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ADVERTISEMENT.

Art of the enfuing Difconrfe about Light was written
R at the defive of fome Gentlemen of the Royal Society,
in the Year 1675. and then fent to their Secretary, and
vead at their Meetings, and the-reft was added about
Twelve Vears after to complete the Theory ; except the
Lhird Book, and the laft Propofition of the Second, which
were_fince put together out of fcattered Papers. To avoid
being engaged in Difputes abour thefe Matters, I have
hitherto delayed the Printing, and fhould flil} have de-
layed it, had not the importunity of Friends prevatled upon
me. 1 f any other Papers awrit on this Subject are got out
of my Hands they are imperfelf,and were perhaps written
before I had tried all the Experiments here fet down,
and fully fatisfied my felf about the Laws of Rejfmﬁzom |
and Compofition of Colonrs. I have here Puélzjloed what
1 think proper to come abroad, wifbing that it may not be
Tranflated into another Languczge without my Confent.
The Crowns of Colours, which fometimes appear about
the Sun and Moon, I have endeavoured to give an Ac-
count of 5 but for want of fusfficient Obfervations leave that
Matser to be further examined, 'The Subjelt of the Third

Book T bave alfo left imperfed, not imfvzn,g tried all the
Ly pe:
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Foperiments which I intended when I was about thefe
Wattcm nov repeated fome of thofe which I did try, until
I had fatisfied my [elf about all their Circumflances. To
communicate what 1 bave tried, and leave the vest ro
others for further Eﬂqmry i all my Defign i pzzélzjbmg
ﬁ;é_’fé Pﬁj}(’ﬁf : ~
Tna Letter noritten to Mr. Lelbmt’z, inthe Year 1676,
and publifbed by Dy. Wallis, I mentioned a Method by
awhich I had found fome gerzeml Theorems about fquarmg
Curviliear Figures, or comparing them with the Conzc
Seclions, or sther the f mplest Figures awith which they may
be COﬁ:Zj}ﬂré"(Z And fome Vears ago Ilent ont a Mamyferipe
contatning fuch Theovems, and having fince met with Some
Things copied out of it, T have on this Occafion made it
publick, prefixing to it an Introdultion and fubjoyning a
Scholium concerning that Method.  And 1 bave jorned
with tt another fmall Traft concerning the Caur vilinear
Figures of the Second Kind, which was alfo written
weary Vears ago, and nrade known to ﬁ;me Friends, fwbo

']wzre ﬁ!zrﬁei the making 1t _pm%z’zc&
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R Y Defign in this Book is not to explain the Pro-
| perties of Light by Hypothefes, but to propofe
A VY A& and prove them by Reafon and Experiments:
In order to which, I fhall premife the following Defini-
tions and Axioms. . - .

WYY the Rays of Light I underftand its leaft Parts, and thofe
0 as well Succeffive in the fame Lines as Contemporary in fe-
Yeral-Lines. For it is -manifeft-that- Light confifts. of parts
both Succeffive and Contemporary ; becatife in thé fame
plsce yors may flop chat which comes one momen, and
~ let pafs'that which comes prefently after; and in the fame

~ time you may. {top-it in any. one: place, “and. let it pafls in
any other. “For that pare of Light which-is ftopt’cannot
be'the fame with chac which is lec pafs.. ‘The leaft Light
or-part of Light , which may be {topt alone without the
reft of theLight; or propagated alone, ordo or fuffer any
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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 Difpofition to be-
refratted or turned out of their Way in paffing ont of one tran-.
parent Body or Medium into another.  And a greater or lefs Re-
frangibility of Rays, is their- Difpofition to be turned more or lefs.
ot 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 pafling out of one Me-
dium into another. And thus may Rays and Refra®ions
be confidered, if Light be propagated in an inftant. But
by an Argument taken from the AEquations of the times
of the Eclipfes of Fupiter’s Satellites it fcems that Light is
propagated in time, {pending in its paflage from the Sun
ro us about Seven Minutes of time : And therefore I have
~chofen to define Rays and Refradtions in fuch general

terms as may agrec to Light in both cafes.

DEFIN. I

Reflexibility of Rays, is their Difpofition to be turned back into
the fame Medium from any other Medium upon whofe Surface they
fall.  And Rays are more or lefS reflexible | which ave returned
back_more or lefs eafily.  As if Light pafs out of Glafs into
Air, and by being inclined more and more to the com
mon Surface of the Glafs and Air, begins at length to be
totally refleéted by that Surface 5 thofe forts of Rays which
at like Incidences are refle€ted 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-
ing or refradting Surface at the Point of Incidence.

DEFIN. V.

The Angle of Reflexion or Refraction, is the Angle which the
Line defcribed by the reflected or refrafled Ray containeth with
the Perpendicular to the refleiting or refracting Surface at the
Point of Incidence.

DEFIN. VL

The Sines of Incidence, Reflexion, and Refraction, are the

Sines of the Angles of Incidence, Reflexion, and Refraction.
DEFIN. VIL

The Light whofe Rays are all alike Refrangible, I call Sim-
ple, Fomogeneal and Similar 5 and that whbﬁ’ 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 fo in all refpe&s ; but becaufe
the Rays which agree in Refrangibilicy, agree at leaft in
all thofe their other Properties.  Which I' confider in the
following Difcourfe.

DEFIN. VIIL

- The Colours of Homogeneal Lights , I call Primary, Homo=
geneal and Simple 5 and thofe of Heterqgeneal Lights, Heteroge-
* neat and Compownd: ~ 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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A X1 0; M S

H E Angles of Incidence, Reﬂexmn and Re fmflzon lyel

in one and the fame (Plcme

AX. oL o
- The Angle of Reflexion is equal to. the Aigle of ;Inciden‘ce.‘:
. AX I - -

If the refraé’ted Ray be returned diveftly back to the Point
of Incidence , it [hall be refraéted into the Line beﬁ)re ddcm.

bed by the incident Ray.
AX. IV.

Refrattion out of the rarer Mdmm imto the denfer , is made:

towards the Perpendicular ; that 3, fo that the Angle of !R fm- |
fHon be lef§ than the Angle of Incidence, -

AX. V.

T/oe Sine of Incidence, is either accurately. or- 'very nearly i :L.» :
‘ gzvm Rativ to the:Sine of Refration.

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

of Incidence of the red Light is to thc Sine of its Refra-
@on as 4 to 3. If out of Air into Glafs, the Sines are
' ' as:.
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as 17 to 11. In Light of other Colours the Sines have
other Proportions : but the difference is fo litele chat it
need feldom be confidered.

Suppofe therefore, th/%.;MR S reprefents the Surface of Fio. 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 refleéted or refraéted, and I would know whethes
this Ray fhall go after Reflexion or Refrattion : I ere&
upon the Surface of the Water from the point of Inci-
dence the Perpendicular CP and produce it downwards
to Q, and conclude by the firft Axiom, that the Ray af-
ter Reflexion and Refraction, fhall be found fomewhere in
the Plane of the Angle of Incidence A CP produced. 1
let fall therefore upon the Perpendicular CP the Sine of
Incidence A D, and if the reflected Ray be defired, I pro-
duce AD to B fo that D B be equal to A D, and draw
CB. For this Line CB fhall be the refleted Ray; the
- Arigle of Reflexion' B CP and its Sine B D being equal
~ to the Angle and Sine of Incidence, as they ought to be
by the fecond Axiom. But 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 7 to 4 5 and about the Center C and in the Plane A CP
with the Radius C A defcribing a Circle ABE I draw
Parallel to the Perpendicular C P Q,, the Line H E cutting
- the circumference in E, and joyning CE, this Line CE
{hall be the Line of the refradted Ray. For if EF be let
fall perpendicularly on the Line P Q_, this Line E F {hall
be the Sine of Refraétion of the Ray CE, the Angle of
Refraion being E C Q; and this Sine E F is equal to
D H, and confequently in Proportion to the Sine of Inci-
dence AD as 3t0 4, |

ﬁl ;
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g wner, if there be a Prifm of Glafs (thae 5 "
Gt baonded with two Equal and Parallel Triangyia
ends, and three plane and wgll polifhed Sides, which Meet
in three Parallel Lines running from th? three Angl'es of
one end to the three Angles of the other ffﬂd)' and if the
Refraction of the Light in paffing crofs chis Prifm be defi.
red : Let ACB reprefent a }?lanc cutting this Prifm tran(.
verlly to its three Parallel lines or edges there where the
Light paffeth through it, and lec J £ be the Ray inci~
dent upon the firft fide of the Prifm A C where the.nght
goes into the Glafs; And by pucting the Proportion of
che ‘Sine of Incidence to the Sine og ﬁl{ch'a&{on as 17 to
a1 find E F the firft refrated Ray. Then taking this Ray
for the Incident Ray upon the fecond fide Q(’ the Glafs BC
where the Light goes out, find tl‘xcmgcxt tefracted Ray F G
by putting the Proportion of the Sine of Incidence to the
Sine of Refraction as 11 to 1. For if the Sine of Inci

dence out of Air into Glafs be to the Sine of Refraction

as 17 to 11, the Sine of Incidence out of Glafs into Air
muft on the contrary be to the Sine of Refraction as 11
to 17, by the third Axiom. o |

Much after the fame manner, if A CB D reprefent a
Glafs fphefically Convex on both fides (ufually called a
Lens, fuch as is a Burning.glafs, or Spectacle-glafs, or an
Objec-glafs of a Telefcope) and it be required to know

how Lighe falling upon it from any lucid point Q fhall

be refracted, let QM reprefent a Ray falling upon any
point M of its firlt f%)hcrical Surface A CB, and by crc&in&

a Perpendicular to the Glafs at the point M, find che firdk

refracted Ray M N by the Proportion of the Sines 12
to t1. Let that Ray in going out of the Glafs be inci
dent upon N, and then find the fecond refracted Ray Ng¢

by the Proportion of the Sines 11 to 7. And after the

{ame
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farde tnantier may the Refralion be found when the
Lens is Convex on one fide and Plané or Concave on
the othier, or Concave on both Sides.

A X. VL
Elomogeneal Rays which flow from feveral Points of any Ob-

jeft, and fall almoft Perpendicularly on any reflecting 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 [o many other Points, either accurately or without any
fenfible Error. And the fame thing will happen, if the Rays be
refleéted or refracted fucceffively by two or three or more Rlane
or [pherical Surfaces.

The Point from which Rays diverge or to which they
converge may be called theit Focus. And the Focus of
the iricident Rays being given, that of the reflected or re-
frated ones may be (gound by finding the Refra&ion of
any two Rays, as above ; or more readily thus. |
Caf. 1. Let ACBbe a reflecting or refracting Plane, Fig. 4.
and Q_ the Focus of the incident Rays, and Q ¢ C a per-
pendicular to that Plane. And if this perpendicular be
produced to ¢, fo that 4 C be equal to QC, the point q
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
Refraction, the point ¢ fhall be the Focus of the refrac-
ted Rays. . |
Caf. 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 , the point ¢ fhall be the
Focus of the reflécted ones. e : h
Cof. 3. Let ACB be the refracting Surface of any
Sphe're whofe Center is E. In any Radius thereof E C
.produced both ways take E T and C¢ feverally in fuch
"F’roportion to thac Radius as the lefler of the Sines of
Incidence and Refradtion 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 E¢ to 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 or more Reflexions or Refra&ions may be found.
Caf. 4. Let ACBD be any refracting Lens, {pheri-
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-
faces perpendicularly, and pafles through the Centers of
the Spheres,) .and in this Axis let F and f be the Foci of the
refracted Rays found as above, when the incident Rays
on both fides the Lens are Parallel to the fame Axis ; and
upon the Diameter F f bifected in E, deferibe a Circle.
Suppole now that any Point Q be the Focus of any inci-
dent Rays.  Draw QE catting the faid Circle in T and ¢,
and therein take ¢ ¢ in fuch Proportionto ¢t E as¢ E or TE
hathto T Q. Let ¢4 lyethe 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
Q_ be not {0 remote from the Axis, nor the Lens fo broad
as to make any of the Rays fall ‘too obliquely on the
refracting Surfaces. S
) Ap?d by the like,OPeratiogs;‘-'nlay the?reﬂci:tiﬁg‘or re-
racting Surfaces be found when the two Foci are given, -
| ss. 7 and

et
A
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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 sre their Incidence flow from or towards any Point Q.,
2.y fhall after Reflexion or Refraction flow from or to-
«:1ds the Point ¢ found by the foregoing Rules.  And if
tie 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 ecafily known by the {fituation of that Point.
For if that Point be on the farne fide of the reflecting or
refracting Surface or Lens with the Point Q, and the in-
cident Rays flow from the Point @, 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 Ob-
jedt mcet again in fo many Points after they have been made to
‘converge by Reflexion or Refraltion, there they will make a Pic-
ture of the Object upon any white Body on which they fall. '

So if PR reprefent any Object without Doors, and ABFig. 3.
be a Lens placed at a hole in the Window-fhut of a dark
Lhamber, whereby the Rays that come from any Point Q
of that Object are made to converge and meet again in
the Point ¢ ; and if a Sheet of white Paper be held at 4
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 Objectin 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.

Fig. 8. In like manner when 2 Man views any Object P QR,
the Light which comes from the feveral Points of the Ob-
ject is {o refracted by the tranfparent skins and humours
of the Eye, (that is by the outward eoat 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 Tu-
nica Retina) with which the bottom of the Eye is covered.
For Anatomifts when they have taken off from the bot-
tom of the Eye that outward and moft thick Coat called
the Dura Muter, can then fee through the thinner Coats
the Pictures of Objects lively painted thereon. And thefe
Pictures propagated by Motion along the Fibres of the Op--
tick Nerves into the Brain, are the caufe of Vifion. For
accordingly as thefe Pictures are perfect or imperfect, the
Object is feen perfectly or imperfectly. If the Eye be tin~
ged with any colour (asin the Difeafe of the Jaundife) fo

as to tinge the Pictures in the bottom of the Eye with that
@olour, then all Objects appear tinged with che fame Co-
lour. If the humouss of the Eye by old Age decay, fo
as by fhrinking to make the Cornea and Coat of the Cry-

| [ftalline:

d
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fraltine bumonr grow flatter than before, the Light will not be
refracted enough, and for want of a {ufficient Refraction
will not converge to the bottom of the Eye but to fome
place beyond it, and by confequence paint in the botcom
of the Eye aconfufed Picture,and according to the indiftinét-
nefs of this Picture the Objec¢t will appear confufed. This
is the reafon of the decay of Sightin old Men, and fhews
why their Sight is mended by Spe@acles. For thofe Con-
vex-glaffes fupply the defe&t of plumpnefs in the Eye, and
by encreafing the Refraction make theRays converge fooner
{fo 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 Refraction being now too great,the Rays converge
and convene in the Eyes before they come at the bottom 4
and therefore the Piture made in the bottom and the Vifion
caufed thereby will not be diftinét, unlefs the Object be
brought fo near the Eye as that che place where the con-
verging Rays convene may be removed to the bottom, or
that the plumpnefs of the Eye be taken off and the Refra~
&ions diminifhed by a Concave-glafs of a due degree of
Concavity, or laftly that by Age the Eye grow flacter eill ic
" come to a due Figure : For fhort-fighted Men fee remote
Objeéts beft in Old Age, and therefore they are accounted
to have the mioft lafting Eyes.

A X, VIIL

An Object feen by Reflexion or Refrattion, appears in that place
from whence the Rays after their laft Reflexion or Refrattion di
verge in falling on the Spettator’s Eye. | :

If the Obje& A be feen by Reflexion of a Looking- Fig. 9.
glafs m n, ic Thall appear, not in it’s proper place A, but
: B 2 | behind
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behind the Glafs at a, from whence any Rays AB, AC,
AD, which flow from one and the {fame Point of the Ob-
ject, do after their Reflexion made in the Points B, C, D
diverge in going from the Glals to E, F, G, where they
are incident on the Spe&ator’s Eyes. For thefe Rays do.-
make the fame Picture in the bottom of the Eyes .as if
they had come from the Object really placed at 2 without -
the interpofition of the Looking-glafs ; and all Vifion is
made according to the place and fhape of that Picture.

In like manner the Object D feen through a Prifm 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 fo the Object Q_feen through the Lens AB;appears -
at the place ¢ from whence the Rays diverge in paffing -
from the Lens to the Eye. Now it is to be noted, thatthe -
Image of the Object at ¢ is fo much bigger or lefler than -
the Object it felf at 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~
glafles, every Glafs fhall make a new Image,: and the Ob-
ject fhall appear in the place and of the bignefs of the laft -
Image. Which confideration unfolds the Theory of Mi-
crofcopes and Telelcopes.  For that Theory confifts in al-
molt nothing elle than the defcribing fuch Glaffes as {hall :
make the laft Image of any Obje&t as diftinét and large .
and luminous as it can conveniently be made. .

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

| In;ro~
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Introduétion to Readers of quick Wit and good Undes. -
ftanding not yet verfed in Opticks: Although thofe whe -
are already acquainted  with this Science, and have
handled Glafles, will more readily apprehend  what fole
loweth. .

" PROPOSITIONS

PROP. L Theor L-

" IGHTS which differ in Colour, differ allo in De~ -
4 grees of Refrangibility. .

The Proof by Experiments.

Exper. 1. T-took-a black oblong fhff 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 painced with -
a red Colour and the other with a blew. . The Paper was
very black, and the Colours intenfe and thickly laid on, -
~ that the Ph@nomenon might be more confpicuous. This
Paper I viewed through a Prifm of folid ‘Glafs, whofetwo
‘Sides through which the Light pafled to.the Eye were -
“plane and well polifhed, and contained an Angte of about
Sixty Degrees : which Angle I call the refradting Angle of -
the Prifm. And whilft T viewed it, I held it before a -
Window in {uch manner that the Sides of the Paper were :
patallel to the Prifm, and both thofe 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 HpOm
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upon the Papet made an Angle with the Paper, equal to
that Angle which was made with the fame Paper by the
Light reflected from it to the Eye. Beyond the Prifm 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 refle@ed from thence, which
in pafling by the edges of the Paper to the Eye , might
mingle it felf wich the Light of the Paper and obfcure the
Phznomenon thereof. Thefe things being thus ordered,
I found that if the refracting Angle of the Prifm be turned
upwards, {o that the Paper may feem to be lifted upwards
by the Refracion, 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 {eem to be carried lower by the Refracion, its
blew half will be carried fomething lower thercby than
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 fuffer a greater Re-
fra@ion than the Light which comes from the red half,
and by confequence is more refrangible.

Hiufiration.  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 intenfely blew Colour,
the other F Eof an intenfely red. And BACcab repre-
fents the Prifm whofe refracting Planes ABb « and ACca
meet in the edge of the refralting Angle A 4. This edge
A being upward, is parallel both to the Horizon and to
the parallel edges of the Paper DJ and HE. And dere-
prefents the Image of the Paper feen by Refradtion up-
wards in fuch manner that the blew half D G is carried
higher to d ¢ than the red half FE is to fe, and therefore

| fuffers
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fuffers a greater Refradtion. If che edge of the refradting
Angle be turned downward, the Image of the Paper will
be refracted downward fuppofe to s¢, and the blew half
will be refraéted lower to ¢ 3 than the red half is to ¢

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 {uch 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 fmaller and better
defined. This Paper thus coloured and lined I fet againft
a Wall perpendicularly to the Horizon, {o 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 erected a glafs Lens four Inches and a quarter
broad, which might colle¢t the Rays coming from the
feveral Points of the Paper, and make them converge to-
wards o many other Points at the fante diftance of fix
Feet and one or two Inches on the other fide of the Lens,
and fo form the Image of the coloured Paper upon a white
Paper placed there s after the fame manner that a Lens at
a hole'in 2 Window cafts the Images of Objects 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
! eafily knew by the Images of the black Lines which 1
had made by winding the Silk about the Paper.  For the

‘Images of tholc fine and flender Lines (which by reafon of

their blacknefs were like Shadows on the Colours) were
confufed and fcarce vifible, unlefs when the Colours on ei-
cher {ide of each Line were rerminated moft dif‘cin&ly,

Woting 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, { found cthat where the red

half of the Paper appeared diftinét, the blew half appeared

-contufed, fo that the black Lines drawn upon it could

{carce be feen 5 -and on the contrary where the blew half

-appeared moft diftin& the red-half appeared confufed, fo

that 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 white Paper from the Lens, when the Image of the
red half of the coloured Paper appeared moft diftin, be-

-ing greater by an Inch and an half than the diftance of the

fame white Paper from the Lens when the Image of the
blew half appeared moft diftin&k. 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- -
aible. ' :
Hinftration.  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 diftiné, and bi the fame
Paper in that place where the blew half appeared diftinét.
The place 7 was nearer to the Lens M N than the place

‘HJ by anInch and an half, Scholium.
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Scholiwm. The {fame things {ucceed notwith{tanding that
{ome of the Circumftances be varied : as in the fir(t 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 fec down fuch Circumftances
by which either the Phznomenon might be rendred more
confpicuous, or a Novice might more eafily try them, or
by which I did try them only. The fame thing I have
often done in the following Experiments : Concerning all
which this one Admonition may fuffice. 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 fome
Rays not more Refrangible than thofe of thered ; Buc
thele Rays in Proportion to the whole Light are but few,
and ferve to diminith the Event of the Experiment , but
are not able to deftroy it. For if the red and blew Co-
lours were more dilute and weak, the diftance of the Ima-
ges would be lefs than an Inch and an half 5 and if they
were more intenfe and full, that diftance would be greater,
as will appear hereafter. Thefe Experiments may fuffice
for the Colours of Natural Bodies. For in the Colours
made by the Refraction of Prifms this Propofition will
appear by the Experiments which are now to follow in the
next Propofition.

c PROP.
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PROP. II. Theor: IL
The Light of the Sun co}zﬁﬁs of Rays differently Refrangible.

