powers.
Hence in the confine of Common-Glafs and Cryftal,
~ there ought to be a weak reflexton, and a ftrongerirex
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 f{enfible re-
flexion, as was {hewn in the firft Obfervation. ~And
the fame may be underftood of the fuperficies-interces
ding, two Cryftals, or twe Liguors, or any otherSubs
- flances in which no refralion 1s caufed. - So.then: the
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reafon why uniform pellucid mediums, (fuch as Wate,
Glafs, oryCryﬁal) Phave no fenfible reﬂexmq but ir:
their external fuperficies, where they are adjacent tq
other mediums of a ditferent denfity, 1is becanfe af|

tholr rantignnlie narte have one I,H_‘ld thﬁ‘. fﬂ,ﬂlﬁ (“Pgmpn
LIlCIll LUl Ljéuu % P ytu vl RALE Y e S - -w't):. el
of denfity.

PROP IL
- The leaft parts of almoft all mtuml'Bodiey are m [ome
meajﬁre tmnf arent : And the opacty af ibg]pe Bodics
ariferh from the multitude of veflexions caufed in their 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 {ubftance to a Hole through which {ome
Light is immitted into a dark room. For how opake
{oever that {ubftance may feem 1n the open Arr, it will
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 f{uperficies , unlefs by folution in
menftruums they be reduced into very {mall particles,
and then they become tranfparent.

PROP IIL

- Between the parts of opake and colowred Bodies are
many [paces, either empty or replenifbed, with mediums
of other denfities 5 as Water between the tinging corpufcles
wherewith any Liquor is impregnaved,, A between the

c a,gueaws
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ageots globules that conflurute Clm;dx or Mifts 3 and for
the moft part [paces void of both A and Water, but “ye
perbaps 1ot wholly void of all fubflance, betzueen the parts
of hard Bedtes. S o |

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 Prqpoﬁtion, would not happen if
the parts of thofe Bodies were continued without any
fuch interftices between them, becaufe reflexions are
caufed only in {uperficies, which intercede mediums of.
3 differing denfity by Prop. 1.

But further, that this difcontinuity of parts is the-
principal caufe of the opacity of Bodies, will appear by
confidering, that opake fubftances. become tranfparent.
by filling their pores with any {ubftance of equal or al--
moft equal denfity with their parts. Thus Paper dip--
pedin Water or Oyl, the Oculus munds Stone freep’d i
Water, Linnen-cloth oyled or varnithed,and many other
fubftances 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 fubftances may by evacuating their
pores, or. {eparating their parts, be rendred {ufficiently-

“opake, as Salts. or wet Paper, or the Oculus munds 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
{mall Bubbles, either alone in the form of frothy or

- by fhaking it together with Oyl of Turpentine, or
- with fome other convenient Liquor, with which it wilk:

. 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 trapf-
parent {ubftances are confiderably ftronger than thofe
made by the fame fubftances of a greater thicknefs.

PROP. IV.

T he parts of Bodies and thewr Interflaces muft nor b
lefs than of [ome definite bignefs, to render them opake and
coloured. o

For the opakeft Bodies, 1f their parts be fubtily
divided, (as Metals by being diffolved in acid men.
ftruums, 9¢.) become perfectly 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 not abfolutely touch. And
in the 17th Obiervation the reflexion of theWater-bubble
where 1t became thinneft was almoft infenfible, o as
to caufe very black Spots to appear on the top of the
Bubble by the want of reflefted Light. --

. - L4 L - +y
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Glafs, Stones, and fuch like {fubftances, are tranfparent.
For, upon divers confiderations, they {eem to be as full
of pares or interftices between their parts as other Be-
dies are, but-yet their parts and interftices to be too
fmall to caufe reflexions in their common furfaces.

PROP.
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PROP. V.

L hbe tranfparent parts of Bodies according to thewr [e-
veral fizes muft refled rays of one Colowr, and tranfmit
thofe of anothery on the [ame grounds that thin Plates or
Bubbles do refled or tranfmit thofe vays. And this I take
to be the ground of all thewr Colours. |
- For ifa thin’d or plated Body, which being of an
even thicknefs, appears all over of one uniform Co-
lour, thould be ilitinto threds, or broken into frag-
ments, of the {ame thicknefs with the plate; I {ee no
reafon why every thred or fragment fhould not keep its
- Colour, and by confequence why a heap of thofe threds.
- or fragments fhould not conftitute a mafs or powder of
- the fame Colour, which the plate exhibited before it
~ was broken. - And the parts of all natural Bodies being
~like 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

tneir quyﬁm‘ﬁcm Thc ﬁucl ' uw}tG‘di‘é‘d i eathers.o.f fome,

Birds, and particularly thofe of Peacocks Tails, do.in
the very fame part of the Feather appear of {everal 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.
- 18,.from the {lendernefs of the very fine Hairs, or Capha-
 menta, which grow out of the fides of the groffer late-
13l branches or fibres of thefe Feathers. And to-the
-~ {ame purpofe itis, that the Webs of fome Sgid“efs by

BERETTR eing.




[56]

being {pun very fine have appeared coloured, as fome
have obferved, and t!mt the coloured fibres of fome filks
by varying the pofition of the Eye do vary their Cy.
lour. ~Alfo the Colours of filks, cloths, and other fub.
frances, which Water or Oyl can intimately penetrate,
become more faint and obfcure by being immerged iy
thofe liquors, and recover their vigor again by being
dried, much after the manner declared of thin Bodies
in the roth and 21th Obfervations. Leaf-gold; fome
forts of painted Glafs, the infufion of Lignum Nephyi.
ticum, and fome other {ubftances reflett one Colour,
and tranfinit another, like thin Bodies 1n the gth and
aoth Obfervations. And fome of thofe coloured pow.
ders which Painters ufe, may have their Colours alittle
changed, by being very elaborately and finely ground.
Where I fee not what can be juftly pretended for thofe
changes, befides the breaking of their parts into lefs
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 1s that the coloured flowers
of Plants and Vegitables by being bruifed ufually be.
come more tran{parent than before, or at leaft infome
degree or other change their Colours. Nor is it much
lefs to my purpofe, that by mixing divers liquors very
odd and remarquable productions and changes of Co-
lours may be effeted, of which no caufe can be more
obvious and rational than that the faline corpufcles of
one liquor do varioufly alt upon or unite with the
tinging corpufcles of another, fo as to make them fwell,
or thrink (whereby not only their bulk but their den-
tity alfo may be changed) or to divide them into

{maller corpufcles, (whereby a coloured liquor may be-
. | come
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come tran{parent) or to make many of them affociate
into one clufter, whereby two tranfparent liquors may
compofe a coloured one.  For we f{ee how apt thofe
* fline menftruums are to penetrate and diffolve {ub.
fances to which they are applied, and fome of them

. PRI RPN vxrhat nfhpvc A;ﬁnltro Tix It Y A
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we confider the various Phenomena of the Atmofphare,

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 refle&t {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 {o tranfparent a fubftance as Water for
the production of thefe Colours, befides the variows

fizes of its fluid and globuler parcels.
| PROP VI
- The pzirt;lof Bodies on which their Colours depe@ci,

are denfer than the mediwm 5 which pervades thew -
terflices. | | |

-‘ j’Ii‘his will appear by confidering, that the Colour of:
2 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 refleéted Colour where the

thin bedy or {mall particle is rarer than the ambient
- 11 medium,
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medium, infomuch that fucha fmall particle wil] at g;._
ver{ly oblique incidences refle€t all forts of Colouys, i,
fogreat a, variety that the Colour relulting from t[)leill.
all,” confufedly refleGted from a heap of fuch pamiglés'
muft rather be a white or grey than any other Coloy,
or at beft it muft be buta very imperfect and dirty C()?
lour. Whereas if the thin body or {mall particle be
much denfer than the ambient medium, the Colouss
according to.the 19th Obfervation are fo little changed
by the variation of obliquity, that the rays which are
refleCted leaft obliquely may predominate over the reft
{o.much as to caufe a heap of fuch particles toappear
very intenily of their Colour. .

+ ft'conduces alfo fomething to tl 1 |
Propofition, that, according to.the 22th: Obfervation,
the Colours exhibited by.the denfer thi ithi

PROP VIL

T he bignefs of the component parts of natural Bodies
may. be-confetured by their Colowrs.

- For.fince the parts ofithefe Bodies by Prop. 5. do
moft probably exhibit the fame Colours with a Plate of
equal thicknefs, provided they have the {ame refractive
denfity ; and fince their purts {feem for the moft-part to
have much the fame denfity with Water.or Glafs; as
by.many: circumftances is obvious to collett ; to deter-
mine the fizes of thofe parts you need only have recourie
to the precedent Tables, in which the thicknefs of Wa-

ter.or Glafs exhibiting any Colour. is .exprefled.. Thiﬂf} >
if
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:f'1-‘-’f" it ‘be defired to know the Diameter ofa corpufele
_which being of equal denfity with Glafs fhall “refled
green of the third order; the number 16! thews it to
be _15:_ parts of an Inch. 4

 The greateft difficalty 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 colleCted thefe particulars, T

' Scarlets, and other reds, oranges and yellows, if they
“be pure and intenfe are moft probably of the fecond or-
~der. ‘Thofe of the fitft 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. | - |

There thay 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 thém turn to a greenifh yellow,
“and others toa more perfet yellow or orange, or per-
* haps to red, paffing firft through all the aforefaid in-
- ‘termediate Colours. Which changes feem to be effected
by the exhaling of the moifture which may leave the
' tinging corpufcles more denfe, and fomething augmen-
 ted by the accretion of the oyly and earthy part of
- that moifture. Now thegreen without doubt is of the
 fame order with thofe Colours into which it changeth,

e

~ becaufe the changes are gradual, and thole Colours,
~ though ufually not very full, yet are often too full and
- lively to be of the fourth order. SRR
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Bluesand purples may be cither of the fecond or thirg
order, but the beft are of the third.  Thus the Coloy,
of violets feems to be of that order, becaude their Syrup
by acid Liquors turns red, and by urinous and aleal;.
zale turns green.  For fince it 1s of the nature of Acids
to diffolve or attenuate, and of Alcalics to precipitage
or incraflate, if the purple Colour of the Syrup was of
the fecond order, anacid Liquor by attenuating its ting.
ing corpufcles would change it to a red of the fieft
order, and an Alcaly by incraflating them would change
it to a green of the fecond order ; which red and green,
cfpecially the green, feem too mmperfett 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 thivd, 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
probubly 1s of the fecond order.  But yet their being
no Body commonly known whofe Colour is confrantly
more deep than theirs) T have made ufe of their name to
denate the deepeft and lealt reddifh purples, fuch as
maniteftly tranfeend their Colour in purity. |

The dlue of the irft order, though very faint and
fittle, may poflibly be the Colour of fome fubftances ;-
and  particularly the azure Colour of the Skys feems to
bu ot this order.  Forall vapours when they begin to
condenfe and coalelte into thall parcels, become firft of
that bignefs whereby fuch an Azure muft be refleéted
before they can conftitute Clouds of other CGolours. And
(0 this bemng the firlt Colour which vapors begin to
reflect, it ought to be the Colour of the fneft and l’inoift |

tran{-
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- tranfparent Skys mn which vapors are fiot arrived to that
grofnefs requifite to refle€t other Colours, as we find it
1s by experience.
~ Whitene[s,1f 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 fub-
- ftances ; of the former I reckon that of white metals to
~.be. For whilft the denfeft of metals, Gold, if foliated
- 1is tranfparent, and all metals become tranfparent if
“diffolved in menftruums or vitrified, the opacity of
~ white 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-
{1ty to make them opake. And this caufe I take to be
{uch a bignefs of their particles as fits them to. reflect
the white of the firft order. For if they be of other
- thicknefles they may refleét other Colours, as is mani-
feft by the Colours which appear upon hot Steel in tem-
- pering it, and fometimes upon the furface 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 tran{parent
. {ubftances, {o it ought to be ftronger in the denfer fub-
- ftances of metals than in the rarer of Air, Water and
- Glafs. Nordo Ifee but that metallic fubftances of {fuch
4 thicknefs as may fitthem 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-

“{le&t all the Light incident upon them, and fo. be as
~ opake and {plendent as its poffible for any Body to.be.
- Gold, orCopper mixed with lefs than half their ‘WEIghLﬁ':
Bhaa of
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of ‘SllVEL} or Tin, or Regulus of Antimony, in fufion
or amalgamed. with 2 very little Mercury become awhite;
which ihews both that the particles of white metals
have mucn mere luymﬁuca and {o are fmauer than
thofe of Gold and Copper, and alfo that they are fo
opake as not to fuffer the partwles of Gold or Copperto
thine through them. Now it is {carce 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 requifité to make
them reflec the white of the firft order. The volatic
hty of Mercury argues that they are not much bJngerJ
not may they be much lefs, leaft they lofe their opacity, -
and become either trqnfpuent as they do when attenua-
ted by vitr ification, or by folution in menftruums, or
black as they do when gmund fmaller, by 1ubbmg Sil.
ver,or Tin,or Lead, uponother {ubftances to draw black
Lines. The firft and only Colour which white metals *
take by grinding their particles {maller is black, and
therefore their white ought to be that which bmders
upon the black Spot in the center of the ngs of Co-
lours, that is, the white of the firft order.  Butif you
would henc:e gather the bignefs of ‘metallic' particles,
you muft allow for their denfity. ~ For were Melcury
tranfparent, its denfity is fuch that the Sine of inct
dence upon it (by my computath) would be to the
fine of its refraction, as 71" to 20, or 7 to 2 Abd
therefore the tlnckneis of its particles, that- they may
exhibit the fame Colours with thofe of Bubbles of Wa—
ter, ought to be lefs than the thicknefs of the Skin of
thote Bubbles in the proportion of 2 to 7. Whence

its poflible that the particles of Melcui y may be as little
as
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~ag the particles of fome tranfparent and volatile fluid 55
-and.yet refleét the white of the firft order.

La:ﬁ:ly, for the produftion of black,. the c01‘p11ef~c-1és-'f

“mufb be lefs thanrany: of thofe:which exhibit Colous.
For atall greater fizes there is:too- much Light refle-
Eted to.conftitute this Colour. But if they be fuppo-
Aed-a little lefs than is requifite to refleéthe white and
veny faint. blue of thie firft order, they will, according
to; the 4ths Sthy’ 17th-and: 18th Oblervations, refleét
{o- VEﬁyjlittle_ as to- appear intenfly black, and yet may
“perhaps varioufly refract it to and fro within- thems
{elves: fo: long,. until.it Kappen' to be. ftifled and loft,.
by, which:means: they  will: appear: black in-allipofitions-
of the Eye without any tranfparency. And:from Hence
- may- be underftood  why Fire,. and the more fubtile
diffolver Putrefattion, by dividing:-the particles of fub-
-~ frances; turnthem: to black, why' {mall- quantities-of
. black fubftances impact their Colour very freely’and'in-
- tenfly: to, other- fubftances- to which they are: applied
~ the: minute particles: of thefe, by:reafon of their very:
- sreat:number, eafily: over{preading the grofs particles.
of others ; -why Glafs ground: very elaborately - with-
Sand on. a copper: Plate, ’till ip-be well polifiied, makes®

--" Lf\ Qﬂ“lrj. YoV "-'1'\ - e A . b - ! e )
~ 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 cffeét may- proceed partly from the
-multitude of refra&ions in a- little room, and partly
 from: the eafy commotion of fo very {mall corpuicles;):
and why blacks are ufually a- little inclined to a bluith:
 Colour. For that they are fo may be feen by illumina-
_ ting white Paper by Light refletted from ‘-blacg {ub-
N , | S ances,
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frances. For the Paper will ufually appear of a bluig
white ; and the reafon is, that lvlu_‘ck. borc!ers on the
obfcure blue of the firft order deferibed in the 18t
Obfervation, and therefore refle€ts more rays of that

Colour than of any other. |
In thefe Deferiptions | hzjvc: been the more particu-
lar, becaufe 1t 1s not impofitble but th:ag: Miﬁ:rofcopes
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.
aree nf nerfodtian For 1f thole Inffruments are or ean
%’)lLL [Wh S LA LEIRILL. A WS :Li LJL'V.A\:» J:k Ak N A.J-A . R by ) u.l.\.: L ‘wull.
be fo fur improved as with {ufhcient (‘!11’.}11’1&1}0.{&% to re-
prefent Objets hve 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 difeover fome of
the greateft of thoft corpudcles. 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 1 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 alittle alter its motions or other qua-
lities on which the reflexion depends,  But yet 1 can-
not much fulpeét the laft, becaufe I have obftrved of
fome tmmall Plates of Mulcovy-Glafs which were of an
even
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even thicknefs, that through a Mifcrofcope they have
appeared of the fame Colour at their edges and cor-
ners w here the mg:iuded medium was terminated, which
‘they appeared of in other places. However it will add
-much to our fatisfaction, if thofe corpufcles could be dif-
covered with Mifcrofcopes ; which if we thall at length
attain to, I fear it will be the utmoft improven'len%J of
this fenfe.  For it{eems impoflible to fee the more fe-
cret and noble works of nature within the corpufcles
by reafon of their tranfparency.

PROP VIIL

T he caufe .éf Reflesczon s not the impinging of Light on

Ay . ST ] SIS 0f L8 on
the fflhd or impervious parts of Bodies, as s commonly be-
lieved. | .
_This will .appear by the following Confiderations.
Firft, That in the paffage of Light out of Glafs into
Air there is a reflexion as ftrong as in its paffage out of
Airinto Glafs, or rather a little fironger, and by many
~degrees ftronger than in its paflage out of Glafs into
~Water. And it {feems not probable that Air fhould have
" more refleGting parts than Water or Glafs. But if that
thould poffibly be fuppofed, yet it will avail nothing ;
for the reflexion is as ftrong or ftronger when the Airis
~ drawn away from the Glafs, (fuppofe in the Air-pump
“invented by Mr. Boyle ) as when it is adjacent to it.
- Secondly, IfLight 1in its paflage out of Glafs into Air
“be incident more obliquely than atan Angle of 40 or

41 degrees it is wholly refleted, if lefs obliquely it is

in great meafiire tranfmitted. Now it is not to be ima-
- gined that Light at one degree of obliquity fhould meet
AT 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 retiect 1t wholly, eipe-
cially confidering that in its paflage out of Air into
Glafs, how oblique foever be its incidence, it finds
pores enough in the Glafs to tranfmut the greateft part
of it. Ifany Man {uppofe that it is not reflected by the
Air, but by the outmoft fuperficial parts of the Glafs,
there is fill the {ame difficulty : Befides, that {fuch a
Suppofition is unintelligible, and will alfo appear to be
falie by applying Water behind fome part of the Glafs
inftead of Air. For foina convenient obliquity of the
rays fuppofe of 45 or 46 degrees, at which they are all
retleCted 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 tranfmiflion depends on the conftitution of the Air
and Water behind the Glafs, and not 'on the firtking
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 fecond Prifin placed at a greater diftance from
the former, in {fuch manner 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 refleéted by it, and yet thofe of a red Colour
pretty copioufly tranfmitted. ~Now if the reflexion be:
caufed by the parts of Air or Glufs, 1 would ask, why’
at the fame obliquity of incidence the blue thould whol--
ly impinge on thofe parts fo as to be all refleted, and
yet the red find pores enough to be in great meafure
tranfmutted. Fourthly, where two Glafles touch one

another,
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another, there is no fenfible reflexion as was declared
in the fir(t Oblervation ; and yet 1 fee no reafon why
the rays (hould not 1mpinge on the parts of Glafs as
much “when contiguious to other Glats as when con-
riguotts to Alr. Fifthly, When the top of a Water-
pubble (in the 17th Obfervation) by the continual fub-
fiding and exhaling of the Water grew very thin, there
was fuch a little and almoft infenfible quantity of Light
refleGted from it, that it appeared intently black ; where-
25 round about that black Spot, where the Water was
thicker, the reflexion was o ftrong as to make the
Water feem very white.  Nor s it only at the leaft
thicknefs of thin Plates or Bubbles; that there 15 no
manifeft reflexion, but at many other thicknefles con-
~ tinually greater and greater. For in the 15th Obfer-
vation the rays ol the lame Colour were by turns tranf-
mitted at one thicknefs, and refletted at another thick -
nefs, for an indeterminate number of fuccefhons.  And
yet in the fuperficics of the thinned Body, where it is
~ of any one thicknefs, there are as many parts for the
rays to impinge on, as where it is of any other thick-

pels,  Sixthly, 1f veflexion were caufed by the parts of
~ refleting Bodies, it would be impofiible for thin Plates
~or Bubbles at the fame plice to retleet the rays of one
Colour and tranimit thoft of another, as they do accor-
“ding to the 13th and 15th Obfervations. For it 1s
not to be imagined that at one place the tays which
for inftance exhibit a blue Colour, fhould have the for-
tune to dath upon the parts, and thofe which exhibit
a red to hit upon the pores of the Body 5 and then at
another place, where the Body is vither a lictle thicker,
ora little thinner, that on the contrary the blue fhould

| Kk 2 hit
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hit upon its pores, and the red upon its parts. Laftly,
were the rays of Light refletted by impinging on the
{olid parts of Bodies, their reflexions from polithed Bo.
dies could not be fo regular as theyare. For in po-
lithing Glafs with Sand, Putty or Tripoly, it is net to.
be imagined that thofe {ubftances can by grating and
fretting the Glafs bring all its leaft particles to an ac-
curate polith ; fo that all their furfaces fhall be truly
plain or truly {pherical, and look all the fame way, {o
as together to compofe one even furface. The {maller
the particles of thole fubftances are, the fmaller wil}
be the {cratches by which they continually fret and wear
away the Glafs until it be polithed, but be they never
fo {mall they can wear away the Glafs no otherwife
than by grating and fcratching i1t and breaking the
proturberances , and therefore poliflr it no otherwife
than by bringing its roughnefsto a very fine Grain, fo
that the fcratches and frettings of the furface become
too {mall to bevifible. And therefore if Light were
refle¢ted by impinging upon the folid parts of the Glafs,
it would be {cattered as much by the moft polifhed
Glafs as by the rougheft. So then it remains a Pro-
blem, how Glafs polithed by fretting fubftances can re-
fle Light foregularly as it does. And this Problem
is {carce otherwife to be folved than by faying, that
the reflexion of a ray is effe¢ted, not by a fingle-point of
the reflefting Body, but by fome power of the Body
which is evenly diffufed all over its furface, and by
which it a&s upon the ray without immediate contact.
For that the parts of Bodies do act upon Light at a. di-
ftance fhall be thewn hereafter. -

Now
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~ Now if Light be reflected not by impinging on the
folid parts of Bodies, but by fome other principle ; its
Pl'(?bﬂble that as many of its rays as impinge on the
| fohd_ parts of Bodtes are not refleéted 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 Cryflal,
thofe fubftances would rather have a cloudy Colour
than a clear tranfparency. To make Bodies look black,
“its neceffary 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 Bodiesare much
more rare and porous than is commonly believed. Wa-
~ter is 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 tranfmit 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: preffing the Sphere with great force, let the

Water fqueeze through it, and ftand all over its out-
fide in multitudes of {mall Drops, like dew, without
~ burfting or cracking the Body of the Gold as I have
~ been informed by an Eye-witnefs. Fromall 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 {hall find out
- anHypothefis, by which Water may be fo rare,.and yet.
* not be capable of compreffion by force,. may doubtleis

. by the fame Hypothefis make Gold and Water, ,andlau
I - | ather
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other Bodies as much rarer as he pleafes, fo that Light
may find a ready paffage through tranfparent fub-
{ftances. | | .

PROP IX
Bodzes reﬂeﬂ (md.reﬁ’.cu'f Ligbt [{y oneamzd the [ame

powoer vartoufly exercifed in Various c‘-z?‘f?mgwmcé;{.

This appears by feveral Conﬁderat%ons. Fn*ﬂ:, 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 refletted. For
the power of the Glafs after it has refrated the Light
as obliquely as is poffible" 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 is alternately refle€ted and
tranfmitted by thin Plates of Glafs for many fucceffions
accordingly, as the thicknefs of the Plate increafes
in an arithmetical Progreffion. For here the thicknefs
~of the Glafs determines whether that power by which
(slafs acts upon Light fhall caufe it to be reflefted, or
tufter it to be tranfmitted. And, Thirdly, becaufe thofe
furfaces of tranfparent Bodies which have the greateft
refracting power, reflett the greateft quantity of Light,
as was {hewed in the firft Propofition. C

 PROP X

If Laght be [wifter in Bodies than in Pacuo tn the
propertion of the Sines which meafure the vefradhion of the
Bud:es, the forces of the Bodies torefled and refradt Light,

are
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are very nmr‘ly. proporiwonal to the denfities of the [ame
Bodies, excepting that unlluous and [ulpbureous Bodies ve-
fradl move than others of this [ame denfiry.
Let A B reprefent the refrating plane furfuce of any
Body, and I Ca ray incident very obliquely upon the
g I

Body in C, fo that the Angle ACI may be infinitely
little, and let CR be the refraéted ray. Froma given
- point B perpendicular to the refralting furface eret
B R 'meeting with the refratted ray CR in R, and if
CR reprefent the motion of the refracted ray, and this.
motion be diftinguifhed into two motions CB and BR,
whereof CB is a parallel to the refracting plane, and
BR perpendicular to it : CB fhall reprefent the motion
of the incident ray, and BR the motion generated by
the refraction, as Opticians have of late explained..
Now if any body or thing in moving through any
fpace of a giving breadth terminated on both fides by -
two parallel plains, be urged forward inall parts of -
~ that {pace by forces tending direétly forwards towards
the laft plain, and before its incidence on the firft.
~ plane, had ne 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 inany 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 fubduplicate proportion
of the forces, as Mathematicians will eafily underftand,
And therefore if the {pace of altivity of the refrating
fuperficies of the Body be confidered as fucha {pace,
the motion of the ray generated by the refrating force
of the Body, during its paflage through that fpace
that is the motion BR muft be in a fubduplicate

roportion of that refracting force : 1 fay therefore that
Elie fquare of the Line BR, and by confequence the
refraéting force of the Body is very nearly as the den-
fity of the fame Body. For this will appear by the fol.
lowing Table, 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 {pecifick gravities, and their
refraftive power in refpett of their denfities are fet

]

down in feveral Columns,

- The
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The Proportion|I’ /Je Sqmre of |The denfity T!Je refra-
: of the Sines oj BR, rtowhich| and Jpece- é?zwepawer
The refralting Bodies. | zucidence and| the refm:;?mg. fic graviry gf the Body
refraition of| force of theBo. of t/JeB in frq/}:eé’ta
yellow Light. dy is propor- dy. of its den-
tionate. fity.
A Pfeudo~TopI:;121L111:s, bg-
a natural,pelluci . ,
Eg??ttle, hairy ’Sptone, of, 23t 14)1°699 427 3979
a yellow Colour
Air 3851 to 3850/ 0’ 100052 o 00125 4160
- Glals of Antlmony 1760 9|2’568 $ 728 4864
A Selenitis 61t0 411 21; 2’252 386
Glafs vulgar 31t0 20| 1’4025 2’58 5436
~ Cryftal of the Rock 25t0  16}1 445 2'63 §450
‘Iﬂaﬂd Cryﬁal 5 to 3l X 778 2’72 6536
~ Sal Gemmz 17t0 11l 1’388 2’14; 6477
~ Alume 35t0 241 1267 I 714 6570
Borax 22t0 151 1311 I 714 6716
- Niter . 1 32to 211 34; | I 9 7079
Dantzick Vitriol 303 to 200 295 | 1714 7561
Oyl of Vitriol 10to  7[17041 1’7 | 6124
- Rain Water | 529 to 396 07545 11, | 7845
- Gumm Arabic 31to 211’179 1375 8374
Spgéaomeewelllc&l» tooto 7308763 |0'866 | zores
Camphire | 3to 2frleg - 10’996 12551
Oyl Olive S 22to  I§|II§IT 0’913 12007
- Lintfeed Oyl 1 4o0to 27 1?1948~ 10’932 | 12819
Spirit of Tulpentme 25to 171’1626 ’874 13222
Ambar " 14to g1 42 SRR 04 '13654
A Diamond J1ooto 414’949 |34 : 1455

The reﬁ a@uon of the Ar.r n th1s Tdble is determmed.:
| by that of the Atmofphere obferved by Aftronomers.-
~ For if Light pafs through many refraéting fubftances or.

medmms or adu ﬂ]J

L1

y denfer and denfer, and terminated

‘with
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with parallel furfaces, the fumm of all the refrationg
will be equal to the fingle refrattion which it would
have fuffered in pafhng immediately out of the firfy
medium into the laft.  And this holds true, though the
number of the refradting {ubftances be increafed to inti-
nity, and the diftances from onc another as much de-
creafed, fo that the Light may be refracted in every
point of its paflage, and by continual refraétions bent
into a-curve Line.  And therefore the whole refra@ion
of Light in paffing through the Atmofphere from the
highéﬁ and rateft part thereof down to thfﬁ loweft and
denfeft part, muft be equal to th1€‘ refrattion W}lich it
would {uffer in paffing at like obliquity out of a Va-
cuum immediately into Air of equal denfity with that
in the loweft part of the Atmofphere. '
Now, by this Table, the refrattions of a Pfeudo-To-
paz, a Selenitisy Rock Cryftal, Ifland Cryftal, Vulgar
Glafs (that is, Sand melted together) and Glafs of
- Antimony, which are terrefirial ftony alcalizate con-
cretes,and Air which probably arifes from {fuch fubftances
by fermentation,though thefe be fubftances very differing
from one another in denfity, yet they have their refra-
&ive powers almoft in the fame proportion to one ano-
theras their denfities are, excepting thatthe refraction of
that firange fubftance Ifland-Cryftal is a little bigger
than the reft. And particularly Air, which 1s 3400 times
rarer than the Pfeudo-Topaz, and 4200 times rarer than
Glafs of Antimony, has notwithftanding its rarity the
fame refrative power in refpeét of its denfity which
thofe twovery denfe fubftances have in refpeét of theirs,
excepting fo far as thofe two differ from one another.