The Proof by Experiments.

Exper. 3. Y N a very dark Chamber at 2 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 thar hole mighe
be refracted upwards toward the oppofire Wall of the
Chamber, and there form a coloured Image of the
Sun. The Axis of the Prifm (chat is the Line paffing
through the middle of the Prifm from one end of it to
the other end Parallel to the edge of the Refracting Angle)
was in this and the following Experiments perpendicular
to the incident Rays. About this Axis I turned the Prifm.
flowly , and (aw the refracted Light on the Wall or co~
lonred Image of the Sun firft to defcend and then to -af-
cend. Berween the Delcent and Afcent when the Image
feemed Stationary , I ftopt the Prifm, and fixt it in that
Pofture, that it fhould be moved no more. For in that
pofture the Refractions of the Light at the two fides of
the Refracting Angle, that is at the entrance of the Rays
into the Prifm and at their going out of ir, were equal to
ope another.  So allo in other Experiments as often as I
would have the Refracions 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 Its two contrary Motions, in the common Period
of its progrefs and egrefs ; and when the Image fell upon
that place, I made faft the™rifm. 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, unlefs where fome
other pofture is defcribed. The Prifm therefore being pla-
ced in this pofture, I let the refracted Light fall perpendi-
cularly upon a Sheet of white Paper at the oppofite Wall
of the Chamber, and obferved the Figure and Dimenfions
of the Solar Image formed on the Paper by that Light.
This Image was Oblong and not Oval, but terminaced
with ewo Re&ilinear and Parallel Sides, and two Semi-
circular Ends. On its Sides it was bounded pretty diftinétly,
but on its Ends very confuledly 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 part 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 anInch, fubtended an Angle ar 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 fo great a length was made, was 64 degr. With a lefs
Angle the length of the Image was lefs, the breadth re-
maining the fame. If the Prifm was turned about its Axis
that way which made the Rays emerge more obliquely out
of the fecond refracting Surface of the Prifm, the Image foon
became an Tuch or two longer, or more; and if the Prifm
- was turned about the contrary way, fo as to make the Rays
fall more obliquely on the firft refradting Surface, the Image
foon became an Inch or two fhorter. And therefore in try-
ing this Experiment, I was as curious as I could be in pla-
cing the Prifm by the above-mentioned Rule exaétly in
‘ . C2 {uch
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fuch a pofture that the Refractions of the Rays at their emer-
gence out of the Prifm might be equal to that at Fhelr inci-
dence on it. This Prifm had fome Veins running along
within the Glafs from one end to the other, Which fcat-
tered fome of the Sun’s Lighe irregularly, but had no fen-
fible effet in encreafing the length of the coloured Spec-
trum.  For I tried the fame Experiment with other Prifms
with the fame Succefs. And particularly with -a Prifm
which feemed free from fuch Veins, and whofe refraéting
Angle was 62! Degrees, I found the length of the Image 93
or 10 Inches at the diftance of 18¢ Feer from the Prifm,
the breadth of the hole in the Window-fhut being  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
{eemed free from Veins and whofe refraé‘cin‘gv Angle was

63 ! Degrees, the length of this Image at the {fame diftance

of 181 Feet was alfo about 10 Inches, or 1oz. Beyond

thefe Meafures for about f or I 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 tincture might either wholly or in great meafure
arife from fome Rays of the Spectrum fcattered irre-
gularly by fome inequalities in the Subftance and Polifly -
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 Prifin 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 Prilms make any : for in a Veffel made of polifhed
Plates of Glafs cemented rtogether in the fhape of a Prifi
and filled with Water, there is the like Succefs of the Fx-
periment according to the quantity of the Refradtion. I
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, thatis the Inclination of more than two Degrees
and an half. And yet according to the Laws of Opticks
vulgarly received, they could not poffibly be {o much in-
clined to one another. For let EG reprefent the Window- o, 2.
* fhut, F the hole made therein through which a beam of the ~ =~
Sun’s Light was tranfmitted into the darkned Chamber, and
ABC a Triangular Imaginary Plane whereby the Prifm is
feigned to be cut tranfverfly through the middle of the
Light. Or if you pleafe, lec AB C reprefent the Prifm it
felf, looking direétly towards the Spectator’s Eye with its
nearer end : And let XY be the Sun, M N thePaper upon
which the Solar Image or Spetrum is caft, and P T the
Image it {elf whofe fides tovvards V and W are Recili-
near and Parallel, and ends tovvards P and T Semicir-
cular. YKHP and XLJ T are - two Rays, the firlt
of which comes from the lower part of the Sun to the
higher part of the Image, and is refraéted in the Prifm at
K and H, and the latter comes from the higher part of
the Sun to the lower patt of the Image, and is refracted
at L andJ. Since the Refracions on both fides the Prifm
are equal to one another, that is the Refraction at K equal
to the Refracion at J, and the Refraétion at L equal to
the Refraction at H, fo that the Refrations of the inci-
dent Rays at K and L taken together are equal to-the

Refractions of the emergent Rays at Hand J taken t‘?ge-
ther :
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cher : it follows by adding equal things to equal things,
that the Refractions at K and H taken together, are equal
to the Refrations at J and L taken together , and theres
fore the two Rays being equally refradied have the fame
Inclination to one another after Refraéiion which they had
before, chatis the Inclination of half a Degree anfwering
to the Sun’s Diameter. For {o great was the Inclinacion
of the Rays to one another before Refraction.  So then,
the length of the Image P T would by the Rules of Vuls
gar Opticks fubtend an Angle of half a Degree at the
Prif, and by confequence be equal to the breadth »w;
and therefore the Image would be round. Thus it would
be were the two Rays XL J T and YK H P and all che
reft which form the Image Pw T, 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 greateft Refraction, muft be more Refrans
gible than thofe which go to the lower end T, unlefs the

inequality of Refradtion be cafual. |
This Image or Speétrum P T was coloured, being red
at its leaft refracted end T, and violet at its moft refracted
end P, and yellow green and blew in the intermediate
fpaces. Which agrees with the firft Propofition, thar Lights
which differ in Colour do alfo differ in Reﬁ*angibi%ty;
The length of the Image in the foregoing Experiments 1
meafured from the fainteft and outmoft red at one end, to
the fainteft and ourmoft blew at the other end.. S
Exper. 4. In the Sun’s beam which was propagaved in-
to the Room through the hole in the Window-fhut, at
the diftance of fome Feet from the hole, I held che Prifm
in fuch a pofture that its Axis might be perpendicular to
that beam. Then I looked through the Prifm upon the
~ hole,
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hole, and turning the Prifm to and fro about its Axis to
make th'e Image of the hole afcend and defcend, when be-
tween its two contrary Motions it {eemed ftationary, I
ftopt the Prifm that the RefraGtions on both fides of the
refracting Angle might be equal to each other as in the
former LExperiment. In this Situation of the Prifm view-
i«n% through it the faid hole, I obferved the length of its
refraéted 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 yet if the Refraction were done
regularly according to one certain Proportion of the Sines
of Incidence and Refra@ion as is vulgarly fuppofed, the
refratted Image ought to have appeared round.

So then, by thele two Experiments it appears that in:
equal Incidences there is 2 confiderable inequality of Re-
fraGtions : But whence this inequality arifes, whether it be
that fome of the incident Rays are refracted more and
others lefs, conftantly or by chance, or that one and the
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 thefe 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, or
by any other cafual ineqtlalg?y of the Refradtions, the fame
oblong Image would by a fecond Refrattion made Side-
ways be drawn out as much in breadch by the like Dila-
tation of the Rays or other cafual inequality of thceft Re-

ractions
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Fea@ions Sideways, I tried what would be the Effeéts of
fuch a fecond Refraction. For this end I ordered all things
as in the chird 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 this
beam was refracted upwards, and in the fecond Sideways;
And I found that by the Refra&tion of the fecond Prifm
the breadth of the Image was not increafed, but its fupe-
rior part which in the firft Prifm f{uffered the greater Re-
fraction and appeared violet and blew, did again in the
fecond Prifm fuffer a greater Refraction than its inferior
part, which appeared red and yellow ; and this wichout
any Dilation of the Image in breadth, |

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
p¢ the Image made by the crofs Refra&tions of both
Prifms together. Now if the Rays. which tend towards
the feveral Points of the round Image Y were dilated and
fpread by the Refragtion of the firft Prifm, (o that they
{%mﬂd not any longer go in fingle Lines to fingle Points,
but that every Ray being fplit, 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 fhould
go in thofe Planes to fo many Lines reaching almoft
from one end of the Image P'T to the other, and if
that Image fhould thence %ccome oblong : thofe Rays
and their {everal parts tending towards the feveral Points of

the
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the Image P T ought to be again dilated and fpread Side-
ways by the tranfverfe Reefraction 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
P T be diftinguifhed into five equal Pares PQK, KQRL,
LRSM, MSVN, NVT. And by the fame irregularity
that the Orbicular Light Y is by the Refraction of the firft
Prifm dilated and drawn out into a long Image P T, the
the Light P Q K which takes up a fpace of the fame length
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 k g7/, and the Lights LR SM, MSVN, NV T
into {o many other long Images [ 7 s m, m s yu, nvt1; and
all thefe long Images would compofe the fourfquare Image
1. Thus it ought to be were every Ray dilated by Re-
fraction, and [pread into a triangular Superficies of Rays
diverging from the Point of Refra&ion. For the {econd
Refraétion would fpread the Rays one way as much as the
firft doth another, and fo dilate the Image in breadth as
much as the firft doth in length. And the fame thing
ought to happen, were fome Rays cafually refracted more
¢chan others. But the Event is otherwife. TheImage P'T
was not made broader by the Refraction of the {econd
Prifm, but only became oblique, as 'tis reprefented atp s,
its upper end P being by the Refraction tranflated to a
greater diftance than its lower end T.  So then the Light
which went towards the upper end P of the Image, was
(at equal Incidences) more refracted in the fecond Prifm
than the Light which tended towards the lower end T,
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 firft Prifm tranflated further from the

D place
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Lot e o Bl nd e
ore [uffered as well in the firlt Pr . : ,
fﬁ;itgl. Refradtion than the 1:6& of the ngbtf and byb ;;E‘))?;
ﬁéquence was more %egagglfble than the reft, even: efore
its incidence on the firft Prifm. o |
* ér:x:litimcs [ placed a third Prifm after thclgem}lll‘dil atr}lf
fometimes alfo a fourth after the third , by ?} WhlcR i
Image mighe be often refracted fideways : utﬁF&eP.‘:}yu
which were more refracted than the reft in the fi . ]il m
were alfo more refradted in all the reft, and thaft' wit hOL{lj.
any Dilatation of the Image fideways : and chere ore t c(]) e
Rays for their conftancy of a greater Refraétion are de~
fervedly reputed more Reﬁ'anglble. . )
But that the meaning of this Experiment may nﬁpile
clearly appear, it isto be confidered chat the Rfays which
are equally Refrangible do fall upon a circle anfwering to
the Sun’s Difque. For this was proved in the third Experi-
menc. By a circle T underftand not here a perfect Geo-
metrical Circle, but any Orbicular Figure whofe length is
equal to its breadth, and which, as to 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
oppofite Wall if they were alone; E L the circle which all
the leaft Reﬁ'angible Rays would in like manner 1llu1n}119;tc
and paint if they were alone; BH, CJ, DK, the circles
which fo many intermediate forts of Rays would fuccef-
fively paint upon the Wall, if they were {ingly propagated
from the Sun in fucceflive Order, the reft being always in-
tercepted ; And conceive that there are other inrermediate
Circles without number which innumerable other inter~
mediate {orts of Rays would fuccellively paint upon the
Wall if the Sun fhould fucceflively emit every fort apart.

And
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And fecing 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 compofed which I defcribed in the
third Experiment. Now if the Sun’s circular Image Y
which is made by an unrefracted beam of Light was by
any dilatation of the fingle Rays, or by any other irregu-
larity in the Refraétion of the firlt Prifm, converted into
the Oblong Spe&trum, P T : then ought every circle A G,
BH, C J, & in that Speétrum, by the crofs Refra-
&ion of the fecond Prifm again dilating or otherwile
fcattering the Rays as before, to be in like manner drawn
out and transformed 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 firlt Prifm ; and thus by the Refraétions of
both Prifms together would be formed a fourfquare Figure
prt1as 1deferibed above.  Wherefore fince the breadth of
the Spectrum P T' is not increafed by the Refraétion fide-
ways, it is certain that the Rays are not fplit or dilated, or
otherways irregularly fcattered by that Refraction, buc
that every circle is by a regular and uniform Refraction
eranflated 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 b, the circle CJ by a Re-
fraction ftill lefs into the place ci, and fo of the refts by
which means a new Spe&rum p ¢ inclined to the former
P T is in like manner compofed of circles lying in a
right Line ; and thefe circles muft be of the fame bignels
with the former, becaufe the breadths of all the Spe-
S&mums Y, PT and pt at equal diftances from the Prifms

are equal.
D2 I con-

'E,,""\ !

LYy



28]
I confidered further that by the breadth of the hole B
throngh which the Light enters into the Dark Chamber,
there is a Penumbra made in the circuit of the Speétrum
Y, and that Penumbra remains in the rectilinear Sides of
the Spectrums P-T and pt. 1 placed therefo‘re at rilla,t hole
a Lens or Objeét-glafs of a Telefcope which mighet caft
the Image of the Sun diftinétly on Y without any Penum.
bra at all, and found that the Penumbra of the Reétili
near Sides of. the. oblong Spectrums P T and pt was alfo
thereby taken away, fo that thofe Sides appeared as di-
ftin&ly defined as did the Circumference of the firft Image-
Y. ‘Thus it happens if the Glafs of the Prifms be free
from veins, atd their Sides be accurately plane and well:
polithed without thofe numberlels waves or curles which:
ufually arife from. Sand-holes a little fmoothed in polifh.
ing with Putty.  If the Glafs be only well polifhed and’
free from veins and the Sides not accurately plane but a
lirle Convex or Concave, as it frequently happens 5 yet
may the three Spectrums Y, P T and pt want Penumbras,
but not in equal diftances from the Prifms. Now from
this wast of Penumbras, I knew. more certainly chat ever
one of the circles was refracted according to fome mofzt,
regular, uniform, and conftant law. For if there were
any irregularity in theRefraction, the right Lines A L' and
G L whichall the circles in the Spe@trum P T do touch,
could not by that Refracion be tranflaced into the Lines
a.¢and g/ as diftinét and Rraight as they were before, but
there would arife in thofe tranflated Lines fome Penumbra
or crookednefs or undulation, or other fenfible Perturba«
ton contrary to what is- found by Experience.  Whatfo-
ever. Penumbra or Perturbation {hould be. made in che.
circles by the crofs” Refradtion of the fecond Prifin , all
that Penumbra or. Perturbation would be confpicuous in
' the..
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the right Lines 2 e and g/ which touch thofe circles. And
therefore fince there is no fuch Penumbra or Perturbation
in thofe right Lines there muft be none in the circles.
Since the diftance between thofe Tangents or breadth of
the Spe@rum is not increafed by the Refractions, the Dia-
meters of the circles are not inereafed thereby. Since thofe
Tangents continue to be right Lines, every circle which
in the firlt Prifm is more or lefs refracted , is exaétly in
the fame Proportion more or lefs refracted in the fecond.

~ And fecing all chele 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
ro one another, and that thofe of feveral circles do differ
in degree of Refrangibility, and that in fome certain and
conftant Proportion. Which is the thing I was to prove:

There is. yet another Circumftance or two of this Ex-Fig. 16

periment by which. it becomes ftill more plain. and con-
vincing. Let the fecond Prifm D H be placed not:imme-
ately after after the firft, but ac 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, =7 Parallel to this fecond Prifm,and be refracted
Sideways to form the oblong Speétrum p ¢t upon the Wall.
And you will find as before, that this SpeGtrum p ¢ is in-
clined tothat Sperum 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 =1 and which therefore {uffer the greatelt
Refraction in the firft Prifm, are again in the fecond Prifm
more refracted than the reft. The.
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The fame thing I try’d alfo by letring the Sun’s Lighe
into a dark Room through two litele round holes Fand
made in the Window, and with two Parallel Prifms ABC
and =g placed at thofe holes (‘one at each ) refrading
thofe two beams of Light to the oppofite Wall of the

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

P T and MN which they there painted were joyned endto
end and lay in one ftraight Line, the red end T of the
one touching the blew endM of the other. For if thefe
two refracted 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 fome other part of the Wall
of the Chamber, fuppofe the Speétrum P T to p ¢t and
the Spe¢trum M N to m#, thefe tranflated Spe&rums pt
and m 7 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 n 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 M'T which puts the Propofition paft di-
fpute.  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 refracted in the two firft
Prifims 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 a third part of an Inch in Diameter, and in
the Window-fhut a much broader hole, being made to let
into my datkned Chamber a large beam of the Sun’s
Light 5 I placed a Prifm behind the Shut in that beam to
refract it cowards the oppofice Wall, and clofe behind the
Prifm 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 it, and the reft be intercepted by the Board.
Then at the diftance of about twelve Feet from the frfd
Board I fixed the other Board, in fuch manner that the
middle of the refracted Light which came through the hole
in the firft Board and fell upon the oppofite Wall mighe
pals through the hole in this other Board, and the reft be-
ing intercepted by the Board might paint upon it the co-
loured Speétrum of the Sun.  And clofe behind this Board
I fixed another Prifm to refract the Light which came
through the hole. Then I returned fpeedily to the firfk
Prifm, and by turning it flowly to and fro about its Axis,
I caufed the Image which fell upon the fecond Board to
move up and down upon that Board, that all its parts
might fucceflively 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 thatr Lighe
after its Refraction in the fecond Prifm did pafs; and by
the difference of the places I found that the Light which
being mioft refracted in the firft Prifm did go to the blew
end of the Image, was again more refracted in the fecond
Prifm than the Light which went to the red end of thac
Image, which proves as well the firft Propofition as the
fecond.  And this happened whether the Axis of the two
Prifms were parallel, or inclined to one another and to the
Horizon in any given Angles.

Hiyftration. Let F be the wide hole in the Window-fhut, Fp, 13,
through which the Sun fhines upon che firft Prifm ABC,
and let the refraéted Light fall upon the middle of the
‘Board D E, and the middle part of that Light upon the
hole G made in the middle of that Board. Let this tra-
jected pare of the Light fall again upon the middle of the
fecond Board d ¢ and there pamt fuch an oblong coloured
Image of the Sun as was defcribed in the third Experiment.

. By
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By turning the Prifm AB C flowly to and fro about j
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 1o
the other may be made to pafs {ucceflively through the
hole ¢ which is made in the middle of that Board. ~In the
mean while another Prifm 4 b ¢ is to be fixed next after
that hole ¢ to refraét the trajected Light a fecond time,
And thefe things being thus ordered, 1 marked the places
M and N of the oppofite Wall upon which the refradted
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 patt of the Light which fell upon the fecond
Board d ¢ was caft through the hole ¢ it went to a lower
place M on the Wall , and when the higher part of that
Light was caft through the fame hole g, it 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
refrated and others lels. And thofe were more refracted
in this Prifm which by a greater Refraction in the firft
Prifm were more turned out of the way, and therefore for
their conftancy of being more refracted are defervedly cal-
led more Refrangible. .
Exper. 7. At two holes made near one another in my
Window-fhut I placed two Prifms , onc at each, which
might caft upon the oppofite Wall (after the manner of
the third Experiment ) two oblong coloured Images of the:
Sun.  And at a lictle diftance from the Wall T 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 might fall directly upon one half of the Paper,
and the violet colour of the other Image upon the other
half of the fame Paper; fo that the Paper appeared of two
Colours, red and violet , much after the manner of the
painted Paper in the firft and fecond Fxperiments. Then
with a black Cloth I covered the Wall behind the Paper,
that no Light might be refledted from it to difturb the
Experiment, and viewing the Paper through a third Prifm
held parallel o it, T faw that half of ir which was illumi-
nated by the Violet-light to be divided from the other
half by a greater Refraction, efpecially when I went a good
way off from the Paper. For when I viewed it too near
at hand, the two halfs of the Paper did not appear fully
divided from one another, but feemed contiguous at one
of their Angles like the painted Paper in the firft Expe-
riment. Which alfo happened when the Paper was too
broad.