Again,
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Again, the refraétion of Camphire, Oyl-Olive, Lint.
(eed Oyl Spirit of Lur pentine and Amber, whl(,h are
fat fulphurcous unttuous Bodies, and a Dmmond which
probably 15 un unck uous iubﬂmaw coagulated, have their
reﬁa&we powers I proportion to one dm)thu as their
denfities without any confiderable variation, But the
refraétive power of thefe unétuous fubftances is two
or three times greater in refpett of their denfities than
the refractive powers of the former fubftances in refpect
of theirs.

Water hasa refractive power in a middle degree be-
tween tholt two forts of fubftances, and p;c::bably 15 of
a middle n.imw For out of it grow all vuwtablc and
animal fubftances, which confift us well of iu]phuunus
fat and inf flamable parts, as of carthy lean ynd alcalie
zate ones.

Salts and Vitriols have refradtive powers in a middle
degree berween thofe of L‘nthy {ubftances and Water,
anﬁ accordingly are compofed of thofe twolorts of fub.
fances,  For by dil tillatton wnd  rectitication of their
Spirits a great part of them goes into Water, and a great
part remains behind in the form of a dry fixt carth’ ca-
pable of vitrihcution.

Spirit of Wine has a refrattive power in o middle
degree between thote of Water and oyly fubftances, ..J,nd_
accmchnégly tems to be compoled of both, ynited b
fermf?ntdtmrl s%w Water, by meuans of fome faline Spt-
rits with which ’ris 1!?11%3&“"1]&1&(15 ditlolving the ()yl
~and volatizing 1t by the wetion,  For Spirit of Wine” is
inflamable by means of its oyly parts, and buing diftil-
led often from Salt of "Lartar, grows by every “dittilla:

tion more and more agueous and Hegmatick. And
o 1 oa Chymifts
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Chymifts oblerve, that Vegitables (as Tavender, Rue
Marjoram, ©¢.) dittilled per fe, before fermentation
yicld Oyls without any burning Spirits, but after fer-
mentation yield ardent Spirits without Oyls © Which
{hews, that their Oyl is by fermentation converted into
Spirit. They find allo, that it Oyls be poured m {mall
quantity upon fermentating V eoctables, they diftil over
(feer fermentation in the form of Spirats,

So then, by the foregoing Table, all Bodies feem to
have their refractive powers proportional to their
denfities, (or very nearly ;) excepting o 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 attributce the refra.
&ive power of all Bodies chicfly, 1f not wholly, to the
fulphurous parts with which they abound. For it’s
probuble that all Bodies abound more or lefs with Sul-
phurs.  And as Light congregated by a Burning-glafs
aéts moft upon fulphurous Bodics, to turn them ine
to fire and flame; fo, fince all aétion is mutual, Sul-
phurs ought to aét moft upon Light. For that the
action between Light and Bodies is mutual, may appeas
from this Confideration, T'hat the denfeft Bodies which
refraét and refleét Light moft ftrongly grow hotteft in
the Summer-Sun, by the attion of the refracted or re-
flected Laght. :

I have hitherto explained the power of Bodies to re-
Jeét and refraét, and thewed, that thin tranfparent
plates, fibresand particles do, according to thetr feveral
thicknefles and denfitics, refleét feveral forts of rays,
and thereby appear of feveral Colours, and by confe-
quence that nothing more is requifite for producing 11111 |

the
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the Colours of natural Bodies than the feveral fizes and
denfities of their trani{parent particles. But whence it
is that thefe plates, fibres and particles do, according
to their feveral thicknefles and denfities, refleét iévem?
forts of rays, 1 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 refpe&t the nature of Bodies, thefe the nature of
Light : For both muft be underftood before the reafon
of their aétions upon one another can be known. And
becaufe the laft Propofition depended upon the velo-
cityA of Light, I will begin with a Propofition of that
ind. : :

AN AAEWA ¥

PROP XIL

- Light w propagated from luminous Bodies in time, and
[pends abour [even or eight minutes of an bour wn paffing

| 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 “uprrer..

or thefe Eclipfes, when the Earth is between the Sun
and Fuprrer, happen about feven or eight minutes {ooner
than they ought to do by the Tables,and when the Earth
is beyond the Sun they happen about feven or eight mi-
nutes later than they ought to do; the reafon being, that

the Light of the Satellites has farther to go in the latter
~ cafe than in the former by the Diameter of the Earth’s

Orbit. Some inequalities of time may avife from the:

excentricities of the Orbs of the Satellites ; but thofe:
‘cannot anfwer in all the Satellites, and at all times

1o
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to the pofition and diftance of the Ei-l}‘t‘h fmm }:lxe Sun.
The mean motions of Fupier’s Satellites is alfo fwifter
in his defecent 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 Harth
and in the three interior Satellites is infenfible, as fing
by computation from the Theory of thetr gravity.

PRODP XIL

Ewvery vay of Laght wn abs pafage througlh any refra-
Sy Jurface 15 put wmio a ceriam "{r:mjumt conflitution
or flate, <wbich i the progrefs of the ray reiurns at
equal antervals, and difpofes the ray al {*w"}f relurn
to be eafily tranfmatted through the next refradtmg

ur
[uce, and betaveen the vevwrns o be eafily 9"c~:ﬂe¢§'e({ by
2 |

‘This is manifeft by the gth, gth, rath and rgth Ob-
{ervations.  For by thole Obfervations it appeurs, that
onc and the fame fort of rays at cqual Angles of inci-
dence on any thin tranfparent plate, is alternately refle-
ted and tranfmitted for many fucceffions accordingly,
as the thicknefs of the plate increafes in arithmetical
progreflion of the numbers,o, 1,2, 2,4, 5, 6, 7, 8, ¥
to that if the firtt reflexion (that which makes the firft
or innermoft of the Rings of Colours there deferibedy
be madeutthe thicknefs 1,the rays fhall be tranfinitted at
the thicknefles o, 2, 4, 6, &, 10, 12, ¢, und thereby
make the central Spot and Rings of T.ight, which ap-
pear by tranfiniflion, and be refleéted at the thicknefs
Iy 35 5y 7y 95 T 1,00, and thereby make the Rings which

appear
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appear by reflexion. And this alternate reflexion and
tran{miffion, asIgather 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 furface of a Glafs-
plate to the other, though the thicknefs of the plate

l‘\P a anarter nF 71 Tﬁf‘l‘\ ar ahnve © S[Aa thar thie alfer
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nation {eems tobe propagated from every refra&ting
~{urface to all diftances without end or limitation.

‘T'his alternate reflexion and refraction depends on
both the furfaces of every thin plate, becaute 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 reflexion
and refraftion grow faint, and therefore it depends on
them both.

It is therefore performed at the fecond furface, for
if it were performed at the firft, before the rays ar-
rive at the fecond, it would not depend on the fe-
cond. | o o
- Tt is alfo influenced by fome aétion or difpofition,
- propagated from the firft to the fecond, becaufe other-
wife at the fecond it would not depend on the firft. And
~ this aétion or difpofition, in its propagation, intermits
- and returns by equal intervals, becanfe in all its pro-
~grefs it inclines the ray at one diftance from the firft
{furface to be refle&ed by the fecond, at another to be
* tran{mitted by it, and that by equal intervals for innu-
" merable vicifiitudes. And becaufe the ray’is difpofed
 to reflexion at, the diftances 1,3, 5, 75 95 e, and to
- tranfmiffion at the diftances o, 2, 4, 6, 8, 10, ©e, (for
its tranfmiffion through the firft furface; is at the di-

X ALANW-L L WL
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flance o, and it is tranimitted through both toge-
ther, if their diftance be infinitely little or mu.ch lefs
than 1) the difpofition to be tran{mitted at the diftances
2, 4, 6,81 o,%c. i_s to be accounted a return of the
fame difpofition which the ray firft had at the diftanceo,
that is at its tranfmiffion through the firft refrating fur-
face.  All which is the thing I would prove.

What kind of a&tion 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 fuppofe, that asStones
by falling upon Water put the Water into an undula-
ting motion, and all Bodies by percuflion excite vibra-
tions in the Air; {o the rays of Light, by impinging on
any refracting or refleéting furface, excite vibrations in .
the refralting or refle€ting medium or {fubftance, and
by exciting them agitate the {olid parts of the refralting
or refle&ting Body, and by agitating them caufe the Body
to grow warni or hot ; that the vibrations thus excited
are propagated in the refratting or refle¢ting medium
or fubftance, much after the manner that vibrations are
propagated in the Air for caufing found, and move
tafter than the rays {fo as to overtake them ; and that
when any ray s in that part of the vibration which co:
tpires with its motion, it eafily breaks through a r
tratting 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 fuce
- ceflively difpofed to be eafily refleCted, or eafily trant~
Jmitted, by every vibration which overtakes it. But

L%
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“whether thisHypothefis be true or falfe I do not here
confider. I content my felf with the bare difcovery,
that the rays of Light are by {fome caufe or other alter-
nately difpofed to be refleCted or refradted for many vi-
ciflitudes. o

DEFINITION.

T be returns of the difpofition of any rayto be reflefed
T will call wts Fits of ealy reflexion, and thofe o
its defpofivion to be tramfmatted 15 Fits of eafy trani-
miffion, and the [pace it pafles berween every ve-

J [ 4
turn and the mext wetwrn, the Interval of its

" TFits.
| PROP XIIIL

- The reafon why the [urfaces of all thick tranfparent
" Bodies vefledt part of the Light incident on them, and
vefradf the refby 1, thatfome rays at thewr wcidence are
in Fits of cafy reflexion, and others in Fits of eafy tran/-
- wmifion. o
~ This. may be gathered from the 24th Obfervation,
where the Light refle¢ted 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
fucceffions of Light and Darknefs made by alternate fits
of eafy reflexion and eafy tranf{miffion, the Prifm
- fevering and diftinguifhing the waves of which the
~ white refleéted Light was compofed, as was explained

above.. - - -

M m o And
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And henee Light is in fits of cafy retlexion and eafy
tranfmilhion, before its incidence on tran{parent Bodies,
And pmbdbly itis put into {uch fits at 1ts firft emiffion
from luminous Bodics, and continues 1 them during
all its progrefs.  For Chefe fits are of a luf fting Nature,
as will appear by the next part of this Book.

In this Propofition I fuppofe the traniparent Bodies
to be thick, becaufe if the thicknets of the Body be
much lefs than the interval of the fits of “caly reflexion
and tranfmiffion of the rays, the Body lofethits re fleéting
power.  For if the rays, which at their entering into
the Body are put into fits of cafy tranimiflion, arrive at
the furtheft furface of the Body before thcy be out of
thofc fits they mult be tranfimitted.  And this is the
reafon why Bubbles of Water lofe their refleéting power
whcn they grow ver y thin, and w ly all ()]‘)JRL Bo-

v § 4:1% 1 R ‘-’\Al:w-\
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PROP XIV.

T hofe [urfaces of iranfparent Bodies, awhich if the my
be in o fit of vefraltion do vefract it moft fir wg/y, if tbe
ray be in a fit of reflesion doreflet it moft eq 1Zy

For we fhewed 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 pt)wmvl‘)/y
which thofe folid parts aét on Lightat a diftance. We
thewed alfo in Prop. 9. that Bodies reflect and refrat
Light by oneand the fame power varioufly exercifed in
various circumftances, and in Prop. 1. that the moft
ftrongly refratting furfaces reflect the moft Light: 1A}]

1uch



which compared together evinee and ratify both this
and the laft Propohtion.

PROP XV

In any ane and Lhe Jame [ort of vays emerging in any
Angle out 7 aiy vefractiag [urface tno one and tﬁe Jame
medium, Lhe interval of the following fits of eafy veflesion
- and tranfmi Jion are t;:ztbc-r accurately or very nearly, as
the Redlangle of the [ecant of the dngle of refradbion, and
of the [ecant of another cngle) whofe fine 15 the Jirfb of
106 arithmeiical mean proporionals . between the fines
of incidence and vefradtaon counsed [rom the fine of re-
~ fradtion. | | |

" This 1s manifelt by the 7th Obfervation.

f PRODP XVL

 In feveral forsi of vays emerging in equul dngles ont
 of any mymﬁmé{ furface duta the [wimg medivm, the inter.
wilg of the follesanng fits of cafy veflexion and, eafy tranfe
wiffion ars eitber accuraely, o very nearly, @ the Cubes
rogts of the Squares of Lhe leagthy of o Chard, awbich joung,
the mpbes an an Kbty fol, la, fu, {ol) ln, mi, fa, ol b
ol their imtermediate degrees aufwering ta the Colowrs: of
 thefe rays, according o the «ualagy deferibed i the fe-
- wmh Bxpaviment of the feconid Book. n
- This is manifeft by the 13th and 14th Obfervations.

Mm 2 PROP,
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PROP XVIL

If rays of any one fort pafs perpendicularly into feverq)
mediums, the mtervals of the fits of eafy reflexion and
tranfmiflion in any one meduwm, s to thofe ntervals i
any atbfr as the ﬁzﬁe of inizdsmc'i t0 t]ge ﬁnf of refraction,
when the rays pafs out of the firfi of thofe twwo mediums
wto the [econd.

This is manifeft by the 1oth Obfervation.

"PROP XVIIL

If the rays which pamnt the Colowr wm the confine of
yellow and orange pafs perpendicularly out of any medium
anto Airy the wmtervals of thew fits of eafy reflexion are
the goih part of an Inch.  And of vhe [ume length are
the mtervals of their fits of eafy tranfmafion. B

This is manifeft by the 6th Obfervation. |

From thefe Propofitions it is eafy to collet the in-
tervals of the fits of eafy reflexion and eafy tranfmif-
fion of any fort of rays refrated in any Angle into
any medium, and thence to know, whether the rays
fhall be refleCted or tran{mitted at their fubfequent

. L L] ; L ]
incidence upon any other pellucidd medium. Which

thing being ufeful for underftanding, the next part of
this Book was here to be fet down. And for the fame
reafon 1 add the two following Propofitions.

PROP.
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PR OP XIX.
If any [fort of rays falling on the polite [wrface of any

pellzwid medium be veflecled back, the fits 'af ealy re-
exion which they bave at the pomr of reflexion , [ball

il comvinue to return, and the veturns fball be at di-
frances from the pont of reflexion wn the arithmetical
progfeﬁm of the numbers 2, 4, 6, 8, 10, 12,&¢. and be-
jween thefe fits the vays fball be w fits of eafy tranf-
miffoon.

%no‘r fince the fits of eafy reflexion and eafy tranf-
miffion are of a returning nature, there is no reafort
why thefe fits, which continued till the ray arrived at
the refle&ing 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 cafy 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, 9c. And therefore the progreffion of the di-
frances of the intermediate fits of eafy tranfmiflion rec-
koned from thefame point, muft be in the progreffion
of the odd niimbers 1, 3, 5,7, 9,¢. contrary to what
happens when: the fits are propagated from points of
refration. o |

PROP XX

The intervals of the fits of eafy reflexion and cafy
 tranfmiffion, propagated from points of reflexion vnto any
* medium; are equal to the intervals of the like fits which
the Jame vays would bave, if vefradled into the fame

- medium
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medium n Angles of vefraftin equal to theiy Angles of
yeflexion,

For when Light is refle¢ted by the fecond furface of
thin plates, it goes out afterwards freely at the firft fuy.
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 firong than thofe
which appear on the other fide of the plates by the
tranfmitted Light. TherefleCted raysare therefore ip
fits of ealy tran{miffion at their egrefs ; which would
not always happen, if the intervals of the fits withip
the plate after reflexion were not equal both in length
and number to theirintervals beforeit. And this confirmg
alfo the proportions fet down in the former Propofition,
Forif the rays both in going in and out at the firft furface
be in fits of eafly tranfmiflion, 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 tranfmiffion from either {urface, muft be
in the fame progreflion after reflexion as before ; that
is, from the firft furface which tranfiitted them, in
the progreflion of the even numbers o, 2,4, 6,8, W,
and from the fecond which refleGed them, in that of
the odd numbers 1, 3,5, 7, We. 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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7

PART 1V.

—1Here is no Glafs or Speculum how well foever
~nlifhed but. befides the T, 1(1111' which it refra&s

EUJ.LLL.I.‘-U UML, AT il Ais VYV ARA AL AL L Wwislifiwi g

or refletts regularly , lcatters every way irregularly a
1 "‘t’ bv means of which the r)oh{hed {urface.

.’ [ e & WAl LlEi AL WL AR,

. M,'ghtj may be eafily {feen in all pofitions of the

Eve. There are certain Phznomena of this feattered
Lisht. which when 1 firft obferved them, feemed very

e < e |

firange and furprifing to me. My Obfervations were
as follows.

M DC
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OBS L

The Sun fhining into my darkened Chamber through

a Hole ! of an Inch wide, 1 let the tntromitted beam
of Light fall perpendicularly upon a Glafs Speculum
ground concave on one fide and convex on th_e 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 ar;d 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
refleéted back to the fume Hole : I obferved upon the
Chart four or five concentric Irifes or Rings of Colours,
like Rain-bows, ‘encompafling the Hole much after the
manner that thofe, which in the fourth and following
Obfervations of the firft part of this third Book appeared
between the Objeét-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
Lincaments 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 U ufually placed the Speeulum
ot about fix Feet from the Window ; fo that its Focus
might there fallin with the center of its concavity at the
- Rings upon the Chart.  And this pofture is always to
‘be underttood in the following Obfervations where no

other is exprelt,
O LS IL

 The Colours of thefe Rain-bows {ucceeded one ano-
ther from the center outwards, i 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 tranfimitted through the two Object-Glafies.
For, firft, there was in their common center a white
round Spot of faint Light, fomething broader than the
refleéted beam of Light 3 which beum fometimes fell
ypon the middle of the Spot, und 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 encompafied with
“adark grey or rufler, and that darknefs with the Co-
Jours of the firfk Iris, which were on the infide next
thedarknefs a little violet and indico, und next to that
@ blue, which on the outfide grew pale, and then fuc-
~teeded a little greenith yellow, and after that a brighter
~ yellow, and then on the outward edge of the Tils a red
‘which on the outfide inclined to purple.

- This Tris was immediately encompafled with a {e-
- ¢ond, whofe Colours were m order from the infide
h N n 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 fo faintly thatit was dif-
ficult to difcern the Colours.

OBS. IIL

Meafuring the Diameters of thefe Rings upon the
Chart as accurately as I could, I found them allo in
the {ame proportion to one another with the Rings
made by Light tran{mitted through the two Objet-
Glafles. For the Diameters of the four firft of the
bright Rings meafured between the brighteft parts of
their orbits, at the diftance of fix Feet from the Specu-
lum were 1%, 2}, 211, 33 Inches, whofe fquaresare in
arithmetical 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 1t
feems to be moft luminous, be put equipollent to an
infinitely little Ring ;the {quares of the Diameters of the
Rings will be in the progreffion o, 1,2, 3, 4, Uc. 1
meafured alfo the Diameters of the dark Circles be-
tween thefe luminous ones, and found their fquares
in the progreffion of the numbers {, 1%, 2! 3i, Ye
the Diameters of the firft four at the diftance of fix Feet
from the Speculum, being 1%, 25, 2%, 3%, Inches. If
the diftance of the Chart from the Speculum was in-

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

OBS 1V.

~ By the analogy between thefe Rings and thofe de-
{cribed in the Obfervations of the firft Part of this Book,
I fufpeted that there were many more of them which
fpread into one another, and by interfering mixed their
Colours, and diluted one another fo that they could
niot be feen apart. I viewed them therefore through a
Prifm, as I did thofe in the 24th Obfervation of the
firt Part of this Book.” And when the Prifm was fo
placed as by refratting the Light of their mixed Co-
fours to feparate them, and diftinguifh the Rings from
one another, as it did thofe in that Obfervation, 1 could
then fee them diftintter than before, and eafily num-
- ber eight or nine of them, and {ometimes twelve or
- thirteen. And had not their Light been {o very faint,
- 1 queftion not. but that I might have {een many more.

" Placing a Prifm at the Window to refratt the intro-
- mitted beam of Light, and caft the oblong Spettrum
of Colours on the Speculum : 1 covered the Speculum
sith a black Paper which had in the middle ofit a Hole
o let any one of the Colours pafs through to the Spe-
um, whilft the reft were intercepted by the Paper.
d now I found ,Rings‘_ of that Colour only which fell
i DO > .
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h 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 tluminated with
any one Colour, the Squares of their Diameters mea-
{ured between thety moft luminous purts, were 1 the
arithmetical progreffion of the numbers 0, 1,2,3, 4, and
the Squares of the Diamceters of thewr dark intervals in
the progreflion of the intermediate numbers 4, 15, 23, 3ty
But if the Colour was varied they varted their magni-
tude.  In the red they were largeft, in the mdico and
violet leaft, and in the ntermediate Golours yellow,
arcen and blue; they were of feveral mtermediate big-
nefles anfwering to the Colour, that 1s, greater in yel-
low than in green, and greater in green than in blue.
And hence 1 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 woft refrangible,
and that the Colouss of cach Ring {pread into the Co-
lours of the neighbouring Rings on cither {ide, after
the manner explained in the firft and fecond Part of this
Book, and by mixing diluted one another {o that they
could not be diftinguithed, unlefs near the center where
they were leaft mixed.  For in this Obfervation [ could
{ee the Rings more diftinétly, and to o greater number
than before, being able in the yellow Light to number
cight or ninc of them, befides a faint {hadow of u tenth.
To latisly my {elf how much the Colours of the feveral
Rings fpread into one anothery I meafured the Diame-
ters of the {econd 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
aniel indico, as g to 8, or thereabouts, For it wus bard

- o
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to determine this proportion accurately. Alfo the Cir-
cles made fucceflively by the red, yellow and green,
differed more from one another than thofe made fuccef-
fively by the green, blue and indico. For the Ciccle
1made by the violet was too dark to be feen. To carry
~on the computation, Let us therefore {uppofe 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, arein proportion as the differences of the lengths
of a2 Monochord which found the tones in an Eight ;
Jol L, fa, fol, la, miy o, [0l t‘hat is, as the numbers %,
L ke 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,
gsdstiatiatitod, thatisas® todor 8 to 3, and to
e differenice of the Circles made by the outmoft violet,
| by the confine of blue and indico, as s +1: 4+ + &
- to'%, +1e, that s, as i, to £, oras 16 to 5. And there-
fore thefe differences will be ¢ A and fc A.  Add the
~ firft to 9 A and fubduét the laft from 8 A, and you
ill have the Diameters of the Circles made by the
leaft and moft refrangible rays 3* A and 2+ A, Thelc
iameters are therefore to one another as 75 to 615 o
o to 41, and their Squares as 2500 to 1681, that 1s,
3 to 2 very nearly. Which proportion differs not
uch from the proportion of the Diameters of the
R . Circles
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“Circles made by the outmoft red and outmoft violet ip
the 13th Obfervation of the firft part of this Book.