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

further from it when illuminated wich Yellow, and il
E further
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Garther when with Green, and further when with Blew, and:

go yet further off when illuminared wich Indigo, and fur.
theft when with deep Violet.  Which plainly {hews, thar

+ the Lights of feveral Colours are more and more Refran-

Fig. 17,

Fzg 20,

gible one than another, in this order of thcv‘i'r C{)!O;I‘Fj%Rcd,
Orange, Yellow, Green, Blew, Indigo, deep ‘Vm ct 5 and
fo proves as well the firft Propolicion as the rfg'cond.

I caufed alfo the coloured Spectrums PT' and MN
made in a dark Chamber by the Refradtions of two Prifims
to lyein a right Line end to c.nd,. as was deferibed abo_ve
in the fith Experiment, and viewing them through a third
Prifm held Parallel to their length, they appeared no longer
in a right Line, but became broken from one another, as
they are reprefented at pt and mn, the 1{_1(‘)1”6:; end m of the
Spe&rum mn being by a greater Refraction tranflaced
further from its former place M T than the red end ¢ of the:
other Spectrum p ¢.

I further caufed thofe two Spectrums P T"and M N te
become co-incident in an inverted order of their Colours
the red end of each falling on the violee end of the other,
as they are reprefented in the oblong Figure P T M N ;
and then viewing them through a Prifm 1D IT held Patal-
lel to-their length, they appeared not co-incident as when
viewed with the naked Eye, but in the form of two di-
ftin& SpeGrums pt and mn croffing one another in the
middle after the manner of the letter X, Which {hews
that the red of the one Spectrum and violet of the other,
which were co-incident ac PN and M T , bein
from one another by a greater Refraction of ¢l
p and m than of the red to nand r, do
Refrangibilicy.

I illuminated alfo a little circular picce of white P
all over with the Lights of both Prifims intctrnixed

g parted
1 violet to
differ in degrees of

aper
, and
when.
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when it was 111111111[11(:0 d wich che red of one Spectrum and
deep violet of the other, fo as by the mixture of thofe
Colours to appear all over purple, T viewed the Paper,
firfk ac a lefs diftance , and then at a greacer hmugh a
third Prifm; and as I wene from the Paper, hc refracted
Image chcxcof became more and more dmded by the un-
Lqml Refraction of the two mixed Colours, and at length
parted into two diftinél Imagges, aved oncand a violer one,
whercot the violer was furchelt from the Paper, and thcu.—-
fore futtered che greateft Refraction. And whm that Prifm
at the Window wlich calt the violet on the Paper was ta-
ken away,the violer Image dil .1ppc,11cd bue when che ocher
Prifm was taken away the red vani (hed @ which {hews ehae
thele two Imuges were nothing cle than the Lights of the
two Prifms which had been intermixed on the p;n}l Pa-
per, bur were puml '1%’ an by their unequal Refractions
made 1n the thod Prilm thmugh which the Paper was
viewed, 7l hi:«a 2o was oblervable thar iF one of the
Prifias ac the Wndow, fuppole thae which it the viole
on the P .1pu was terned abour es Asis toomake all the

Colours in this order, Violer, Indigo, Blew, Gieen, Yele
low, Orange, Red, bl e el l‘»&la on the P.‘pc' rom thar
P *fm the violer T e hanged Caolour accordingly, and
in changing Colour came nearer to the red one, mml when
it was alfo ved ey bosdh became fully co-incident.

[ placed alto taa NP“ ccles very near one another,
the um m the red Toghe nf one Prifm, and the other in
the violer l,s%”.ht of the ather. The circles were cach of
chem an Incliin Diamcrer, and behind them chie Wall was
dark thar the Expermmens mighe noc be ditusbed by any
Light coming from thence. Thefe cireles thus illuminated,
I viewed through a Prifm fo held thae the Refraction wwht

be made rowards the red cirde, and as I went from them
Iz they
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they came nearer and nearer together, and at length be.
came co-incidént 5 -and afterwards when Twent fill furcher
off, they parted again in a contrary order, the ¥iolet by.a
reater Refra&tion 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 Windeow
{hat, as in the third Experiment, yet fo that its Axis might
be Parallel to the Axis of the World, and at the oppofite
Wall in the Sun’s refraéted Light, I placed an open Book.
Then going Six Feet and tvvo Inches from the Book,, F
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 painr the Species of the Book
upon a fheet 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-
tion 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 Let
were illuminated by that blew, I noted again the plac
the Paper when they caft their Species moft diftinétly upo
it : And I found that this laft place of the Paper was neare
to the Lens than its former place by about two Inches:
an half, or two and three quarters. ~ So much fodner theres
fore did the Light in the violet end of the Image by a grea-
ter Refraction converge and meet , than the Light in the
red end. But in trying this the Chamber was as dark asT
could make it. For if thefe Colours be diluted and weak=
ned by the mixture of any adventitious Light, the diftance
~ between.




[37 ]

between the places of the Paper will not be fo great. This
diftance in the fecond Lxperiment where the Colours of
natural Bodics were made ufe of, was but anlnch and a
half, by rcafon of the imperfection of thofe Colours. Here
in the Colours of che Prifm , which are manifeftly more
full, invenfe, and lively than thofe of natural Bodies, the
diftance is two Inches and chree quarters.  And were the
Colours {hll more full, T queftion not but that the di-
ftance vwould be confiderably greater.  For the coloured
Light of the Prifm, by the interfering of the Circles de-
feribed in the vidh Frgore of the fifth Experiment, and alfo
by the Light of the very bright Clouds next the Sun’s
Body imntermiving, with thele Colours, and by the Light
featcercd by che mequadities in the polifh of the Prifm, was
fo very much caompounded, thae the Species which thofe
faint and dark Colours, the Indigo and Violee, caft upon

the Paper were not dillinet enough o be well obferved.
Fxporog. A Prilin, whofe two Angles at its Bafe were
equal to one arothor and half righe ones, and the third
a right one, I phiced in a beam ot the Sun’s Lighe let in-
to a dark Chamber throueh a hole in the Window-{hut
as in the thd Eaperimens, And rurning the Prifim flowly
“abour vs Asu unud e Liphe which went throngh one
of its Angles and wanachacied by i beganto be reflected
by its Bale, ar which widl then it went out of the Glafs,
I oblerved thar thole Ravs which had {uffered the greareft
Refraction were fooner reflected chan the reft. T conceived
therefore that thole Ravs of the vefleéted Lighe, which
were molt Refrangible, did firft of all by a roral Reflexion
becomie more copious in thae Lighe than the relt, and
that afierwards the refl alfo, by a toral Reflexion, be-
camce as copious as thefe.  To try this, I'made the re-
flected Light pats through another Prifm, and being rcga-{
&tec
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&ed by it to fall afterwards upon a fheet of white Paper

placed at fome diftance behind it, and there by that Re-
fradtion to paint the ufual Colours of the Pmﬁ*n. And
then caufing the firft Prifm to be turned about 1ts‘Axxs as
above, I obferved that when thofeRays which in this Prifm
had fuffered the greateft Refraction and appeared of a blew
and violet Colour began to be rotally reflected, the blew
and violet Light on the Paper which was moft refradted
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 firft
Prifm, the light of thofe Colours on the Paper received as
great an increafe as the violet and blew had done before,
Whence “tis manifeft, that the beam of Light reflected by
the Bafe of the Prifm, being augmented firlt by the more
Refrangible Rays and afterwards by the lefs Refrangible
-ones, 1s compounded of Rays differently Refrangible.
And that all {uch refleéted Light is of the fame Nature
with the Sun’s Lighe, before its Incidence on the Bafe of
the Prifm, no Man ever doubted : it being generally al-
lowed, that Light by fuch Reflexions fuffers no Alteration
in its Modifications and Propertics. I do not here take
notice of any Refractions made in the Sides of the firft
Prifm, becaufe the Light enters it perpendicularly at the
fft Side, and goes ont perpendicularly at the fecond Side,
and cherefore fuffers none.  So then, the Sun’s incident
Light being of the fame temper and conftitution with his
emergent Light, and the laft being compounded of Rays
differently Refrangible , the firk muft be in like manner
compounded. |
Unftration. In the 21th Figure, A B C is the firft Prifm,
B Cits Bafe, B and C its equal Angles at the Bale, each

of
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of 45 dcgtccs, A 1ts Rectangular Vertex, FM a beam of
the Sun’s Light let into a dark Room through a hole F
one third 1 sart of an Inch broad, M its Incidence on theBalc
of the Prilni,M G a lefs refracted Ray. M H a more refraét-
ed Ray, M N the beam of 1 dche reflected from the Bafe,
VXY the fecond Prim by which this beam in paﬁmg
through it is refracted, Wt the lels refradted Light of chis
beam, and N pthe more refracted part thereof.  When the
felt 1’11[311 A B C s rned about ies Axis according to the
order of the Letters A B (,, the Rays ML cmuyc more
and morc obliquely out of that Prifm, and ac lengeh after
their moft oblique Fmergence are ullu.tcd towards N,
and gumgﬁ on to p doincreale the number of the Rays N p.
Aftervvards by continuing the motion of (hc firlt Prifim, the
Rays MG are Wlio reflecte d to N and mcreafe the mlmbcr of
the Rays N« And cheretove the Lighe M N admits into
its Cmmpninzun flt the taore Refy angib le Rays, and then
the lels I\m‘mgnblu Lays, .md vt afrer this (umpnru(m
is of the e Warure vvith the \un simmediate Light FM,
the Rellexion of the Ipecular Bale B C caufling nc) Alum«
rion therein,

Lxpor. vo. Two Prilms, which were alike in {hape, 1
tied fo togecher, thar thew Axes and oppofice Sides being
Parallel, they compnfed 1 Parallelopiped.  And, the Sin
fhining into my datk Chamber through a Tieele Imlr; in the
Wind(m thur, T placed thatl .n.lllc:luplpcd in his beam at
fome diftance from che hole, in fuch a polture thae the Axes
of the Prilms m:g,,hc be gmpmdmll.u to the incident Rays,
and chat dhofe Rayvs bemng incident upon the frft Side of
one l’nfm might go on tﬁ:munh the two contiguous Sides
of both Prifins, and cimerge our of the laft Side of the fe-
cond Pnfm. This Side being Parallel to the firlt Side of
the fuft Prifm, cavfed the emerging Light to be Parallel

to
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¢o the Incident. Then, beyond thefe two Prifms T placed
2 third, which might refract chat emergent Light, and by
chat Refra@ion caft the ufual Colours of .thc ‘mem upon
the oppofite Wall, or upon a fheet of white Paper held at
4 convenient diftance behind the Prifm for that refradted

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 to the incident Rays

* that thofe Rays began all of them to be reflected, thofe

A
Fig. 22,

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

frattion and painted the Paper with violet and blew, were

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

Light, the reft remaining and on the Paper 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 Refrangibility. The
Light therefore which emerged out of the two Prifms is

~compounded -of Rays differently Refrangible , fecing the

more Refrangible Rays may be taken out of it while the
lefs Refrangiélc remain. Bue this Light being trajeded
only through the Parallel Superficies of the two Prifms, if

At fuffered any change by the Refraction of one Superficies

it loft that impreffion by the contrary Refra&ion of theé
other Superficies, and fo being reftored to its priftine ¢ona
ftitution became of the fame nature and condition as at il
before its Incidence on thofe Prifins; and therefore, before
its Incidence, was as much compounded of Rays di{gf'efently

Refrangible as afterwards.  ~ .
Hinftration. In the 22th Figure ABC and B C D are/the
the two Prifms tied together in the form of 2 Parallelo-
piped, their Sides BC and CB bein contiguous, and
their Sides A B and C D Parallel, An% HJ K’is the third
| , Prifm,
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Prifm, by which the Sun’s Light propagated through the
hole F into the dark Chamber, and there pafling through
th. fe fides of the Prifms AB, BC, CB and CD, is refra-
&ed at O to thewhite Paper P T, falling there pardy 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 FM,
which are incident upon them at M, there will vanifh to-
tally out of the refracted Light OP T, firft of all the moft
refracted Rays O P, (the reft OR and OT remaining as
before) then the Rays OR and other intermediate ones,
and laftly, the leaft refrated Rays O T. For when the
Plane B C becomes fufficiently oblique to the Rays inci-
dent upon it, thofe Rays will begin to be totally 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 fame order at R and
T.  So then the Rays which at O fuffer the greateft Re-
fraction, may be taken out of the Light MO whilft che reft
of the Rays remain in it, and therefore that Light MO is
Compounded of Rays differently Refrangible.  And be-
caufe the Planes A B and CD are parallel, and. therefore
by equal and contrary Refractions deftroy one anothers
Effecs, 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-

lour,
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four, andinall other properties fo far as my obfervation
reaches, and therefore are defervedly reputed of the fame
Nature and Conftitution, and by confc?uencc 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 fainc yellow, a pretty.
good orange, a very full red {ucceflively and then totally
vanithes. For after the moft Refrangible Rays which pain -
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 M O comfPound there a faint yellow,
and after the blue ‘and part of the green which appear on

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

appear between R and T (that is the Yellow, Orange, Red:
and a little Green) being mixed in the Beam M O coms

pound there an Orange ; and when all the Rays are by re-

flexiontaken out of the Beam MO, cxcept the lealt Refrans
gible, which at T appear of a full Red, their Colour is
the fame in that Beam M O. as afterwards at ‘T, the Re-

fraction of the Prifm HJK ferving only to feparate the
differently Refrangible Rays, without making any alteration-
in their Colours, as fhall be more fully proved hereafter.

All cw{trh'ic-h' confirms as well the firfk Propofition. as the fe-

cond.

- Scholinm. 1f this Experiment and the former be conjoyned

and made one, by applying a fourth Prifm VXY to res

frad the refleGted Beam M'N towards tp, the conclufion

will be clearer: For then the light Np which in che 4th

Prifm is more refracted, will become fuller and ftronger
when the Lighe O P, which in the third Prifn HTK is

more sefradted, vanifhes-at P 5 and afterwards when che Tefs

: - - vefracted
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refracted Light O T vanifhes at T, the lefs refracted Lighe
W will become encreafed whilft the more refraced Light
at p receives no further encreafe.  And as the trajected
Beam M O in vanifhing is always of fuch a Colour as
ought to refule from the mixeure of the Colours which
fall upon the Paper P'T, o is the reflected Beam MN al-
ways of fuch a Colour as ought to refule from the mix-
ture of the Colours which fall upon the Paper pr. For
when the moft refrangible Rays are by a toral Reflexion
taken out of the Beam MO, and leave that Beam of an
Orange Colour, the excels of thofe Rays in the reflected
Light, does not only make the Violet, Indigo and Blue at

more full, bue alfo makes the Beam M N change from
the yellowifh Colour of the Sun’sLighe, to a pale white in-
clining to blue, and afterward recover ies yellowith Co-
lour again, fo foon as all the reft of the tranfmiteed lighe
MOT is reflected.

Now fecing that in all this variery of Experiments,
whether the trial be made in Light refleéted, and that either
from natural Bodies, as in the firft and {ccond Experiment,
or Specular, as in the Ninth 5 or in Lighe refracted, and
that cicher before the unequally refracted Rays are by di-
verging {eparated from one another, and lofing theix white-
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, feventh, and eighth Experiments 5 or in Light tra-
jected through Parallel fuperheies, deftroying each others
Effects as in the 1oth Experiment 5 there arc :ilw;t}zs found
Rays, which at equal Incidences on the fame Medium fuf-
fer uncqual Refractions, and that without any fplicting or
dilating of lingle Rays, or contingence in the inequalicy
of the Refradtions, as is proved in the fifth and fixth Ex-

F o2 periments ;
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periments ; and feeing the Rays whichdiffer in Refrangibi.
lity may be parted and {orted ‘fror1n 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 ar
equal Incidences fuffer unequal Refractions, and thole forts
are more refracted than others after feparation, which were
more refracted before it, as in the fixth and following Bx-
periments, and if the Sun’s Light be trajected through three
or more crofs Prifms fucceffively, thofe Rays which in the
firft Prifm are refrated more than others are in all the fol-
lowing Prifms, refracted 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. I Theor. IIL

The Sun’s Light conﬁﬂsof Rays vdi]féring n Q{e/fléxibilitji, and
thofe Rays are more Reflexible than others which are more Re-
frangible. | |

HIS is manifeft by the ninth and tenth Experi-

ments : For in the ninth Experiment, by turning
the Prifm about its Axis, until the Rays within it which in
gomng out into the Air were refracted by its Bafe, became
fo oblique to that Bafe, as to. begin to be totally reflected
the;eby; thofe Rays became firft of all totally reflected,
which before at equal Incidences with the reft had fuffered
the greateft Refrattion. And the fame thing happens in

the Reflexion made bythe commonBafe of the two Prifins
in the teath Experiment, | | |

PROP.
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PROP. IV. Prob I

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

HE Heterogencous Rays are in fome meafure fepa-
rated from one another by the Refraction of the
Prifm in the third Experiment, and in the fifth Experiment
by taking away the Penumbra from che Reéilinear fides of
the Coloured Image, that feparation in thofe very Rectili-~
near fides or ftraight edges of the Image becomes perfect.
But in all places between thofe rectilinear edges, thofe in-
numerable Circles there defcribed, which are feverally illu-
minated by Homogeneral Rays, by interfering with one
another, and being every where commixt, do render the
Light fufficientdly Compound. But if thefe Circles, whilft
their Centers keep their diftances and pofitions, could be
made lefs in Diameter, their interfering one with another
and by confequence the mixture of the Heterogeneous
Rays would be proportionally diminifhed. In the 23thFig. 23.
Figure let AG, BH, CJ, DK, EL, FM be the Circles
which {o many forts of Rays flowing from the fameDifque
of the Sun, do in the third Experiment illuminate ; of all
which and innumerable other intermediate ones lying in a
continual Series between the two Rectilinear and Parallel
edges of the Sun’s oblong Image P T, that Image is com-
poled as was explained in the fifth Experiment. And let
ag, bh, ci, dk, e, 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
- Circle
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Circle A G was illuminated, and the Citcle bb with the fame
forcby which the correfponding Circle BHwas illuminatcd,
and the reft of the Circles ct, dk, el, fm refpectively,
with the fame forts of Rays by which the feveral corre.
fponding Circles CJ, DK, EL, FM were illuminaed,
~In the Figure P T compofed of the greater Circles, three
of thofe Circles AG, BH, CJ, are {o expanded into one
another, that the three 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 Circle BH. And the like mixture happens through.
out almoft the whole length of the Figure P T. Butin
the Figure pt compoled of the lefs Circles, the three lefs
-Circles ag, bb, ci, which anfwer to thofe 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 fame Proportion
with the Diameters of the Circles. If the Diameters of
the Circles whilft their Centers remain the fame, be made
three times lefs than before, the mixture will be alfo three
times lefs; if ten times lefs, the mixture will be ten times
lefs, and {o of other Proportions. That is, the mixture
of the Rays in the greater Figure P T will be to their mix-
ture in the lefs p ¢, as the Laritude of the greater Figure is
to the Latitude of the lefs. 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
re_ﬁ‘aéted Speétrum p ¢ is to the mixture of the Rays in the -
dire¢t and immediate Light of the Sun, as the breadth of

that Spectrum s to the difference between: the length and
breadth of the fame Spe&trum, S0
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So then, if we would diminifh the mixture of the Rays,
we are to diminifh the Diameters of the Circles. Now
thefe would be diminifhed if the Sun’s Diameter to which
they anfwer could be made lefs than it is, or (which comes”
to the fame purpolc) if without Doors, at a great diftance
from the Prifm towards the Sun, fome opake body were
placed, with a round hole in the middle of it, to intercept
all the Sun’s Light, excepting fo much as coming from
the middle of his Body could pafs through chat %olc o
the Prifm.  For fo the Circles A G, BH and the reft,
would not any longer anfwer to the whole Difque of the
Sun , but only to that part of it which could be feen
from the Prifm through that hole, that is to the apparent
magaicude of chat hole viewed from the Prifm. Buc chat
thefe Circles may anfwer more diftin&tly 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, ¢re.) di-
ftinétly upon the Paper ac P T, after fuch a manner as by
a Lens placed aca Window the Species of Objects abroad
are caft diltinctly upon a Paper within the Room, and che
Rectilinear Sides of the oblong folar Image in the fifth
Experiment became diftinét wichout any Penumbra.  If
this be done it will not be neceflary to place chat hole
very far off, no notbeyond 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 1o or 12 Feer from the Window, I placed
a Lens, by which the Image of the hole might [i)c di-
ftinétly caft upon a fheer of white Paper, placed ac the
diftance of fix, eight, ten or twelve Feee from the Lens.
For according to the difference of the Lenfes I ufed various

diftances,
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diftances , which I think not worth the while to defcribe,
Then immediately after the Lens I placed a Prifm, by
which the 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 2 long one with Parallel Sides, as in the third
Experiment.  This oblong Image I let fall upon another
Paper at abouce the {ame 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
Sides of the Image became moft diftiné.

TACS O L1IC RI1idylC OL0aAllle 112000 ULALUIIIL. 401 1 Call

the circular Images of the hole which compofe that Image
after the fame manner that the Circles ag, bh, ci, &c. do

Fﬁl' in tb;(‘ nnrn

. the Figure pt, were terminated moft diftinétly without any

Penumbra, and therefore extended into one another the
leaft that they could, and by confequence the mixture of
the Heterogeneous Rays was now the leaft of all. By this
means [ ufed to form an oblong Image (fuch as is p¢) of
circular Images of the hole (fuch as are ag, bb, ci, &c.)
and by ufing a greater or lefs hole in the Window-fhut, I
made the circular Images a g, 55, ci, &c. of which it was
formed, to become greater or lefs at pleafure, and thereby
the mixture of the Rays in the Image p¢ to be as much

or as little as I defired. |
Hlftration. In the 24th Figure, F reprefents the circular
hole in the Window-{hut, M N the Lens whereby the
Image or Species of that hole is caft diftinétly upon 2
Paperat J, A B C the Prifm whereby the Rays are at their
emerging out of the Lens refradted from J towards ano-
ther Paper at pt, and the round Image at J is turned into
an oblong Image p ¢ falling on that other Paper. This
Image p ¢ confifts of Circles placed one after another in a
Regtilinear order, as was fufficiently’ explained in che fifth
Experiment
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Fxperiment ; and thefe Circles are equal to the Circle I,
amf confequently anfwer in Magnitude to the hole F; and
therefore by diminifhing that hole they may be at pleafure
diminithed , whil'lt their Centers remain in cheir places.
By this means 1 made the breadth of the Image p ¢ to be
forty times, and fomctimes fixey or {eventy times lefs chan
jts lengeh.  As for inttance, if the breadch of the hole B
be . of an Inch, and M che diftance of the Lens from
the hole be 12 Feery and if pB or p M the diftance of
the Image pt ﬁ'om_chc ,I?rifh} or Lens be 1o Feer, and the
refracting Angle of the Prifm be 62 degrees, the breadth
of the Image p ¢ will be & of an Inch and the length about
fix Inches, and cherefore the lengeh to the breadeh as 72
to 1, and by confequence the Light of chis Image 71 tmes
lefs compound than the Sun’s dire¢t Light.  And Light
thus far Simple and Homogeneal, s futficienc for trying
all che Experiments in this Book about ﬁmple Light. For
the compofition of Heterogeneal Rays is in this Lighe fo
Jicele that icis fearce to be difcovered and perceived by
fenfe, excepr perhapsin the Indigo and Violer; for thefe
being dark Colours, do calily futter a fenfible allay by chac
liwde Teartering Lipht which nfes to be refracted irregalarly
by the inequaliters of the Prifm. |
Yer inftead of the coucnlar hole ) s betrer o fubfti-
tuee an oblong hole {haped hike a Tong Parallelogram
with s lengdh Parallel to the Priim A B C. For if this
hole be an Inch or vwo long, and buta tenth or cwentieth
part of an Inch broad or narrower @ the Light of the Image
pt will be as Simple as before or fimpler, and the Image
will become much broader, and therefore more fic to have
Experiments vied in irs Light than before,
Inflead of this Parallclogram-hole may be fubftituted a
Triangular one of equal Sides, whofe Bale for inflance 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 e
Parallel to the Perpcndicu}ar f‘)f the Tr_aangle , the Image
Fig. 25. pt will now be formed of Equicrural Trlgnglcs ag, bh, i
dk, el, fm, &c. and innumerable other mtermefﬂmte ones
anfwering to the Triangular lmlc' in ﬂmpc‘and bignefs, and
lying one after another ina continual Series between two
Parallel Lines «f and gm.  Thefe Triangles are a ligle
intermingled at their Bafes but not at their Vertices, and
thercfore the Light on the brighter fide af of the Image
where the Bafes of the Triangles are is alittle compounded,
but on the darker fide gm 1s altogecher uncompounded,
and in all places between the fides the Compofition is
Proportional to the diftances of the places from that obs
fcurer fide ¢ m. And having a Speétrum pt¢ of fuch a
Compofition, we may try Experiments cither in its {tronger
and lefs fimple Light near the fide af, or in its weaker
and fimpler Light near the other fide I m, as it thall feem
moft convenient.

But in making Experiments of this kind the Chambes
ought to be made as dark as can be, leaflt any forreign
Light mingle it felf wich the Light of the Spefrum pt,
and render it compound 5 cfpecially if we would try Ex-
periments in the more fimple Light nexe che fide g m of

~ the Spe@trum; which being fainter, will have a lefs Pro-
portion to the forreign Light, and fo by the mixture of
- that Light be more troubﬁ:d and made more compound.
The Lens alfo onghe to be good, fuch as may ferve for
Optical Ufes, and the Prifm ought to have a large Angle,
fuppofe of 70 degrees, and to be well wrought, being
~made of Glafs free from Bubbles and Veins, with its fides
not a licdle Convex or Concave as ufially happens but
wruly Plane,and its pallifh claborate, asin working Optick-
S o glaﬂ’és’



[51] -
glaffes ; and not fuch as is ufnally wrought with Puatey,
whereby the edges of the Sand-holes being worn away,
there are left all over the Glafs a numberlefs company of
very litte Convex polite rifings like Waves. The cdges
alfo of the Prifm and Lens fo far as they may make an
irregular Refraction, muft be covered with a black Paper
glewed on. And all the Light of the Sun’s beam let into
the Chamber which is ufelefls and unprofitable to the Ex-
periment, ought to be intercepted with black Paper or other
black Obftacles. For otherwife the ufelels Light being
refleéted every way in the Chamber, will mix with the
oblong Speétrum and help to difturb it. In trying thefe
things fo much Diligence 1s not alrogether neceflary, but
it will promote the fuccels of the Experiments, and by a
very (crupulous Examiner of things deferves to be applied.
It’s difficult to get glafs Prifms fit for this purpofe, and
and therefore I ufed {ometimes Prifmatick Veflels miade
with pieces of broken Looking-glaffes, and filled with rain
Water. And to increafe the Refra&ion, I fometimesim-
pregnated the Water ftrongly with Saccharum Saturni,

PROP. V. Theor. IV.

Homogeneal Light is refrafled regularly without any Dilatation
Jplitting or [battering of the Rays , and the confufed Vifion
of Objeéls feen throngh Refratting Bodies by Heterogeneal
Light arifes from the different Refrangibility of - feveral forts

R s fromthe diferent Refr AT o S
T EFHE fiefk Part of this Propofitien has-been alread

- . fufficiently proved-in the fifth Experiment, ha‘hd"{wiﬁ

further appear by the Experiments which follow.

G 2 Exper. 12,
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Exper. v2. In the middle of a black Paper I made
round hole about a fifth or fixth part of an Inch in Di,.
meter. Upon this Paper I caufed the Spectrum of Homo:

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

Exper.13. In the Homogeneal Light I placed -a,\éircle
of { of an Inch in Diameter, and in the ,Sun’s unrefraited
Heterogeneal white Light I placed another Paper Circle of
thefame bignefs. Andgoingfrom 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 Lighe I placed Flies and
fuch like Minute Objects, and viewing them through a.
prm , I faw their Parts as diftinétly: defined as if Thad
viewed them with the:naked Eye. The fame Obje&s pla-
ced in the Sun’s unrefracted Heterogeneal Light which was
white I viewed. alfo through a Prifm, and faw them moft.

confufedly:
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confedly defined, fo that I could not diftinguifh clieir {mal-
ler Parts from one another. I 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 the laceer cafe fo confufed and indiftiné
that [ could not read them 5 but in the former they ap-
peared fo diftinct that I could read readily, and choughe
I (aw them as diftinét as when T viewed them with my
naked Eye. In both cafes I viewed che fame Objects
throngh the fame Prifm ar the fame diftance from me and
in the [ame Situation.  There was no difference but in the
Light by which the Objects were Hluminated , and which
in one cafe was Simple and in the other Compound, and
therefore the diftinét Vifion in che former cafe and confu-
fed in the latter could arife from nothing clfe than from
that difference of che Lighes.  Which proves the whole
Propofition.

And in thefe chree Txperiments ic is furcher very remar-
kable, that the Colour of Homogencal Light was neves
changed by the Refraétion.

PROP. VI Theor V.

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

HA T cvery Ray confidered apare is conftant to
it felf in fome certain degree of Refrangibilicy, is
futhciently manifclt our of what has been faid. “Thofe
Rays which in the firft Refraction are ar equal Incidences
moft refradted, are allo in the following Refradtions at
equal Incidences moft refracted 5 and fo of the leaft Re-
frangible , and the reft which have any mean degrcg: af
Retran-
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Refrangibility, as is manifeft by the 5th, 6th, 7th, 8th,
and oth Experiments. And thofe which the firft time a¢
like Incidences are equally refracted, are again at like In
cidences equally and uniformly refracted, and that whe-
ther they be refracted before they be feparated from one
another as in the §th Experiment, or whether they be re-
fradted apart, asin the 12th, 13th and 14th Experiments,
The Refra@ion therefore of every Ray apart is regular,
and what Rule chat Refra&tion obferves 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 Refractions, or otherwife
experimentally examining this Proportion, do acquaint us
that they have found it accurate. But whilft they, not
underftanding the different Refrangibility of {everal Rays,
conceived them all to be refracted according to one and
the fame Proportion, ’tis to be prefumed that they adapted
their Meafures only to the middle of the refracted Light;
{o 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 realonable, Nature being ever confor-
mable to her felf : but an experimental Proof is defired.
And fuch a Proof will be had if.;we can fhew that the
Sines of Refraction of Rays differently Refrangible are -
one to another in a given Proportion when their Sines of

Incidence are equal.  For if the Sines of Refraction of all
the Rays are in given Proportions to-the Sin¢ of Refraétion

o
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of a Ray which has a mean degree of Refrangibility, and
this Sine is in a given Propostion to the equal Sines of
Incidence, thofe other Sines of Refraction will alfo bein
given Proportions to the equal Sines of Incidence. Now
when the Sines of Incidence are equal, it will appear by
the following Experiment that the Sines of Refraction are
in a given Proportion to one another. o
Exper. 15. The Sun fhining into a dark Chamber _
through a lictle round hole in the Window-{hut, let S re- Fig. 26..
refent his round white Image painted on the oppofite
Wall by his direé Light, P T his oblong coloured Image
made by refracting that Light with a Prifm placed at the
Window s and pt, or 2p 2t, or 3p 3¢, hisoblong coloured
Image made by refradting 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 theRefraétion of the fecond
Prifm is fmall, 2p 2t when its Refraéion is greater, and
3p 3¢ when it is greateft. For fuch will be the diverficy
of the Refradions if the refracting Angle of the fecond
Prifm be of various Magnitudes 5 fuppofe of ffteen 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 Glals cemented together in the
form of Prifms and filled with Water. Thefe things being
thus ordered, I obferved that all the folar Images or co-
loured Spe@rums P T, pt, 2p 2¢, 3p 3¢ did very nearly
converge to the place S on which the direét Light of the
Sun fell and painted his white round Image when the
Prifms were taken away. The Axis of the Spe¢trum P T,
“that is the Line drawn through the middle of it Parallel to
. its
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itsRedtilinear Sides, did when produced pafs exaétly throug,
the middle of that white round Image S. And when the
Refraction of the fecond Prifm was equal to the Refraction
of the firft, the refracting Angles of them both being aboyt
6o degrees, the Axis of the Spectrum 3 p 3¢ made by tha
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 SpeGtrums tp or 2t 2p made
by that Refraction did cut the produced Axis of the Spe.
Grum 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 litle
greater than that of t'T to pP.  Now when the Light of
the Speétrum P T falls perpendicularly upon the Wall, thofe
Lines 3¢ T, 3pP,and 2¢ T, 2p P and tT,pP,are the Tan-
gents of the Refractions; and therefore by this Experiment
the Proportions of the Tangents of the Refractions are ob-
tained, from whence the Proportions of the Sinesbeing deriv-
ed, they come out equal, o faras by viewing the Spectrums
and ufing fome Mathematical reafoning I could Eftimate.
For I did not make an Accurate Computation. So then
the Propofition holds true in every Ray apart, fo far as ap-
pears by Experiment.  And that it is accurately true may.
be demonttrated upon this Suppofition, That Bodies refralt
Light by aéting upon its Rays m. Lines Perpendicular to their
Surfaces.  But in order to this Demonftration, I muft di-
ftinguith the Motion of every Ray into two Motions, the
one Perpendicular to the refracting Surface, the other Pa-
rallel toit, and concerning the Perpendicular Motion lay

down the following Propofition.

X
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~ 1f any Motion or moving thing whatfoever be incident

with any velocity on any broad and thin Space termina-

ted on both fides by two Parallel Planes, and in its paffage

through that {pace 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, {hall be always equal to the Square Root of the

Summ of the Square of the perpendicular Velocity of-
that Motion or Thing ar its Incidence on thar 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 infinitely

lictle.

And the fame Propofition holds true of any Motion ot
Thing perpendicularly retarded in its paflage through that
fpace, ifinftead of the Summ of the two Squares you take
their difference.  The Demonftration Mathemaricians will
cafily find out, and therefore I {hall not trouble the Rea-
der with it. | | | '

Suppofe now that a Ray coming mioft obliquely in the Fjg. 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 5 lec MC, AD, be
the Sines of incidence of the two Rays, and NG, EE, their
Sines of Refraction, and let the equzl Motions of the In-
cident Rays be reprefented by the equal Lines M C and
"AC, and the Motion MC being confidered as parallel to
the refracting Plane, let the other Motion AC be - diftin-
guifhed into two Motions AD and DC, one of which
AD is parallel, and the other DC perpendicular to the re-
fracting Surface. -In like manner, let the Motions of the
cmcfmg Rays be diftinguifld into two, whereof the per-

| H pendicular
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perpendicular ones ate %—g CG and g? CF. Anjd"if the
force of the refracting Plane begins to a&t upon the Rays
either in that Plane or at a certain diftance from it on the~
one {ide, and ends at a certain- diftance from- it on the
other fide; and in all places between thole two Limits a&s
upon the Rays in Lines Perpendicula_r to that rafra&iﬂg
Plane, and the A&ions upon the Rays at equal diftances
from the refracting Plane be equal, and at unequal ones ei-
ther equal or unequal according to any rate whatever ;
that motion of the Ray which is Parallel to the refracting
Plane will {uffer no alteration by that force 5 and that meo-
tion which is perpendicular to it will be altered according:
to the rule of the foregoing Propofition. If therefore for
the perpendicular Velocity of the emerging Ray CN you

COMC | : .
write 3z CG as above, then the perpendicular Velocity

of any other emerging Ray CE which was g—g CF, will be
equal to the {quare Root of CDg -+ ?\r% CGq.  And
by fquaring thefe equals, and adding to them the Equals
ADgand MCgq---CDy, and dividing the Summs by the-
Equals CFq+ EFq and CGg.4- NGy, you will have
%1')153 equal to ?\7’%@—3 Whence AD, the Sine of Ihcidéncg
is to EF the Sine of Refraction, as MC to NG, that is,
in a given ratio. And this Demonftration being general,

without determining what Light is, or by what kind of
force it is refracted, or-affuming. any thing further- than
that the refracking Body acts upon the Raysin Lines pet--
pendicular to its Surface ;- Ltake it to be a very convinging
Argument of the full Truth of this Propofition,

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

PROP. VII. Theor VI

‘The Perfeciion of Telefcopes is impeded by the different Refran-
| gibility of the Rays of Light.

FE 1 H E imperfection of Telefcopes is vulgarly attris

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

In the third experiment of the firft Book, where the re-
fra@ing Angle of the Prifim 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 Quadiant the Anglewhich the mean refrangible Rays
(thatis, thofewhich wentto the middle oftheSun’s colour-
«d Image ) made with the Horizon and by this Angle and’
~the Sun’s altitude obferved at the fame time, I found the
Angle which the emergentRays contained with the incident
to be 44 deg. and 40 min. and the half of this Angle ad-
ded to the Angle of Incidence 31 deg. 1§ min. makes the
| H 2 Angle
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Angle of Refraétion,which is therefore §3 deg. 35 min. and
its Sine 8o47. Thele are the Sines of Incidence and Re-
fraction of the mean refrangible Rays, and their proportion
in round numbersis 20 to 3 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 refracting
Angle 631 degrees. The Angle which the emergent Rays
contained, with the incident 45 deg. 50 min. The Sine of
half the firft Angle 5262. The Sine of half the Summ °
of the Angles 8157. And their proportioni in round num-

bers 20 to 3t as before. |
From the Length of the Image, which was about 92 or
ro Inches, fubduét its Breadth, which was 2 } Inches, and
the Remainder 73 Inches would be the lengthof the Image
were the Sun but a point, and therefore fubtends the An-
gle which the moft and leaft refrangible Rays, when inci-
dent on the Prifm in the fame Lines, do contain with one
another after their Emergence. Whence this Angle is
2 deg. 0. 7. For the diftance between the Imageand the
Prifm where this Angle is made, was 18~ Feet,and at chat
diftance the Chord 72Inches fubtendsan Angle of 2 deg.
o.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 30. 2.” may be ac-
counted the Angle which they would contain withi the
fame emergent mean refrangible Rays, were they co-inci-
dent to them within the Glafs and {uffered no other Re-~
fra@tion then that at their Emergence. For if two equal
Refractions, the one at the incidence of the Rays on the
Prifm, the other at their Emergence, make half the Angle -
2 deg. 0. 7." then one of thofe Refradtions will make
about a quarter of that Angle, and this quarter added to
- and
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and fubdu&ed 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 50.

Now if you fubduct the common Sine of Incidence 5o
from the Sines of Refraétion 77 and 78, the remainders
17 and 28 fhew that in {mall Refra&ions the Refraction
of the leaft refrangible Rays isto the Refraétion 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 277;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 27ith 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 parc of the diftance between the Object-

Glafs and the Focus of the mean refrangible ones.

And if Rays of all forts,flowing from any one lucid point
in the Axis of any convex Lens, be made by the Refraction
‘of the Lens to converge to points not too remote from the
Lens , the Focus of the moft refrangible Rays fhall be
“nearer to the Lens than the Focus of the leaft refrangible
ones, by a diftance which is to the 27Jth 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
po-int
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point from whence the Rays flow is to the diftance be
cween that lucid point and the Lens very neasly.

“Now to examine whether the difference between theRe.
fractions 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 Glaffes_, be fo grear
as is here defcribed, T contrived the following Experi.
ment.