’ OBS VI

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 Objeét-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, {welling 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 1 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
fplendor obfcured the Rings made by the Light of the
Clouds, unlefs when the Speculum was removed to a
great diftance from the Window, fo that hisLight upon
it might be broad and faint. By varying the pofition of
my Eye, and moving it nearer to or farther from the
direét beam of the Sun’s Light, the Colour of the Sun’s
zefletted Light conftantly varted upon the Speculum,
as
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as 1t 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 prodution de-
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O BS. VIL

- By the Analogy of all thefe Pheznomena with thofe of

the like Rings of Colours defcribed in the firft Part of
this Book, 1t 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 ot the Specu-
lum, the Glafs alone would caufe the fame Rings of
Colours, but much more faint than before ; andthere-

fore the Phanomenon depends not upon the Quick-
filyer, 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 1 underftood that thele

" Rings arife not from one fpecular furface alone, but
~ depend upon the twofurfaces of the plate of Glafs w'h"erg”:v—_
of the Speculum was made, and upon the thicknels of
the Glafs between them. For as in the 7th and 19th

- Obfervations of the firft Part of this Book a thin plag:{_
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of Air, Water, or Glafs of an even thicknefs appeared
of one Golour when the rays were perpendicular to it
of another when they were a little oblique, of anothey
when more oblique, of another when ftill more oblique,
and fo on ; fo here, in the fixth Obfervation, the Light
which cmerged out of the Glafs in {everal obliquities,
made the Glufs appear of feveral Colours, and being
propagated 1n thofe obliquities to the Chart, there pain.
1 Ve i ) “ild
ted Rings of thofe Colours.  And as the reafon why a
thin plate appeared of feveral Colours in feveral obli-
quitics of the rays,was,that the rays of one and the fame
{fort are refletted by the thin plate at one obliquity and
tran{mitted at another, and -thofe of other forts tranf
mitted where thefe are refletted, and reflefted where
thefe are tranfmitted @ So the reafon why the thick
plate of Glafs whereof the Speculum was made did ap.
puar of various Colours in various obliquities, and in
thofe obliquities propagated thofe Colours to the Chart,
wasy that the rays of one and the {ame fort did at one
obliquity emerge out of the Glafs, at another did not
emerge but were reflected back towards the Quick-fil-
ver by the hither {urface of the Glafs, and accordingly
us the obliquity became greater and greater emerged
and were retleéted alternately for many {ucceflions, and
ihat in onc and the fume obliquity the rays of one fort
were reflected, and thofe of another tranfmitted.  This
is manifeft by the firft Obfervat'on of this Book : For
in that Obfervation, when the Speculum was il'lu.mi-
nated by any one of the prifimatick Colours, that Light
nde 1}1;my Rings of the ﬁlmc‘(,olouy upon the Chart
with dark intervals, and therefore at its emergence out
of the Speculum was alternately tranfmitted, and n(:}t

trant-
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tranfmitted from the Speculum to the Chart for many
{ucceffions, according to the various obliquities of its
~emergence. And when the Colour caft on the Specu-
lum by the Prifm was varied, the Rings became of
- the Colour caft on.it, and varied their bignefs with their
Colour, and therefore the Light was now alternately
tranfmitted and not tranfmitted from the Speculum to
‘the Lens at other obliquities than before. 1t {eemed 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 raysat the
{econd furface of the plate after one paffage through it :

Riv+ hore +the rave on turice thranoch the nlate hefAre
DULIICIC WL 1ayo U twill Uilvugil it piailc Uctiulc

- they are alternately reflécted and tranfmitted ; firft,
they go through it from the frft furface to the Quick-
- filver, and then return through it from the Quick-filver
to the firft furface, and there are either tranfinitted to
the Chart or refleCted back to the Quick-filver, ac-
cordingly as they are in their fits of eafie reflexion or
tran{miffion when they arrive at that {urface. For the
intervals of the fits of the rays which fall perpendicu-
“larly on the Speculum, and are refle€ted back 1n the
- fame perpendicular Lines, by reafon of the equality of
- thefe Angles and Linesjareof the fame length and num-

ber within the Glafs after reflexion as before by the
| thh Prananfirian of the 1‘]1;1‘(1 P&rt Of this BQQk . Aﬂd

L w
-4 91&11- ARV RIULILIVLE WL AIw L

 therefore fince all the rays that enter through the firft
 {urface are in their fits of eafy tranfmiffion at their en-
trance, and as many of thefe as are reflefted by the fe-
~ cond arein their fits of eafy reflexion there, all thefe
 muft beagain in their fits of eafy tranfmiffion at their
o - Oo return
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return to the firfty and by confequence there go out of
the Glafs to the Chart, and form upon it the white
Spot of Laght in the center of the Rings.  For the rea-
fon holds good in all forts of rays, and therefore all
forts mult go out promifcucully to that Spot, und by
their mixture caufe it to be white.  But the intervals
of the fits of thote rays which are reflected more ob-
liquely than they enter, muft be greater after reflexion
than before by the 15th and 20th Prop.  And thence
it may happen that the vays at thewr return to the firft
furface, may in certain obliyuities be in fits of ealy re.
flexion, and return back to the Quick-flver, and in
other intermediate obliquitics be again in fits of ealy
tran{miffion, and fo go out to the Chart, uand paint on
it the Rings of Colours about the white Spot.  And
becaufe the intervals of the fits at equal obliquities are
greater and tewer in the lefs refrangible rays, and lefs
and more numerou§ 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

mitcde by thefo ; that is, the red Rings fhall be larger
than the yellow, the yellow than the green, the green
than the blue, and the blue than the violet, as they
were really found to be in the sth Obfervation.  And
therefore the firft Ring of all Colours incompaffing the
white Spot of Light thall be red without and violet
within, and yellow, and green, and blue in the middle,
as 1t wus found in the fecond Obfervation; and thefe
Colours in the fecond Ring, and thofe that follow {hall
be more expanded till they fpread into one another,
and blend one another by mtertering, x
‘Thefe
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. Thefe feem to be the reafons of thefe Ringsin ge-
.ne1a1 and this put me upon obferving the thicknefs of
the Gl’lfb.) and c,onhdumg, y whether the dimenfions and
roportions ¢ of the Rings may be truly derived from it

-gy computqtmn,
O B & VIIL

1 memuuu, therefore the thicknefs of this CONCaAvo-
convex plate of Glafs, and found it every-where 4 of an
Inch pru;ddy an by the 6th Obfervation of the
firft Part of this Book, a thin plate of Air tranfmits the

~ brighteft Light of the firlt Ring, that is the bright yel-
fow, when Gt thicknels is tlw wiotl part of an Inch,
and hy the 1oth Oblervation oi: “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
refraltion to the fine of icidence, that is, when its
thicknefs 18 the izth or eth p‘ut of an hmh 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 tranfimits that of the third,
~and fo on, the bright yellow Light in all thefe cafes be-
g in its hts of tran{iiffion. And therefore if its thick-
- nefs be multiplied 34386 times {0 as to become § of an
h it tranfmits the fame bright Light of the :;4.;861::11
Suppole this be the bright yellow Light tranf-
nitted E@r}wndmxlarly from the refletting convex fide
the Glafs tlzwuhl the concave fide to the white Spot
-fL{-“the center of the Rings of Colours on the Chart : And
by arule in the feventh "Obfervation in the firf Part of
 the firlt chks, and by t:lw(; sth and 20th Propofi 11‘10:1?
0 2 0




[ 100 ]

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 thicknefs 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 is, in 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,
(zix. that of.a quarter of an Inch ) the proportions
‘which 34386 (the number of fits of the perpendicular
rays in going throtigh 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 rocooséoo equal parts,:
- the increafed thicknefles will be 100002908, 100005816,
10000725 and 100011633, and the Angles of which thefe
thicknefles are {ecants will be a‘_6‘_'1‘-_,_3‘"51,3:7_'_“5", 45 6" and
52 26"; theRadius being 100000000 ; and the fines of |
thefe Angles are 762, 1079, 1321 and 1525, and the
proportional fines of r’efra&i_on-,"I;,;.I‘-f']a,11‘:65_9',- 2031 and:

L3 L
< o4 o o T . o e Ca

of refraction as 11 to 17, and to ‘theabove-mentioned.
fecants as 11 to ‘the firft of rob -arithmetical : means

©

between 11 and 17, that is as 11 to 11%, thofe {
cants will be to the fines of refraltion as 114, t0 17,
and by this Analogy wx-_l]} give thefe fines. - So: the

&

- .
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if thg olghquit}es 'O_f ; th?,_ra‘ys to the concave furfice of
the Glafs be fuch ‘that the fines of their refradtion in
paffing out of the Glafs through that furfuce into the
Air be 1172, 1659, 2031, 2345, the bright Lizht of
the 34386th Ring fhall emerge at the thicknefles of the
Glafs which are to ! of an Inchas 34386 to 34355,
34384, 34383, 34382, refpetively. “And theréfore if
the thicknels i all thefe cafes be? of an Inch (as it is in
the Glals of which the Speculum was made) the bright
Light of the 34385th Ring fhall emerge where the fine
~of refractionis 1173, and that of the 34384th,384383th
and 34382th Ring where the fine 1s 1659, 2031, and
2345 refpettively. And in thefe Angles of refraltion
the Light of thefe 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 {hall {ubtend the Angles of refraction
made at the concave furface of the Speculum, and by
confequence their Diameters thall be to the diftance of
the Chart from the Speculum as thofe fines of refration
doubled are to the Radius that isas 1172, 1659, 2031,
and 2345, doubled are to 100000. And therefore it
the diftance of the Chart from the concave {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 1’638, 27380,
2925, 3’375 Inches : For thefe Diameters are to 6 Fect
45 the above-mentioned fines doubled areto the Radius.
Now thefe Diameters of the bright yellow Rings, thus'
found by computation are the very fame with thol¢

found in the third of thefe Obfervations by mealuring
o SR R T them,
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them, (wviz. with 153 2}s 211, and gﬁ.—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 1 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. 1f 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 refratting or reflecting {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, 3,553
: 3

‘9 53673
o, . which exprefs the lengths of a Monochard

, %>+, which VIonocha
f(;u;‘i’ding 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-
vations. - L
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 refleCted and tranfmitted are pro-
pagated to great diftances from every refleCting and re-
fracting furtace. But yet to put the matter out of doubt
[ added the following Obfervation. e

0Bs.
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JBS IX.

If thefe Rings thus depend on the thicknefs of the plate
of Glafs their Diameters at equal diftances from feveral
Speculums made of {uch concavo-convex plates of Glafs
as are grot{nd on t.he fame Sphere, ought to be recipro_;
cally ina fubduplicate proportion of the thickneffes of
the plates of Glafs.  And if this proportion be found
true by experience 1t will amount to a demonfiration
that thefe Rings (like thofe formed in thin plates ) do
depend on the thicknefs of the Glafs. 1 procured there-
fore another concavo-convex plate of Glafs ground on
both fides to the fame Sphere with the former plate :
[ts thicknefs was 4, 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 é Feet
from the Glafs were 3. 4. si. Inches. Now the thick--
nefs of the other Glafs being ; of an Inch was to thick-
nefs of this Glafs as;to{,, that 1s as 31 to 10, or
310000000 to Toooooocoo, and the roots of thefe numbers.
are 17607 and 10000, & in the proportion of the firft
of thefe roots to the {econd are the Diameters of the
bright Rings made in this Obfervation by the thinner
Glafs, 3. 44. 53 to the Diameters of the fame Rings made:
in the third of thefe Obfervations by the thicker Glafs.
14, a3 2!, that is, the Diameters of the Rings are reci-
procally in a fubduplicate proportion of thicknefles of

the plates of Glals.

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‘

ut.
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but their thicknefs, the Diameters of the Rings are re.
ciprocallyin a fubduplicate proportion of the thickneffes
of 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 ly.
minous when that furfaceis quick-filvered over thap
when it is without Quick-filver. They depend alfo
upon the concave furface, be—cam‘;e‘without that {urface
a Speculum makes them not. They depend on both
{urfaces and on the diftances between them, becaufe
their bignefs is varied by varying only that diftance,
And this dependance is 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 Fropo.
fitions in the end of the third Part of this Book, derived
from the the Phenomena of the Colours of thin plates
{fet 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 Propofi-
tions, and the Analogy between thefe Rings and the
Rings of Colours made by very thin plates, 1 fhall
{ubjoyn fome of thenr. ~ S

-
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OBS. X

When the beam of the Sun’s Light was reflefted back
from the Speculum not directly to the Hole in the Win-
dow, bl{t to a place a little diftant from it, the common
center of Fhut 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 refle¢ted Light, and by
confequence 1n the center of the fpherical concavity of
the Speculum, whenever the Chart on which the Rings
of Colours fell was placed at that center. And as the
beam of refletted 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, thole Rings grew bigger and bigger, and
{o alfo did the white round Spot,and new Rings of Co-
lours emerged fucceflively out of their common center,
and the whiteSpot became a white Ring encompafling
them ; and the incident and reflefted 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 al_tyays
equal to the diftance between the middle of the incident
beam of Light, and the middle of the reflefted -beam
meafured at the Chart on which the Rings appeared:
And the rays which formed this Ring were refletted t_’,y
the Speculum in Angles equal to their Angles of e

r Anglesof refraction

dence, and by confequence fo thet

at their entrance into the Glafs, but yet their Angles of
| refiexion

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

O BS XL

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 continuied white to the center till the diftance
of the 1ncident and 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
incompaffing 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 w‘hitfi %iﬂgﬁ
equal to the firft of thofe dark Rings, and the firft of
thofe luminous Rings was now grown equal to the fe-

- . - -
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nous ones to the third of thofe dark ones, and fo on.
For the Diameters of the luminous Rings were now 1k,
2k, 2%, 3%, ©e. 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 2 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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ehat is to fuy, the white Spot in the middle of thofe
Rings wits DOW ht:'{:c,)mc a white Ring equal to the firft
of, tholt bright Rings, and the firft of thofe bright ones
was now beecome cqual to the fecond of thofe, and fo
on. For the Diamceters of the white Rings, and of the
other luminous Rings incompafling it, were now i,
26, 21ty 30, e or thereabouts,

When the dittunce of the two beams of Light at the
Clart was o litele more inereated, there emerged out
of the middle in order after the ved, o purple, a blue,
agreen, A yullow, and « red inclining much to purple,
and when the Colour was bricheell 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” thote Tuminous Rings which appeared in
the four tirft Obfervations, and the white Ring which
was now become the fecond of the luminous Rings was
grown vqual to the fecond of thole, and the firt of
thote which was now become the thivd Ring was be-
come the third of thoft, and fo on. For their Diame-
ters were 100, 24, 20, 30 Inches, the diftance of the
two beams of Light, and the Diameter of the white
Ring berng 27 Inches, - -

When thele two beams became more diftant there
emerged out of the middle ol the purplifl red, fulta
darker round Spot, and then out of the middle of that
Spot u brighter.  And now the former Colours (purple,
blue, green, yellow, wnd purplifh red ) were become
Ring cqual to the firft of the bright Rings mentioned 12
the four ficlt Obfvrvations, and the Ring about this
Ring were grown cyual to the Rings about that re-

{pettively 5 the diftance between the two beams of
Pp 2 Light
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T.ight and the Diameter of the white Ring (which
was now become the third Ring ) being about 3 In-
ches. ‘
The Colours of the Rings i1 the middle began now
to orow very dilute, and if the diftance between the
two beams was increafed half an Inch, or an Inch more,
they vanithed whilft the white Ring, with one or two
of the Rings next it on either fide, continued fill vi-
fible. But if the diftance of the two beams of Light
was 1l more increafed thefe alfo vanifthed : For the
Light which coming from {everal parts of the Hole in
the Window fell upon the Spequ_h;m ill fe‘vega_l Angles of
incidence made Rings of {everal bignefies, which diluted
and blotted out one another, asI knew by intercepting
fome part of that Light. Foriflintercepted 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 it they would be bigger.

O B S XIL

When the Colours of the Prifm were caft fucceflively
on the Speculum, that Ring which in the two laft Ob-
fervations was white, was of the fame bignefsim all the
Colours, but the Rings without 1t were greater in the
green than in the blue, and ftill greater in the yellow,
and greateft in thered. And, on the contrary, the
Rings within that white Circle were lefs in the green-
than in 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
inecidence, the fits of every refleted ray within the Glafs
| after
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after ret flexion arve equal in Tength and number to the
fits of the fame ray within the Glats before its incidence
on the retledting turface s ;md therefore fince all Lc rays
of . q] {orts uat !han cntrance tto the Crlafs WEIe i 4 fit
of tldl]h’t’ll”lu L, they were allo in afit of trantmiflion at
tame furface after reflexion 5 and

their returning 1o e
Imitted and went out to the

l)y c(mft.(luu}u RESES tran
white Ring on the Chare, 1 his is the reafon why that

Ring was of the fwme bisnels inall the (;olouu, and
why ina mixture ot all it appears white. But in Iy
which are reflected i other Angles, the intervals of the
fits of the lealt retrangible l:unu greateft, make the
Rings of their Colour i their puwu.l from this white
Rmn cither out “miwn inwards, increale or decreale
by the graatedt fteps 5 fo that the Ringsof this Colour
witlmut are presttedt, ‘tmi within leatt. And this is the
reafon why in the laft Oblervation, when the bpcc.u~
fum was iluminated with white I Aght, the exterior
Rings made by all Colours appeared red without and
bluc within, and the interior blue without und red
within, ,

Thefe are the Phaenomena of thick convexo-coneave
plates of Glafs, which wre 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-
cwve than conves, or plano-convex, or double-convex.
For inall thete m!m the plates xmku Rings ot‘(,olouuﬁ,
but atter vartous manners ;5 all which, fo far as Lhave
yetoblerved, tollow from the lmpm{tmm i the end
of the third purt of this Book, and o con {pire to con-

trm the truth of thole Propotitions.  But the Pheeno-
Ml
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met are too various, and the Calculations whereby
they follow from thofe Propofitions too intricate to be
her= profecuted. 1 content my felf with having profe-
cuted rhis kind of Phanomena {o far as to difcover theur
. .-.f‘g el 1axr ,]:«“‘.-A-rrrgu-:ulnr b Fen ‘f’:‘p‘rr e B —Dunr\n":'ﬁ:r\v&(‘
CAtil, 10 DY Aiovellilg at o latdly tiv D 10POLHLIULIL

inn the third Part of this Book.

O B &5 XIIL

As Light retfleted by a Lens quick-filvered on the
back-tide makes the Rings of Colours above de-
fcribed, fo it ought to make the like Rings of Colours
in pafling through ua drop of Water. At the firft re-
flexion of the rays within the drop, {fome Colours ought
to be tranfnutted, as in the cafe of a Lens, and others
to be reflected back to the Eye. For inftance, if the
Diameter of a {mall drop or globule of Water be about
the sooth part of an Inch, fo that a red-making ray in
paffing 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 fo on ; thefe con-
centrick Circles of rays after their tran{miffion, falling
on a white Paper, will make concentrick rings of red
upon the Paper, fuppofing the Light which pafles
through one fingle globule firong enough to be {fenfible.
And, in like manner, the rays of other Colours will
make Rings of other Colours. Suppofe now that in a
fair day the Sun fhines through a thin Cloud of fuch

~ globules
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lobules of Water or Flail, and that the globules are all
of the fame L:ngrlcis., :.11}51. thc_: Sun feen through this Cloud
fhall appear 111(:011:’1}'):1(1&2(1 with the like concentrick Rings
of Colours, and the Diameter of the firft Ring of red
fhall be 72 degrees, that of the {econd 10-degrees, that
of the third 12 dg;«g;rees 73 minutes, And accordingly
ae +he Q‘]f"ﬂ‘ﬂlll?}; {*jt \A'/l.tt‘!_ are lﬁ;g(jﬂv Aar lafe #ha 200 0.
dy Liiv- SOV S § L 1R L l‘JJz‘.)h‘vi \Jj} .l.\.L'J-, Lite l\lljgh

Mall be lefs or bigger. “This is the Theory, and expe-

J

rience anfwers 1t. For in Hfure 1692, 1 faw 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.  "T'he Colours of the
fr(t or innermoft Crown were blue next the Sun, red
without, und white in the middle between the blue
and red.  Thote ot 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 5 purple, blue, areen, pale yellow and red ;
pale blue, pale red. "The Duneter 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 y! degrees, or thereabouts, The Dia-
meters of the firlt and third 1 had not time to meafure,

Irs #laad b wdese d0mtl Lunersiad oy by alamyird foe o v Aol
DUL Ll O3 LHEC HIDIL AUGLAIGAL LW LG QUL VLG UL LA UL

grees, and that ol the third ubout twelve. Thfs like
Crowns appuir fometimes about the Moon ; for in the
beginning of the year 1664, Febr. 1gth atnight, 1law
two {uch Crowns about her. “T'he Diameter of the firt
or innermott was about three degrees, and that of the

- {econd.
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fecond about five degrees and an half.  Next aboyt the
Moon was a Circle of white, and next about that ¢,
inner Crown which was of a bluith green within next the
white, and of a yellow and red without, and next aboyt
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 Elliptica]
and its long Diameter was perpendicular to the Horizon
verging below fartheft from the Moon. Tam told thyt
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
Ice are to one another, the more Crowns of Colours
will appear, and ‘t.he Colotf_rs Wi}l be tlle more lively,
T'he Halo at the diftance of 22} degrees from the Moon
is of another fort. By its being oval and remoter from
the Moon below than above, I conclude, that it was
made by refration in fome fort of Hail or Snow floating
in the Air in an horizontal Pofture, the refraéting Angle
being about 58 or 60 degrees.

THE
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FH K
THIRD B

O

Oéﬁfr"vaiiwh conceratan Hhe [nflexesns af the rays of Laght,
| {&H!Z fj%af r;iwzs il L’r E/Jf’?fﬁy

Ré?’??t&!&i% has informed us, that ifa beam of the
LT Sun's Light be let nto o dark Room through a
vexyhm Il Hole, the fhadows of things in this | m,ht
will be larger tlmm they ought to be it the rays went
on by the Hodies i | %mw}w Lz;m,, and that thuia fhit-
dows have three immkl fringos, bands or ranks of co-
loured Ltwt adjaeent to timm But it the Hole be
enlarged the fringes grow broad and run juto one ano-
ther, fo that they cannot b di fitinguithed, T hvle broad
(hadows and fringes have been red Toned by tome to pro-
ceed from tl wamimuiu reliaction of the Air, but withe
out dug examination of the mmm. }ui the circume-
flances of the Phanomenon, Lo tar s L have ablerved

them, arc as follows. |
2y SR
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OBS I

I made in a piece of Lead a tmall Hole with a Pin,
whote breadth was the 42th part of an Inch.  For 21
m thole Pins laid rogether took up the breadth of half
an inch. F hmtwh this Ho le 1 let into my darkened
Chamber a beam m the Bun’s Light, and found that the
thadows of Hates) T hred  Pins Straws, and tuch like {len-
dumbmnmp 1€ cimtlmlmznuerht were confider-
ably broader than they ought to be, 1T tllc ctym of nght
Wf ed on by thefe Bodics in vight Lines. And particu.
larly a Hair of a Man’s He: 1d whofe breadth was but
the 28oth 1 part of an Inch bt;:mg held n this Light, at
the diftunce of about tlevn., Feet from the Hoh,, dld
calt 2 fhadow which at the dittance of four Inches from
the Huir was the fixtieth part of an Inch broad, that is,
above four times brouder than the Har air, and at the di-
ftunce of two Pcc from the Hair was about the cmht
dnd twentieth paxt of an lmh broad, thatis, ten tlmes
E)IOJU.LY ]ﬂtlll lHL Jid]] I g!ll(,i JL lIlL Llllldijfﬁ: U.l (L]]. J:'Utf
Wiy the cighth _pm_o an Inch broad, that 1s 35 hmea
M[ (hi(lﬁf
N(n is it mdtcnml whether the Hair h(: mne nn*xpaﬁ"ed
with Air, or with any other pd luctd fubftance.  For 1
wetted a pohihc d plate of Glafs,) and laid the Huir in
the Wuter upon the Glafs, and then laying unother po-
lithed platc of Glals upon 1t, fo that the W ater nnght
fitl up the {pace h«.tmuu ths., Glatles, T held them in
the atorefuid beam of Light, {o tlmt the Light might
pats through them pmpmdlml..nly., and the thadow
of the Haivwas at the fame diftances as big as before,

The
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The fhadows of {cratches made “in polithed plutes of
lafs were alfo much broader than they ought to be,

and the Veins 1t poiithed plates of Glafs did alfo caft the
adews.  And thercfore the great breadeh

.

like broad fh ' ¢ _ el
of thefe fhadows proceads from fome other caute than

the refraction of the Aur.
" Let the Circle X reprefent the middle of the Hair ;
ADG, BEH, CFl, three rays pafling by one fide of
the Hair at feveral diftances; KNQ, LOR, MPS5,
three other rays pafling by the other fide of the Hair at
the like diftances ; D, E, Fand N, O, P, the places
where the rays are bent in their paflage by the ,l;-luir ;
G,H, Iand Q, R, 5, the }’)hictis where the rays fall on
a Paper GQ; 1S the breadth of the thadow of the Flair
afton the Paper, and T 1, VS, two rays pafhing to the
points  and S without bending when the Hair is taken
away. And it’s manifeft that all the Light between
thefe two rays Al and V5 is bent in pathing by the
Hair, and turned afide from the hadow 1S, becaute of
any part of this Light were not bent it would fall on
the Paper within the (hadow, and there umimate the
Paper contrary to experience.  And becaule when the
- Paperis at a great diftance from the Huiry the thadow
is broad, and therefore the rays 11 and V5 are ot
great diftance from one another, it tollows that the
Hairatts upon the rays of Lizht at a good diftance in
theirpaffing by it.  But the attion is {trongeft on the
~nays which pafs by at leaft dittunces, and grows weaker

and weaker accordingly as the rays puts by at dittances
- greater and greater, as is reprefentod in the Schemes
For thence it comes to puls, that the (hudow of the
Hair is much broader in proportion to the difkined of
S Qq 2 the

Fio.

)

I.
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the Paper from the Hair, when the Paper is nearer the
Flair than when 1t 1sata great diftance from it.

) B S IL

The thadows of all Bodies ( Metals, Stones, Glafs,
Wood, Horn, lee, &e. ) in this Light were l)mdued
with three I)II‘IHC] fringes or bunds of coloured Light,
whereot thut which was contiguous to the fthadow was
broadeft and moft luminous, and that which was re-
moteft from it was nanowgﬂ: and {o taine, as not eafily
to be vifible. It was difficult to difting uifh the Colours
unlefs when the Light tcllvmyobhqmly upon a fmooth
Paper, or fome other fmooth vvhite Body, fo 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
yellovy in the middle, “and red vvithout. The fecond
tringe vvas almoft c.omwuous to the firft, and the third
to the {econd, and both vvere blue vvithin and yellovy
and red vvnhout but their Colours vvere very faing
efpectally thofe of the third. The Colours therefore
pmwcdt,d in this order from the thadovv, violet, indico,
pale blue, green, yellovy, red ; blue, yellovv’ n,d, pale
bluc, pale ycllc)vv and red. The {hadows made by
feratehes and bubbles - polifhed plates of Glals vvere
bordered vvith the like fringes of coloured Light, And
tf plates of Looking-glals loop d off near the e lom vvith
a Diamond cut, be held 1 the fame beam of l.wht the
Light which paﬁua through the parallel planea 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 Fio. 2.

aralle]l planes of u Looking-glafs, and BD the plane N
of the Diamond-cut, making at B a very obtufe Angle
with the plane AB.  And let all the Light between the
rays EN 1 and‘ FB M pafs directly through the parallel
‘planes of the Glafs, and fall upon the Paper between [
and M, and all the Light between the rays GO and
HD be refracted by the oblique plane of the Diamond
‘cut B D,and fall upon the Paper between K and L ; and
the Light which pafles dire¢tly through the parallel
‘planes of the Glafs, and falls upon the Paper between
1 and M, will be bordered with three or more fringes

at M.
OB S IIL

When the Hair was twelve Fect 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 thadow fell perpendicu-
larly upon the fame {cale placed nine Feet beyond it;
] meafured the breadth of the fhadow and fringes as
accurately as 1could, and found them in parts of an

Inch as follows.

~ Lhe
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| - halfa  wine
At the diffance of Fout.  Feer.
The breadth of the Shadow 5 5
‘The breadth between the middles of the
brighteft Light of the innermoft fringes| sor ;| Z
on erther fide the fhadow
The breadth between the middles of thei
brightett Light of the middlemott frin-} L I
ses on either fide the thadow
= : \
[he breadth between the middles of the
brighteft Light of the outmoft fringes|For I.| &
e el e A T e (T i
011 CILACY FIC LHIC HAUOW
The diftunce between the middles of the
brighteft Light of the firft and {econd| % T
fringes |
The diftance between the middles of the
. R - g s T T
brighteft Light of the fecond and third = Py
fringes |
‘The breadth of the luminous part (green,

L E - I
white, yellow and red ) of the frft] 5 =
fringe

The breadeh of the darker {pace between| .
f‘!'ué ﬁrﬁ‘ Eali rfmﬁr"nnr" 'r;ngpc 349 ‘15
CILG L LLAINE LN USRIV E .l..L.L.L.!D\--

'The breadth of the luminous part of the| . L
{econd fringe e 53

‘T'he breadth of the darker {pace between| | ;
the fecond and third fringes. 346 s
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Thefe ﬂ.}eamycs: I took by letting the fhadow of the
Hair at halt a Footdiftance fall fo obliquely on the
fcale as to appear twelve times broader than yvhen it
fell perpc:m}.mu1;1'1‘1_}(\01"1 it at the fame diftance, and fet-
ting down 11 this Lable the twelfth part of the mea-
fures | then took.