Exper. 16. The Lens which I ufed in the fecond and
eighth Experiments, being placed fix Fcet.and an Inch dil.
tant from any Obje&, collected the Species of that Objeqt
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 collet the Speciesof
that Obje& by the leaft refrangible Rays at the diftance of
fix Feet and 3?2 Inches from the Lens, and by the moftre.
frangible ones at the diftance of five Feet and 107 Inches
from it + So that between the two Places where thefe leaft
and moft refrangible Rays colle&t the Species, there may
be the diftance of about §3 Inches. For by that Rule, as
{ix Feet and an Inch ( the diftance of the Lens from the
lucid Object ) is to twelve Feet and two Inches ( the di-
ftance of the lucid Object from the Focus of the mean re-
frangible Rays) that is, as one is to two, fo is the 22.th
part of fix Feet and an Inch (the diftance between 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 522 Inches, that is very
nearly 5 Inches. Now to know whether this meafire
was true, I repeated the fecond and eighth Experiment of
thisBook with coloured Light, which was lefs compound-
ed than that I there made ufe of ; For I now feparated the

hetero-
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heterogeneous Rays from one another by the Method I de-
fcribed in the 11th Experiment, fo as to make a coloured
Spectrum about twelve or fifteen times longer than broad.
This Spedrum I caft on a printed book, and placing the
above-mentioned Lens at tlixe diftance of fix Feet and an
Inch from this Spe¢trum to colleét the Species of the illu-
minated Letters at the {ame diftance on the other fide, 1
found that the Species of the Letters illuminated with Blue
were nearer to the Lens than thofe illuminated with deep
Red by about three Inches or three and a quarter : buc the
Species of the Letters illuminated with Indigo and Violet

appeared {o confufled and indiftinét, that I could not read
them : Whereupon viewing the Prifm, I found it was fult
of Veins running from one end of the Glafs to the other ;
fo that the Refraétion could not be regular. I took ano-
ther Prifm therefore which was free from Veins, and in=
fread of the Letters I nfed two or three Parallel black Lines-
a litrle broader than the froakes of the Letters, and caft-
ing the Colours upon thefe Lines in {uch manner that the-
Lines ran along the Colours from one end of the Spectum
to the other, I found that the Focus where the Indigo, or-
confine of this colour and Violet caft the Species of the
black Lines moft diftinétly,tobe about 4Inches or 4, near-
er to the Lens than the Focus where the deepeft Red caft
the Species of the fame black Lines moft diftin&ly.
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 2 dark coloured Glafs inclining to Green, I took another.
Pifm of clear white Glafs; but the Spectrum of Colours
which this Prifm made had long white Streams. of faint
Light fhooting out from both ends of the Colours, which
made me conclude that fomething was amifs 5 and view-
ing
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ing the Prifm, I found two or three little Bubbles in the
Glafs which refracted the Light irregularly.  Wherefore |
covered that part of the Glafs with black Paper, and let-
ting the Light pafs through another part of it which wag
free from fuch Bubles, the Speérum of Colours became
free from thofe irregular Streams of Light, and was now
fuch as I defired. But ftill I found the Violet.fo dark and
faint, that I could fcarcefee the Species of the Lines by the
Violet, and not at all by the deepeft part of it, which was
next the end of the Spe&rum. I fulpected therefore that
this faint and dark Colour might be allayed by that fcat-
tering Light which was refracted, and refletted irregularly
partly by fome very fmall Bubbles in the Glafles and
partly by the inequalities of their Polifh: which Ligh,
tho' it was but little, yet it being of a White Colour,
might fuffice to affe@ the Senfe fo ftrongly as to difturb
the Phznomena of that weak and dark Colour the Violet,
and therefore I tried, as in the 12th, l;th,ﬁfl 4th Experi-
ments, whether theLighe of this Colour did not confift of
a fenfible mixture of heterogeneous Rays, but found it did
not. Nor did the Refractions caufe any other fenfible
Colour than Violet to emerge out of this-Light, as they
would have done out of White Light, and by con-
fequence out of this Violet Light had it been fenfi-
bly compounded with White Light. Andtherefore I cons
cluded, that the reafon why Icould not fee the Species of
the Lines diftinétly by this Colour, was only the darknefs
of this Colour and Thinnefs of its Light, and its dil~
tance from the Axis of the Lens; I divided therefore thofe
Parallel Black Lines into equal Pasts, by which I might
readily know the diftances of the Colours in the Spectrum
from one another, and noted che diftances of the Lens
from the Foci of fuch 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 reétilinear 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-
fervations were as follows.

When'T obferved and compared the deepeft fenfible Red,
and the Colour in the confine of Green and Blue, which
at the. re&ilinear fides of the Speétrum was diftant from ic
half che length of thofe fides, the Focus where the confine
of Green and Blue caft the Species of the Lines diftinétly
on the Paper, was nearer to the Lens then the Focus where
the Red caft thofe Lines di&inély on it by about 2% or
2} Inches. For fometimes the Meafures were a little grea-
ter, fometimes a lictle lefs, but feldom varied from one
another above 1 of an Inch. For it was very difficule to
define the Places of the Foci, without {ome little Errors.
Now if the Colours diftant half the length of the Image,
( meafured at its reilinear fides ) give 2} or 2 4 difference
of the diftances of their Foci from the Lens, then the Co-
lours diftant the whole length ought to give 5 or 57 Inches
difference of thofe diftances. - . |

But here it’s to be noted, that I could not fee the Red
to the full Fnd of the Spe@rum, but only to the Center
of the Semicircle which bounded that End, or a litdle far-
ther ; and therefore I compared this Red not with that Co-
lour which was exactly in the middle of the Spe¢trum, or
confine of Green and Blue, but with that which verged a

litcle more to the Blue than to the Green : And as I reck-
I “ aned
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oned the whole length of the Colours not-to_:lie the whole.
lengch of the Speétrum, but the length of its reilinegr
fides, fo completing the Semicitlar Ends into Circles, when
cither of the obferved Colours fell within thofe Circles, 1
meafured the diftance of that Colour from the End of the
Spectrum, and fubducting halfthe diftance from the mea.
fured diftance of the Colours, I took :the remainder for
their corre@ed diftance 5 and in thefe Obfervations feor
down this corre@ed diftance for the difference of their.di.
ftances from the Lens. For asthe length of the reilinear
fides of the Sperum would be the whole length of all che.
Colours, were the Circles of which ( as we {hewed) thae-
Spectrum  confifts contracted and reduced to Phyfical
Poiats, fo in that Cafe this correted diftance would be the-
real diftance of the obferved:Colours:

When cherefore I further obferved the deepeftfenfible Red,
and that Blue whofe corrected diftance from it was Z parts;
of the length of the rectilinear fides of the Spe@rum, the:
difference of the-diftances of their.Foci from the Lens was.
abour 32 Inches, andas 7 to12 fois 32 o5

When I obferved the deepeft fenfible Red, and.that Indi-
vo whole correéted diftance was2 or ; of the length ofithe:
rectilinear {ides of the SpeGtrum, the difference. of the.di-
ftances of their Foci from the Lens, was-about 3% Inchesy,
and as 2to 3 fo is 3%to 51, | )

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

When I obferved the deepeft fenfible Red, ‘and that part
of the Violer next the Indigo whofe corrected diftance from-
the Red was ;2 or {-of the length of the Yeétilinear fides of

. the
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the Spedtrum, the difference of the diftances of their Foci
from the Lens was-about 4! Inches; and as§ to 6, fo is
4;to 5% For {fometimes 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:
Iheld my Eye very near to the Paper on which the Lens
caft the Species of the Lines, I could fee pretty diftinctly
the Species of thofe Lines by that part of the Violer which
was next the Indigo ; and fometimes I could fee them by
above half the Violet. For in making thefe Experiments
I had obferved, that the Species of thofe Colours only ap-
eared 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 5 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 mighe be nearer to the Axis of the Lens. ~And
now its length was about 2 Inches and breadch about for
 YofanInch. Alfo inftead of the black Lines on which the
Spectrum was caft, I made one black Line broader than
thafe, that I might fee its Species more eafily ; and this
Line I divided by fhort crofs Lines into equal Parts, for
“meafuringthe diffances of the obferved Colours.  And now’
1 could fometirnes fee the Species of this Line wich its divi-
fions almoft as far asthe Center. of the Semicircular Violet
~ End of the Spectrum; and made chefe further Obfervations.
WhenI obferved:the deepeft fenfible Red, and that part
of the Violet whofe ' correéed diftance from it was about
" 8 Pares of the redtilinear fides of the Speérum the difference
" ‘of the diftances of the Foci of thofe Colours from - the Lens,
was one time 43, another time 4, anothertime 47, Inches,
and as 8 10 g5 foare 4% 43 4b 0 55 55 54 telpedtively.
| Iz When'
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en I obferved the deepeft fenfible Red, and decpeft
fcnggl;e Violer, (the corrected diftance of which Colours
when all things were orderedto the beft advantage, andthe
Sun fhone very clear, was about 1> or 2 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 41 fometimes 5%, and for the moft part 5 Inches
or thereabouts: and as 11 to 12 or 1§ to I6, fois five .
Inches to 5 or 5§Inches. :

And by this progreffion of Experiments I fatisfied my
f{elf, that 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 §% 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 Refrattions which-
they do in the greateft. | . S

My progrefs in making this nice and troublefome Expe-
riment I have fec down more at large, that they thac fhall
try it after me may be aware of the Circumfpetion re-!
quifice to make it fucceed well.  And if they cannot make:
it fucceed fo well as I did, they may notwithftanding col--
lect by the Proportion of the diftance of the Colours in the
Spectrum, to the difference of the diftances of their Foci:
from the Lens, what would be the ficcefs in the more di-
ftant Colours by a better Trial. And yet if they ufe 2
broader Lens than I did, and fix it to a long ftreight Staff
by means of which it may be readily and truly directed to
the Colour whofe Focus is defired, I queftion not but the
Experiment will fucceed better with them than it did with,
me. For I 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
Spectrum being remotefrom the Axis, caft cheir Species lefs
diftiné&tly on the Paper than they would have done had the
Axis been fuccellively direéted to them.

Now by whar has been faid its certain, that the Rays
which differ in refrangibility do not converge to the fame
Focus, but it they flow from a lucid point, as far from
che Lens on one fide a5 their Foci are one the other, the
Focus of the moft refrangible Rays fhall be nearer to the
Lens than that of the leaft refrangible, by above the four-
teenth part of the whole diftance: and if chey low from a lu-
cid point, fo very remote from the Lens that before their
Incidence chey mav be accounted Parallel, che Focus of the
moft refrangible Rays fhall be nearer to the Lens than dhe
LFocus of theleaftrefrangibley by about che 27th or28ch pare
of their whole ditance trom ic.. And the Diameter of the
Circle in the middle [pace berween thofe two Foci which
they illuminate when they fall there on any Plane, perpen-
dicular to the Axis (which Circle is the leaft into w%ich
they can all be gachered) is about the 5 5th pare of the Dia-
meter of the apertnre of the Glafs, So that 'tds a wonder
that Telefcopes reprefent Objects fo diftinét as chey do, Bue

were all the Rays of Light equally refrangible, the Error
arifing only from the Iphericalnefs of che Frpures of GlafTes
would be many hundred dmes lels. For if the Object-
Glafs of a T'elefcope be Plano-convex, and che Plane fide
be turned towards the Object, and the Diamcter of the
Sphere whereof this Glals s a fegment,be called D, and the
Semidiameter of che apertnre ot the Glab be called S, and
the Sine of Incidence aur of Glafy inro A, be to the Sine of
Refraction as T eo R the Rays which come Paralle] vo the
Axis of the Glaly, thallin the Place where the Image of the
Objeét is moft diftinétly made, be feattered all over a 1icr_}¢

Circle
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e o R % S'Z_@, 1 .
Circle whofe Diameter is 7 * o= very nearly, as T ga

Fig. 27,

ther by computing the,E_rroFsof the Rays by the methogd,
of infinite Series, and rejecting _the’Term*i whoﬁé quanti-
tities: are inconfiderable.  As for 1n&ancs, i the Sine of Ip.
cidence I; be to the Sine of Refradtion R, as 20 ro.3 1, and
if D the Diameter of the Sphere to which the @onvex ide
of the Glafs is ground, be 100 Feci or 1200 Inches, and
S the. Semidiameter of the apesture be cwo Inches, the

!
R & g,

Diameter of the little Circle ( that is 75D qued, ) will be

21 % § 1T PRI o 1 }, n
- — - 5 06 an inch, >
20 1200 % 1300 (Orgéooooo ) paits ¢ But the

‘Diameter of the litele Circle through which thefe Rays are
feattered by unequal refrangibility, will be about the 55tk

pare of the aperture of the Obje&-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 diffes
rent Refrangibilicy. of the Rays, as ;2 to £ that is as 1
to-8151: and therefore being in- Comparifon fo very little;
deferves not to be confidered. L
But you will fay, if the Errors caufed by the different re-
frangibilicy be fo-very great, how comes it to pafs that Obs
jets appear through Telefcopes fo diftinct as they do ? Tans
{wer, ’tis becaufe the erring Rays are not fcattered uniforms
by over all that cireular fpace; 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, {o 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 ves
ry near it. Let ADE reprefent one of thofe Circles des
{cribed with the Center*C and Semidiameter ‘AC, and- let
BFG be a fmaller Circle concentric to the former, cutting

-with
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with its Circumference the Diameter AC in B, and bifect
AC in N, and by my reckoning the denfity of the Light
in any place B will be to its denfity in N, as AB to BC;
and the whole Light within the leffer Circle BFG, will be
to the whole Light within the greater AED, as the Excefs of
the Square of ACabove the Square of AB, is to the Square
of AC. As if BC be the fifth part of AC, the Light will be -
four times denfer in Bthan in N, and the whole Lightwith-

in the lefs Ciicle,will be to the whole Light within the grea-

ter, as nine to twenty- five. Whence 1t’s evident that the -
Tight within the lefs Circle, muftftrike the fenfe 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 ftronglythinall thereft together, and -
next to thefe in ftrength are the Red and Green. TheBlue -

“compared with:thefe 1s a faint and dark Colour, and the In- -
digo and Violet are: much'darker and fainter, fo that thefe -
compared with the fironger Colours are little to be regard- -

ed. The Images of Objects are therefore to be placed, not -

in the Focus ofg- the mean refrangible Rays which are in the -

confine of Green and Blue, but in the Focus of thofe Rays
which are in the middle of the Orange and Yellow 5 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 Refraction of thefe -

Rays (whofe Sines of Incidence and Refraction in Glafs +

ate as 17 and 11 ) the Refracion of Glafs and Cryftal for «

optical ufes is to be meafured.  Let us therefore place the -
Tthage of the Objeétin the Focus of thefe Rays, and all.the
Yellow and Orange will fall within a Circle, whofe Dia- -

.meter is about.the 25oth part of the Diametgr.of she aper-
| : ture -
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ture of the Glafs.  And if you add the brighter half of the
Red, (cthat half which is next the Orange, and the brigher
half of the Green, (that half which is nexc the Yellow,) 1.
bout three fifth parts of the Light of thefe two Colours wif]
fall within the fame Circle,and two fifth parts will fall wich.
out it round about ; and that which falls withour 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, (thacis 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 four
or five times more {pace than that which fallswithin; and fo
in the grofs be rarer, and if compared with the whole Lighe
within it, willbe about 2§ times rarer than all that taken in
the grofs ; or rather more than 30 or 40 times rarer, be-
caulge the deep red in the end of the Sperum of Colours
made by a Prifin is vety thin andrare,and the Willow Green
is {omething rarer than the Orange and Yellow. The Light
of thefe Colours therefore bring {o very much rarer than that
within the Circle, will fcarce affe¢t the Senfe efpecially fince
the deep Red and 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 lucid point is
therefore fcarce broader than a Circle whofe Diameter is
the 250th part of the diameter of the aperture of the Object
Glafs of a good Telefcope, or not much broader, if you
except 2 faint and dark mifty light round about it, which
aSpectator will fcarce regard. And therefore in a TclcféoP(c

- whole
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, “}Vhofe apettute is;'fom: 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 Feet, it may
be 5" 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-Glafs be tincted faintdy
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) appears fomething morelike a Ma-
thematical Point. And for the fame reafon, the enormous
patt of the Light in the Circumference of every lucid Poine
ought to be lefs difcernable in fhorter Telefcopes than in
longer, becaufe the fhorter tranfmit lefs Light to the Eye.
Now if we {uppofe the fenfible Image of a lucid point,
to be even 250 times narrower than the aperture of the
Glafs: yet were it not for the different refrangibility of the
Rays, its breadth in an 100 Foot Telefcope whofe aperture
is.4 Inches would be but Ft— 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 sgim
" 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 Telelcopes. '

There is another Argument by which it may appear that

the different refrangibility of Rays, is the true Caufe of the

~ imperfection of Telefcopes. For the Errors of the Rays

* arifing from the fpherical Figulies of Objeé-Glafles, are as

the
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the Cubes of the apertures .of the "Objeét‘Glafi}_es5 an.d thetice
to make Telefcopes of various lengths, magnify with equsf
diftin@nefs, the apertures of the Object-Glafles;, and “the.
Charges or magnifying Powers, ought o 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.
je@-Glaffes, and thence to make Telefcopes of various
lengths, magnify with equal diftinGnefs, their apertures and

charges ought to be as the fquare Roots of their lengths .

and this an{wers to experience as is well known.  For in.
ftance, a Telelcope of 64 Feet in lgngth, with an aperture

of 22 Inches, magnifies about 120 times, with as much difs
tinénefs as one of a Foot in length, with 3 of an Inch aper-

ture, magnifies 15 times. o ,
Now were it not for this different refrangibilicy of Rays,
Telelcopes might be brought to a greater Perfection than

-we have ﬂ_yct defcribed, by compofing the Object-Glafs of

Fig. 28.

two Glafes with Water between them. Let ADFC repte.
fent the Object-Glafs compofed of two Glaffes ABED and
and BEFC, alike convex on the outfides AGD and CHE,
and alike concave on the infides BME, BNE, with Water
in the concavity BMEN. Let the Sine of Incidence out of
Glafs into Air be asTto R and out of Water into Air as K
toR, and by confequence out of Glafs into Water, asIto.
K : and ler the Diameter of the Sphere to which the convex

4ides AGD and CHF are ground be D, and the Diameter

- of the Sphere to which the concave fides BME and BNE

are ground be to D, as the Cube Root of KK—KI'to the
Cube Root of RK~— RI: and the Refrations on the con-
cave fides of the Glafles, will very much corre@ the Esrots.
of the Refractions on the convex fides, fo far as’they arife
fom the {phericalnefs of the Figure, And by this means

, L might

=
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might Tclcfcgfcs be brought to fufficient perfection, wereit
not for thedifferentrefrangibility of feveral{orsof Rays. But
by reafon of this different refrangibilicy, I do not yet fee any
other means of improving Telelcopes by Refrattions alone
than that of increaling cheir lengths, for which end the late
contrivance of Fugenins {eems well accommodated.  Por
very 10”? T'ubes are cumberfome, and fcarce to be readily
managed, 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 it becomes difficule to
fee them diftinétly © whereas by his contrivance the Glafles
are readily manageable, and the Obje@-Glafs being fixe up-
on a ftrong upright Pole becomes more fteddy.

Seeing therefore the improvement of Telefcopes of given
lengths by Refradtions is defperate 5 T contrived heretotore
Perfpective by reflexion, ufing inftead of an Objet Glafs
a concave Metal.  The diameter of the Sphere to which
the Metal was ground concave was about 2§ Englifh Inches,
and by confequence the length of the Inftrument about fix
Inches and a quarter.  The Lye-Glals was plano-convex,
and the Diameterof the Sphere to which the convex fide was
ground was about } of an Inch, or a little lefs, and by con~
fequence it magnified between 30 and 4o times. By ano-
ther way of mealuring I found that it magnified about
35 times.  The Concave Metal borean aperture of an Inch
and a third part; bur the aperture was limited not by an
opake Circle, covering the Limb of the Metal round about,
bue by an opake circle placed between the Eye-Glafs and the
Eye, and perforated in the middle with a litle round hole
for the Rays to pafs chrough to the Eye.  For this Circle
by being placed ic‘rc, ftopt much of the crroncous Light,
which otherwife would have difturbed the Vifton, By com-
paring it with a pretty good Perlpective of four Feer in

K 2 length,
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Jength, made with a concave Eye-Glafs, I could read a1 5
reater diftance with my own Inftrument than with the
Glafs. Yet Objects appeared much darker in it than in the
Glafs, and that partly becaufe more Light was loft' by re.
flexion in.the Metal, then by refraction in the Glafs, and'
partly becaufe my Inffrument was overcharged. Had i
magnified but 3001 2§ times it would have madethe Objeg
appear more brisk and pleafant. T'wo of thefeImade abour
16 Years ago, and have one of them ftill by me by which
¥ can prove the tsuth of what [ write. Yet it is not {o good
as.at thefirft.  For the concave has been divers times tar:
aifhed and cleared again, by rubbing it with very foft Les-
ther. When I made thefe, an Artift in London undertook
to .imitate it 5 but ufing another way of polifhing them
than I did, he fell much fhort of what I had attained to,
as I afterwards underftood by difcourfing the under-Work-
man-he had imployed. The Polifh I ufed was on thisman.
ner.. I had two round Copper Plates each fix Inches:in
Diameter, the one convex the other concave, ground ve-
ry. true.to-one another.  On the convex I ground the Ob-
ject-Metal or concave which was to be polifl’d, till it had
taken the Figure of the convex and was ready for a Polifh.
Then I'pitched over the convex very thinly, by dropping
melted pitch upon it and warming - it to keep-the pitcly
foft, whilft I ground it with the concave Copper wetted to
make it fpread evenly all over the convex. Thus by work«
ing it well I made it as thin.as a Groat, and after the cone
vex was.cold I ground. it again. to give it as true a Figure as
Tcould. * Then I took Putty which I had made very fine
by wathing it from. all its geoffer Particles, and: laying a lit-
t1¢ of this upon the pitch, I ground it upon the Pitch with
the concave Copper il it had done making 2 noife; and
then upon the Pitch I ground the Objeét-Metal withi a brisk

- 77777 Motion.
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Motion, fo? about two or three Minutes of time, leanin
hard upon it.  Then I put frefh Putty upon the Pitch and
ground it again till it had done making a noile, and-after-
wards ground the' Obje&t Metal upon it as before. And
this Work I repeated till the Metal was polifhed, grinding
it the laft time with all my ftrength for a good while toge-
ther, and frequently breathing upon the Pitch to keep-it
moift without laying on any more frefh Putty. The Ob-
je&t-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 fec if I could
make it beteer than that which Tkept.  And thus by many
“Trials I learnt the way of polifthing, till I made thofe two
refleGing. Pefpectives I fpake of above. For this Art of
polifhing. will be better learnt by repeated Practice than by
my defcription. Before I ground the Object Metal on the
DPitch, 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- ftick
faft.in the Pirch, they would by rolling up-and down grate
and fret the Qbject Metal-and fill it full of little holes.
~ But becaufe Metal is more difficult to polith™ than Glafs
and is.afterwards very apt to be fpoiled by tarnithing, and
reflects not-fo much Light as Glafs guick-filvered over does:
1.would propound-touleinftead of .tchc.Metal, a Glafs.ground
concave on the forefide, and as much.convex on the back-
fide, and quick-filvered .over on.the convex fide. The Glafs
muft.be every where of the fame thicknefs exactly.  Other-
wife it will make Objeés look coloured and indiftin¢t. By
fuch a Glafs I tried about five or fix Years ago to make
a reflecting Telefcope of four Feet in length to magnify a-
hout 150 times; and I fatisfied my felf that there w—antshqo--

‘, thing
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thing but 2 good Artift to bring the defign to Perfection.
For the Gla(% being wrought by one of our London Artifts
after fuch 2 manner as they grind Glafles for Telefcopes,
tho it feemed as well wrought as the Obje&t Glafles ufe to
be, yet when it was quick-filvered, the reflexion difcovered
‘innumerable Inequalities all over the 'Gla'{é,‘ And ..by.r?afo;n
of thefe Inequalities, Objeéts appeared indiftin¢t in this In-
ftrument.  For the Errors of refle¢ted Rays caufed by any
Inequality of the Glafs, are about {ix times greater than the
Errors of refracted Rays caufed by the like Inequalities. Yet
by this Experiment T {atisfied my felf that the reflexion on
the concave fide of the Glafs, which I feared would difturb
the vifion,did no {enfibleprejudice to it, and by confequence
“that nothing is wanting to perfe&t thefe Telefcopes, but
good Workmen who can grind and polith Glaffes truly {phe-
rical. An Objeét-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 feracch
it.  Whether this way may not do well enough for polith-
ing thefe refleéting Glaffes, I have not yet tried. But he
that fhalltry either this or any other way of polifhing which
he may think better, may do well to make his Glafles rea-
dy for polifhing by grinding them without that violence,
wherewith our London Workmen prefs their Glaffes in grind-
ing. For by fuch violent preflure, Glafles are apt to bend
a little in the grinding, and fuchbendingwill certainly {poil
their Figure. To recommend therefore the confideration
of thefe refleting Glafles, to fuch Artifts as are curious -in
figuring Glaffes, I fhall defcribe this Optical Inftrument ‘in
the following Propofition. | ‘ v

PROP,
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PROP. VII. Prob. IL
To fhorten Telefcopes.
ET ABDC reprefent a Glafs fpherically concave on

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

fide CD, fo that it be every where of an equal thicknefs. Let
it not be thicker on one fide than on the other, left it make
Objects appear coloured and indiftin®, and let it be very
eruly wronghe and quick-filvered overon the backfide 5 and
fet in the Tube VXYZ which muft be very black within,
Let EFG reprefent a Prilm of Glafs or Cryftal placed near
the other end of the Tube, in the middle of ic, by means of
a handle of Brafs or Iron FGK, to the end of which made
flac it is cemented.  Lec this Prifm be reGtangular 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 the plane f{ides FE and GE be fquare, and by confe-
quence the third fide FG a re@tangularparallelogram, whofe
fengeh is co its breath in a fubduplicate proportion of two
to one.  Let it he fo placed in the Tube, chat the Axis of
the Speculum may pals chrough the middle of the fquare
fide IF perpendicularly, and by confequence through che
middle of the fide F G av an Angle of 45 degrees, and let the
fide BF be curned towards the Speenlum, and the diftance
of cthis Prifm from che Speculum be fuch char the Raysof che
lighe PQQ, RS, &ee. whichare incidene upon the Speculum in
Lines Parallel to the Axis thereofy may enter the Prifm ac
the fide EF, and be refleéted by the ide F G, and chence
go outr of 1t through the fide GL, o the point "I which
muft be the common Focusob the Speculnm ABDC, and of
a Plano-convex Lye-Glafs T, dhrough which thofe Rays
muft pals o the Lye.  And let the Rays ac their coming
out

I*tg. 29.
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out of the Glafs pafs through a fmall round hole, or aper.
ture made in a litdde Plate of Lead, Drafs, or Silver, where.
‘with the Glafs is to be covered, which hole muft be no
bigger than is neceflary for light enougli to pals through,
For fo it will render the Obje& diftinét, the Plate inwhich
" ’tis made intercepting all the erroncous pai of the Light
which comes from the Verges of the Speculunn AB. Such
an Inftrument well made if it-be 6 T'oot long, (reckoning
the length from the Speculum to the Prifm, and thence wo
the Focus T') will bear an aperture of 6 Inches at the Spe.
culum, and magnify between two and three hundred times,
But the hole H here limits the aperture with more advan-
tage, then if the aperture was placed at the Speculum. Jf
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.  But 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 Prifim EEG
muft be no’bigger than is neceflary, and its back fide FG
muft not be quick-filvered over. For without quick-filver
it will refleét all the Lightincident on it from the Speculum,
In this Inftrument the Object will be inverted, but may
~be erected by making the {quare fides EF 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 Bye-Glafs. If it be defired chac che Inftru-
ment bear a larger aperture, that may be alfo done by com-

'PhOﬁng the Speculum of two Glafles with Water becween
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PART IL

PROP.I. THEOR. L

T he Phanomena of Coloursin refraded or refleded Light
are not caufed by new modifications of the Laght variouf-
ly impreft, according to the various termimations of the
Light and Shadow.

The Proof by Experiments.

EXPER. L

- FYOR if the Sun fhine into a very dark Chamber Fig. 1.
through an oblong Hole F, whofe breadth is the ~
fixth or eighth part of an Inch, or fomething lefs ; and
~ his Beam FH doafterwards pafs firft through a very
o darge Prifim ABC, diftant about 20 Feet from the
. L | Hole,
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Hole, and parallel toit, and then (with its white part)
through an oblong Hole H, whofe breadth is about
the fortieth or fixtieth part of an Inch, and which is
made in a black opake Body 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 tranfiitted through
the Hole H, fall afterwards upon a white Paper pt,
placed after that Hole H, at the diftance of three or
four Feet from it, and there paint the ufual Colours of
the Prifm, fuppofe red at t, yellow at s, green at r,
blue at g, and violet at p ; you may with an iron Wn‘c_e_
or dny fuch like flender opake Body, whofe breadth is
about the tenth part of an Inch, by intercepting the rays.
atk, |, 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 {fomething
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 fhadow made within the Colours by
the obftacle R intercepting fome intermediate part of
the Light ; and, laftly, any one of them by being
left alone may border upon the fthadow on either hand.
All the Colours have themfelves indifferently to any
confines of thadow, and therefore the differences of thefe
Colours from one another, do not arife from the diffe-
rent confines of thadow, whereby Light is varioufly
modified as has hitherto been the Opinion of Philofo-

. phers.
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phers. Intrying thefe things ’tis to be abferved, 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 {ufficiently
vifible. To procurea Prifm of folid Glafs large enough
for this Experiment will be difficult, and therefore a
prifiatick Veflel muft be made of polithed Glafs-plates
cemented together, and filled with Water.

EXPER. IL

“The Sun’s Light let into a dark Chamber through Fig. 2.
“the round Hole F, half an Inch wide, paffed firft through
“the Prifm A BC placed at the Hole, and then through

a Lens P'T fomething more than four Inches broad,and
~about eight Feet diftant from the Prifm,and thence con-
verged to O the Focus of the Lens diftant from it about
three Feet, and there fell upona white Paper DE. If
- that Paper was perpendicular to that Light incident up-
on it, as ’tis reprefented in the pofture D E, all the Co-
lours upon it at O appeared white. But if the Paper
being turned about an Axis parallel to the Prifm, be-
came very much inclined to the Light as ’tis reprefen-
ted in the pofitions de and ¢« ; the fame Light in the
.-one cafc appeared yellow and red, in the other blue.
Here one and the fame part of the Light in one and the
fame place, according to the various inclinations of the
Paper, appeared in one cafe white, in another yellow
~or red, ina third blue, whilft the confine of Light and
1.2 -~ Shadow,
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Shadow, and the refrations of the Prifin in all thefe
cafes remained the fdme. |

EXPER. IIL

Such another Expériment may be more eafily trie
as follows. Let a broad beam of the Sun’s Light comin
into a dark Chamber through a Hole in the Window
fhut be refralted 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_ftitf pline, and this Light,
when the Paper is perpendicular to it, as ’tis reprefen-
ted i D E, will appear perfectly 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 tfie
Prifm, the whitenefs of the whole Light upon the
Paper will according to the inclination of the Paper
this way, or that way, change either into yellow and
red, as in the pofture de, or into blue and violet, as
in the pofture ¢« And if the Light before it fall upon.
the Paper be twice refracted, the fame way by two pa-
rallel Prifms, thefe Colours will become the more con.-
{picuous. 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 one uniform €olour, the Colour being al-
ways the fame in the middle of the Paper as at- the:
edges, and thiis Colour changed according the various.
obliquity of the retleting Paper, without any change
1n the refrattions or fhadow; or in- the Light which
fell wpon the Paper:  And. therefore: thete Colours are

to:
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- to be derived from fome other caufe than the new mo-
. difications of Light by refra&ioris and thadows.
If it'be asked, What then is their caufe? 1 anfwer,
- ‘Phat 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 lefs refran-
- gible rays are predominant in the refle&ted Light. And
wherever they are predominant in any Light they tinge-
- it with red or yellow, as mayin fome mealure appear by
- the firft Propofition of the firft Bookjand will more fully
appear hereafter.. And the contrary happens in the
- potture of the Paper ¢:, the more refrangible rays be-
. ing then predominant which.always tinge Light with.
~ blues and violets.. |

‘ EXPEK;rw'

 The Colours of Bubbles with which Children play
_are varions, and change their fituation varioufly, with--
out any refpeét to any confine of fhadew. If fuch a
- Bubble be covered with a concave Glafs, to keep it from-
. being agitated by any wind or motion of the Air, the
- Colours will flowly and regularly. change their {itua-
. tion, even whilft the Eye,.and the Bubble, and all Bo--
. dies which emit any. Light, or caft-any fhadow, 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 in the next
Book.. | 4 '

To
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To thefe Experiments may be addt:c} tlze tenth Fx
‘periment of the firft Book, where the sun’s Light in 4
dark Room being traje¢ted through the parallel {uperf.
cles of two Prifms tied together in the form of a Pargl.
lelopide, became totally of one uniform yellow or red
Colour, at its emerging out of the Prifms.  Here, iy
the produétion of thefe Colours, the conhne of fthadow
can have nothing to do. Forthe Light chunges fropm
white to yellow,orange and red fucceflivel y,withoutany
alteration of the confine of thudow: And at both edges of
the emerging Light where the contrary conhines of fha.
dow ought to produce different cfluts, the Colour i
one and the fame, whether it be white, yellow, orange
or red : And in the middle of the emerging Lighe,
where there is no confine of thadow at all, the Colour
is the very fume as at the edges, the whole Lightat its
very firft emergence being of one uniform Golour, whe.
ther white, yellow, orange or red, and going on thence
“perpetually withoutany change of Colour, {uch as the
~confine of thadow is vulgarly {fuppofed to work in re
“fratted Light after itsemergence.  Neither can thefe
Colours arife from any new modifications of the Light
by refrations, becaufe they change tucceflively from
white'to yellow, orange and red, while the relraétions
remain’ the fame, and alfo becaufe the refraétions are
made contrary ways by parallel fuperficies which de-
ftroy one-anothers effects. "T'hey arile not therefore
from any modifications of Light “made by refraétions |
and fhadows, but have fome other caufe,  What that
caufe is we thewed above in this tenth Experiment,

and need not here repeat it.

‘I"here
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“There is yet another matertal circumftance of this
Experiment.  For this emerging Light being by a third Fie. 24
Prifm HIK 1'&{’1‘:16,1&?}{ towurdg the Paper PT and there Part 1.
painting the ulual Colours of the Prifm, red, yellow,

reen, blue, violet @ If thele Colours arofe from the
refractions of that Prifm modifying the Light, they
wonld not be in the Light before its incidence on that
Prifm. And ycet in that Experiment we found that
when by turning the two firlt Prifims about their com-
mon Axis all the Colours were made to vanifl but the
red 3 the Light which makes that red being left alone,
appeared of the very fame red Colour before its inci-
dence on the third Prifm.  And in general we find by
other Experiments that when the rays which differ in
refrangibility arc feparated from one another, and any
one fort of them is confidered apart, the Colour of the
Light which they compolte cannot be changed by any
refrattion or reflexion whatever, as it ought to be were
Colours nothing elft than modifications of Light caufed
by refractions, and reflexions, and thadows.  “I'his un-
changeablenets of Colour L am now to deferibe in the
following Propofition.

PROP. 1L THEOR. 1L

Al banopeieal Toght bas ity proper Colowr anfwering to
ie degree of vefraugibility, and that Colow comnot be
changed by veflezavns and vefradlions.

& & . .
In the Experiments of the 4th Propofition of the firft

E i *

Book, whuen 1 had teparated the heterogencous rays

from onv anothery the Spedtrum pt tormed by the fepu-

rated
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tated rays, did in the progrefs from its end p, o whic|
tlye moft refrangible rays fell, unto its other end t, o
which the leaft refrangible rays fel.l, appear tinged with
this Series of Colours, violet, indico, blue, green, yel.
low, orange, red, together with all their intermediate
degrees in a continual fucceflion perpetually varying.
So that there appeared as many d.egrec{-::s of Colouts, g
there were forts of rays differing in refrangibility.

EXPER. V.

 Now that thefe Colours could not be changed by re.

‘fraftion, 1knew by refratting with a Prifin fometimes
one very little part of this Light, fometimes another
very little part, as is defcribed 1n the 12th E){é)erunent
of the firft Book. For by this refraction the Colour of
the Light was never changed in the leaft. If any part
of the red Light was refrated, it remained totally of
the-fame red Colour as before. No orange, no yel-
low, no green, or blue, no other new Colour was pro- -
duced by that refraction. Neither did the Colour any
vays change by repeated refraltions, but continued al-

ways the {fame red entirely as at firft. The like con-
ftancy and immutability 1 found alfe in the blue, green,
and other Colours.  Soalfo if T looked through a Prifm

upon any bedy illuminated with any part of this home-

geneal Light, .as inthe 14th Experiment of the firf

Book 1s deferibed.; I could not perceive any new Co-
lour generated this way. All Bodies illuminated with
compound Light appear through Prifins confufed (as

was faid above ) and tinged with various new Colours,
aut thofe illuminated with homogeneal Light appeared
through
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ghrough Prifime neithier Tefh diftinét, nor otherwife co.
foured, than when viewoed with the naked Eyes. Their
Colours were not in the leaft changed by the refraction
of the interpoled Prifm. 1 fpeak here of a fenfible
change of Colour ¢ For the Light which 1 here call ho-
magcncul? betng not ablfolutely homogeneal, there ought
to arie ﬁ,)rm:,’lit‘tflc,: change oi Golour from 1ts heteroge-
neity. But if that heterogeneity was fo little as it might
be made by the Lid Experiments of the fourth Propo-
fition, that change was not lenfible; and thercfore, in
Experiments where fenfe is judge, ought to be accoun
ted pony at all,

EXPERS VI

And as thete Colours were not changeable by vefra-
Etions, o neither were they by reflexions.  For all
white, grey, red, yellow, green, blue, violet Bodies, as
Papery Afhes, red Lead, Orpiment, Indico, "Bife, Gold,
Silver, Copper, Grafy, blue Flowers, Violets, Bubbles
of Water tinged with various Colours, Paacock’s Feu-
thers, the tinéture of Ligmum Nephriticum, and fuch
like, o red homogeneal Light appeared totally red, in
~ blue Light totally blue, in green Light totally green,

and o of other Colours,  In the homogeneal Light of
of any Colour they all appeared totally of that fame
Lolour, with this only ditterence, that fome of them
sefleCted that Light more ftrongly, others more fuintly.
Lnever yer found any Body which by refweting homo-
gencal Light could fenfibly change its Colour.

. 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 produce any new Colour by reflexions and re.
frations, and by confequence that the variety of Co.
Jouts depends upon the compofition of Light.

PDEFINITION.

T'he homogeneal light and rays which appear red,
or rather make Objefts appear fo, 1 call rubrific
or red-makng ; thofe which make Objeéts appear
yellow, green, blue and violet, T call yellow-ma.
king, green-making; blue-making, violet-making,
and {o of thereft. And if at any time I {peak of
tightand rays as coloured or endued with Co-
Tours, Twould be underftood to fpeak not philo.
fophically and properly, but groily, 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 properlyare not colouted.
- Inthem there i nothing elie than a certain power:
- and difpofition to ftir up a fenfation of this or that
Lolour.  For as found ina Bell or mufical String,.
or other founding Body, is nothing but a trem-

* bling Motion, and inthe Air nothing but that
Motion propagated from the Objet, and in the:
Senfortum ™tis a fenfe of that Motion under. the:
toctmn of found ; fo Colours in the Objett are no-
thing but 1 ditpofition to reflect 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 Senforium, and
in the Senforiwmn they are fenfations of thofe Mo-
rions under the forms of Colours.

PROP. 1II. PROB. L

To define the reframgivilivy of the [everal farts of bam-
geneal Light anfwerig to the Jeveral Colowrs.

For determining this Problem 1 made the following

m 111N
J_)XPCI iment.

EXPER. VIL

* ‘When I had caufed the re&tilinear line ides A F, GM, Fig. 4.
of the Speétrum of Colours made by the Prifm to he
diftinétly defined, as in the fifth Experiment of the
firft Book is defcribed, there were found in it all the
homogeneal Colours in the fame order and fituation
one among another as in the Specirum of fimple Light,
defcribed 1n the fourth Experiment of that Book. For
the Circles of which the Speftrum 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
they touch thofe rectilinear fides AF and GM. And
therefore in thofe rectilinear fides when diftinétly defi-
ned, there is no new Colour generated by refraction. 1
abferved alfo, that if any where between the two. out-
- moft Circles TMF and PG A a right line, as v, was
erofs to the Spectrum, fo as at both ends to fall per-
“pendicularly upon its reitilinear fides, there appeared
o M 2 ' one
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ane and the fame Colour and degree of Colour from ope
end of this line to the other. [ delinvated therefore iy
a Paper the perimeter of the bSpetirum FAPGMT,
and in trying the third Experiment of the firft Book, ]
held the Paper {o that the Spectrum might fall upoy
this delineated Figure, uud agree with 1t exactly, whilt
an Affiftant whofe Eyes for diftinguifhing Colours werg
more eritical thamrmine, did by right lines ar, o &
drawn crofs the Speétrum, note the confines of the Co.
lours that is of tlhe red M«8F of the orange even of
the yellow v¢¢d, of the green+n 0, of the blue g,
of the indico 1numx, and of the violet »G Ak And
this operation being divers times repeated both in the
 fame and in feveral Papers, 1 tound that the Ob.
~{ervations 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 manner of a mufical Chord,
Let GM be produced to X, that MX may be equil
toGM, and conceive G X, 1 X, X, "X, X, 7X, aX,
MX, tobe improportion to one another, as the num
bers 1, &, 8,4, % 4, %, 1, und {o to reprefent the
Chords of the Key, and of a Tone, a third Minor, 4
fourth,. a-fifth; a ixth Major, a teventh, and an eighth
above that Key: And the intervals Mu, ay, y¢ o m,
o and 2 G, will be the {paces which the feveral Cos
lours ( red, orange, yellow, green, blue, indico, violet ).
~take up.