OBS 1V

When the thadovv and fringes vvere caft obliquely
upon a {mooth vvhite Body, and that Body was remo-
ved further and twether trom the Huir, the firft fringe
began to appear and look brighter than the reft of the
Laght at the diftance of lels than a quarter of an Inch
from the Harey and the durk Line or fhadovy between.
that and the fecond fringe began to appear at a lefs di-
flance from the Flair than that of the third part of an
Inch. "T'he fecond tringe began to appear at a diftance
from the Hair of Lefs chan haltan Iuch, and the thadow
between that and the third fringe ata diftance lefs than
an Inch, and the third fringe ata diftance lefs than three
lnches. At greater dittances they became much more
fenfible, but kept very nearly the fame proportion of
their breud ths and intervals which they had at their hreft
appearing.  For the diftance between the middle of the
firft and middlc of the fecond fringe, was to the diftance
between the middle of the fecond and middle of the:
thitd fringe, as three to two, or ten to feven.  And
the laft of thefe two diftances vvas equal to the breadth,
of the brioht Fight or luminous part of the firft fringe.
And this breadeh vvas to the breadth of the bright Light
of the fvcond (ringe as leven 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
{eemed to be in the progreffion of the numbers 1, "5,
/% and their intervals to be in the {fame progreffion
vvith them ; that is, the fringes and their intervals to-
sether to be in the continual progreflion of the numbers
i, /3 15, ¥, V1, or thereabouts. And thefe pro-
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,

theough not fo dark and diftinct.

OBS. V.

The Sun thining into my darkened Chamber through
a Hole a quarter of an Inch broad ; 1 placed at the di-
france 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 pals through. And
behind the Hole 1 faftened to the Patt-board vvith Pitch
the blade of a fharp Knife, to intercept fome part of
the Light vvhich pafled through the Hole. The 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 Knife, and there part of it fell upon the
blade of the Knife, and part of it pafled by its edge:
1 et this purt 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 fireams 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 brightnels upon the TPaper obfrured thefe faint
frreams, fo that 1 could fearce fee them, I madea little
Hole in the midit of the Paper for that Light to pafs
through and full on a bluck cloth behind it ; and then
I faw the two ftrcams 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 diveet Light was pretty ftrong for the {pace of
about a quarter of an Inch, or halfan Inch, and in all
its progrels from that dire&t Light decreafed gradually
till it became infenfible. The whole length of either of
thefe frrcams meaflured upon the Paper at the diftance

2] " ol 1 P . = .
P hmw Foraive Flhe K b wre g ot v or etoht
UL LIS ATWUR ALAALIL LIV IRLELL Wilg QUL LD WL dg i

Inches 5 fo 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 fhoot three or four
degrees further, but with a Light fo very faint that 1
could fearce perceive it, and {ulpected it might (in
fome meature at leaft) arife from fome other caufe than
the two ftreams did. For placing my Eye in that Light
beyond the end-of that fiream which was bebind the
Knife, and looking towards the Knife, I could fee a
line of Light upou its edge, and that not only when
my Eye was in. the line of the ftreams,’ but alfo when
it ‘was without that line cither towuards the point of the
Knife, or towards the handle. T'his line of Light ap-
peared contiguous to the edge o@' the Krn‘te’,_.awnd was
narrower than the Light of the innermoft fringe, and
. - | Rr narroweft



[ 122 ]
narroweft when my Eye was furtheft from the dirett
Light, and therefore feemed to pafs between the Light
of that fringe and the edge of the Knife, and that
which paffed neareft the edge to be moft bent, though

not all of 1t.

OBS. VI

I placed another Knife by this fo that their edges
might be parallel and look towards one anether, 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 aboeut the gooth
part of an Inch the fiream purted in the middle, and
left a thadow between the two parts. This fhadow
was {o black and dark that all the Light whick paffed
between the Knives feemed to be bent, and turned afide
to the one hand or to-the'other. Andas the Knives ftill
approached one another the thadow grew broader, and
the {freams fhorter at their inward ends which were
next the fhadow, until upon the contact of the Kaives
the whole Light vanifhed leaving its place to the
thadow. | |

And hence L gather that the Light which is leaft

bent, and goes to the inward ends of the ftreams; paf-
fes by the edges of the Knrves at the greateft diftance,
and this diftance when the fhadow 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 is moreand

more bent, and goes to thofe parts of the ftreams which
are further and turther from the direct Light, becaufe
| when

npadle -
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when the Koives approach -one another tifl they touch,
thofe parts of the fireams vanifh laft which are furtheft
from the direct Light, ,

O BS. VIL

In the ﬁt':th (.)l‘f{[‘tﬁ'ﬁitiﬂﬁ the fl:inges did mot appeat,
but by reafon of the breadth of the Hole in the Win.-
dow became fo broad as to run into one anotber, and
by joyning ke m*m-cc?nmmed Lightin tthe beginning
of the ftreams.  But in the fixth, as the Knives ap-
proached one unother, a little before the fhadew .ﬁpw
peared between the two fteeams, the fringes began to
appear on the mner ends of the ftrenms on either fide
of the direct Light, three on one fide made by theedge
of one Knife, and three on the other fide made by the
edge of the other Knife.  They were diftinéteft when
the Knives were placed at the greateft diftance from the
Hole in the Window, and fill became more diftin& by
making the Hole lefs; infomuch that I could fometimes
eea faint lincament 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 wa-
pithed firtt, and the middlemoft next; and the inneg-
moft laft.  And after they were all vanifhed, and the
line of Light which was in the middle between them
. was grown very broud, enlarging it {elf -on both fides
into the ftreums of Light delcribed in the fifth.Obfer-
- vation, the above-mentioned fhudow began to appear
in the-middle of this line, and divide it along the middle

into- two lines of Light, aud increated antil-the whole
- - Rre» | - Laght



[ 124 ]

Light vanifhed. "This inlargement of the fringes was
{o mut that the rays wlmh oo to the innermoft fri inge
teemed to be bent above twer nty times more when this
fringe was ready to vanifh, than when one of the Knives
was taken WY,

And from this and the former Oblervation compared,
] gather, that the I.ight of the firft fringe pafled by the
uiuu of 111L [Lnife at a diftunce greater Hmn the eight-
hlmd cedeh partof an Inch, and thv Laght of the it,w»nd
tringe pafled by the cdge of the Kuife at greater. di-
(tance than the [aght ot the furft fringe dld and that
of the thind at a greaver diftance than that of the fe-
cond, and that ol the fireams of Light deferibed in
the htt‘l and fixth Obfervations pal kd by the edges
of the Knives at lels diftances than that ot any of the
hmg\w.

O BSs VIIL

[ caufed the cdges of tivo Knives to be wmund tr uly
ftreight, and ]"JllLls.lll“’ their points into a board fo that
their Ldﬂc‘ might look towards onc another, and meet-
ing neut “their pcnnts contain u rectilinear Anﬂlu 1 faft-
ned their handles together with Pitch to ‘make this
Angle invariable. 'L he ditfance of the lges of the-
Knives from one another at the chihmw of four [nches
from the angular point, where the.edges of the Knives
met, was the cighth part of un Inch, and thercfore the
Anwlumntmnul by the edges was about 1 degr. 54
The Knives thus fixed Lnnuthu I p [Ltu:{ e @ bulm of
the Sun’s Light, let into iy darkened Chamber through
a Hole the 42 sth part of an Inch wide, at the diftance

aof
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of ten or ﬁftc'fcﬂ Feot from .t:he. Hole, and let the Laght
which pafiud between their edges fall very obliquely
apon & fmooth white Ruler at the dittance” of half an
Inch, or an Inch from the Knives, and . there faw the
fringes mude by the two dges of the Knives run along
the edges of the thadows ot the Knives in lines parallel
to tholt cdpus without growing tenhibly broader, till
they met in Angles equalto the Angle contained by the
edges of the Knives, and where they met and joyned
they ended wirhout crofling one another.  But if the
Ruler was held at a much greater diftance from the
Paper, the fringes becume fomething broader and broader
gs.they approached one uanother, and after they met
they crofled onc another, and then became much broader
than before. | L

Whencee 1 gather that the diftances at which the
fringes pafs by the Knives are not increafed nor altered
by the approach of the Knives, but the Angles in which
the raysare there bent are much increafed by that ap-
~proach ; and that the Knife which is neaveft any ray
~determines which way the vay thall be bent, and the

other Knife increales the bent, o ~

O BS 1%

When the rays fell very obliquely upon the Rulerat
the diftance of the third part af an Inch from the Knives,
the dark line between the firtband fecond fringe of the
fhadow of onc¢ Kuife, und the durk line between the
irft and {econd fringe of the thadow of the other Knife
met with one another, at the dittance of the fifth part
of an Inch from the end of the Light which pafled be-
S tween
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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 réoth 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 tothe diftance of the
edges of the Knivesgt the end of that length, and fo 45
the fitth part of an Iiich to the 16oth part. So then'the
dark lines above-mentioned meet in the middle of the
Light which paffes between the Knives where they are
diftant the r6oth 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 32oth part of an Inch, and falling
upon the Paper makes thefringes of thedhadow of that
Knife, and the other half paffes 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
tringes of the fhadow of the other Knife. But if the
Paper beheld 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 Lightwhich 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 réoth part of
an Inch. | -
- For at another time when the two Knives were di-
ftant eight Feet and five Tnches from the little Hole .in
the Window, made with a {mall Pin as above, the Light
which fell upon the Paper where the aforefaid dark
lines met. paffed between the Knives, where the di-
| ftance
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ﬁance. bu:twem theiu- nges wias as Iihﬂ' ﬁhe‘. f()ﬁﬂwi;mr
Table, 13 the dirance af the P o e D
Table, Whnp the diftance of the Paper from the Knives
was alfo as follows. ‘

Diftances of the Paper | Diffances betwien the edges| -
 Jroms the Kpives in |, of the Knives in milled
‘ | ; + . s :
fﬁc/ﬂ. s, - Jimal parts of an Inch,
L 0’012, I
25 | o’@20. . )
3 ,
L ;P R D)O"g 4;7-‘ . I
;}{}c * 1 G,o S{?o o
96, Q’a8'1. e
131 ; o’o87. |}

And hence ¥ gather that the Light which makes the
friinges upon the Paper is not the fame Light at all di-
frances of the Paper from the Knives, but when the Pa-
ver i held near the Knives, the fringes are made by
-%;.,igh't' which pafles by the edges of the Knives at a lefs
diftance, and 1s more bent than when the Paper is held
at a greater diftance from the Knives.

O BS X

When the fringes of the fhadoavs of the Knives fell
perpendicularly upon a Paper at o great diftance from -
the Knives, they were in the form of Hyperbelas, and
their dimenfions were as follows. Let GA, GB repre-
fent lines drawn upon the Paper parallel to the edges of
the Knives, and between which all the Light would
fafl, if it pafled between the edges of the Kmives with-

out inflexion ; DK a right tinedrawn through G 'makrilg
the
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the Angles ACD, BCE, equal to one another, and
runumtum all the Lmht whith falls upon the Pdel from
the point where the cdﬁcs of the Knives meet ; eis, fkt,
and g lv, three hyper bohul lines Lt‘pw[ultmd thc ter-
Minus ot the thadow of one of the Knives, the dark line
between the firft and fecond fringes of tlmt fhadow, and
the dark line between the fecond and third hmges of
the lame thadow 5 xip, ykqand zlr, three other Hy-
perbolical Tines wpxclumno the terminus of the fhadow
of the other 1\11111: the dark line between the firft and
fecond fringes of t at thadow, and the dark line be-
tween the lu,oucl and third ﬁmgm of the {aume thadow.

And concerve that thefe three prelboldb are like and
HARRY 11 m Tln i‘m Moy ﬂn O, 'Ipr\ ¢ m{L H-mm n f’ht”-" nmnfq

RS LT A

1, kand 1, and that the hadows of the Knives are termi-
n ated and dif tinguifhed from the firft luminous fringes
by the lines c1s “and x x1p, until the meeting and crol-
fing, of the fringes, and then thofe lines crofs the ﬂmges
1n tlu. form ot dark lines, tcumxmtmg the firft luminous
fringes within fide, and diftinguifhing them from ano-
ther Llnht which begins to appear at 1, and illuminates

411 the llnlllﬂulal 1pdi)(3 tpl) s Lomplchended by thefe

dark lines, and the right line DE. Of thefe Hy-
perbolas one Alymptote ts the line D E,; and their other
Alymptotu ¢1c:pa1alkl to the lines GA and CB. Let
vv reprefent a line drawn any where upon the Paper
pmmd to the Alymptote DE, and let this line crofs
the right Tines A G inm and BC in n, and the fix dark
| 1ypulmhul lines inp, q, 138, t,v; and by meafuring
the diftances pe, gty v, and "thence colletting  the
the Teneths of the ordinates n Py ¢, nr or ms, mt,
m v, and doing this at feveral dif tances of the line v,
, from
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fom the Alymptote DE you may find as many points
of thefe Hypurbolus as you pleafe, and thereby know
ehat thefe curve lines are Hyperbolas differing little from
the conical Hlyperbolus And by meafuring the lines
Ci, Clo, Gly 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 Feety 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: Umealured the lines ps, qt, rv,
and found them 0’35, 0’65, 0’98 Inches refpettively,
and by adding to their halfs the line; mn (which here
was the 128¢h part of an Inch, or 0’0078 Inchesg the
fums np, ng, nr, were 0’1828, 03328, 0’4976 In-
ches. 1 meatured alfo the diftances of the brighteft
parts of the fringes which run between pqand sty qr
and tv, und next beyond rand v, and found them o',
o', and 1717 Inches,

OBS XL

The Sun fhining into my darkened Room through a
fmal) round 1ole made ina plate of Lead \_N}th a ﬂex}der
Pin s ubove ; | oplaced at the Hole a Prifm to refract
the Light, and form on the oppolite Wall the Spettrum
of Colours, deferibed in the third Experiment of the
firlt Book.  And then 1 found that the (hadows of all
Bodics held in the coloured Light between the Putlm
and the Wall, were hordered with fringes of the COIQLS%
DS
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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 {enfible red or yellow ; and fo 1n the
sreen Light they were totally green, excepting a little
yellow and blue, which werc mixed in the green Light
of the Prifm.  And comparing the fringes made 1n the
feveral coloured Lights | found that thote made in the
red Light were largeft, thole made 1n 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
fhadow 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 3: of an lnch, and in
the full violet L. And the like diftance between the
middle and moft luminous parts of the {econd fringes on
either fide thethadow was in the full red Light{,, and
in the violet & of an Inch. And thefe diftances of the
fringes held the fame proportionr at all diftances from
the Hair without any {enfible variation.

So then the rays which made thefe fringes in the red
Light paffed by the Hair at a greater diftance than thofe
did which made the like fringes in 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-
{tance, and upon the violet or moft refrangible rays at
a lefs diftance, and by thofc actiens difpofed the red
Light into larger frifges, and the violet into fmaller,
and. the Lights of intermediate Colours into fringes of

| mnter-
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;ntermediate bigneffes without changing the Colour of

of any fort of Light.
- When therefore the Hairin the firft and fecond of
thefe Obfervations was held in the white beam of the
Sap’s Light, and caft a {hadow 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 {orts of rays were {eparated from
~one another, which before feparation by the mixture
of all their Colours, compofed the white beam of the
Sun’s Light, but whenever fepaiated compofe Lights
of the feveral Colours which they are originally dii'poﬁ»
fed to exhibit. " In this r3th Obfervation, where the
Colours are {eparated before the Light pafles by the
Hair, the leaft refrangible rays, which when fepara-
ted from the reft make red, were infle(ted ata greater
diftance from the Hair, fo as to make three red fringes
ata greater diftance from the middle of the thadow of
 theHair'; and the moft refrangible rays which when
* feparated make violet, were inflected 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-
ity were inflefted at intermediate diftances from the
 Hair, {o asto make fringes of intermediate Colours at
- ntermediate diftances from the middle of thethadow
. of the Hair. And in the fecond Obfervation, where
_all the Colours are mixed in the white Light which
pifles by the Hair, thefe Colours are feparated by the
various inflexions of the rays, and the fringes which
hey make appear all together;, and the innermott
S Ss 2 . fringes
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fringes being contiguous make one broad fringe compo-
fed of all’ the Colours 1n due order, the violet lying
on the infide of the fringe next the thadow, the red on
the outfide furtheft from the fhadow, and the blue,
green and yellow, in the middle. And, in 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 thivd broad fringe compoied of all the Colours.
Thefe are the three fringes of coloured Light witle
which the fhadows of all Bodies are bordered 1 the fe-
cond Obfervation. o L

When I made the foregoing Obfervations, I defigned
to repeat moft of them with more care and exactnefs,,
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 canmot now think of taking thefe things into.
further confideration. And fince I have not finifhed:
this part of my Pefign, I fhall conclude, with propo-
fing only fome Queries in order to a further {earch. to.
be made by oethers.. o o |

Query 1. Do not Bodies aét upon Light at'a diftance;,
and by their altion bend its rays, and 1s not this altion.
{caterss paribus ) firongeft at the leaft diftance ©- |

Qu. 2. Do not the rays-which-differ in refrangibility;
differ alfo in flexibility, -and. are-they net by their dif--
ferent inflexions feparated from one another, fo.as
after {eparation to-make the Colours in the threefringes

! - above
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above defcribed 7 And after what manner are they in-
fleéted to make thofe fringes?

 Qu. 3. Are not the rays of Light in paffing by the
edges and fides of Bodies, bent feveral times backwards
and forwards, witha motion like that of an el ? 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 refleéted or refracted, begin to bend be-
fore they arvive at the Bodies ; and are they not re-
fefted, refracted and inflected by one and the fame
Principle, acting yziriou[ly i vartous circumftances?
 Qu. 5. Do not Bodies and Light ad mutually upon
aneanother, that is to fay, Bodies upon Light i emit-
ting, 1‘{:%1&&1311;3;, ruf’m;étimg and infle€ting it, and Light
upon Bodies for heating them, and putting their parts
into a vibrating motion wherein heat confifts ?

- 1@u. 6. Do not black Bodies conceive heat more eafily.
from Light than thoft of other Colours do, by reafon,

that the Light falling on them is not reflected outwards,

but enters the Bodies, and is often refleCted. and res
fraGed within them, until it be ftifled and loft |
~ Qu.7. Is not the frrength and vigor of the action
between Light and fulphurcous Bodies obferved above,
ane’ reafon why fulphurcous Bodics tuke fire. more
seadily, and -burn more vehemently , then other Bo-
~dies do ¥ |

. 9u.8. Do not all fixt Bodies when heated beyond a.
certain degree, emit Light and fhine, and is not this
'ﬁ‘emiﬁigm performud by the vibrating motions of their.
parts ?. |

Qu.9-
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Ly, Isnot fire a Body heated fo hot as to emtr
Lwlwt kUplO'LE (ly ? For what elfe i1s a red hot [ron than
fre? And what elfe is a burning Loa,l than red hoe
Wood ? o

Qu. 10, Is not flame a 1’:2})0111‘5 fume or “exhﬁm@%mg
heated red hot, that is, 1o hot as to{hine? For Be:lies
do not Hame without umtuna a copious fume, and thi-
fume burns in the flame.  The Lomas Faryus isa vapour
fhining without heat, and is there not the fame diffc-
rence between this wpom and flame, as between rot-
ten Wood thining without heat and bumma Coals ot
fire? In diftilling hot Spirits, if the head of the {till %
taken off, the Vaﬂour which afcends out of the Still wi
take fire 11: the ﬂame of a Candle, and turn into ﬂu@”mm
and the flame will run along the vapour from the Candle
to the Still.  Some Bodies heated by ‘motion or fernicn-
tation, if the heat grow intenfe fume copioufly, and it
the heat be great enough the fumes will fhine and be-

come flame. Metals in fufion do not Hame for want of

a copious fume, except Spelter which fumes copioully,
and thereby flames. All flaming Bodies, as Oyl, Tal-
fow, Wax, Wood , foffil Coals, Pitch, Sulphur, by
ﬁan‘nng watte and vanith into bummg 1moke which
fmoke, if the flame be put out, 1s very thick and vilible,
and fometimes fmells i’cmngly, but 1n the flame lofes
its {mell by burning, and according to tlie nature of the
{inoke the flame is of {everal Colours, as that of Sul-
phur blue, that of Copper opened with Sublimate
gicen, that of Tallow yellow. Smoke paffing through
Hame cannot but srow red hot, and red hot {moke cun
have no other appearance than that of flame.

Qu. 11,
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- @4 11. Do not great Bodies conferve their heat the
jongeft, their parts ;heatmg_ one another, and may not
great denfe and fix'd Bodies, when heated beyond a
certain degree, emit L1ght fo copioufly, as by the emif-
fon and realtion of its Light, and the reflexions and re-
fralions of 1ts rays. within its pores to grow {till 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 Farths vehemently hot, whofe heat is conferved
by the greatnels of the Bodies, and the mutual a&ion
and reattion between them, and the Light which they
emit, and whole partsare kept from fuming away, not
only by -their fixity, but allo by the vaft weight and
denfity -of the Atmofpheres incumbent upon them, and
very ftrongly compreffing them, and condenfing the va-
oﬁrs and exhalations which arife from them?

9. 12.- Do not the rays of Light in falling upon the
bottom  of ‘the Eye -excite vibrations in the T unica res
e 2 Which vibrations, being propagated along the
{olid - fibres ‘of the optick Nerves into the Braimn, 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 laftifig mature, -and ‘therefore may be propagated:
“along folid fibres of uniform denfe matter to a great di-
“fance, ‘for cenveying into the Brain the impreffions.
imade tipon’ 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 maymnot be reflefted, refratted, interrupted -or:
“difordered by any unevennefsof the Body.. -+ =

Ry 13
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S, 12, Donot feveral fort of rays malke vibrations
of feveral bignefles, which according to their bignefies
excite tenfations of feveral Colours, much after the
manner that the vibrations of the Air, according to their
feveral bignefles excite fenfutions of feveral founds 2
And particularly do not the moft refrangible rays ex-
cite the thorteft vibrations for making a {enfation. of
deep violet, the leaft refrangible the largelt for making
a fentation of deep red, and the feveral intermediate
forts of rays, vibrations of feveral intermediate bignef-
(s to make fenlations of the feveral intermediate Co-
louvs? o

Qu.14. May not the harmony and difcord of Co-
lours arife from the proportions of the vibrations propa-
oated through the ibres 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. Arenot the Species of Objetts feen with both
Eyes united where the optick Nerves meet before
they come into the Brain, the fibres on the right fide
of both Nerves uniting there, and after univn going
thence into the Brain in the Nerve which is on the
vight fide of the Head, and the fibres on the left fide
of Loth Nerves uniting in the fame place, and after
union going into the Brain 1n the Nerve which 1s on
the left tide of the Head, und thefe two Nerves meet-
ing in the Brain in fuch o manner that their fibres
make but one entire Species or Picture, halt ot which
on the right fide of the Scoforium comes from the
right fide of both Eyes through the right I’id{: (Jl‘f

otn



| N 137 ]

hoth optick Nerves to the plice where the Nerves
meet, and | Tom thence on the wfht fide of the Hccl(ﬁ
1nto tlu, Brain, and the other half on the left fide of the
gepforium comes 1 like manner trom the left fide of
both Eyus. For the npt ck Nulxns of (uch Animals gs
look the fime way with both Eyes (as of Meh, Dogs,
-bheep, Oxen, & ,,,) meet betore they come mto thc
Brain, bm 111:3 optick Nerves oi fuch Animals as do
ot look the fame way with both | ycs (us of Fithes and
of the € h,.um:mn) do not meet, iU 1 am rightly in-
formed.

Q. 16, When o Man i the dark prefles either cor-
ner ot his Eye with his P inger, and turns his Kye away
~ from his lﬁmim.} he will fee a Circle of Colours like
thofe 1n the Feather ot Peacock’s Fatl 2 Do not thele
“Colours arile from fuch mot’imm excited in the bottom
of the Eyu by the preflure of the Finger,y as at other
times are excited there by Light for muhnw Vifion? And
when u Man by a ttroke upon lus liye fces 0 Flalh of
Ll&llt‘ are not the Hke Motions exated in the Retine
| by he ftroke®
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TERTII ORDINIS.




e Geometrice fecundum numerum dimen-
-1, fionum equationis qua relatio inter Ordinatas
% Abfciffas definitur, vel (quod perinde eft) fecun.
dum numerum punctorum in quibus a linea reta
fecari poffunt, optime diftinguuntur in Ordines.
Qua ratione linea primi Ordinis erit Recta fola, ex
fecundi five quadratici ordinis erunt {ectiones Conice
. & Circulus, & ez tertii five cubici Ordinis Parabela
* Cubica, Parabola Neiliana, Ciffois veterum & reli-
qua quas hic enumerare fufcepimus. Curva autem
primi generis, (fiquidem refta inter Curvas non eft
numeranda) eadem éft cum Linea fecundi Ordinis,
& Curva fecundi generis eadem cum Linea Ordinis
tertii. Et Linea Ordinis infinitefimi ea eft quam
 reta in punctis infinitis fecare poteft, qualis eft Spi-
~ nalis, Cyclois, Quadratrix & linea omnis que per
radii vel rotz revolutiones infinitas generatur,

0 Tt e - Seftionum

i. |
Lineayum Ore

dines,
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Pmpwg;mjse‘_ Seftionum Conicarum proprietates pracipuz a
Gio e > Geometris paflim traduntur.. Et confimiles funt pro-
Fims competunt prietates qu*varu m_fecundi gener.is & reliquarum, ut
conrnm - ex fequenti proprictatum praecipuartn enumera-

tione conftabit.
1L Nam fi refte plures parallete & ad conicam fe-
rarun Je Etionem utring; terminate ducantur, re€ta duas ea-
dinaré. Dieme- TUM bifecans bifecabit alias omnes;ideoq; dicitur Dra
iy PerticenConr gaeter figure & refte bifecte dicantur Ordinatim ap-
T plicatee ad Diametrum, & concurfus omnium Dia-
metrorum eft Centrum hgure, & interfectio Carve &

diametri Pertex nominatur, & diameter illa A

eft cui ordinatim applicate infiftunt ad angulos re-

&os.  Etad cundem medum in Curvis fecundi ge-

neris, {i rete due quévis parallele ducantur occur-

rentes Curvea in tribus punctis : reta que ita fecat
has parallelas ut fumma duarum partium ex uno fe-
cantis latere ad curvam terminatarum squetur parti
tertiz ex altero lateread curvam terminate, eodem
" modo fecabit omnes alias his parallelas curveeq; in
tribus punétis occurrentes rectas, hoc eft, ita ut {um-
ma partium duarum ex uno ipfuus latere {femper
sequetur parti tertie ex altero latere. Hasitaq; tres
partes que hinc inde equantur, Ordeatim appli-
catas & reftam fecantem cui ordinatim applicantur

Diametrum & interfeCionem diametri & curve Veg-.

sicem & concurfum duarum diametrorum Centrums

nominare licet. Diameter autem ad Ordinatas re-

&angula fi modo aliqua fit, etiam s dict poteft,

& ubt omnes diametri 1n eodem pundto concurrunt.

itud erit Centram generaie. | -

Hypers-
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Hyperboky primi generis duas A fymproios, ca fe-

cundi tres,ea tertit quataor & non plures habere po-
linca cujuivis recte inter Hyperbolam Conicam &
dus cjus Alymprotos funt hinc inde equales @ fic in
H’ypurhtﬂia hz'gumii aeneris 1 ducatur l'e&aﬁmvig
fecans tam CUTVam quam tres cjus Afymplotos in
gribus punclis, tumma duarum p:artiuni 1tius reéta
qua duobus quibutvis Afymyptotis in candem pla-
partt tortie Guat a tertid Af ymptoto 1m plagam con-
erariam dd tertivm Curve punttum extenditur.