Now thefeintervals or {paces fubtending the diffe-
rerices of therefractions of the ruys going to the limits:
of thofe Colours, that is, to the points M, «, 4, & i1, % 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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crays | aving one common fie of incidence, and there.
fore {ince the common fine of mudcnu, of the moft and
leaft refrangible rays out of Glafs into Air was, (by a
method dcl mhcl above ) found i In proportion to their
fines of u.‘llm,ucm, a8 50 1077dna1 7o, divide the dif-
ference between the fines of refraétion 77 and 78, as the
line G M 1s dmdu I by thoh mtervals, you will have
V75 776 7750 775 TTa 7750 7%, 7b the fines of
refrattion of thofe Jy« out of Glafs into Air, their
common fincof incidence being 5o, So then the fines
of the incidences of all the ed- making 1 rays out of
Glafs into Airy were to the fines of their rofi [ractions,
not greater than 5o to 77, nur lufs than 5o to 77; but
vauud from one another according to all interme-
diate Proportions.  And the fines of the mcidences
of the green-making rays were to the fines ol’
their refrattions in all pxopmtmm from that of
to 771, unto that o’ 3o to 77;.  And by the like hmlts
above-mentioned were the tefractions” of the rays be-
Jonging to the reft of the Colours defined, the hines of
the red-making, ruys mumh% from 77 to 77, thole
of the orunge-m kag,, from 77 to 77;» thofcol the yel-
low-qﬂ.tlmmn lmm 77 to 77 4, thofe of the green-making
from 77510 775, thol of the blue- lnd]\.lll}.’ from 771 to
T75s thofe ot the indico-making tron 773 to 772, and
thole of the violet trom 77 to ‘i

Thete wre the Laws of the Fefraétions made out of .
(xlafs 5 Lo, Airy wnd thenee by the third Axiom of the

A 1”
m‘ﬂ %ll)l& (he Lanws of the retractions made out of Air

:%iil(.() Glats are catily derved.

EXPER
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EXPER. VIIL

[ found moreover that when Light goes out of Aj
through feveral contiguous refracting Mediums
through Water and Glafs, anc} thgnce goes out agaiy
into Air, whether the refrating fuperhcies be paralle]
or inclined to one another, that Light as often asby
contrary refraftions ’tis {o cqrre&qd, t_hat it emergeth
in lines parallel to thofe 1n Wlnch it was incident,
continues ever after to be white. But if the emer.
gent rays be inclined to the incident, the whitenefs of
the emerging Light will by degrees in paffing on from
the place of emergence, become ting ed 1n its edges with
Colours. This Ttryed 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 rays fromone another by means of their un-
equal refractions, as in what follows will more fully
appear.  And, on the contrary, the permanent white-
nefs argues, that in like incidences of the rays there is
no {uch feparation of the emerging rays, and by confe-
quence no inequality of their wholz refractions. Whence
1 feem to gether the two following Theorems.

1. The Excefles of the fines of refraétion of feveral
forts of rays-above their-conmmen fine of incidence when
the refrattions 4% made out -of divers denfer mediums
unmediately 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 refradtion 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&tion out of the
firt medium into any third medium, and of the Pro-

sortion of the fine of incidence to the fine of refraétion
out of that third medium into the fecond medium.

By the firft Theorem the refrattions of the rays of
every fort made out of any medium into Air are known
by having the refrattion of the rays of any one fort. As
for inftance, if the refraltions of the rays of every fort
“eut of Rain-water into Air be defired, let the common
fine of incidence out of Glafs into Air be fubduéted
from the fines of refraction, and the Excefles will be.
29, 275, 375, 275, 271, 27%, 277, 28. Suppofe now
that the fine of incidence of the leaft refrangible rays be
to their fine of refradtion 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 is 27 the leaft of the
Hixcefles above-mentioned to a fourth number 81 ; and-
81. will be the.common fign of incidence out of Rain-.
water into. Adr, to which fine if you add all the above-
mentioned Excefles you will have the defired fines of .
the refrattions 108; 108¢, 108, 1083, 108:, 1085,
10825 109, |

By the latter Theorem the refraction out of one me-
dium into another is gathered as often-as you. have.
the refraétions out of them both into any third medium.
Asif the fine of incidence of any ray out of Glafs into
Air be to its fine of refraftion as 20 to 31, and the fine.
of incidence of the {ame ray out of Airinto Water, be

to
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to its fine of refraftion as four to three; the fine of
incidence of that ray out of Glafs into Water will be ¢q
its fine of refraction as 20 to 31 and 4 to 3 joyntly, that
is, as the Factum of 20 and 4 to the Faltum of 31 ang
or as 80 to 93. | o

b And thefe 'I?hgeorems being admitt'e:d into Opticksj
there would be fcope enough of handling that Science
voluminoufly after a new manner ; not _only by.teaching
thofe things which tend to th¢ perfeé’uog’l of Vlﬁon, 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 {eparations of heterogeneous rays,
and thelr various mixtures and.pro}_)qrtloms in every
mixture. By this way of arguing | invented almoft
all the Phenomena defcribed in thefe Books, befide fome
others lefs neceffary to the Argument ; and by the
fuccefles I met with in the tryals, I dare promife, that
to him who fhall argue truly, and then try all things
with good Glaffes and fufficient circumfpeltion, the
expefted event will not be wanting,  But he s firft to
know what Colours will arife from any others mixr in
auy afligned Proportian.

PROP. IV. THEOR. HI.

Colowrs may be produced by compafition which floll be like
to the Colours of bomogeneal Laght as to the appearance
of Colour, but not as vo the immutability of Colowr and
confliturion of Lighv,  And thofe Colowrs by howey much
they are more compounded by Jo muck are they lefs ful
it ntenfey and by oo much compolition ey wmay be

diluted
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diluted amd wvakeied (ofl] g/»,v ,,:,,/ T heye sitay Lo
ol o Colonivs prod. «mx’ by coemfivion, wbich are not /ully
leke any of the Coloziy r)[ DPusiz. gu,[ Liwht,

Fora mixture of homogeneal red and yellow com-
pounds an orange, like inap pearance of Colour to that
orange which in the feries of unmixed prifinatick Co-
Jours lics between them; but the Light of one orange
is homogeneal as to reft dnnllnhty that of the other is
hcwmm.,mxil., and the Colour of the one, if viewed
through a Pritm, remains unchanged, that of the other
is clmnwud and refolved into its tomponult Colours red
and yullmwﬂ And utter che fame manner other neigh-
bouring homogeneal Colours may compound new Co-
lours, Tike the intermediate homogeneal ones, as yel-
low and green, the Colour between them botl 1., and af-
terwards, If blue be added, there will be made a green
the middle Cwlmn of the three which enter the compo-
i‘.\t‘mn.. For the yellowand blue on cither hand,if they are
equal in quantity they draw thetermediate green equal-
ly towards themfulves 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 actions remain fhill @ middle Colour,
To this mixed green there may be further added

Aome red and violet, and yet the green will not profent-

ly ceafee but only grow Iefs full and vivid, and by in-
creafing the red and violet it will srow more und more
dilute, until by the prevalenee of the added Colours it
¢ overcome and turned nto whitenels, or fome other
olour. 8o if to the Colour of any immu weneal Light,

_@m Sun’s white Light compoted of all forts of nw« be
i\‘! &1‘.1i d




Fig. s.

added, that Colour will not vanifli or change its fpe.
cies but be diluted, and by adding morc zm‘d more white
it will be diluted more and more perpetually.  Lag.
ly, if red and violet be mingled, there wxll‘bg gencrated
according to their various Proportions various [ urples,
fuch as are not like in appearance to the Colour of any
homogeneal Light, and of thefe Purplc_sj mixt with yel.
low and blue may be made other new Colours.

PROP. V. THEOR. IV.

Whitene[s and all grey Colours betrveen fw/.)itcj (cmg /;l{zc'k,

- may be_compounded of Colours, and the wbhitencfs of the
Suw’s Light 15 compounded of all the primary Colours
mixt wm o due propoyiion.

Lhe Proof by Experiments.

EXPER. IX

‘The Sun fhining into a dark Chamber through a
little round Hole in the Window fhut, and his Light
being there refratted by a Prifm to calt his coloured
Image P'T-upon the oppofite Wall : I held a white Pa-
per V to that Image in fuch manner that it might be
tlluminated by the coloured Light retletted from thence,
and yet not intercept any part of that Light in its paf-
{age from the Prifm to the Spe&trum. 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-
preached 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, 1t fome Colours
were intercepted, the Paper loft its white Colour, and
appeared of the Colour ot 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 reflefted thence to the Eye ; fo 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 reflefted from the Paper,it would
hdve tinged the Paper with its own Colour; and yet be-

ing mixed with the reft of the Colours in a due propor-
tion, it made the Paper look white, and therefore by a
compofition with the reft produced that Colour. The
feveral parts of the coloured Light refletted from the
Spe&trum, whilft they are propagated from thence thro’
the Air, do perpetually retain their proper Colours,
becaufe wherever they fall upon the Eyes of any Spetta-
tor, they make the {everal parts of the Spettrum to
appear under their proper Colours. They retain there-
fore their proper Colours when they fall upon the Pa-
per V, and fo by the confufion and perfect-mixture of

“thofe Colours compound the whitenefs of the Light
- refletted from thence. ,

EXPER. X

Let that Spe¢trum or folar Image P'T fall now upon Fig. 6.
~the Lens MN above four Inches broad, and aboutFﬁx
| N 2 eet
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Feet diftant from the Prifm ABC, and fo hgured that
it may caufe the coloured Light which divergeth from
the Prifin to converge and et again at s Focus G,
about fix or eight Feet diltant from the i ns, dnd
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 Je, the whole folar Tnage
(fuppofe at pt) will appear upon it intenily coloured
after the manner above-explained, and that by receding
from the Lens thofe Colours will perpetually come to.
wards one another, and by mixing more and more di-
lute one another continually, until at Tengreh the Paper
come to the Focus G, where by a perfuct mixture they
will wholly vanifh and be converted into whi tenefs, the
whole Light appearing now upon the l"upcr‘ like a Lietle
white Circle. And afterwards by veceding further from
the Lens, the rays which before converged will now
crofs one another in the Focus G, and diverge from
thence, and thereby make the Colours to appeur ugain,
but yet in a contrary order ; fuppole at o, where the
red t is now above which before was belowe, and the
violet p is below which before wus above.

Let us now ftop the Paper aut the Focus € where
the Light appears totally white and circular, and let us
confider its whitenefs. 1 fay, thut this ix compoled  of
the converging Colours. For if uny of thott Colours
be intercepted at the Lens, the whitcuets will ceatt and
degenerate into that Colour which wrifeth from the
compofition of the other Colours which ure not inter-
cepted. And then if the mtercepted Colours he let
pafs and fall upon that compound Colour, they mix
with 1t, and by their mixture reftore the whitenefs.

50
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Qo if the violet, biue und green be i intereepted, the re-
maining }glhm orig and red will compound upon
the Paper muu“m'w, il then 1f” the mtmccptgd Co-
lours be let pals they will fall upon chis (.ompoumlul
orange, aml top cther with it decompound a white, So
alfo 1 the ved and violet be intereepted, the remaining
”me sreen wiid bluey will mmpuund a4 green upon
thui.,i}m, and then the red and violet l)um let pafs
will fall upon this preen, and together with it decom-
p(}uml a whire,  And thar tlm (om}m[mon of white
the feveral rays donot futter any change in their colori-
fic thhw M acling upon one dnn(hu but are only
mixed, and by @ misture of their Colours produce
white, muay further appear by thefe Arguments.

[f the Paper be placaed beyond the Focus G, fuppole
at o, il thm the red Colour at the Lens be thuumtc
ly intercepted, amd ler pats again, the violet Colour on

the Papur wi i not fuiler any change thereby, as it oughte
to do it the feveval Torts of raysasted upon one another
in the Focus Gy where they L!()l‘w Neither will the
red upon the Paper be changed by any alternate {top-
ping, and lotting 1*‘ L the violet which crofieth it

Y And i the i,,i; v be placed at the Focus Gy and the
wlmg mumd hnn Wt Gobe viewad through the Prifim
HIK, and by the refraction of that Prifin be tranfluted
fo the place vy, und theve appear tinged with various
Coloursy naumely, the violet at v and red at r, and
others between, wnd then the red Colour at the Lens be
often ftopt and et pats by turnsy the ved ae e will ace-
cordingly dxiwzppg arand returncas often, but the violer
at v will not thoereby tutler any ¢ Idwm And fo by

ftopping and letting pafs wlternately the blue at the
- fns,
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- T.ens, the blue at r will accordingly difappear and re,
turn, without any change made in the red atr. The

red therefore depends on one fort of rays, and the blye

on another fort, which inthe Focus G where they gpe

commixt do not a& on one another. And there 15 the

{ame reafon of the other Colours.

1 confidered further, that when the moft refrangible
rays Pp, and the leaft refrangible ones T't, are by con.
verging inclined to one another, i‘hj& Paper, if held very
oblique to thofe rays in the Focus (G, .mtght_ refle€t one
fort of them more copioufly than the other fort, and by
that means the reflected 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.
nefs by fuch reflexions. I inclined therefore the Paper
to the rays very obliquely, as in the fecond Experiment
of this Book, that the moft refrangible rays might be
more copioufly reflefted than the reft, and the white-
nefs at length changed f{ucceffively into blue, indico
and violet. Then Iinclined it the contrary way, that
the moft refrangible rays might be more copious in the
retlected Light than the reft, and the whitenefs turned
fucceffively to yellow, orange and red.

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

{uc-
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fucceffively the Teeth of this Inftrument near the Lens,
I intercepted part of the Colours by the interpofecf
Tooth, whilft the reft of them went on through the in-
terval of the Teeth tothe Paper DE, and there pain-
ted a round folar Image. But the Paper I had firft pla-
ced fo, that the Image might appear white as often
as the Comb was taken away; and then the Comb be-
ing as was faid interpofed, that whitenefs by reafon of
the intercepted part of the Colours at the Lens did al-
ways change into the Colour compounded of thofe
Colours which were not intercepted, and that Colour
was by the motion of the Comb perpetually varied fo,
that in the pafling of every Tooth over the Lens all
thefe Colours red, yellow, green, blue and purple, did
always fucceed one another. I caufed therefore allthe
Teeth to pafs {ucceffively over the Lens, and when the
motion was {low, there appeared a perpetual {fuccefflion
of the Colours upon the Paper: But if I {fo much acce-
lerated the motion, that the Colours by reafon of their
uick fucceffion 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 feenany longer, but from a confufion of
them all there arofe one uniform white Colour. Of the
Light which now by the mixture of all the Colours ap-
peared white, there was no part really white. One
art was red, another yellow, a third green, a fourth
blue, a fifth purple, and every part retains its proper
Colour till it firike the Senforium. If the impreflions
follow one another flowly, o that they may be feve-
- rally perceived, there is made a diftinét fenfation of all
" the Colours one after another in a continual 1'1,1cce{ﬁ§n.

' ut
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But if the impreffions follow one ancther to quickfy
that they cannot be feverally perceived, there arifeth
vut of them all one common {enfation, which is nej.
ther of this Colour alone nor of that alone, but hath i
felf indifferently to’em all; and this is a {enfation of
whitenefs. By the quicknefs of the {ucceffions the im-
preffions of the feveral Colours are confounded in the
Senforium, and out of that confuﬁon arieth a mixt {en-
fation. 1f a burning Coal be nimbly moved round in g
Circle with Gyrations continually repeated, the whole
Circle will appear like fire 5 the reafon of which is, that
the fenfation of the Coal in the feveral places of that
Circle remains impreft on the Senforium, until the
Coal return again to the fame place. And fo in a
quick confecution of the Colours the 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 impreftions therefore of all the fucceffive
Colours are at once in theSenforiun,and joyntly ftir u
4 fenfation of themall ; and {o it is manifeft by this Ex.
periment, that the commixt impreffions 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 refleted thence
to the Spectators Eyes ; their impreffions on the Senfo-
rium being now more fubtily and perfectly commixed

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

You



[ 105 ]

You may inftead ol the Lens ule two Prifins HTK
and LIM N, which by reft ‘Mmp the coloured Light
the contrary way to that of the fivlt u:iu(bhon, may
make the diverging rays converge and meet again in G,
as you fc wpuhmcl in the feventh 1*1guw For Fig. 7.
where they meet and mix they will compofe a white
Light as when a Lens 1s ufed.

EXPER XL

et the Sun’s coloured Image P°I fall upon the Wall L.

of a durk Chamber, as in the ‘third xperiment of the
firft Book, and let the fume be viewed through o Pritm
abe, held parallel to the Prifim ABC) by whole refra-
&ion that T e was made, and let it Now uppear Jlower
than b low fuppofe in the place S over againft the red
colour T, And if you go ncar to the Image P'I, the
: “)pt:d:mm ‘*3 will uppear oblong and coloured like the
lmag,c, P°F 5 but it you recede from ity the Colours of
the & pu.hum S will be contratted mmu and more, and
at-Jength vanifh, that Spettrum S becoming perl wtl
round and white ; ; and b you recede yet fur ther, tlu,
Colours will emerge ugain, but in a contrary order.
Now that ‘*vpgmtxum S appuars white in that cale when
the rays of feveral fores which converge from the leve-
ral parts of the Image PI, to the Prifin abe, are fo
refratted uncqually \n; it, thut in their paflage from the
Prifin to the Eye they mzy diverge trom one and the
fame point of the "wpwhum S, and fo fall aft uwdu,l
;,myon onc and the fame point 1o the bottom of the Eye,
:imd there be mingled.

@) And
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- And further, if the Comb be here ;"{gag,\lc ufe of] |,
whote Teeth the Colours ut‘thu‘Imuggc‘i? I muay be .
ceffively intercepted ; the Spectrum b when the Comb
is moved flowly will be perpetually mnggcd with fyc.
ceffive Colours : But when by m:c:c‘l‘cmmng,{, the motioy
of the Comb, the {ucceflion 01’4 the ( 4()1()L{1'H s o quich
that they cannot be feverally feen, that Spectrum S, by
a confufed and mixt fenfation of them ally will wppeg
white.

EXPER. XIL

The Sun fhining through a lurge Prifin ABC upon
a Comb X Y, placed immediately behind the Prifin, his
Light which pafed through the interitices of the Teeth
fell upon a white Paper D, “The breadths of the
Teeth were equal to their i{’ltul‘f’nccs., and feven Teeth
together with their interftices took up an Inch in
breadth, Now when the Paper wus about two or
three Inches diftant from the Comb, the Light which
paffed through its feveral interftices puinted fo many

‘ranges of Colours kly mn, op, qr, &e. which were

parallel to one another and contiguous, and without any
mixture of white.  And thele vunges of Colours, if the
Comb was moved continually up und down with a re-
ciprocal motion, afcended and defeended in the Paper
and when the motion of the Comb was to quick, that
the Colours could not be diftingrithed trom oncunother,
the whole Paper by their contulicn and raature in the
Senfortum appeared white,

[et
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Let the Comb now reft,- and let the Paper be remo-
ved further from the Prifin, and the feveral ranges of
Colours will be dilated and expanded into one another
moreand 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
little more (fuppofe in the place 2D 2 E) 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. Let the inter-
cepted range pafs on as before, and its Colours falling
upon the Colours of the other ranges, and mixing with
them, will reftore the whitenefs. |

Let the Paper 2D 2 E be now very much inclined to
the rays, {o that the moft refrangible rays may be more
copioufly refleéted than the reft, and the white Colour
of the Paper through the excefs of thofe rays will be
- changed into blue and violet. Let the Paper be as
much inclined the contrary way, that the leaft refran-
gible rays may be now more copioufly refleted than
the reft, and by their excefs the whitenefs will be
- changed into yellow and red. The feveral rays there-
fore 1 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 caufe their proper Colour to‘ap:
pear. |

0 2 © And
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~ And by the fame way of arguing, applied to the third
Experiment of this Book, it may be concluded, tha
the white Colour of all refratted Light at its very firh
emergence, where it appears as white ax before its inci
dence, is compounded of various Colours.