It t.{us:l:mu}n'acgudum in Conicts feétionibus non Pa-
wabolicis quadritiim Ordinatim applicatz, hoc eft
refrangulum Ovdinatarum qua ad contrarias par-
ros Diametri ducuntur, oft ad reCangulum partim
Diametri que ad Vertices Bllipleos vel Hyperbola:
terminantur,ut dati quidam linea que dicitnr Loatus
redfunt, ad partemd wmetyi qua inter Vertices jaget
& dicitur Latus traifeerfwn - ficin Curvis non Para-

bolicis fecundi geners Parallelepipedum {ub tribus.

Ordinatimapplicatis citad Parallelepipedum fubpar-
ethus Diametrt ad Ordinatas & tres Vertices figureab-
fciffis, in raticne quadum data: in qua rattone fi fu-

mantur tres rectead tres partes diametrt inter ver--

tices figure fitas fingulead fingulas, tunc ille- tres-
refte dici poffunt Latera redla hgure, & ille partes.
Digmetri inter Vertices Latera fram[verfa. E’g ficut:
in Purabola Conica que ad unam & eandem diame-
rum unicwm tantum habet Verticem _ :
fub Ordinatis aquatur rettangulo fub parte Diametrs,

- - y v o el . plta.
quie ad Ordinatas & Vertieem abicinditur & reéta:
,. quadam.

, reCtangulum:

IV ,
Afymptoti &

_ T DU S S earuns . firoprietd-
l'{fi)[», & e I-H H.!l(ll,llb. bt qw:m:ldumdum pll'l‘tCS_ﬂ{g.r,“" '

agam ad duo puncte Curvee extenduntur eeqx{talis erit -

V.

Lateya refFa

V-tranfverfa.
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quadam duta que Latus reGtum dicitur,fic in Curvis
fecundi generis que non nifi duos habent Vertices ad
sandem Diametrum, Parallelepipedum {ubOrdinatis
tribus equatur Parallelepipedo {ub duabus partibus
Diametri ad Ordinatas & Vertices illos duos abfciffis,
& rectu quadam data que proinde Latus reclum
dic1 poteft.
VL Deniq; ficut in Conicis fectionibus ubi duz paral-
Ratio comteriton g v o0 L1 0 . o

nrvam 1itrinag: rerminate {‘P(‘ﬂﬂf"l‘ft' q Aﬁ]qg
iy Y g e I let AL Sl Velidr Lbbd J..I.J.\.i) corianidiee 1eCAlltuul &4 Gila
v fub Pivalle-

:
.
§
)
,

kA
.

L3 L]

s fegmentiv. bus parallelis ad Curvam utring; terminatis, prima

| a tertia & fecunda a quarta, reCtangulum partium
prima eft ad reftangulum partium tertie ut rectan-
sulum partium fecunde ad reCtangulum partium
quartz: fic ubi quatuor tales rec¢tz occurrunt Curve
{ecundi generis fingule in tribus punttis, parallele-
pipedum partium prima recte erit ad parallelepide-
dum partium tertiz, ut parallelepipedum partium
fecunde ad parallelepipedum partium quartz.

VIL Curvarum fecundi & fuperiorum generum zque
s FOP atqs primi crura omnia in infinitum progredientia
licacs eorwn gla- vel Hyperbolier funt generis vel Paradolics. Crus Hy-
pevbolicum voco quod ad Afymptoton aliquam in in-

finitum appropinquat, Farasolicum quod Alymptoto
deftituitur. Hac crura ex tangentibus optime dig-
nofcuntur. Nam fi punétum contattus in infinitum
abeat tangens cruris Hyperbolici cum Afymptoto
coincidet & tangens crurts Parabolici in infinitum
recedet, evanefeet & nullibt repertetur.  Invenitur
igitur Afymptotos cruris cujufvis querendo tangen-
cem cruris illius ad punétum inhnite diftans.  Plaga
autem crurts infiniti invenitur querendo pofitionem
recte cujufvis que tangenti parallela eft ubi pun-
- ctum
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~gum contattus i infinitum abit.  Nam hec reéta

in eandem plagam cum crare infinito dirigitur, |
Linca omnes Ovdinis primi, tertii, quinti, fep-  vi

gimi & imparis cujule; duo habent ad minimum  Sedutio G-

o IR U, VATUm 0myiun

crura in mhnitum verlus plagas oppofitas progre- gererss focund; ad

dientia.  Frlince omnes tertit Oxdinis duo “habent “#ationum cafus

ejufmodi crura in pligas oppofitas progredientia in rimus. e

quas ‘nulla aha carum crura infinita (preterquam

in Parabola Cartetiana ) tendunt. St crura illa

fint Hyperbolic generis ) fitG AS eorum Alymp-

totos & huic parallela agatur refta quevis CBRec

ad Curvan utrinque (I fieri potelt ) terminata

cademe); biftcetur in puntto X, & locus-punéti il Fg. 1.,

lius X crit Elyperbola Conica (jputa X @) cujus

una Afymyptotos cft AS, 5it cjus altera Afymp-

totos A B, & mquatio qua relatio inter Ordinatam

BC & Ahfciflam AB dehnitur, 1 AB dicatur x &

BC y,femper induet hane formam xyy +-ey=ax’

bxx--cx-d.  Ubs termini e, 4, by ¢, d, defig-

nant quantitates datas cam fignis fuis - & ~ affe-

3 . ] . X
ﬁ}%aﬂ GETTRATIIEYY BT 14'“;*1 i‘m«fif" fh-w‘ﬂlﬂf -1\nﬂ11nf‘ m n('] 0 A 91riim
V.&d‘l!ﬂ\)‘\h‘t LARA L A b bR % LadbAcd A bt wile Mh bbb AW LI AS BV LA SR AT R RS Wl WA A

defeCtu figura in feétionem conicam non vertatur,
Poteft autem Hyberbola illa Conica cum afympto-

tis fuis coincidere ) id eft puné¢tum X in recta AB-
locari: & tunc terminus-|- ¢y deeft.

At fi reéta 1lla CBe non poteftutring; ad Curvam
terminari {cd Curve in unico tantum punéto occur- . - 1%
#it 1age quamvyis pofitione dutamrectam A Bafymp- ™
toto A 8 occurrentem in A, ut & alium quamvis BC.
afymptoto illi parallelam Gurveque occurrentem
punéto C, & mquatio qua relatio inter Ordinatam

Fal # 1% l"!! Ny
CHAGHa

BC
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BO X Abftidam AB definitur, {emper induet lanc
formam xy=ax’--bx x-ex--d.

Cuod fi crura illa oppofita Parabolici fint generis,
recta CB cad Curvam utrinque, fi fiert poteft, ter-
mninata in plagam crurum ducatur & bifecetur in B,
& locus puntti B erit linea refta.  Sit ifta A B, ter-
minata ad datum quodvis punétum A, & ®quatio
qua relatio inter Ordinatam BC & Abfciffam AB
detinitur, femper induet hanc formam, yy=ax?®
-Fbhxx4+cx--d. _

At vero fi re&a illa CB cin unico tantum puncto
occurrat Curve, ideoq; ad Curvam utring; terminari

non poffit : fit pun€tumillud C, & incidat reta illa

ad punétum B in reCtam quamvis aliam pofitione
datam & ad datum quodvis punétum A terminatam
A B: & =quatio qua relatio inter Ordinatam BC &
Abfciffam AC definitur femper mduet hanc formam,
y=axibxx-4-cx+d. | e

Enumerando curvas horum cafuum, Hyperbolam
vocabimus enfcripram que tota jacet in Alymptoton
angulo ad inftar Hyperbole conicz, curcumferiptam
quz Afymptotos fecat & partes abfciflas in finu {uo
ampleétitur, amébigenam que uno crure infnito in-
fcribitur & altero circumicribitur, convergentem
cujus crura concavitate fua {einvicem refpiciunt &
in plagam eandem diriguntur,divergentem Cujus crura
convexitate {ua feinvicem recipiunt & in plagas con-
trarias diriguntur, craribus contyarus preditam cujus
crura in partes contrarias convexa funt & in plagas
contrarias infinita, Conchoidalemn qua vertice concavo
& cruribus divergentibus ad afymptoton applicatur,
wnguineam quz flexibus contrariis afymptoton fecat

&
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& utring; in crura contra ria producitur, cruciformem
quz conjugatum decullat, sdatam que feipfam de-
cuffat in orbem redeundo, eufpidatam cujus partes
dug in angulo contactus concurrunt & ibi terminan-
tur, fum"iam'm qua conjugatam habet Ovalem infi-
pite parvim id eft pund‘cump & puram que per im-
poﬁibilitatm; duarum radicum Ovali, Nodo, Cuf-
ide & Punéto conjugato privatur.  Hodem fenfu
Parabolam quoy; convergentem, divergentem, cruri-
bus contyareis p:‘.,z.;uiitu,‘m,, cructformem, nodatan, cuf-
pidutam, puiclatam & puran nominabimus.

In cafu primo i terminus ax3 afhrmativus eft Fi- 5 XI”I[; ,
gura erit Hypurbola triplex cum fex cruribus Hy- el 6
perbolicis quat justa tres Afymptotos quarum nulle ejus tribus A-
funt parallele in infinitum progrediuntar,bine juxta P
unamquamg; in plagas contrarias.  Et he Afymp-
toti i terminus bxx non deelt e mutuo {ecabunt
in tribus punétis triangulum (Dd») inter fe con-
tinentes, fin terminus bxx deeft convergent omnes
ad idem punétum. In priori cafu cape AD=.

2, & Ad=Ac o, ac junge Dd, Doy & erunt
AD, Dd, Datres Alymptoti.  In pofteriori duc
ordinatam quamvis BC, & in ea utring; producta
ggpe hine mnde BEF & Bffibi mutuo xquales &
in ea ratione ad A B quam habet //d ad a, jungeq;
AR, Af, & crunt AB, AF, Af tres Alympoti.
Hanc autem  Hyperbolam vocamus redundantem
-~ quiz numero crurum Hyperbolicorum Sectiones Co-
nicas fuperat, |
~In Hyperbola omni redundante fi neq; ternunus .De)%;; -
ey defit neq; fit bb - 4 czquale $aes/a curva nul- perbols diamety
lam hubebit diametrum, fin corum alterutrum ac- 2750 P
Uu cidat
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cidat curva habebit unicam diametrum, & tres {1
utrumque.  Diameter autem {emper tranfit per in-
terfeétionem duarum Afymptoton & bifecat rectas
omnes qua ad Afymptotos illas utring; terminantur
& parallele {unt & Afymptoto tertie. Eftq; abfcifla
A B diameter Figure quoties terminus ey deeft.
Diametrum vero abfolute diftam hic & m{equen-
tibus in vulgari figniticatu ufurpo, nempe pro ab-
fcifla que paflim habet ordinatas binas xquales ad

| idem punétum hinc inde infiftentes. |
XV Si Hyperbola redundans nullam habet diametrum
Hyperbole no- . LI : 4 3 -
vem redmndanres QUETantur Aquationis hujus ax*-+-bx*-cxx-4-dx
gus dimmetro de- -1 =0 radices quatuor {eu valores ipfius x. Ewe

fitnuntuy @& tres D . 1 o RNETI
babent Afympton funto AP, A=, A=, Ap. Erigantur ordinate

t0s triangilum PT, WT 9 w"f) P t, & he tangent Curvam 1n PUH&iS

capientes, revtidem T 7 ¢+ &
* AW IR AN YA _I.i) ']') ? L? L, N

v per quos {pecies ejus innotefcet.

Fig. 1,2, Nam fi radices omnes AP, A=, Ar, Ap funt
reales, ejufdem figni & inequales, Curva conftat ex
tribus Hyperbolis, (inferipta circumferipta & am-
bigena ) cwm Ouvali.  Hyperbolarum una jacet ver-
{us D, altera verfus d, tertia verfus ¢, & Ovalis
{emper jacet intra triangulam Dd ¢, atq; etiam 1in-
ter medios limites 7& -, in quibus utiq; tangitur
ab ordinatis #7& =r. Et hec eft {pecies prima.

Fig. 3, 4 Si e radicibus due maxime A, A p, vel duz mi-
nime AP, A= gquantur inter fe, & ejuldem funt
figni cum alteris duobus, Ovalis & Hyperbola cir-
cumfcripta fibi inxicem junguntur coeuntibus earum
punétis conta@us? & t vel T & r, & crura Hyper-
bole fefe decuffando in Ovalem continuantur, hgu-

ram nodatam efficientia. Quee fpecies eft fecunda.
Si

incendo dabunt limites Cug-

ELLA;"’ —Zava
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g e radicibus tres maximsa A{}, Amy, Awy vel tres gy s, 6
pinime A ™ A @ AP equentur inter {e, Nodus in
cufpidenm acutiffimum convertetur. Nam crura duo
Hyperbolae circumicripte 1by in angulo contaltus
concurrent & non ultra producentur.  Et hec eft
fpecies tertia y -
§j e radicibus duz mediaz A= & A= equentur in- Fz. 7.
ter fe, punéta contaltus + & 7 coincidunt, & propte-
rea Ovalis interjecta in punétum evanuit, & conftat
figura ex tribus Hyperbolis, infcripta, circumicripta
& ambigena cum punclo conjugato.  Que eft fpecies
quarta. o . ' ﬂ | -
Si duz ex radicibus funt impoffibiles & reliqua Fig- 7,8,13,14-
duze inzquales & ejufdem figni '%)nam figna contraria
habere nequeunt,) pur«e habebuntur Hyperbole tres
fine Ovali vel Nodo vel cufpide vel punéto conju-
gato, & he Hyperbole vel ad latera trianguli ab
Afymptotis comprehenfi vel ad angulos ejus jacebunt
& perinde {peciem vel quintam vel {extam confti-
tuent,
~ Si e radicibus duee {untzquales & altere duwz F. s,10,14,16.
vel impofiibiles funt vel reales cum fignis que a fig- :
nis equalium radicum diverfa {unt, figura crucifor-
s habebitur, nempe duz ex Hyperbolis feinvicem
_decuflabunt idq; vel ‘ad verticem trianguli ab A-
{ymptotis comprehenfi, vel.ad ejus balem. Que
due {pecies funt feptima & oftava.
- -Stdeniq; radices omnes funt impoflibiles vel fi Fig. 11,12
- omnes funt reales & inequales & earum dug funt .
affitmative-& altere duz negativee, tunc-duge habe-
 buntor-Hyperbole -ad angulos oppofitos 'duarum
o Uu 2 Afymp-
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A{ymptotun CULT] Hypubold anguiney circa Af {ymp-
toton tertium.  Quee tpectes oft ) no.,
Bt hifunt omnes radicum cafus pnm iies,  Nam
{1 duwe radices funt &qualm mter fo, & ahiwe due funt
etiam inter {e equales, Figura cvddu octtio Conieg
cum linca recta.

¥ V1. St Hyperbola redundans hubet unicam tantum
”}[h[’““ elun- Dumetrum it (_}UH Diamuter Ablcifla A B, & L Ud-

deciom voduidioi-

150 WG e tionis llL[JU‘w d X \ bhxx- \ A \ d=0 (Jure tres ra-
tie Diametio, dILLH iCU le()l s X.
Figo1y, Si radices ille funt omnes reales & cjufdem figni,

Figura conftabit ex Qwale intra tr tangulum Dd o ja-
cente & tribus Hyperbolis ad dncmlm cjus, nempe
circumicripta Jd angulum [ & 1111(.11pt1s ‘duabus ad
;111{711\ng do&, |~*1 luee eft 11’)1 cres decin.

Fig. 18, Storadices dum ML jOres (unt e quales & tertia ejud-
dem figniy crura Hypmbola: jaeentis verfus 1D tcic
decuffabunt in forma Nod: propter contattum Ova-
lis. Que {pecies elt undecuma,

Fig. 19. St tres I.d(llL(.‘H funt wquales, Hyperbolu ifta fit
m/pzdwm fine Ovali. Que {pecies et duodecima.
Fig. 20, o1 radices duwe minores lunt equales & tertia ejuf-

dem figni, Ovalis in panclum evanuit. Quee fpecies
eft decima tertia.  In {pecicbus quatuor noviflumis
Hyperbola qua jacet verfus D Afymptotos in finu
fuo amplectitur, reliqua duxe in fing Atymptotdn

Jtlk LIlt .‘ ;
j‘?ﬁf‘- 20, b1 due ex radiaibus funt impofhibilesh abebuntur tres
e : Hy wrbole puree ine Ovali decuflatione vel aullndu.
£, 23. it hmm cafus fpectes funt quatuor, nempe decima

quarta fi Hyperbola circumtcripta jacet verlus D &
decima
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decima quinta fi Hyperbola inferipta jacet verfus D,
decima fexta i Hyperbola circumferipta jacet {ub
bafi d¢ trianguli Dd 4y & decima feptima fi Hyper-
hola inferipta jacet fub eadem bafi.
Gi duee radices ﬁmt equales & tertia figni diverfi Fig. 24
figura_erit cructformis. Nempe dux ex tribus Hy- "¢ *%
erbolis feinvicem decuflabunt idg; vel ad verticem
trianguli ab Afymptotis comprehenfi vel ad ejus ba-
fem. Quz dus {pecies funt decima oftava & decima
nond. |
Si due radices funt inequales & ejufdem figni &
tertia eft figni diverfi, dux habebuntur Hyperbola
in oppofitis angulis duarum afymptotén cam Con-
choidali intermedia.  Conchoidalis autem vel jace- Fig-27.
. - . . g _ Fig. 26.
bit ad eafdem partes afymptoti fux cum triangulo”™*
ab afymptotis conftituto, vel ad partes contrarias ;
& hi duo cafus conftituunt {peciem vigefimam & vi-
- gefimam primam. ‘ |
Hvperbola redundans que habet tres diametros , XVIL
: VoA . . . LIyperbold dus
_conftat ex tribus Hyperbolis in finubus afymptotén redundanes cum
jacentibus, idq; vel ad angulos trianguli ab afympto- 77 Diametris.
‘tis comprehenfi vel ad ejus latera. Cafus prior dat 7. 5.
{peciem vigefimam fecundam,& pofterior {peciem vi-
- gefimam tertiam. |
Si tres afymptoti in punéto communi fe mutuo  XVIIL
decuflant, vertuntur fpecies quinta & fexta in vige- o yperbole mo-
fimam quartam , feptima & oftava in vigefimam cum Afymptoris
quintam, & nona in vigefimam f{extam ubi Anguinea j;’b;‘; oo
- non tranfit per concurfum atymptoton, & in vigeli vergensibus,
‘mam {eptimam ubi tranfit per concurfum illum, quo £¢: 30
- cafu termini b ac d defunt, & concurfus afympto- 7. 5,
ton eft centrum figure ab omnibus ejus partibus . 33:
R | oppofitis
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oppofitis xqualiter diftans.  Et b quatuor {pecivs
Diametrum non habent.

Vertuntur etiam {pecies decima quarta ac decini
{oxta in vigefimam oltavam, decima quinta ac dv-
cima feptima in vigefimam nonam, decima octay.
& decima nona in tricefimam, & vigefima cum vige-
fima prima in tricefmam primam.  Et ha {pectes
unicam habent diametrum.

Ac deniq; {pecies vigefima {ecunda & vigehur:
fertia vertuntur in fpeciem tricefimam fecundam cu
jus tres {unt Diametrs per concurfum afymptoton
rranfeuntes.  Qua omnes; converfiones facillime 1n-
telliguntur faciendo ut triangulum ab afymptoti-
comprehenfum diminuatur donec in punftum cva-
nefcat.

Siin primo ®quationum cafu terminus ax’ ne-
aativus eft, Figuraerit Hyberbola defectiva unicamn:
habens afymptoton & duo tantum crura Hyperbo-
lica juxta afymptoton illam in plagas contrarias in-
finite progredientia, Et afymptotos illa eft Ordi-
nata prima & principalis AG.  Si terminus ey non
deeit figura nullam habebit Diametrum, fideeft hu-
bebit unicam. In priori cafu fpecies fic enume-
rantur. '

Si equationis hujus ax*=bx+cxx-dxiieq,
radices omnes A x, AP, Ap, Aw, funt reales & in-
cequales, Figura erit Hyperbola anguinea afympto-

ton flexu contrario amplexa, cum CGvalz conjugata.

Que {pecies eft tricefima tertia.
Si radices due mediz AP & Ap wequentur inter
fe, Ovalis & Anguinea junguntur {efe decuflantes

n-forma Nodr, Que eft {pecies tricefima quarty.

o
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Si tres radices ﬁiﬁ.{f equales, INOQUS verfetur in i 41.
cufpidens acutifliimum in vertice anguinez. Bt heac
eft {pecies tricesima quinta,

Si e tribus radicibus ejufdem figni due maxime ¥z 43.
Ap & A= fibi mutuo equantur, Ovalis in pundum
evanuit. Que {pecies eft tricefima fexta. |
- Si- radices due quavis imaginarie funt, {ola ma-
nebit Anguinea pura fine Ovali, decuffatione, cuf-
pide vel puntto conjugato. Si Anguinea illa non Fg. 42 .
tranfit per punétum A f{pecies eft tricefima feptima,
fin tranfit per puntum illud A (id quod contingit Fig. 43..
ubi termint b ac d defunt,) punétum illud A erit
centrum figure reftas omnes per ipfum duftas &
ad Curvam utring; terminatas bifecans. Et hac
ft fpecies tricefima oftava. o
In altero cafu ubi terminus ey, deeft & propterea %X

fioura Diametrum habet, fi equationis hujus axs Drerbols fop- -
9. 4 - J! ~tem defeltiva,di-

”-‘——“bXX”i"CX-er l‘adiCeS omnes AL, A t; A, fUﬁf ametrum bhaben-
reales, inzquales-& ejufdem figni, figura erit Hyper- %
bola Conchotdalis cum Owalz ad convexitatem, Que Hig-as-
eft {pecies tricefima nona. o |

- Si duz radices funt inequales & ejufdem figni & Fig: 44.
tertia eft figni contrarii, Owvals jacebit ad concavi-
tatem Conchoidalis. Eftq; fpecies quadragefima.

- 8iradices duz minores AT, At, funt =quales Fg. 46."
&tertia A~ eft ejufdem figni, Ovalis & Conthoi-
~dalis jungentur {efe decuffando in modum. Node.
Que {pecies eft quadragefima prima. N
S1 tres radices funt quales; Nodusmutabitur in .37 -

 Cufpidem & figura erit Coffoss Veterum, Bt hac eft

14",

fpecies quadragefima fecunda, -

Si
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Tig. 49 Si radices due majores funt @quales, & tertia efd
sjuldem figni,Conchoidalis habebit pundfum conju-
gatum ad r:.onvex:.taterrl fuam, eftq; fpecies quadra-
oefuna tertia.

Fig 40,  Si radices due funt equales & tertia eft {igni con-
trarii Conchoidalis habebit pundum conjugatum
ad concavitatem {uam, eftq; {pecics quadragefime
quarta.

Fig. 48,49 Si radices duz {unt impoflibiles habebitur Con-

choidalis pure fine Ovali , Nodo, Cuipide vel
pun&to conjugato. Que {pecies eft quadragefima
quinta.

XXIL Siquando in primo @quationum cafu terminus a x3
mf‘{)’ﬁj;%flfﬁ deeft & terminus bxx non deeft, Figura erit Hy-
Diamerrum non perbola Parabolica duo habens crura Hyperbolica ad
haberres. unam Alymptoton SAG & duo Parabolica in pla-

gumnl umam & eandem convergentia. Si terminus
ey nou deeft figura nullam habebit diametrum, {in
deeft habebit unicam. In priori cafu fpecies funt
ha.

Fig. 505 Si tres radices AP, Aw, Ar ®quationis hujus
bxi+cex 4 dx-!ee=o funt inequales & ejufdem
figni, figura conftabit ex Ovalz & aliis duabus Curvis
que partim Hyperbolice {unt & partim Parabolice.
Nempe crura Parabolica continuo duttu junguntur
cruribus Hyperbolicis {ibi proximis. Et hzc eft
fpecies quadregefima fexta. o o

Fig, 51, Si radices duz minores funt equales X tertia et
ejufdem figni, Ovalis & una Curvarum illarum
Hyperbolo-Parabolicarum junguntur & {e decuflant
in formam Nodi. Que ipecies eft quadragefima
feptima. ,

51
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Si tres radices funt equales, Nodus. ille in Cuf- #g. ss.

pidem vertitur, bitg; pu:u. quadragefima oftava.

Si radices dure majores funt a jualua & tertia eft Fig. 53,

«ejuff.{cll‘l 11%17 ()MIM mn ]wm[mn conjugatum cvi-
quit.  Que pcuw elt quadrageima nona.

Qi duwe radices funt unmihbliuﬁ manebunt par.e
il due curvie Hyy mlmio« arabolice  fine Ovah
decuffatione, cu p;dc vl pumﬂc) conjugato, & lqu
clem qmm;uw;hnmm conftituent.

§i radices dug funtwquales & tertia eft figni con-

trarii, Curvee ihe hylmlmluwp11Jh011(¢ 1unuu;mu-
{efe le.,,mﬁ.ulaiw e morem cructs. Kitg; {puucs quin-

qu%c!um pPrimiL.

C QY e inwhm’f 11104
o FdGUCs G

L hmrt.wl-.,,m Gl it X
tertia ﬁ:[Hﬂm contrarii, hgara cvadet Ll pcxbum
AngUIneL cires Aiwmpmtcm A(:, cum Parabola con-
jugata. e hae oft {pecies quinquagehma fecunda,

[n altero cafu ubi terminus ¢y deelt & figura
Diametrum habet, 1 due radices aquationis hLlJU‘-‘i
bxx-cx--d- o funt umpm (fibiles, duw habentur
figurze hy’pt: rbolo- Imabu ice a Diametro A B hinc
inde equaliter dittantes. Qe fpecies eft quingua-
gefima tertia.

Si wquationis illius radices dure funt impoffibiles,
Figura hyperbol o-purabolice junguntur feie de-
cuffantes in morem cruels, & fpeciem quinguagei-
‘mam quartam confituunt.

Si radices ithx funt inwquales & cjufdem figni, ha-

betur Hy 1;t¢;~£bu 4 Conchotdalis cum Hmlmla X

eodem latore Atymptoti,  Elg; fpecies quinguage-

\ ﬂ'm quinti.

&
e 5

—

193,54

g 55,

- Fir. g6

XXIIL
Iyperbole qua-
trnoy Pavabolics
Diametruns Da-
CHtes.

Fig. §74

I“] S(}e

Fig 80,
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1“\ ?&Hl
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Si radices ille funt figni contrarii, habetur Con-
choidalis cum Parabola dd alteras ptutu Afymptoti,
();m: fpecies eft quinguagetima fuxta.

., - ST HeR Ry 11 V11131 111 FeriinT e
L\:}ikillklllki‘.} ill illlll UF t. kl Aivaiitl waadits WAL LIIluUS
uterg; a x? K bxx duﬂ, figura erit Hypurbuhlmu«.
1L’uloma dllLU]LIH Conic. }{yl“‘u.‘i'lx)”}}iii}i{iili ii;_,‘um,

voco cujus Ordinata proditapplicando contentum fub
Ordinata figure illius & recta data ad Abfeiflam com.
munem.  Hae ratione linca recta vertitur in hyper-
bolam Conicam, & fectio omnis Conica vertitur in
ahquam figurarum quas hic Hyperbolitmos {eltio-
num Lonmuum voco.  Nam wxquatio ad figuras
de quibus agimus, nempe xyy-pey ox|od; feu
g etiee -~~-4~le o4 oXX o generatur appli-

dndw gc)nmltum i'ul‘a Ordinata fectionts Conier

T e e

¢k e D dx g ox x & rectadata moad curvarum

O

o

ﬂ )Iuﬂam communcm x. - Unde liquet quod tigura
genita prutamnmm Crit Il\,I)L‘ll‘)()J v, [ IIII}[L()"« vel
Parabole perinde ur terminus ¢x al Gemativus ot
vel uugganvu% vel nultus.

Hyperbolifmus Hyperbole tres habet afymptotos
quarum una ¢t Ordinata prima & principalis Ad,
altere due funt parallele Abfciflie AB X ab cadem
hinc inde equaliter diftant. In Ordinata punuldh
Adcape Ad, A7 h1m inde e pulua quantitit /e
& per puntta doae magedyp, v Alymptotos Ab-
{afle A %i parallelus,

Ubi terminus ey non deeft figura nullam ha-
bet diametrum. In hoce cafu f mquatmma hojus

cxx | dx-liees o radices due AP, A pfunt reales
&
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& inzquales (nam zquales effe nequeunt nifi hgura Fi. 61

fit Conica fe€tio) figura conftabit ex tribus Hyper-
bolis fibi oppofitis quarum una jacet inter alymp-
totos parallelas & altere duz jacent extra. Et hzc
eft {pecies quinquagefima {eptima.
S1 radices ille due {unt impoflibiles,habentur Hy-
perbolz duz oppofitz extra afymptotos parallelas &
Anguinea hyperbolica intra eafdem. Hzec figura

duarum eft fpecierum. Nam centrum non habet Fig. 623
. = - 4 - oy - - oy - o - — .‘.‘;rr'n 6’)]
uby terminus ¢ non deeft ; {ed fi terminus ille deeft™=" "=

punctum A eft ejus centrum. Prior fpecieseft quin-
quagefima oltava, pofterior quinquagefima nond.

Quod fi terminus ey deeft, figura conftabit ex Fi. 64

tribus hyperbolis oppofitis quarum una jacet nter
afymptotos parallelas & alterz duz jacent extra ut
in fpecie quinquagefima quarta, & preterea dizme-
trum habet que eft abfcifla AB. Et hzc eft {pecies
{exagefima. | - .

Hyperbolifmus Ellipfeos per hane zquationem de-

finitur xyy--ey=cx-d, & unicam habet afymp-
- toton que eft Ordinata principalis Ad. 81 terminus
ey non deeft, figura eft Hyperbola anguinea fine dia-
~ metro atq; etiam fine centro {1 termirius d non deeft.
- Quz {peetes eft {exagefima prima.

(At fi terminus d deeft; figura habet centrum fine
diametro & centrum ejus eft puntum A. Species
vero eft fexagefuna fecunda. S
~ Et fitermimus ey deeft” & terminus d non deeft,
figura eft Conchoidalis ad afymptoton A G, habetq;
diametrum fine centro, & diameter ejus eft Abfcifla
AB. Que fpecies eft fexagefima tertia.

| Xx 3 - Hyper-

KXIV.
Tres Fyperbolif=
mt Ellipfeos.
Fig. 65

Fig. 66\

Fig. 67,
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EEV. Hypmholnmm Para h(;l“" per hane wquationen
1/,,1;:1”}&/1 (’.lLlH‘]EI:{qu cyy ooy ody du;‘ua ]];llig"’?‘ afymptotos,
Abtciflam A B & Orvdin H AN prinm S principalem
AG.  Hyperbole vero i hae finuya funt duwe, non
n :lijymp oton anpulis oppolitis fod ansulis qui

Fig. 68, funt de mu}m jacentes, 1dq; ad utrumy; Litus ab.
i feiffie A B, & vel fine divmetro G terminus ¢y ha-
17, 6y, l)dlll,u:l cuim diametro o rernunus e deefts Que
: due fpectes funt fexagelima quurta & fosageting
“ quinti.
XXV In fecundo wquationum cafu habebatur wquatio
Tridens. xyanthbxxe) exod. ot fisura in hoe calu

Emhgt quatuor crura infinitw quorum duo funt hy-
P rbolica circa o yn‘apm on A G contr, Hl..lw Partes
tendentia & duo Pavabolica convergentin & cum
priovibus fpeciem Tridentis fore cornantia, Etg;

. o, haee Frgura Parabola il per quam Cartdius wqua-
tiones fvx dumenfionum confbruxit, oo efsitur
{pecies fexagefima fexta.
XXVIL In tertio cafu wquatio cratyy cux p bax | cox
”f"";’”‘_‘fi‘_‘;‘f’f‘i}z*;‘r”“ Fdy & Parabolum defignat cujus crura divergunt
FEEEEETE b invicem & in contrarias partes mhuite progre-
diuntur. Abfcifla A B et cjus diameter & fpecies cjus
funt quing; iu;uunm

Fi. 770,71 Staquationtsaxi-f bx® | ox- o radices om-
nes Ars AT A funt reales & inaquades Bgura oft
Puarabolu dnunum campantfornis cun "Ovali ud
verticen. bt i[ﬁLilLf‘s et fexapatma feptin,

Fig. 772 o radiees due funt equaldes, Parabola prodit vl

73 fzmi.:muummﬂwmlu()mlm vl /Wrzefun' cb Ovalem

tnfinite purvam. Qua d due Ipectes fuat tesagedima
octava & fexagcefuna non,
)|
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af tres radices funt equales Parabola erit cufpi- L.
date in vertice. Rt hes eft Parabola Neiliana que
vulgo iummlma dicitur.

51 radices duwe funt 1 np()ihln]w habetur Parabola £2. -3, 74
P CHTPL milormis {peciem feptuagcfiinam  primam

conftitucns.

in c}tmm cafu a:qu.-.ltc; crat y=ax -|-bhxx4-ex XXV
u,.\ d, & haecxquato Parabolam illam 1'1’/ el’fz/tmmm ]W.W‘j‘”"““h"“
defignat quee crura habet contrara & cubuca di- """

i folet. It fro {pecics omnino {unt feptuaginta
due.

St phmum infintum a pum ‘to luado tlumina- ( Mlzf )
fum umbre fguraram projiciantur, umbrr fotio- oo e
num Conicarum {emper crunt fectiones Conteay, ce
Curvarum fecundi generis femper erunt Curva fe-
cundi generis, e eurvarum tertit generis femper
erunt Curvee tertin generis, & fic dmuu:p% in infini-
tum, Rt quunmimmh,un ’Circulus umbram proji-
ciendo generat fustiones omues conicas, fic [‘unbolm

quing; aiwc:1§.,,u1m umbris fuls generant & exhi-
hent 411y TS h*i”ﬂl!j ;};NHHH& CLIrVIS 4 t‘*sc {11

8 e d K b LA ARE o AR R LY L

Curve quadam fimpliciores aliorum generum e
niri poflunt quae alias omnes corundem generum
curvas umbris {uis @ punéto lucido in planum  pro-

jeétis formabunt. - o
- Diximus Curvas {ecundi generts @ linea recta - | XX

Crrviar s prisis
WI‘LG’EH tribus fecurt p{)m: Horum duo nonnun- tha dupliia,
quam coincidunt. Ut cumt reéta per Ovalem inhie
mt@parmm tranfit vel pur r concurium duarwn par-
tium Curvee fe mutuo fccantium vel in culptdem

coeuntium ducitur.  Et fiquando reéte omnes in
' “ 7 gﬂd éj} inu
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plagam cruris alicojus infiniti tendentes Curvam

in unico tantum punéto fecant (ut fit in ordinatis
Parabola Cartefiane & Parabol® cubice, nec non in
retis Ab{ciflz Hyperbolifimorum Hyberbole & Para-
bole parallelis ) concipiendum eft quod recte ille
per alia duo Curve punéta ad inhnitam diftan.
tiam fita (ut ita dicam ) tranfeunt. Hujufmodi
interfe¢tiones duas coincidentes five ad finitam
fint diftantiam five ad infinitam, vocabimus pun.
&um duplex. Curve autem quae habent pun-
&um duplex defcribi poflunt per fequentia Theo-
remata.
XXXL

o Deorematade v Gj anguli duo magnitudine dati PAD, PBD circa

feriptione orga- POLOS pofitione datoﬁs A, B rotentur, & eorum crura

ol AP, BP concurfu fuo P percurrant lineam re€tam ;

Sen s crura duo reliqua A D, BD concurfu {uo D deferi-

) I PR 4 s g

bent {ectionem Conicam per polos A, B tranfeun-
tem : preterquam ubi lineailla re€ta tranfit per po-
lorum alterutrum Avel B vel anguli BAD, ABD
fimul evanefcunt, quibus i cafibus punctum D de-
fcribet lineam reftam. | |

2. St crura prima AP, BP concurfu fuo P
percurrant {e&tionem Conicam per polum alter-
utrum A tranfeantem, crura duo reliqua A D, BD
concurfu fuo D-defcribent Curvam fecundr gene-
ris per polum  alterum B tranfeuntem & pun-
&tum duplex habentenr in polo primo A per quem
{ectio gc)ni?k:a tranfit : preterquam ubi” anguli
BAD, ABD fimul evanefcunt, quo cafu -[_;un-

| ¢um
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um D defcribet aliam {eftionem Conicam per po-
um A tranfeuntem.

[

= 9

3. At fi fectio Conica quam punttum P percur-
rit tranfeat per neutrum polorum A, B, punftum
D defcribet curvam {ecundi vel tertit generis pun-
&Gum duplex habentem. Et punétum illud duplex
in concurfu crurum defcribentium, A D, BD in-
venietur ubi anguli BAP, ABP fimu!l evanefcunt.
Curva autem deferipta fecundi erit generis fi an-
guli BAD, AB;D fimul evanefcunt, alias erit ter-
tii generis & alia duo habebit punta duplicia in
polis A & B. |

L. U B TUYVIT

- Jam feétio Conica determinatur ex datis ejus XKLL
~punélis quing; & per eadem fic deferibi poteft. wicarum deferip
Dentur ejus punéta quing; A, B, C, D, E. Jun- sieper data i
gantur eorum tria quevis A, B, C & trianguli ABC #r

rotentur anguli duo quivis CAB, CBA circa ver-

tices fuos A & B, & ubi crurum A C, BC interfeltio
C fucceffive applicatur ad puntta duo reliqua D, E,
incidat interfeétio crurum reliquorum AB & BA.
in punéta P & Q. Agatur & infinite producatur

‘ LK Milywild L WA ArArAad wiee  3AL SIS AWt LR L
~ re@ta PQ, & anguli mobiles ita rotentur ut inter-
fe@tio crurum A B, BA percurrat reftam PQ, &
crurum reliquorum interfe&tio G defcribet propofi-
tam feGionem Conicam per ‘Theorema primum.

XXXIIL.
Cuwrvarum fe

- Curve omnes fecundi generis punétum duplex cund; generss pun-

1ahen ek 119 T . 12 eqriim. Yia ftam duplex ba=
habentés determinantur ex datis earum puntlis fim duple . b

feptem, quorum unum eft punétum illud dupleX, ioper dara jip-
. | tem punita.
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B HO !

3

so pey cadem puncta (e deteribs puf%u n. i}vnm}
. uz‘,hu deferibendie puncta quelhibet feptem A
D, I, F G quolum A et punctum duplos. Jun-
;j,,;hiLUl pum’tum A Salna m;u GUEEVTS © PUNCEs puta
B& G & riangull A BG voterur tum angulus
CADB « nu verticem fuum A, tum any ulumm rely-
quorum alterutey ABC cirea x‘utm 1 iuum{n B, Iy
ubt crurum AC) BO concurtus € tuccelivve appli-
catur ad puncta qmtuoi reliquac 1, By 1, Gomerdae
concurfus crurum reliquorum A B & BA 1 puncta
quatuor P, (2, R, 8. Per pumt; 1111 qmmm S
qulmum A hslutlnuu fectio Conteay S unpul prie-
futt CA DB, GBA 1 rotentur ut umum AL, DA
concurius pc‘:’rcm'mt fectronem illam Contcam | &
concurfus reliquorum crurum A C) B O deteriber
Curvam propoficam per 1 heorema fecundum.

Srovice punétt G datur pohtione recta BO quwe
Curvam deferibendam tangit i By binee A D, AP
comceident, & vice anguly DA P habebitnr o recta
circa polum A votanda. |

Stopunctum duplex A mtinite diffat debebit Regta
dd plmuun pundi tlius perpetuo divigh & motu pit-

callelo forrt interea dum angulus AL C it poluni
B rotatur.

Deferibi etinm poflunt hee curve paulo uliter per
Lheorema tertium, fed deferiptionem fimpliciorem
yoiLuHL futheit.

Fadem niethodo ("uwua’ TCrtll, ualrti & ihlwriow
rum generum deferibere licet, Ton omnes quidem
fud quutquot 1mmm 41;:{111 commo PUr motun
Tow 3 ¢ Aot ‘

. : N
Jd n;ifii CUrvdin .,uu.,lamm

fecunds
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{ecundi vel {uperioris gcpgris punctum duplex non
habentem commode deferibere Problema eft inter
difficiliora numerandum. |
Curvarum ufus in Geometria eft ut per earum XXX,
CEPPTTA Y & RNV b JRpN P TR LI FU D) - Conftyuftio o-
1111?(:11&._'wuu‘.n..‘.~> ‘ FToblC ;‘g Lti. :ULV‘LLIH.UI. I'roponatur qgmr,iofmm};},j;-
zquatio conftruenda c!lmcnimrmm novem x9* -b 7 feriptionem Cur-
"\1'“ de w\ d 3.9 \ ¢t ‘m b v \ : ;\_;} X )\\ h e \ k_ — O ut')l warim.
4 m
b, ¢, 'd, e ifgnit'it}tm: quantitates qualvis datag
fignis {uis - u\ — flectus. Aflumatur equatio ad
Parabolam cubicam x=+y, & zquatio prior, fcri-
bendo y pro ¥}, cvadet y-)-bxyy - cyy--dxx y
Fexy-my-) Ixifexx| hx| k=0, aquatio ad
Curvam altam fecundr generss. Ubi movel £ deefle
poteft vel pro Tubitu aflumi. Kt per harum Curva-
rum deferiptiones & interleétiones dabuntur radices
gquationis conftruendwe.  Parabolum cubicam femel
deferibere tufheit,
Si equatio conftruenda per defeétum duorum ter-
minorum ultimorim hix & k reducatur ad feptem
dimenfiones, Curva altern delendo m, habebit pun-
&um duplex in principio abtetfle, & inde facile de.
{eribi poteft ut {upra. e
- Si mquatio  conttruenda per defeétum termino-
- rum trium ultimorum gxx--hx-pk reducatur ad
fex dimepfiones, Curva altera delendo” £ evadet
{eftio Conica. o
CEt i per defedtum fex ultimorum terminorum
zquatio conftruendda reducatur ad tres dimenhiones,
incidetur in conftruttionem Wallifranume per Para-
‘bolam cubicam & lincam restam. R

Y y Gon-
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Conftrui etiam poffunt equationes per Hyperbo-
[iimum Parabole cum dramerro. Ut conltruenda
fit hee equatio dimenfionum novem termino penul-
timo carens, a-f cxx--d-ext-rix g x| hx?

- m
-k xd--1x2 =0 ; affumatur equatio ad Hyperbolif-
mum illum xxy=1, & feribendo y pro 5, 2quatio
conftruenda vertetur inhanc ay’--cyy--dxyy--ey
4 fxy-mxxy-g-hx--kxx--lx=o,que cur-
vam fecundi generis defignat cujus delcriptione
Problema folvetur. Et quantitatum m ac g alter.
utra hic deeffe poteft, vel pro lubitu affumi.

Per Parabolam cubicam & Curvas tertil generis
conftruuntur etiam zquationes omnes dimeniionum
non plufquam duodecun, & per eandem Parabolam
& curvas quarti generis confiruuntur omnes dimen-
flonum non plufquamﬂuinde(.:_im, Et fic (}einceps in
infimtum. Rt curve ilie tert quartt & {uperiorum
generum defcribi  {femper poflunt inveniendo eorum
punéta per Geometriam planam. Ut fi conftruenda
it zquatio x"* * 4-ax"°--bx°{-c X’ d x4 e x*-- fx7
doxt-hodixx4-kx 4 1=0, & defcripta
habeatur Parabola Cubica ; fit @quatio ad Pa-
rabolam illarn cubicam x3 =y, & f{cribendo y
pro x! wmquatio conftruenda vertetur in hanc
yt Faxyd A-cxxyy --fxxy A-ixx=o0, que eft

4b Adx ~gx --kx

| e --h -1
zquatio ad Curvam tertii generis cujus defcriptione
Problema folvetur. Defcribi autem poteft hec Curva
inveniendo ejus punéta per Geometriam planam prop-
terea quod indeterminata quantitas x non nifi ad
duas dimenfiones afcendit.
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¢\ Uantitates Mathematicas non ut ex partibus.
quam minimis conftantes, fed ut motu conti-

[k F g I%i’lf‘f‘f’:f"\.""ﬂﬁ‘ 11:!"' t"r\*ﬂr:tlj'%ur\ TA :u‘ii';g;v; rl.rjf; ‘qu-,:
il WUl apsida i CULILIELE O, Eal LECAL LRI ) Lo

buntur ac deferibendo generantur non per appofi-
tionem partium fed per motum continuum punéto-
“rum, fuperficies per motum linearum, folida per
- motum fuperficierum, anguli per rotationem late-
rum, tempora per fluxum continuum, & fic in ce-
teris,  He Gencfes in rerum natura locum vere ha-
bent & in motu corporum quotidie cernuntur. K
~ad hune modum Veteres ducendo rectas mobiles in
“longitudinem reétarum immobilium genefin docue-
runt reétangulorum.

Confiderando igitur quod quantitates @qualibus
temporibus crefcentes & crefeendo genitee, pro velo-
citate majori vel minori qua crefeunt ac generantur,
evadunt majores vel minores ; methodum quwgelmm
- letes-
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determinandi quantitates ex velocitalibus motuum

vel incrementorum quibus generantur 3 & has mo.
tuum vel incrementorum velocitates nominando Fly/.
xiones & quantitates g gemta@.a nominando Fluentes, in-
cidi paulatim A 1 66 658 1666 1n Methodum Flu.
xionum qua hic ufus {um in Quadmtma Curvarum.
Elumme” funt quam pmomme ut Fl ut_n"*lum aug-
111C11Ld ¢.~Li -hillUU':J LLJU}JULJ& l.hiiULLi}l“ﬁ Lj_!.htlﬂ lililllﬂlla
genita, & ut accurate loquar, {unt 1n prima rationc
augmentorum nafcentium ; exponi autem pofiunt pey
lineas qu&[cunq qua funt Iph‘:s pmpmtmﬂd es. Lt
fiaree ABC, ABDG Ovdinatis BC,) BD fuper
bafi A B uniformi cum motu progredlmtlbm deferi-
ban‘tur harum arearum Huxiones erunt inter {e ut
Oxdmau deiulbentns BC & BD, &( per Oidm'ltds
1“&‘3 CXPOHI POHUHK, PlU}JEt’lLd qUOﬂ UI(HJJLC‘E U.i
{unt ut drearum augmenta naicentia. nglc

‘diatur Ordinata BC de loco fuo BC in locum
-quemvis novum bc. Compleatur parallelogram-

.mum BCEDb, ac ducatur re¢ta VI H que Cur-

vam tangat mC ipfifg; be & B A produétis occur-
rat in T & V- & Abfcifie AB, Ordinate BC, &

Liner Curvee ACc augmenta modo o'em'ta Lmnt“

Bb, Ec& Cc; &in lrorui wgmcntomm nafcen-
‘-uum ratione pumm ﬁmt latera triangul CE'T 1deoq,

fluxiories 1pfarum A B, BC & AC funt ut triangult

llius CE latera LL ET & CT & per eqdem

Jatera exponi pofiunt, vel quod peunde eft per la-
‘.t(',’l& trianguli confimilis V B'C.

Fodem recidit {1 {umantur fluxiones in ulmma

ratione partium evanefcentium.  Agatur reft LL‘.

& pmcll,u...ma,r eadern ad K. Redeat Ordinata he
in
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in locum fuum priorem B C, & coeuntibus punétis
C & ¢, re¢ta CK coincidet come tangente CH, &
triangulun ¢y vancleens CHe in u}mm it forma
evad&t fimile 111431%1!0 CET, & L‘Jm latera evanef-

centid CF, Kcd L Ce erunt ¢ ulti timo inter fe ut funt
vt IHMH!'»‘ ( FOU Tarema G B “'(ﬁ'w" Re

L}_Ldljbuu (43 -, Ll s i X I
}B opterci i mn rattone funte deviones Hncarum A 13,

& AC. b pu meta G & ¢ Parvo quov 15 mmf
vallo ab invicenm ditant recta GK parvo mtervalio o
rangente G difiabit. Ut retta CK com tangente
CH coincidat & vationes ultimee linearum C K l, &
Ce inveniantur, debent puncta G & ¢ coire é\{ o111~
gino coincidere,  Frrores quam minimi in rebus
mﬂthm:n.ﬂfim non funt contempendi,

Simili argumento {i cireulus centro Boradio BC
de[umtua in longitudinem Ableifle A B ad d.xwulw
re&ns uniformi cum motu ducatur, ilmm folidr ge-
piti ABC erit ut circulus 1!1wmm1m%, G fluxio (uw

erficicl cjus erit ut perimcter Circaln illios &

Ruxio linez curvee A Cconjunctin,. - Nam quo ten-

pore fﬁ}hdum ABC gc_uc:mm ducendo cireulum
tllum | in longitudinem Abfvithe A B, codem fuper-
ficies ejus gm,uzem atur ducendo ;mmwmxm cireult il
lius in longitudinem Gurvie A C.

RedaPBeirea polum dutonn P vovadvens [ecet aliwm 1

1 fﬂ" .
[

paﬁmmzs datum vedlapm AB : prer e propartte flusio.
nun red lzw umi tllarsn A B & P B, Progrediatur
refta PB Je loco fuo P B in locum nov um Ph, In
Pb capiatur PG iphi P B wqualivy & ad A B ducatur
PD fic, ut gm%z“uim b P wquals fitnsulo bBG;
&,ob umlﬂ:umnmx Hmw;mh;m;m whe, b )gm
augmentum Bb ad aupmentum Gb ut Phad Db,

Ruedeat
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Redeat jam Pbinfocum fuum priorem P B ut aug-
menta illa evanefcant, & evancfeentium vatio ulti-
ma, id el ratio u]tmu Pbad Db, ca crie quie eft
PB ad D B, exiftente angulo Pl)B recto, & prop-
terea 1n hdL sitrone eft ﬂumo 1pf s AR 4(1 fluxtonem
iphius P 1.

Rella P B covea datum Poluwm P yevolvens [reet
alias dreas ;m/ztm;za datas )u/m ABE AR B
ﬂ!"’: N f[lﬁu(’} Lhar 1’? ()P()? LH) [Wf'\'lﬁfllflfl YN (Itll 1k l!({” HHE
AB 9 AR 1’1ogtcdmtm recta umlvuua P13 de
loco fuo P B inlocum novum P bhrectas AB, AR in
punétis b é\u ceantem, & recta Al pxml lela BCG
ducatur ipft P occurrens in G, & crit Bbad BC ue
Abad A, & BCuad Feut P Bad P , & conjundtis
rationtbus Bbh ad Fe ut AbyPB .,u,i AP E
Redeat jam Linea Pb i locum fuum priorem P b, &
augmentum cvancifeens Bb erit ad augmentum ¢va-
ncfeens He ut ABRPB ad AlbdP ) iqu;“ i
e ratione eft fluxio redte A B ad luxionem reéte
AL,

Fline fi retta revolvens B lincas quatvis Curvas
pohtione datas {teet in pum is B8 B, Korectn jam
mobiles A By Al Curvasillas tangant in Seétionum
punttis B & K- it fluxio Curva quam recta, A B
tangit ad tluxionem Curva quam retta A K ummt

ut ABPB ad AfwPE, lcl quoc ctium eventet

oy
h n».‘**, |J ‘\ (rirvany o VLY 1TV PRSI x..._“‘_,#
LLUVEND aiguidn l CIVIO I uu,w.ut ‘f...".i.})k—"
H i

tuo tangat in puntto mobili P.

Fluat qrantetas x weformeter & ieenreada it fliscio
qrantibatis & Quo tempore quantitas X Hucndo

evadit x | o, quantitas x cvadet x| ofv, id ot

per methodum” fericrum infinitarun, xb oo xt

)

Al

!

—
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Aaatng o219, Bt augmenta o & noxt-t-igoxfi-?
.- & ;

z

A-Ue. funt ad invicem ut 1 & nx™-2Roxm2 - g,
Evanefcant jam augmenta illa, & eorum ratio
ultima erit 1 ad nx™ : ideoq; fluxio quantitatis
x eft ad fluxionem quantitatis x* ut 1 ad nx*.

- Similibus- argumentis per methodum rationum
primarum & ultimarum colligi poflunt fluxiones li-
nearum feu reftarum feu curvarum in cafibus qui-
- bufcunque, ut & fluxiones fuperficierum, angulo-
- rum & aliarum quantitatum. In finitis autem quan-

titatibus Analyfin ficinftituere, & finitarum nafcen-
~ tium vel evanefcentium rationes primas vel ultimas
inveftigare, confonum eft Geometrie Veterum : &
voluioftendere quod in Methodo Fluxionum non
opus {it figuras infinite parvas in Geometriam intro-
ducere. Peragitamen poteft Analyfis in figuris qui-
bufcung; feu finitis feu infinite parvis quae figuris
“evanelcentibus finguntur fimiles, ut & in hguris que
- pro infinite parvis haberi {olent, modo caute pro-
cedas.
'Ex Fluxionibus invenire Fluentes Problema dif-
- fcilius eft, & folutionis primus gradus wequipollet
- Quadraturz Curvarum ; de qua fequentia olim
leripfr
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B Uantitates indeterminatas ut motu perpetuo
o crefeentes vel deerefeentes, 1d eft ut Huen-
tes vel defluentes m fequentibus confidero ,defignoq;
liceris zy vy %, vy & earum fluxiones {eu Lelentatew

crefeendi noto tifdem hiteris punétatis z, y, ,x, V.
Sunt & harum fluxionum fluxiones feu mutationes
magls aut minus celeres quas ipfarum z, y, x, v
ﬂu\mnu {ccundas nominare licet & fic dignare

"1 ¥, %, v, & haram ﬂumonm prmm {feu 1pfarum
2 Yy % V fluxiones tertias { ! ‘v ! & quartas fic
2 y, X, v. Et q_ucm‘tdmodi,un .&, y, X, v funt flu-
XIO1CS quam;taum‘l 7 ¥y % ¥y & he funt fluxiones

lugumtdtum 7o Yy X, V & he funt fluxiones quélﬂ‘tlt%
EUm Primarum z, y, X, v = fic he quantitates confide-
rart poliunt ut fhuxiones alizrum quas fic defignabo,

4

Zs
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3 4 ‘r ' " ‘Lf‘. . . e ey Vaey g . . . .
7y Yy Xy V5 &K ha ut fluxiones aliarum 2, y, x, v, &

~ he ut fluxiones alurum z, y, x, v. - Defignant igitur
Zy By By Py Py P 2y 2 (T feriem quantitatum quarum
qu::ehbt:t: pofterior et fluxio praecedentis & quicliber
prior ett tluens quantitas fluxionem habens {ubie-

quentem.  Simihs ol feries Waz—zz, Vuze gz,

e R ]

Vaz—4z o 178k prun - Va7, ut &

. az-lZt st azel-st ame| st azqe?

f@l’lﬁfs e 1 * ? L ?
’ 9
aZ'w\f‘Zz

e, B notandum eft quod quantitas quwliber
. a——i

prior in his ;’i:rir;:l:)uﬁ et ut arca figure curvilinie
cujus ordinatim applicata re¢tangula olt quantitas

e s Y

pa’ﬁ:&rinr &ableiffieft z « uti fag 2z area curvae

~cujus ordinata eft #uz - -zz &abfeiflu z. Quo au-
tem fpeftant hwe omnia patcbit in Propofitionibus
qua fequuntur,

3
%
!‘\23
b2

L
ot
Pt
L
-
. it
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PROP.I. PROB. L
Data equatione quotcung; fluentes quantitates muol-
vente, wnvenire fluxiones.

Solutzo.

Multiplicetur omnis @quationis terminus per -
dicem dignitatis quantitatis cujulq; fluentis quam
involvit, & in fingulis multiplicationibus mutetur
dignitatis latus 1n fluxionem fuam, & aggrega-
tum faCtorum omnium f{ub propriis fignis erit
@quatio nova.

- Explicatio.

Sunto a, b, ¢, d Y. quantitates determinate &
immutabiles, & proponatur quatio quavis quan-
titates fluentes z, y, x ¢, invelvens, ut1 X! ~—xyy
“+aaz-—b=o0. Multiplicentur termini primo per
indices chgnitatum x, & in fingulis multiplicationt-
bus pro dignitatis latere, feu x unius dimenfionis,

{cribatur %,& fumma falorumerit 3 X X—xy y.ldem
fiat in y & prodibit—xyy. Idem fiat in z & pro-
dibit a az Ponatur fumma faltorum equalis ni-
i;ilo, & habebitur zquatio 3 X X' — X yy—°X y}mr

'-—]—g az=o. Dico qued hac zquatione definitur re-
latio fluxionum. :
De-
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Demonflratio.

Nam fit o quantitas admodum parva & funto

oz, oy, ox, quantitatum z, y, x momenta 1id eft in-
crementa momentanea fynchrona Et fi quantita-
tes fluentes jam funt z, y & X, he poﬂ: momentum

temporis incrementis {uis oz, oy, OX autte, evaaem
-'-z—\—foz, ~—\~oy, \-—\mox, que in @quatione prima pro
z,y & X fcuptae dant &quatmnem X3 |- gxxox
+gxoom \ 03x3 —Xyy —— OXYY—2X0YY — 2300y
-——-movv——-wxo’vv A-aaz-|- '1aoz---b2 = 0. Subducatm

&quatm prmr, & refiduum dm{um per o eut 3}(){?

J3xx0%- X300 — XYY — :zxyy -mcoyy -—-xoyy —x00yy

\—aaz 0. Minuatur quantitas o in infi m‘tum,m neg-

_:lfe&Ls terminis evanefcentibus reftabit gxx wwxyg'

GI ! Q‘ E- Dv

Explicatio plemor

Ad eundem modum fi 2quatio effet X-—Xyy

} aa / ax—yy—b3z=o, pwduceretm IX2X—XYY

PrTr—netot L Moty -——uu-_‘--u-rw&_

'- ——~2xyy -aa,ax—yy=o. ULb1 fi luxionem s aX—yy °

Eﬁcj-illere Ve_hs, pone 4 ax-—~~yy =7, & erit axX—yy = z°
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( per hane Piopoﬁtlonem) a:&,m yy 2,2 {ou

A YD dx—-2 e .
- yy =2y hoc eft V}’ — dew_wyy e
a7 X‘"‘“‘“ﬁ&dy

=0
/W

Et per operationem repetituin pergitur ad uxio-

nes fecundas, tertias & fequentes.  Sit equutio

«-"y»?-v—24{ ‘14—"0, & fiet per Opt’ldtIQHLm primamn

inde 3K x—xyy—2Xyy-|- -

258 '\ﬂgzyy —-—~4zz~*so , Per {fecundam zyﬁ-{mézyyz
\ gzyy2\ 67}’ }’”‘“’477’“‘“13225 =0, per tertiam

2y> - 92yy* 4-925y2 - 182y.y - 32yy* |- 182yyy
- 6zy wqaéZ“wgézzzzmnq.zaz ©.

"Uibi vero fic pergiturad fluxiones fecundas, ter-
tias & iequentes, convenit quantitatem ahqmm ut

T 1F‘n =¥t H‘I"ICH orrm Pnﬂrf‘]ﬂr'ﬂ'tm Qr ﬂ1'n PH'IC an1nnr::
&Y LLLLULJ.ULLL.L AIUEN LILALLIE VUFLilIvi Ll e 7 Ju LLGEANAUL

prima unitatem {cribere, pro fecunda verc & fe-
-qucntlbus nihil.  Sit &qmtm Zy? — 74 - a4=0, ut
dupra ; & fluat z uniformiter ,fitq; ejus fluxio unitas,

& fiet per operationem primam 3 —\~gLyy —423=0,
per lecondam 6ij2 R gz§y2 |- 6Zj;r2y--——- 122® = o,
per tertiam 9‘3]372—\“‘18_)}2)7-—\-—32)1&2-—\--v18Zjl;).7y-—x-véz_jfg

242 = 0,

in
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Tn hujus autem generis zquationibus concipien-
dum eft quod fluxtones in fingulis terminis fint ejuf-

dem ordinis, id eft vel omnes primi ordinis vy, 7z,

vel omnes fecundi y, y?% vz, z°, vel omnes tertii

'}«l’ &y.} yZ, ¥y Y2, y2* 23 &, Et ubi res aliter fe
habet complendus eft ordo per fubintelle&tas fluxio-
nes quantitatis uniformiter fluentis. Sic xquatio

a AIT

AMma complendo ordine tertium Af o vw
JiUV Lidiiiice R i ik FAp

oA e Byt e By T el A Ad A e d A it b wiliwfdlidildl LAy 7

L
» @ T

-18zy*y--32yy - 182yyy-bzyi—24m =o.

PROP II. PROB II.

Tnvenire Curvas quee quadrars poffunt,

. Sit ABC"ﬁgurei invenienda, BC Ordinatim ap-.

plicata reCtangula, & ADB abfcifla. Producatur

CB ad E ut fit BE=1, & compleatur parallelo-

grammum ABED : & arearum ABC, ABED

~fluxiones erunt ut BC & BE. Affumatur igitur

‘zquatio quavis qua relatio arearum definiatur, &

inde dabitur relatio ordinatarum BC & BE per

Prop.I. QE. L

o Hujus rei exempla habentur inzPrcppﬁtiénib“US

 duabus fequentibus.

PROP..



"Cl
-
—

PRO

Si pro abfcifla AB & area AE feu ABxr pro-
mifcue {eribaturz, & fipro e -|-fz" +-gz* -|-hzn - &c
{cribatur R:  fit autem area Curve zsR* erit.
ordinatim applicata BC=

8 4 0 40 g2 0 34 g §-1 Il
e Otz 0 g T8 hzd 4 &eonz ¥ R

Demonfiratio.

Nam {i fit zR*="v, erit per Prop. 1, t22Ra

"'"\"*ZGRR““‘V Pj;o RA in pumo aequatloms ter-
mino & zin fecundo fcribe RR* & zz¥ 1 & fiet

2zR -azR in 29"R’*_I=v. Erat autem R=e -~ fu
Jrgzt-hzw &e. & inde per Prop. 1. fit R =
wfz20t - awgzz¥t - whzzdr' - &, quibus {ubftitu-
tis & feripta BE feu 1 pro z, fiet

40ttt gyl hzsw o &, in 20 R =v=BC.

i A”" - '_5 ZA”m Pt’:}}\”

\W. E;n Jb

PROP.
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PROP. IV. THEOR. 1L

- g Curve abfciffa AB fitz, & fi pro e fzn - g
A-&e. {cribatur R, & pro k-—\ 1z0- \~-mfﬂ—\- &e. feri-
batur S ; fit autem area Curve 78 RM S« ¢ erit or-
dinatim applicata BC=

061(1651{‘Z”\ Hgl{zﬁﬁn%son;n*—"ccoopj\

« f “11 *}?H "‘{“’G (T‘ .;”;" :* 0 o b 4w
u--l- ” " h i ,l, £a 7 '_' “ Mg B i 3 , ﬁ‘ e . N .
L elz - e \ aay B b 11y 2 RAI Qe

Demonftratur ad modum Propofitionis fuperioris.

PROP. V

[EOR.

. B oL R Ld N

E
kL
pr—t
L]

Si Curve abfcifla AB fit 2, & pro e+ fz1-|- gt
-hz - & icmmtm R: fit auuﬁ:m ordinatim ap-
plicata 2%'RA* ina - bz -4 ez - dzin- &e & po-

natur. M r, v A s, sebamtte) am v &L ernit area

yAL

e ob-stA Je wat 1A d - { )Bmvl

ZORA ln ” fmﬂw&mzﬂ "‘M . Ea FALN Wxg'
re U, I »;wh.:f, : L e

o f D C,; ﬁ" h B (

\.,_M? g%«; A ‘”i S&eo Ubt A 1;.} hy ) D &

e

T gy €

Aaa denotant
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denotant totas coefficientes datas terminorum g
lorum in ferie cum fignis fuis A-&-—,nempe A primi
termini coefficientem 2% B ic‘(.undl coefficientem

J.C?

' h—sfA . . e B —tgA
§ 'y G tertii coefficientem " ) &
T 1,€ -2, ¢

fic detnceps.
Demonflrato.

Sunto juxta Propofitionen tertiam,

Curvarum Ordinatxe & earundem arcy.

=~ | A
1.teA D fA TS pAe 1 hAzese. A R,
@ A 1 ¥R’ i :. H 3 '_, 4}-«" RAa
I ﬂ—\-mEBA” ~L6m: "1BL il \‘ U;z;l\ "gB/j &z, L ?GARA-JB Bzo
u o & @ WM_; Ly 2 “‘—:9"”‘2 Ly g AT CZQ ..-\«2“ Rhln
3 e w0 —1—5-]-2;196(:.& "_\_M\ nfCz3 &c.
%‘ ® v © 8 8 o5 © # 8 ® o © B ® 0 @ 0:":-5:(—;”?6]:\)23”&(:.} DZQ"—?M Rhm

ft G fumma ordinatarum pona‘tul equalis ordi-

nate \'waH \ cz™ J-dzp| &e. in zF R, fumma

T P P T e T)hn,\_jzh POUA-
darearum ZR*»in A an D78~~~ s 4

lis erit are Curve cujus ifta eft ordmatq Aquen-
Y d i fartimm Formind {r‘\ll({f‘nl 1 'nl‘f_S“ &
fur 1glLLU_ urainatarun wermini o

~fiet a=ted, b=_] FA]leB, c-—-—_wawwa

,,...,.—-

‘ - . _a ‘
- el & & inde 5= A. Wé?T?f?e

7 S £
i« ﬂ'ﬂ‘lﬁ \ .2,'\;1., Uf&."‘ lu I H l ?\H,L L]

Doy e ——=0 Htfic deinceps in infi-
niturn

[ —————
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nitum. Pone jum b =r. r-a=s. s--a=t &eo &
in area z'R*X A-- Bz Ca#--Dzir &e fertbe 1p-
forum A, B, C, &c. valores 1nventos & prodibit
{eries propofita. Q. E. D.

~ Et notandum eft quod Ordinata omnis duobus
modis iu {feriem refolvitur. Nam mdex* vel afhr-

mativus eft poteft vel negativus. Proponatur Ordi-
" kirs , . .

——— e e vel 1o T Y
A ALl VUL EIA CLILJL

51 3 i -
T Jhz—iz3-tmzg®

g—ix3k—lzzXk—Izz--mz3[+, vel fic zx ~1{3kz*
C sumnsd 4-'[ ' s o -

vm~lz=--kz= —i. In cafu priore eft a=3k.b=o.
Cm—-l‘. e-‘f—‘-’”‘—— k f..*-':_@.' g‘.:_"‘:: Ml 11“"‘-——T——“'II'1. A——_ ), Hz—]

g - 3 - - !
&»—-Iﬁ-—i' 9___"'—“i :ln bm"“l 'y tmm;n ‘T:Oo .{i'&

pOﬁeriO”fe"E& a=—_|, b=o. C—::gk.. e=1m. f==I.
g-—0; h=1. A=, t== 1. f-To=T. 0==2, ==
g==—11, t=—=—I. v==1 Tentandus eft calus uter-
que. Et fi {ferierum alterutra ob terminos tandem
deficientes abrumpitur ac terminatur, habebitur ares
Curve in terminis finitis. Sic in exempli hujus
‘priore cafu fcribendo in ferie valores ipforum a, b,
c, e, 58,0y a0 1, 8, ) v, termini omnes poft pri-.
mum evanefcunt i mfnitum & area Curve prodit

o

E-TR W

—/EAE Tt hac area ob fignum negativum
adjacet abfcifle uvltra ordinatam produéte.. Nam
area- omnis affirmativa adjacet tam abfcifle quam
ordinate, negativa vero cadit ad contrarias pire
- tes ‘ordimate & adjacet abiciflee produlte, mangnte
feilicet figno Ordinate.  Hoc mode f{erics alier
~utra & nonnunquam utraque femper terminati
& finita evadit fi Curva geometrice quadruri po-
- teft. At fi Curva talem quadraturam non adiits
ity feries utrag; continuabitur in infinitun:, & e

R Aaa 2 RVHY
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rum altera converget & arcam dabit approximande,

pwtuqudm ubi r (pm wer aredin mhmhml) u}
nthil eft vel numerus integer & negativus, vel ubi .

equalis eft unitati.  Si* minor ¢ft unitate, conver-
get feries 1in qua index affirmativus eft : fin ” unita

altera.  In uno

(= 4 L

——

te major cft, converget L
ared LdJaLLL abiul > ad uly; ovdinatam ducte, in
altero adjacet abieifle ultra ordinatam m'mhlt‘l"r

Nota 11 Hiupu quod i Ordmata contentum oft fubs
factore rationali Q & fattore furdo trreducibili Re
' faé‘cori% furdi lutus R non dividit tactorem ratio-
nalem Qj erit w—y==r & R** == R Sin factorss {ur-
dr latus R dividit factorem rationalem femel, crit
Al | 1 & RM R i dividit brs, erit
A= [ e \ 2 N Rf“ “”“J-'l{"r| o (i (L'I’.) L'l'it r— | ff,;":‘.'?l"ll'--\“g_g
S R =R & e demneeps.

Si Ordinata eft fractio rationalis trreducibihs cum
Denominatore ex duobus vel plurtbus termins com-
pafito @ refolvendus ¢t denominator 1 divifores
{os omnes primos. it [ divifor Gt aliquis cu
nullus alivs eft @qualis, Curva quadrart nequie :
S duo vel plures fint divifores rquales) reperceus
dus cft corumunus, & fi adhuc altr duo vel plures
fint fibi mutuo w ll.ldlt.‘w & priovibus inwquales, re-
jiciendus eft etiam corum unus, & fic in alits omni-
bus aqualibus {1 adhuc ]]mu—, fint : demde divifor
qui relinquitur vel contentum fub diviforibus omni-
bus qui relinquuntur, fi plures funt, ponendum cft
pro R, & cjus quadvati reciprocum R pro R+, prie-
tuqu&m ubi contentum itlud eft quadratum vl cue
bus vel quadrato ql_,mhdtum.)m., quo cafu cjus latus

POLLH-

-s

1/ J!(

{ LA N t'k e
L} ' \u

LA
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ponendum ¢ft pro R & poteftatis index 2 vel 3 vel 4
negative 1L1111]."§)tL15 proa. & Ordinata ad denomina-
torem R vel R? vel R vel R &e. reducenda.
Ut 1 ordinata it 25| z4—813 » ' -
El. | S T ey 5 quoniam hec
. geg . v ) . - «
fraltio irreducibilis eft & denominatoris divifores
{unt pares nempe z—I1, z—I1, z—1 & z-}-2,
z-\-2 5 Tepulo mugnmitudins utriufque  diviforem
anum & reliquorum z—1, z—1, z4-2 conten-
tum 2---374--2 pono pro R & ejus quadrati re-
ciprocum > dew R—2 pro R»*, Dein Ordina-
tam ad denominatorem R? feu R** reducoy & fir
,eﬁ'd__‘ 4y epif w‘q,. o .
Z 9% \ D7 , B S -2
el -)ld. Cﬁ: ZJ’X 8 "”’"9?"”&_"23){.2_‘ 32:"\" Z:'j
7 ~37- 2 quad.? - ‘ )
Et mde ot u=8. bs=—9. C=0. d=-I, &t

o=, f."-“::wi,’. g:—-“O. h=1. a=I=-2. A= T
thmu_a:g- '””4.31‘- Sﬂg, txﬂ.vzl. Et hi?x

=
" L3

L] ", ,i . .“‘; '. . e . PR Z,{. ) 1 » L _
in feric feriptis prodit area - T terminis om

nibus in tota feric poft primum evanefcentibus.

Si deniq; Ordinata eft fraétio irreducibilis & ejus
denominator contentum eft fub fatore rationali Q.
& Faftore nrdo irreducibili R7. inveniendi {unt la-

L UL Ui sl ShLIAES SR oo .

teris R divifores omnes primi, & reyuendugefa di-
vifor unus magnitudinis cujufgy & per divifores
qui reftant , fiqui fint, multiplicandus eft fattor
rationalis Q. & fi faGtum aquale eft lateri R vel
lateris illius poteftati alicui cujus index eft numerus

a . ‘“11.. {, . — T—
integer, cfto index ille m, & erit a1 =-— m, &
307 —gaxe) gt xx—qqul—6axt,

'.mm"-;rlmv TVl i o . '
R R Ut b Oldlllattlﬁ qq—~xx/Cuh, g3 -|-gqx—grx—x3
qu()lll‘clll}..

4
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guo“mmmdml» furdi latus R feu q3-- qq‘*{mq\:w—‘w
LllVlLUlC“‘ llalL)&L Li \ X} (i \ ) q——‘“X LlUl QU&IUI‘H lllﬂf
magnitudinum, rejicio diviforem unum magnitudi-
s utuulq, S per diviforem q-+x qui relinquitur

multiplico faftorem rationalem qg—xx. Et quo-
niam factum g3 -4-qgx-—qxx-—x3 equale eft 11-««

tert Rypono m==r1. & IIldL cum ht LAt AT =
Ordinatam 1gitur mdum ad da,n(nn‘ndtowm R'4

& f:t Z° % 3(“ A *wq 'S ‘Sq K- bqﬂx -—;“47cicix méqx

ﬁﬁﬁﬁﬁ N L o - -E‘ -‘rl.:. rg[l-,—p.——-—"‘l 6 L.....:Aﬁq “-—

A Lj \ LlLl \_"""""L{}\Xm}_’s.i :. HAIAC €l d = 5\1 o L) — J-ki oL,
- . — 1

€= t=qqXc. b—1=0. p=T=W = I'=1,

5=72 t:I. v=o0. Kt his in fere fcriptis prodit
“' s %

ared terminis omnibus in {erie tota

1<J i d | !'.‘*-—1'\\-”*" j

polt rer Cium e ve,mefu,nubuhg

PROP. VL. THEOR. IV.

St Curve abfeiffa AB fit z, & {eribantur R pro
A-fan -gz® A-hz-&e. &8 pro k A-lz fmyz
\ 30 &c. fit autem ordinatim apphmtd 78 1R A1 Qe

ina--ba ez -dz &e. & fi tcrmmmum? e, 1,

o N i«':_, o o, 1. 1 e L. ofka 10711 13 "
By L SRS ﬂ.) iq '-U‘; 1. &G recid 5 uia k.

ek fk gk hk &
el f1 gl hl &
em fm gm hm&ec
en fn gn hn &C

et
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Et fi rettangulorum illorum coefficientes nume-
rales fint refpective

VR rlamss slaste o tda=v &e

]f-‘\ 1A "‘:,, S ,,\‘-M e i:, t—-\w-‘w::: ‘{J". V"".\"“M:: v{f. &CQ

Fl 4 ¢ " ¢ “

s N\_ @ 1. E ,h-\ S \:;. V--“\“"U‘ poran W“" 'W ] = }{ O\Lg
i did 4 i 1l 144

tf v, VoW whemEx b= y &e..

area Curva crit hac
—et g kg

T N R e T, fhpy et FL
QR?“% “ " € t wwwww 5 IA n('ws \\«—1 el 2t emA‘
ZOAOE T e ' U - %y
- el \ mjgk /' ‘ o g, ek Z.
—y Bk
‘rl\lg —Y le
1w ol ,zafk’( ~—-«( ] LEL B ym
],z el gr,r.,,m =l o
.,} _ . S 734 au\—, &Ce, .

I”i"”?ﬁa el

sz A denotat termini primi coefhicientem datau:
.Lf,lE cum figno {uo o+ vel -y B coefficientem datam:

re

{ecundi, C coefhcientem datqm tertii, & fic deinceps..
Terminorum vero, a, by ¢, &e. k, l7 m, &c. unus
vel plures deefle paﬂunt Demonfiratur Propofitio

ad modum pr‘f:mlcutls, & quee ibi notantur hic ob--
Peorvegit nufem leries 1“}111]1‘!‘1 PI‘DI’)OﬁthHUﬂl ik

Llll\...lkl.n UL R LL tliat 1At alas LLLLLAL B L

infinitum, & Progreffio feriel manifefta eft

e



PROP VII. THEOR. V.

St pro ¢ |- gat-l- & feribatur Rout fupra, &
in Curvae dllLU]U% ()ldlﬂdtd 7050 Ralr  mancant
quantitates date oy w2y ¢ 1 g, Koo & pro g ac - feri-
bantur tucceflive numert quicung; integrt @ & fi
detur arca unius ox Curvis quae per Ordinatas in-
numeras fic ln()dt_unus defignantur fi Ordinata {funt
lumum nomunuII 1N vmullo radicts, vel fi dentur
arcae duarum ex Curvis 1 Ordmate lunt trium no-
minwmn in vinculo radicts, vel arex trium ex Curyis
i Ordinute funt quatuor nominum n vinculo radi-
cis, & ficdeimnceeps infinitum = dico quod dabun..
fur aree curvarum ommniunt.  Pro nominibus hic
habeo terminos omnes 1 vinculo radics tam de.
ficientes quam  plenos quorum  indices dignitatun
funt in progreflione arithmetica.  Sie ordinata
Var--axi - xt ob terminos duos inter at & —axs
deficientes pro quinguinomio luhuu dchct At

b o

\/u*r-v\-:ﬁ-zv binomium oft & \/tﬂ | x ” Lunomum.}
cum progreflio jam per majores differentias proce-
dat.  Propofitio vero fic demonttratur,

A48 L

Sunto Curvarum duarum Ordinate pzb R &
gl b Ry Soarer pA & B, exiltente R thhll”ltl-«
tate tium nominum ¢ A Az} pet Bt ocum per

Prop.
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Prop. L. fic 2"R* arca curve cujus Ocdinata off
e :},‘,,ﬂ,fz"ij‘ f_,\"g%“ it‘j}Z““‘R""", fubduc Ordinatas & areas
priores de area t\ Ordinata pofteriori, 8& manebit
ge A0 Fzn-l0 opyn Z2TRA Orvdinata nova Curve &
B YRS
’ M{lzﬂ

AR pA =B cjufdem area.  Pone se=p &
of |- f = & (,)rdin;1 tu c;:v:.;clct ,‘,g_m gz iz Rat &
area 2" RA-—geA-—of Bl B, Divide utramg; per
g -|-mgy & arcam prodeuntem dic G, & affumpta
utcung; ry crit r (o area Curvae cujus Ordinata eft
pd P R Be o qua ratione exoarels pA & gB
aream 1 Ovdinate rz8 2 R™ congruentem inve-
pimus, licebit ex arcis cjle & v urcam quartam
puta sD, ordinata a/"’!:“R congruenteimn mvenire,
& fic deinceps in infinitum. Kt par cft ratio pro-
greffionis ab arcis B & A in partem contrariam
pergentis. Si terminorum g,8-)-a, & o-|-am aliquis de-
ficit & feriem abrumpit, afumatur arca pA in prin-
cipio progreflionis unius & arca B in principio al-
terius, & ex his duabus arcis dabuntur arex omues
~in progreflione utraque. Kt contra, ex aliis duabus
areis aflumptis it regreflus per analyfin ad arcas A
& B, adeo ut cx duabus datis catere omnes den-
tur. Q. E. O, Hic eft cafus Curvarum ubi ipfius z
~indexsaugetur vel diminuitur perpetua additione vel
fubductione quantitatis n.  Cafus alter elt Curvae
rum ubi index # augetur vel diminuitur unitatibus.

Bbb Ol S
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C 45 1L

Ordinate pz#R* & gzt R*, quibus arez pA
& qB jam refpondeant, {1 in Rdeu e-{-fz214-gz* du-
cantur ac deinde ad R viciflin applicentur, eva-
dunt pe - pfzr - pgz? x 2R & qezr |- gfz
J-qgznx 2R, Et per Prop. IIL eft azoRx
area Curvae cujus Ordinata eft sae 777 afzn]) ! agz
in z+-1R*1, & bz*"R* area Curva cujus ordinata
eft  Sbezr ibfe? :‘Lﬁbgz% in zMR»*. Et harum qua-

~au ~i~2an

tuor arearum {umma eft pAl-qB-}- azdRr-|-bztH R~
& fumma refpondentium ordinatarum

Qae -6 ﬂfZ” "‘l“a 'agzzﬂ :}s bgzgﬂ in Zﬁ——IRAuzn

+ne T TN T 2An
P¥ pbe finf
A 98-
T of
£ rpg
tgqe + q_f

Si terminus primus tertius & quartus ponantur fe-
orfim zquales nihilo, per primum fiet fae-|-pe=o
fcu—a=p, per quartum ~8b—1b—2mb=q, & per

R poqr o1 00 NZEE L T1ade fangre disa
LErtium ke.llmlﬂaﬂu() 1-) Ry) b LALIUC ICCUIIOUS
ff— :
fit m, adeoq; fumma quatuor Ordinatarumeft
A s -1~ - ) . *
Mg g RAL& fumma totidem refpondentium

arearum eft azdR* 2504 R, _gg A 240,
Divi-
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apfi—gampge

Dividantur he fumma per =—+—, & {i Quotum

ofterius dicatur D, erit D area curve cujus ordi-
nata eft Quotum prius MR, Ft eadem ratione
ponendo omues O:dinatee terminos preter primum
zquales nihilo poteft area Curve inveniri cujus Or-
dinata eft 2R Dicatur area ifta C, & qua ra-
tione ex areis A & B inventz funt aree CacD, ex
his arets C ac D inveniri poflunt aliz duez E & ¥
ordinatis 8 R~2 & zH+1R*2 congruentes, & fic de-
inceps in infinitum. Et per analyfin contrariam
-regredi licet ab areis E& F ad areas CacD, &
inde ad areas A & B, aliafq; que in progreflione fe-
quuntur. Igitur fi index ™ perpetua unitatum ad-
ditione vel fubduétione augeatur vel minuatur, &
ex areis que Ordinatis fic prodeuntibus refpondent
due fimpliciffime habentur ; dantur aliz omnes in

infnitum. Q. E.O.

o4 T

Bt per cafus hofce duos conjunétos, fi tam in-
dex g perpetua additione vel fubduétione ipfiuss
quam index » perpetua additione vel fubdultione
unitatis, utcung; augeatur vel minuatur, dabuntur
| ge‘% %‘gulis prodeuntibus Ordinatis refpondentes,

Bbba ., C,sz..
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C A5 1V,

Et fimili augmento {i ordinata conftat ex quu-
tuor nonmulms mm vinculo radicalt & duantur tres
arcarum, vel i conftat ex quing; nominibus &
dmuuqmtum arcarum, & fic demnceps @ dabun-
tUr arce omnes qua ddcluulo vel fubducendo nume-
rum » indici ¢ vel unitatem indict 2 generart poflunt.
bt par eft ratio Curvarum ubi ordimate cx binomiis
conflantur, & arca una carum qux non {unt geome-
FrICe ¢ _pmdmbxl_us datur. Q. E. O.

PROP. VIII. THEOR. VI

Si pro e--far-|-gam-}-&e. & koA 1| mzde)- e
{eribantur R & S ut fupra, & in Curvie alicujus Or-
du‘mm 1.“‘""’ R Setv manceant qu.lntmm data o,

ay#y € £y gy ko 1 my &eo & proe, T, &, feri-
l.mtux fucceMve numer quicun; mmm &G

dentur arca duarum ex curvis qua per ordinatas
{1¢ ntmh*nnhm r!uhcrn antur i nnlnht‘irt ‘-. R &S funt

T W LS TR N Y ERYE S LR eom W RS

binomia, vel fi dcntm arcx trium ox curvis 1 Ik
& S ummn&im ¢X quing; nomlmblla conftant, vel
arve quatuor ex curvis i R é\ N mn]umhm ex ey
nominibus conftant, & fic deinceps in nfinitum :
dico quod dabuntur aree curvarum omnium.
Demonftratur ad modum Propofitionis fuperiorts.

[
\
L
3
[

g

s
S
e
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PROP. IX. THEOR. VIL

Bquantur Curvarum arez inter fe quarum Or-
dinate funt reciproce ut fluxiones Abf{ciflarum.

Nam contenta fub Ordinatis & fluxionibus Ab-
{ciffarum erunt zqualia, & fluxiones arearum funt
ut hac contenta,

COROL. 1

© §i affumatur relatio quevis inter Abfciffas dua-
rum Curvarum, & inde per Prop. . queratur
velatio fluxionum Abfciffarum, & ponantur Ordi=
nate reciproce proportionales fluxionibus, inveniri

poffunt innamere Curve quarum arez fibi mutuo
“zquales erunt.

COROL. 1L
Sic enim Curva omnis cujus hec eft Ordinata:
2 in e Iz gz -~ &e /" affumendo quantitatem
quamvis pro » & ponendo =5 & z°=X, migrat ir
‘aliam fibi w=qualem cujus ordinata eft gx?ﬂ_;;‘ in

e fxr - gx® & s

©
e

i s
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COROL. TIL

‘Et Curva omnis cujus Ordinata eft 2% in

a - bz ez - & X e-far--gz &craffumen-

do quantitatem quamvis pro’ & ponendo t=s &
2 » L . - ;’ .

z>=x, migrat in aliam fibi equalem cujus ordinata

eft “x@:—” in a-- b’ cx? - & xe+ fx'--gx¥ - &

CO RO L.

Bt Curva omnis cujus Ordinata eft 2z in
4~ bzt - cz? -+ &c X e fzr gz - &, %
<K 12 - mzo - el afTum?ndo quantitatem
quamvis pror & ponendo 1=s & ZS‘“""X, migrat in
aliam fibi zqualem cujus ordinata eft * x =#in a-- bx

Arex¥-f-&e e £ %Xz”_—\*&C-J"Xk_—\—lx"_—}—mxﬁq_&ca\“

COROL. V.

Et Curva omnis cujus Ordinata eft z+ in
e -fzr - gzd -+ &c.!‘} ponendo z=x migrat in

aliam fibi zqualem cujus ordinata eft 35%5 o E- I

£ gx™ - & P id eft ©FF ;_\-,,hxf T-exy* fiduo funt

2y
nomina in vinculo radicis vel xe+1~l-m\>< g --fx1-|-€x g

fi tria funt nomina ; & fic deinceps. 0
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COROL. VL

Et Curva omnis cujus Ordinata eft 2z in
e 4-fz' - gz™ |- &eft % k- Iz - mzo- &e e
ponendo ;=x migrat in aliam fibi equalem cu-

I

~jus ordmata eft R % &P fx'é AT B - &)

Iy o gy L L o ox
)k Ix A-mx 2| &c ¥ id eft T f4-ex’
xl-—\-kx"{ f1 bina funt nomina in vinculis radicum,

! = T .

vel gpFrramtne X g -4 x4 - e‘xz"l" X 14-kxe fi tria
funt nomina in vinculo radicis prioris ac duo in
vinculo pofterioris: & fic in aliis. Et nota quod
aree duz equales 1n novifimis hifce duobus Co-
rollariis jacent ad contrarias partes ordinatarum.
Si area in alterutra curva adjacet abfcifle, area
huic ®qualis in altera curva adjacet abfciffe pro-

duéta.

COROL. VIL

S relatio inter Curve alicujus Qrdinatam y &
Abfciffam z definiatur per ®quationem quamvis
feCtam hujus forme,y+in e+ fyrz?|-gy™z2? hysz3*
+ &c. = 28 in k- lyrze |- my#z*® - &e¢. hac
figura affumendo s="=2, x=3%' & »=J7%, migrat
in aliam fibi equalem cujus Abfeifla x, ex data

- Ordinata
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Ordinata v, determmatur per fxzqmtloncm 1non
affeltam Ve sy i gva - s &t = Toe) v

 myv - et =

cOROL. VIIL

St relatio mter Curve alicujus Ordimatam y &
Abfciffam z definitur per @quationem quamvis

affeétam hujus forme, y* in c-| fy"z"-|- ‘Jy*"/‘”‘ -&e.
7B dn k| ly? | my a8 -| 2 in po qy'et

Ay 2o & heee figura affumendo s = 5= x 0= 128
ad| Py, ad-l-9y . :

= -;—}—;}7— N —';;:E%:', migrat in aliam fibi equalem

cujus Ablcifla x ex data Ordmata v determinatur

per equationent minus alleCtam vew e | fvr-| gy

A &es om st in kv e mv? S el S| @) in

P SAL \ rv \ &

COROIL. IX.

C.Lnf'vu omnis cujus Ordimmata  cft #58" ip

A T S e | B g &

¥
2:

-] b[ux. VA g &), e o &

aflumantur x = ez’ -tz ~-\~-- gk &, T,
& 2= dzromigrat in aliom (bt equalem cujus ordi-

w AL A et

nata eft ;\9 xu-|-bxe* Kt nota quod ordinata prior
in
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in hoc Corollario evadit fimplicior ponendo x==1
vel ponendo 7= 1 & efficiendo ut radix dignitati;
extrahi pofht cujus index eft », vel etiam ponendo
o=—1&*r=1=7="7=¢r_ut alios cafus przte-
reasm. |

COROL. X

Pro ew - fz*1n o gara o e, vegrt A fprie
1 gt A & k- T - mzo - &e, & e
A anmz®-|-&e. feribantur R, r, S& s refpeive, &
Curva omnis cujus ordinata eft »Sr -0 Rs in R Ser
KaS bR, fifitew =t =2, T =0, 27 =5

T qr,,,f : 2 ‘o b

& R*Se == x, migrat in aliam fibi zqualem cujus or-
dinata eft x* x u-|-bx7. Et nota quod Ordinata
prior evadit fimplicior, ponendo unitates pro =, v,
& avel uy & faciendo ut radix dignitatis extrahi
poffit cujus index eft « vel ponendoe = =1 vel
w0,

PROP X. PROB. IIL

Invenire figuras impliciffimas cum quibus Curva
~ queevis geometrice compari poteft, cujus ordinatim

applicata y per equationem non affeétam ex data ab-
~{ciffa z determinatur. o

O

cC
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C A8 L

Sit Ordinata az%', & area erit gazf, ut ex Prop.V.
ponendob=o0=c=d=f=g=h & e=1, facile col-
ligitur.

48 1.

ST o T SV AR>S O S N ¢ SR o N g
D1t Urdunatd azv K €147 -~ g4 "! == XC X 11

curva cum figuris retilineis geometrice comparari
-?gteﬁj quﬂdmh;‘rnr per Prn})i V, anPan b=o=rc

[ AL NS N N W O S L - Tu L S B 3
. =

=d. Sin minus convertetur in aliam curvam f{ibi
zqualem cujus Ordinata eft %Xq"—”* X e-- fx4~\-~. gxf&c.]""
per Corol. 2. Prop. IX. Deinde f+ de dignitatum
wndicibus £ & a1 per Prop. VIL. rejiciantur uni-
tates donec dignitates ille fiant quam minime, de-
venietur ad figuras fimplicifimas que hac ratione
colligi poffunt. Dein harum unaquzq; per Corol.5.
Prop. IX. dat aliam que nonnunquam fimplicior
eft. Et ex his per Prop. III. & Corol. 9 & 10,
Prop. IX. inter {e collatis, figure adhuc fimpliciores
quandoq; prodeunt. Deniq; ex figuris {fimplicif-
fimis aflumptis falto regreflu computabitur area
quaiita,

CAS
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c 48 1L

St Ordinata 2% x a 4= bz - cz¥ |- &,
w etz gz - &eM', & hece figura fi quadrari
ft S; :

poteft, quadrabitur per Prop. V.
ftinguenda eft ordinata in partes 2 x axe-{-fz
A-gzi - e, 29 b e {2 g T
&c. & per Caf. 2. inveniende funt figure impli-
cifime cum quibus figure partibus illis refpon-
dentes comparari poffunt. Nam arez figurarum
partibus illis refpondentium {ub fignis {uis - & —
conjunéte component aream totam queafitam.

L
wlll fﬂinug.} -

c4s W

Sit Ordinata 2% x &1 B2t (2 L& x
e Tz - gz - &ept w K 12 pmz»--&el e
& fi Curva quadrari poreft,quadrabitur per Prop.V1

¥

Sin minus, convertetur in fimpliciorem per Corol.4-
Prop. IX. ac deinde comparabitur cum figuris fim-
~ plicffimis per Prop. VIII. & Corol. 6, 9 & 10.
Prop.IX. utfit in Cafu2 & 3.

 Si Ordinata ex variis partibus conftat , partes.
fingulz pro ordinatis eurvarum “totidem habend®

funt,& curve ille quotquot quadrart poflunt,figilla-
T Ccec 2 | tim
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tim quadrandz {unt, earumgq; ordinate de ordinata
tota demende. Dein Curva quam ordinate pars
refidua defignat {eorfim (ut in Cafu 2, 3 & 4,)
cumn figuris fimpliciffimis comparanda eft cum qui-
bus comparari poteft. 1t fumma arcarum omuiun

pro area Curve propoﬁtm habenda eft,

yam
.

I M
CORO[

Ao

Hine etiam Curva .omuis cujus Ordinata eft ra-
dix quadratica atfe¢ta equationis {ux, cum figuris
fimpliciffimis fen retilineis fen curvilineis  com-
part poteft. Nam radix illa ex duabus partibus
femper conftat qua feorfun fpectate non funt wqua-
num radices affeéte.  Proponatur wquatio aayy
A zzyy = aly -y -, & extracta radix erie
w2t et aZ 2! cujus pars rationalis
43-\-23 o aat gt
=TT &K pars trrationalis — 7% {unt
ordinate curvarum que per hane Propolitionem
vel quadrari poffunt vel cum figuris fimpliciflimis
comparari cum quibus collationem geometrican ad-
mittunt.

COROL. 1L

Et curva omnis cujus Ordinata per equationem
quamyis affe€tam definitur que per Corol. 7. Prop.
[X. in zquationcm non afte¢tam migrat, vel quu-

dratur
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dratur per hanc Propofitionem fi quadrari poteft vel
comparatur cum figuris fimpliciffimis cum quibus
comparl Poteﬁ..Et hac ratione Curva omnis quadra-
tur cujus @quatio eft trivm terminorum. Nam xqua-
fio illa {1 affecta it tranfmutatur in non affectam per
Corol.7. Prop.IX. ac deinde per Corol. 2 & . Prop.
IX. in fimplicfimam migrando, dat vel quadratu-
ram figure {i quadrari poteft, vel curvam fimplici{-
{fimam quacum comparatur.

COROL. 1L

s o

Et Curva omnis cujus Ordinata per zquationem
quamvis affeCtam definitur que per Corol. 8. Prop.
IX. in ®quationem quadraticam affeCtam migrat ;
vel quadratur per hanc Propofitionem & hujus Co-
rol. 1. fi quadrari poteft, vel comparatur cum figu-
1is fimplieiffimis cum quibus collationem geomeétri-
cam admittit.

SCHOLIUM.

Ubi quadrande funt tigure ; ad Regulas hafce
generales {femper recurrere nimis moleftum eflet ;
preeftat Figuras qua fimpliciores funt & magis ufui
effe poffunt femel quadrare & quadraturas in Ta-
bulam referre, deinde Tabulam confulere quoties
ejufmodi Curvam aliquam quadrare oportet. Hu-
jus autem generis funt Tabule due fequentes, in

¢
quibus z denotat Abfciflam, y Ordinatam reftan-
| - gulam



[196]
gulam & t Aream Curve quadrande, & d, e, £ g,
g. b, " funt quantitates date cum fignis-{uis '\—~ 8o,

TABULA

Curvarum fimpliciorum que quadrart poffuns.

Curvarum forme. Curvarum arez.

Forma prima.

d
dzrt=y., I AESRY
Forma fecunda.
dz“’l dzn 1 Wd —_
ce--2efzy 2 = VE nee-| ety — t? VEL jefinffzy

Forma tertia.
1. dz Ve fz=y. = “Ri=t, exiftente R= =1/e|-fz¢
—4e-|-6fzy -6fz
2. dz¥/e \ =V. i "dRs =t

- = 1 566-—»246&»;—‘—3 oftz 2“
3 de;’ '\/E f\—th =Y. P dR3=¢,
| commm—— ~=pée3-{-144eefzy—180effzoy-|-210f323y .
4. dzfiWet iz =y. 945ut+ dRs =1.
Forma quarta,
1
dZ'“ 2d
I. = Y. — -—
Jm; y ﬂf R- ta
clz2r N
- — —ge-|-2fzy
e L —ar dR=t.
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Llyy_l

ngW‘d ' 16ce—8efzy-|-6ffz2y
3 vgm 517 o
d-zq.;j-l | —=06e3-|-48¢eefz;mqbefizry,- |-30f2 0y
. v’é——m‘r ‘ 105xf} dR -t
TABULA

Curvarum fimpliciorum que cum Ellipfi &
Hyperbola compar: poffuns.

Sit jam‘ aGD vel PGD vel GDS Se&tio
Conica cujus area ad Quadraturam Curve pro- Fig: 5,6,
pofitz 1equ111tu1, ﬁtq, ejus centrum A, Axis Ka,
Vertex a, Semiaxis conjugatus AP, datum Abfcdfm
principium A vela vel AbfTiffa AB vel aB vel
~B=x, Ordinata 1e&angula BD=v, & Area
ABDP vel aBDG vel aBDG =5, exiftente «(5 Or-
dinata ad pun&tum e Jungantur KD, AD,aD. Du--

. catur Tangens DT occurrens Abfcdfce AB in T,

& compleatur parallelogrammum ABDO. Et
'ﬁquando ad quadmtmam Curve propofite requi-
runtur arez duarum Setionem Conicarum, dica-
~ tur pofterioris ‘Abfciffa £ Ordinata 7, & Area o.
Sit autem - differentia duarum quantltatum ubt in-
~ certum eft utrum poﬁenor de pnon an prior de po-

~ fteriori fubduci debeat

Curva-
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In Tabulis lufce, feries Curvarum cujufq; forme
utxmq, 1n 11111111tum continuari poteft. Scilicet
in Tabula prima, 1n numeratoribus arearum for-
me tertie & quartz; numeri coefficientes initialium
terminorum (2,—4, 16,-—96, 868 ,&c.) generan-
tur multsphundo numeros—2, A” 69 1o,%c.
in fe continuo, & iubfcquentlum terminorwm Coef»
fHeientes  ex 111Lt1t111buq derivantur multlphcando
ipfos. grad: atim, m Forma quidem tertia, per —%
Sy ~3ym fQ:.  &e. in quarta vero per —j, —3

e T &L Et Denominatorum c.oeﬂiueutes
24 15, 105, &ec. ploch,unt 11'1L1\11phmndo numeros

1, 25 5, 7y 95 K. infe continuo.

In fecunda vero ”Lmula, feries Curvarum forme
pumm 1«.(1111(%: quintx, fextx, nonz & decima ope
fnlm% divifionis, & ionnm 1@11(11.193 ope Pxopeﬁtmw
nis tertie & f:ih‘.tltx,, utl.mq, ploducumur i in-
finitum. |

Quinetiam he {eries mutando ﬁgnum numeri
variari taleut Sic uum,. ¢. g Curva $y/eFar= vy,

evadit =—— v/f- |- e,

1‘11

Sit ADIC Curva  quavis Abfeiflam habeos Fig. g0
AB ==y & Ordinatam BD=y, & fit AEKC Curva

alin cujus Ordinata B E equalis cft prioris dlfge
A BCG
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ADB ad unitatem applicatz, K AFL G Cuarva
tertia cujus Ordinata BF equalis eft fecundz arex
AEDB ad unitatem applicatz, & AGMC Curva
quarta cujus Ordinata BG =qualis eft tertiz aree
AFB ad unitatem applicate, & AHNC Curva
quinta cujus Ordinata BH equalis eft quart® arez
AGB ad unitatem applicate, & fic deinceps 1n
infinitum. Et funto A, B, C, D, E, &c. Arez Cur-
varum Ordinatas habentium vy, zy, Z°y, 2%y, 2%y,
& Abfaflam communem z. |

Detur Abfciffa quaevis A C=t, fitq; BC=t—=z
=x, & funto P, Q, R, S, T arez Curvarum Ordi-
natas habentium x, Xy, xxy, x’y, x'y & Abfciflam
communem X.

Terminenter autem he arez omnes ad Abfaiflam
totam datam A C, nec non ad Ordinatam pofitione
datam & infinite productam CI: & erit arearum
{ub initio pofitarum prima A DIC=A==P, fecunda
AEKC—=tA—B=Q Tertia AFLC ="="= =R,
Quarta AGMC — t‘Awgtti’HtC‘P """’"‘éS . Q,ui‘nta

Ar———

' o t4A—4tyB | 66tC—4tD 1 E __
AHNC B SC—aD + B = T,

24

o
S



 Unde fi Curve quarum Ordinata funt y, zy,
2y, 2y, &e. vel y, xy, xy, x}y, &ec. quadrar

) --J -’ e J - Lot P I S 8

poiTunt quadrabuntur etiam Curvae ADIC, AEKC,
AFLC, AGMC, &c. & habebuntur Ordinatz BE,

BE, BG BH areis Curvarum proportlonales.

SCHOLIU M.

Quantntdtum ﬂuentlum ﬂuxmnes efle primas

~ fecundas, tertias, quartas, aliafq; diximus fuprm
He ﬂux1ones funt ut termini ferierum infinita-
rum convergentium. Ut fi zn fit quantltas fluens &
fluendo evadat z-\-o}, deinde refolvatur in feriem
convelgentem 21 ozt~ M oz, 2 - ARk Hgiprs

w\-ﬂ &c. terminus primus 11UJUS feriei z¢ erit quan-

titas illa fluens, fecundus woz'® erit ejus incremen-
fum primum ﬁ=n differentia ‘m‘i_l 12 cul na{'centt pro-

MU-J-J-J. l.a’J. N T A, S AALE R R2L LALLM E
oz“"'-"-'-

- portlonahs eft ejus fluxio prima, tertius 2t
erit ejus incrementum {fecundum feu dliTerentLa fe-
cunda cui nafcenti proportmmhs eft ejus fluxio.
fecunda, quartus 2203713 erit ejus incremen-
tum  tertium feu dli’felenm tertia cui nafcenti
fluxio tertia plopomomhs eﬁ: & ﬁc demceps in
mﬁmtum o

' Exponi |
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_ E_}:poni autem potlunt ha fluxiones per Curvarum
‘Ordinatas B D.) B Ej_jB F,’ BG) BH) e, Ur fn
‘Ordinata BE (~.~:"§-}-3-E ) fit quantitas fluens, erit
cjus luxio prima ut ordinata BD.  Si BF (=2ELF
fit quantitas fluens, erit ejus fluxio prima ut Or-
dinata BE & fluxio fecunda ut Ordinata BD. §i
BH ( ::‘5—%5) fit quantitas fluens, erunt ejus fluxio-
nes, prima, fecunda, tertia & quarta, ut Ordinate
BG, BF, BE, BD refpettive. ‘_

Et hinc in zquationibus que quantitates tantum
Juas incognitas involvunt, quarum una eft quan-
titas uniformiter fluens & altera eft fluxio quelibet
quantitatis alterius fluentis, inveniri poteft fluens
illa altera per quadraturam Curvarum. Hxponatur
enim fluxio ejus per Ordinatam BD, & fi hec fit
Huxio prima, quaratur area ADB=BEx1, fi
{luxio fecunda, queratur area AEB=BFx1, fi
fluxio tertia, queratur area AFB=BGx1, &ec.
% area inventa erit exponens fluentis quafite.

Sed & in =quationibus que fluentem & -ejus
fluxionem primam fine altera fluente, vel duas
ejufdem fluentis fluxiones, primam & fecundam,
vel fecundam & tertiam, vel tertiam & quartam,
Xc. fine alterutra fluente involvunt : inveniri pof-
tunt fluentes per quadraturam Curvarum.  Sit
®quatio aav == av - vv, exiftente v==BE,
plendo dimenfiones fluxionum, evadet aav = avz

, - aav .o e PO SN -
wbvvz, fen oy =e. Jam fluat vouniformiter &
R ] fit
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fit ejus fluxio v==1 & erit T z & quadrando
Curvam cujus Ordinata t,ﬁ i & Abfmffa v, ha-
bebitur fluens z.  Adhezc fit “2quatio aav=av--vv

exiftente v=BF, V:BE v=BD & z=AB &
per relationem inter v& v feu BD & BE invente-
tur relatio inter AB& BE ut in exemplo fupermr
Deinde per hanc relationem invenietur relatio in-
ter AB & BF quadmndo Curvam AEDB.
quuatlones q_uaa tres mcogmtas quantltates mvol-
vunt aliquando reduci poflunt ad ®quationes que
duas tantum 1nvolvunt, & in his cafibus fluentes
invenientur ex ﬂuxwmbus ut fupra. Sit zquatie

a—Dbx! "r—-—cxyuy —~\~uy2"’y}7 Ponatur ynyﬁv & erit
awbxmcwi\«dvv. Hac 2quatio quadrando Cur-
vam cujus Abfcifla eft x & Ordinata v dat aream
v, & zquatio altera yry==vy regrediendo ad ﬂuentes
‘dat —y* ==v. Unde habetur fluens y. |

Qumetlam in zquationibus que tres 111cog111tas

 involvunt & ad @quationes que duas tantum in-
~ volvunt reduci non poflunt, fluentes quandog;

prodeunt per quadraturam Curvarum. Sit zquatio
axnfbxff =rex™ ys.|- sexryys“ fyy , exiftente

_;(*‘I.Et pzu.s poﬁeuorlex”“‘y 1 sexryy -"fYY-;

,"I"ﬁﬂ‘Iﬂr!!cJﬁr] ad ﬂ ombo ﬁ Fale T o & L AN 1'11"’ ‘-“I e
:auﬁxwuu—u\.tu aaq nuentes 5 b \.;A J t* e y

- proinde eft utarea Curve cujus Abfc:x.ﬁa ef’c X &
"Ode,nata ax® “bxP, & inde dator fluens o
kee Sit
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Sit equatio x ¥ ax® - bxft =—22%  Et fluens
. v etyy
P o * . P .
cujus fluxioeft x xax™ - bx"\ erit mit area Curve
CUJUS Abfuffa eft x & Ordinata eft g %" - bxn‘Pc

YYu

4/ e’\‘*Yu

cujus Abfciffa eft y & Ordinata i@%’{—, id eft

v/ | tyn

{ per C’lﬁlm 1. Formz quarte Tab. 1.) ut area
et sV e-fyn Pone ergo w\/e -fy" zqualem aree

Curva cujus . Abfmﬁa eft x & Ordinata ax™ -~ bx?
& Habebitur ﬂuens . - |

{tem fluens cujus fluxio eft LY erit ut area Lm vep

E’L nota quod fluens omnis que ex fluxione pnma
colligitur augert poteft.vel minui quantitate quavis
non fluente. Quz ex fluxione fecunda colligitur
augeri poteft vel minui quantitate quavis cujus
fuxio {ecunda nulla eft. Quez ex fluxione tertia

colligitur augerl poteft vel minui quantitate quavm
cujus fluxio tertia nulla eft. Et fic demce_ps in ine.

ﬁmtuma

Poftquam. vero. ﬂuentes ex ﬂuxwmbus colle&ae"'
funt, fi de veritate Conclufionis dubitatur, fluxio-
nes ﬂuentmm inventarum viciffim colligende funt
% cum fluxionibus fub initio propofitis comparandz.

Nam fi prodeunt zquales Conclufio recte fe ha-
bet~.
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bet : fin minus, corrigendz funt fluentes fic, ut:
earum fluxiones fluxionibus {ub initio propofitis
equentur. Nam & Fluens pro lubitu affumi po-
reft & aflumptio corrigi ponendo fluxionem flu-
entis aflumpte equalem fluxioni propofite, & ter-
minos homologos inter {e comparando.

Et his principiis via ad majora fternitur.

FPINIS
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