EXPER. XIIIL

In the foregoing Expertment the feveral intervals of
the Teeth of the Comb do the ofhice of {o many Pritimg,
every interval producing the Phanomenon of one Prifin,
Whence inftead of thofe intervals ufing feveral Prifins, |
try’d to compound whitenelsby mixing their Colours,and
did it by ufing only three Prilims, as alto by ufing only
two as follows. Let two Prifms A BC and abe, whofe
refraéting Angles Band b are cqual,be {o placed parallel
to one another, that the rcfratting Angle B of the one
may touch the Angle ¢ at the bafe of the other, and
their planes CB and cb, at which the rays cmerge, may
tye indireGum. Then let the Light trajected through
them fall upon the Paper M N, diftant about ¥ or 12
Inches from the Prifins. And the Colours generated
by the interior limits B and ¢ of the two Prifms, will
be mingled at P'T, and there compound white.  For if
either Prifm be tuken away, the Colours made by the
other will appear in that place P 1, und when the Pritin
is reftored to its place again, {o that its Colours may.
there fall upon the Colours of the other, the mixture
of them both will reftore the whitencls.
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- This Experiment fucceeds alfo, as I have tryed, when
‘the Angle b of the lower Prifim, is a little greater than
the Angle B of the upper, and between the interior
Angles B and ¢, there intercedes fome f{pace Bc, as is
veprefented in the Figure, and the retracting planes
BC and bec, are neither in dire¢tum, nor parallel to
one another. For there is nothing more requifite to
the {uccefs of this Experiment, than that therays of all
forts may be uniformly mixed upon the Paper in the
place P'Y.  If the moft refrangible rays coming from
the {uperior Prifim take up all thefpace from M toP, the
rays of the fume fort which come from the inferior
Prifim ought tobeginat P, and take up all the reft of the
{pace from thence towards N. If the leaft refrangible
rays coming from the fuperior Prifin take up the {pace
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 {pace MQ, and
‘another fort of thofe rays through the {pace MR, and
‘a. third fort of them. through the fpace M5, the fame
forts of rays coming from the lower Prifm, ought to il-
luminate 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 whege_pgoduee the {ame
Colour. And therefore fince by this mixture they pro-
“duce white in. the exterior. {paces MP and TN, they
(nu'ﬁ_alfo produce white in the interior {pace.P T, This
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:s the reafon of the compofition by which whitene,
Wis produced in this Experiment, an.d by what othey
~aver | made the like compofition the refult y,,

way foever I made !
whitenefs. ,,

Laftly, If with the Teeth of a Comb of a due e
the coloured Lights of the two Prifms which fall Upoy
the fpace P'I' be alternately intercepted, that {p
PT, when the motion of the Comb is {low, will always
appear coloured, but by accelerating the motion of
the Comb fo much, that the {uccefiive Colours ¢qp.
not be diftinguifhed from one another, it will appey

white.

-

EXPER XIV.

Hitherto I have produced whitenefs by mixing the
Colours.of Prifms. 1f now the Colours of natural Bo.
~ dies are to be mingled, let Water a little thickned with
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 every 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
perfedt 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 fop in
them a very confiderable part of the Light by which
: they
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they are illuminated. For they become coloured by
refletting the Light of their own Colours more copiouily,
and that of all other Colours more fparingly, and vee
“they do not refle&t the Light of their own Colours 1o
copiouily as white Bodies do.  If red Lead, for inftance,
and a white Paper, be placed in the red Light of the
coloured Spectrum 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 copioufly than red Lead doth. And
if they be held in the Light of any other Colour, the
Light refleCted 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 fuch Powders we are not to
~expect 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 wh}te and black,
that is, a grey, ordun, or ruflet broﬂwn, fuch asare the
Colours of a Man’s Nail, of a Moufe, of Afhes, of or-
~ dinary Stones, of Mortar, of Duft and Dirt in High-
- ways, and the like. And {fuch a dark '\Vhitﬁé‘ I have
‘often produced by mlxm.g,coloured Powders. ﬂb or thus
~ one past of red Leadf‘md five parts of Vuride @rzs,can{»
- pofed a dun Colour like that of a Moufe. For thele
- two Colours were {everally fo. compoundec} of others,
~ that in both together were a mixture ofall Colours ;and
there was lefs red Lead ufed than }aride Airss, becaule
of the fulnefs of its Colour. .:Agam, one part of red
Lead, and four parts of blue Bife, compofed a d'unl Co-
 lour verging a little to purple, and by adding tocéstl;ii;
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certain mixture of Orpiment and Viridi diris in a dye
proportion, the mixture loft 1ts puljple tincture, and be,
came perfectly dun. But the Exp;nment {ucceeded .beﬁ
without Minium thus. To Orpiment added by little
and little a certain full bright purple, which PFainter
wleuntil the Orpiment cea.fed to be yellow, and be‘cume
of a pale red. Then I diluted that red by adding
little Viride Airss, and a little more blue bife than /7.
widi Arisy until it became of fucha grey or pale white
as verged to no one of the Colours more th:.;m to ano-
ther. For thus it became of a Colour equal in white.
pefs to that of Afhes or of Wood newly cut, or of 4
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 propo‘rtions accurately may be
difhcult, 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 in a lefs or greater proportion.
- Now confidering that thefe grey and dun Colours
may be alfo produced by mixing whites and blacks, and
by confequence ditfer from perfect whites not in Species
of Colours but only in degree of luminoufnefs, it s ma-
nifeft that there is nothing more requifite to make
them perfectly white than to increafe their Light fuffi-
ciently ; and, on the contrary, if* by increafing their
Light they can be brought to perfet whitenefs, 1t will
thencealfo follow, that they are of the fame Species of
Colour with the beft whites, and differ from them only
in the quantity of Light. And this I tryed as follows.
1 took the third of the above-mentioned grey mixtures
| o ~ (that
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( that which was compounded of Orpiment, Purple,
Bife and Vuride Aris) and rubbed it thickly upon the
floor of my Chamber, where the Sun fhone upon it
through the opened Cafement ; and by it, in the fha-
dow, 1 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 f4ll from the
gritty particles. thereof ; the Powder appeared intenfly
white, fo as to tranfcend even the Paper it {elf in white-
nefs, efpecially if the Paper were a little fhaded from
the Light of the Clouds, and then the Paper compared
with the Powder appeared of fuch a grey Colour as the
Powder had done before. But by laying the Paper
where the Sun fhines through the Glafs of the Window,
or by fhutting the Window that the Sun might fhine
through the Glafs upon the Powder, and by fuch other
fit means of increafing or decreafing the Lights where-
~with the Powder and Paper were illuminated , the
Light wherewith the Powder is illuminated may be
made ftronger in fuch a due proportion than the Light
~ wherewith the Paper is illuminated, that they {hall both
appear exadtly alike in whitenefs. For when I was
trying this, a Friend coming to vifit me, I ftopt him
_at the door, and before I told him what the Colours
- were, or what I was doing ; [askt him, Which of the
_two whites were the beft, and wherein they differed ?
- And after he had at that diftance viewed them well, he
infwered, That they were both.good whites, and that
.could not fay which was beft, nor wherein their Co-
rs differed,  Now if you confider, that this white
the Powder in the Sun-fhine was compounded of the

-~y

Colours
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are all the Colours.of uncompounded. Light gradually
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Colours which the component Powgiers (Ol’pﬂl’]enf-)
Purple, Bile, and Viride Aris) have.m‘the 1;ame Sup..
fhine, you muft acknowledge by this Experiment, 4
well as by the former, that perfeét whitenefs may be
compounded of Colours. .

From what has been faid it is alfo evident, that the
whitenefs of the Sun’s Light is compounded of all the
Colours wherewith the {everal forts of rays. wherecf
that Light confifts, when by their feveral refrangibili.
ties they are feparated from one another, do tinge Paper
or any other white Body whereon-they fall.  For thofs
Colours by Prop. 2. are unchangeable, and wheneve
all thote rays with thofe their Colours are mixt again;
they reproduce the fame white Light as-before..

PROP. VL. PROB. IL

T a misture of primary Colours, the quantity and qualiry
of each beng giveny 1o knows the Colour of the come.
pownd..

~ With the Center O and Radius O'D défcribe a Circle

ADF, and:diftinguith its circumference into {even parts.

DE, EF, EG, GA, AB; BC, €D, proportional te.

the feven mufical Fones-or Intervalsof the eight Sounds,,

Soly lay fa, j(;l,lcz, ‘miy fa, o), contained in an Bight,

that 18, propertional to the numbers J, L 30 &y &, 5.
1 Let the firft part DE reprefenta red: Colour, the
fecond: EF orange, the third E-G. yellow; the fourth
G H green, the fitth AB.blue, the fixth-BC indico,
and. the feventh CDwielet.. And: conceive that thefe

paffing
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affing into one another, as they do when nade by
P111m~, ; the circumivrence DEFGABCD, reprefen- |
ting the whole feries of Colours from one end of the
Sun 5 coloured Inmage to the other, {o that from Dto B
be all deprees of u.d, at b the mean Colour between red
and orange, from Fto Fall deprees of orange, at I the
mean between orange and ullmv from Fto G all de-
rees of ‘,L”()\.\, mul fo on. Lcr p be the ceuter of
gmvlty of the Arch DBy and q, 1, s, v, x, the centers
of gravity of the Auhu '}"1 } (: (JA AB, BC
dnd( D utpmtluh., and dbuut thoig centers of gra-
vity let (mlu111()}\()1tm1m] to the number of rays of
each Colour in the given mixture be deferibed ; that is,
the circle p pm}»mtmml to the number of the red-ma-
king rays in the mixture, the Circle g proportional to
the number of the orange-making rays in the mixture,
and o of the reft. Find the common center of ;f,;:wx(y
of all thote Circles py ¢y 1y 8, t, vy xo - Let that center
be 7 ; and from the center of tlu: Cirele A DY, through
Zto the crcumference, drawing the right line ()Y.,
the place of the point Y in the circumference fhall fhew
the Colour arifing tfrom the compohtion of all the CJO*
lours in the given misturey and the line OZ fhall 1
pmpmtmml to the fulnets or intenfenct of the (,c)lum,
that 1s, to its dilince trom whitenets. As 7Y full in
the middle between 1 and G, the compounded Colour
fhall be che bett yellow 3 i0Y verge trom the middle to-
wards b or G, theco npuummi(mlum thall according-
ly bew yellow, verging rowards orange ov green. 104
full upon the cireumitereney the L,c,t)lmn Ml b intente
and flovid e the highett degreey if i tall in the mid

cway betveeen the cncuniterence and centery it fhall be
P = hut
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but half {o intenfe, thatis, it fhall be fuch a Colour g
would be made by diluting the intenfeft yellow with ap
equal quantity of whltel}GfS ; and if 1t _fal} upon the
center O, the Colour fhall'hgve loft all its intenfenefs,
and become 2 white. But it 1s to be noted, "I'hat if the
point Z fatl in or near the line O D, the main ingredients
being the red and violet, ghe Colour compounded {hal}
not be any of the prifmatic Colqurs, but a purple, in.
clining to red or violet, accordingly as the point Z
lieth on the fide of the line DO towards E or towards C,
and in general the compounded violet is more bright and
more fiery than the uncompoux}ded. 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 fhall fall upon the center O, and yet the Co-
lour eompounded of thofe two fhall not be perfedtly
white, but fome faint anonymous Colour. ForT could
never yet by mixing only two primary Celours produce
a perfeét white. “Whether it may be compounded of a
mixture of three taken at equal diftances in the circum-
ference I do net know, but of four or five I do noet much
queftion but it may. But thefe are curiofities of little
or no moment to the underftanding the Phenomena of
nature. For in all whites produced by nature, there
ufes to be a mixture of all forts of rays, and by confe-
quence a compofition of all Colours.
To give an inftance of this Rule ; fuppofe a Colour is
. compounded of thefe homogeneal Colours, of violet
¥ part, of indico 1 part, of blue 2 parts, of green 3 paits,
of yellow 5 parts, of orange 6 parts, and of red 10 parts.
Proportional to thefe parts I defcribe the Circles x, v, t,
§ 1, qy p refpectively, that is, fo that if the Circl.ebx
‘ o €
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“Pe 1, the Cirgl.e v may be 1, the Circle t 2, the Circle:

s 3, and the Circles r, qand p, 5, éand 10. Then I
find Z the common center of gravity of thefe Circles,

~ and through Z drawing the line OY, the point Y falls
upon the circumference between E and F, fome thing
pearer to B than to ¥, and thence I 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 1s a little lefs than one half of
OY, and thence 1 conclude, that this orange hath a
little lefs than half the fulne(s or intenfene(s 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 the quan-
tities of the lights refletted from them.

This Rule I conceive accurate enough for praétife,,
though not mathematically accurate ; and the truth of
it may be fufficiently proved to {enfe, 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
fropped, but pafs on to the Focus of the Lens, will
there compound either accurately or very nearly {fuch
a Colour ‘as by this Rule ought to refult from their
mixture. | - |

PROP
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PROP VII. THEOR. V.

Al the Colowrs in the Univer[e which are mm.{ ¢ éy Loghi,
and depend wot on the power of tmagimation, are
either the Colours of homogeneal Laghts, or compoinded

of thefe and that either accurately or very nearly, ac.
“cording to the Rule of the foregoimg 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 thofc
refrattions, and by the various terminations ol light
and thadow, as hasbeen the conftant and general opi-
nion of Philofophers. It has alfo been proved that the
feveral Colours of the homogeneal rays do conituntly
anfwer to their degrees of retrangibility, (Prop.r. P¥.1,
and Prop.2. P&.2.) and that therr degrees of refrangt-
bility cannot be changed by refrattions and reflexions,
(Prop.2. P¥.1.) and by confequence that thofe their
*Colours are likewifc immutable. It has alfo been pro-
ved direétly by refracting and reflecting homogeneal
Lights apart, that their Colours cannot be changod,
( Prop.2. Pf.2.) It has been proved alfo, that when
the feveral forts of rays are mixed, and in crothing pafs
through the fame {pace, they do not udt on one another
1o us to change each others colorifick qualitics, (Hxper,
1o. P£.2.) but by mixing their attions in the Senfo-
rium beget a {enfation differing from what cither would
«do apart, that is a {enfation of a mean Colour between
thicir proper Colours 5 and particularly when by the
goncourfe and mixtures of all forts of rays, a white
Colour
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Colour 1s produced, the white is a mixture of ali‘the
(,Q]()mh which the ravs would have apart, ( Prop. 5
P2, ) The ravs in that mixture do not lofe or J]tC‘
tlun mu 1l coloritick quditics, but by all theiv various
kinds of actions mist in the Senforiun, hwct a {enfa-
tion of « mikdling Colour between ‘1] thetr Colours
which 1% wh'u noets. Forwhitenets 1s a mean between
ol Colours, hav g, e (el inditterently to them ally fo
g5 with o {u‘} facth fy to b tm“ul with any of thum
A red Powdey mived with a litele b fuey, or a blue with
a hetle red, doth nut prele *ntl\ lofe m Colour, but a
white Powder misad with any Colour 1s puimtlv te-
aud \\xth that Goloury and s equally capable of being
einged with any Colowr what ever. Tt has been fhewed
..l“u that a- the Sun’s | aght s mixed of all torts of TayS,
h,;» 1t»~ w hiteneds tsa mixture ot the Colours of all tores
rays ; thole s s having trom the beginning their fo-
m‘zl colorh thnm as woll as thary immzl refrangi-
bilitivsy and retaining them perpetually unchang’d not-
wil h(hmhw any utu Hons or rellexions lluy nmy at
JH"I L mn vry, and that when-cver any fort of the
SULs TV s lw .ms, mcans {as by reflexion in-FExper,
and 1o, Pt 10 o by retvaction we happens inall e
fractions ) mm.m dvom the retty they then manifeft
their proper Colours, Thoete things have been proved,
andd the fum ot ths amounts to the i’mpw 1tion here
to b provald. }";:‘,;:-, i the Sun's Bight is mixed of fo-
veral forts of vavs, vach of which have originally their.
feveral rety a“mlwhf%w arel voloviick qu 11&1&*«3 and nat-
\mh!i,m e thede et m%m s and relleétions, and ther
arios 11,31h;1.‘sa~«:s$;~a or anixtures, keep thote their ori-
ginal progatics ;mgg%ug.ih the fame without altera-
tion 3
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tion 3 then all-the Colours in the World muﬁ be fuch g
conftantly ought to arife from the original colorific qua.
Yities of the rays whereof the Lights conlift by which
thofe Colours are {feen. And thercfore if the veafon of
any Colour what-ever be required, we have 1}ot:l’ungne1{‘e;
to do then to confider how Fhe rays in the b‘un s Light
have by reflexions or refrations, or other caulesbeen par.
ted from one another.or mixed to'gctht‘vl' sor otherwile to
find out what forts of rays are in the Light by which
that Colour is made, and in what proportion ; and
then by the laft Problem to leurn the Colour which
ought to arife by mixing thole rays (or their Colours)
in that proportion. I {peak here of Colours fo far
they arife from Light. For they appear fometimes by
other caufes, as when by the power of phantafy we
fee Colours ina Dream, or amad Mun fees things before
him which are not there ; orwhen we fee Fire b ftriking
the Eye, or fee Colours like ﬂw J*yc, of a Peuacock’s
Feather, by prefling our Eyes in either corner whilf
we look the other way. Where thele and fuch like
caufes interpole 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
LColours 1 have hitherto been able to examin. 1 {hallin -
the following Propofitions give inftances of this in the
Phznomena of chiefeft note, <

i

PROP
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: PROP. VIIL. PROB. IIL
By the difcovered Properties of Light to explain the
?}’ 4 Colours made by Prifms. 3

. Let ABC reprefent a Prifm refraéting the Light of
he-Sun, which comes into a dark Chamber through a
ole F'¢ almoft as broad as the Prifm, and let M N
weprefent a white Paper on which the refrafted Light is
aft, and fuppofe the moft refrangible or deepeft violet
naking rays fall upon the fpace P», the leaft refran-
ible or deepeft red-making rays upon the fpace T,
he middle fort between the Indico-making aud blue-
aking rays upon the {pace Q y, the middle fort of the
reen-making rays upon the fpace Re, the middle fort

pon the fpace S¢5 and other intermediate forts upon
ttermediate {paces.  For fo the {paces upon which the
everal forts adequately fall will by reafon of the diffe-
ent refrangibility of thofe forts be one lower than ano-
ler. Now if the Paper MN be fo near the Prifin that the
ces P T and » do not interfere with one another, the
ance between them T » will be illuminated by all
the forts of rays in that proportion to one another which
hey have at their very firft coming out of the Prifim,
confequently be white. But the fpaces P'T and =
either hand, will not be illuminated by them all,

t P, where the outmoft violet-making rays fall alone,
he Colour muft be the deepeft violet. At Q where the
101et-making and indico-making rays are mixed , it

Q muft

Fzgﬁ 12,

between the yellow-making and orange-making rays

nd therefore will appear coloured. And particularly
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muit be a violet inclining much to indico. At R whey
the violet-making , mdlco making , blue- mdkm(r an
one half of the green- ~making rays are mixed, then Co.
lours muft ( by the conftruction of the fecond Probley
Lompound a middle Colour between indico and bluf:
At S where all the rays are mixed except the red.py il
kingand orange-making,their Colours ought by the fu,
Rule to (,ompound a faint blue, verging more to gy
than indie. And in the ploo"uis fromSto T, this blue(
will grow more and more faint and dilute, tl] LatT
where all the Colours begin to be mixed 5 it end
whitenefs, |

So again, on the other fide of the white at T w 1er
the leaft refrangible or utmoft red-making rays 'uc' o
the Colour muit be the deepeft red. At o thc mixtur
of red and orange will aompound a red incl ining
orange. Ate thc mixture of red, orange, yellow, ag
one half of the green muft compound a middlc Colong
between orange and yellow. At i the mixture of
Colours but violet and indico will compound a fif
yellow, verging more to green than to orange. |
this yellow will grow morc faintand dilute Lontmmll
in its progrefs from 5 to «, where by a mixture of o
forts of rays it will become white. !

Thele Colours ought to appear were the Sun’s Lig)

erfeftly white: But becaufe it inclines to yellow, thee
cefs of the ycllow-nmkum rays whereby “tis tinged wif
that Colour, buno mixed with the faint blue b(.twee
Sand T, will draw it to a faint green.  And fotl
C olomb in order from P to 1" ought to be violet, indieg
blue, very faint green, white, funt yellow, omnw e
Thus it s by the computatwn And they that plc i

‘.__.

1e
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view the Colours made by a Prifmn will find it o in
Nature. |

Thete are the Colours on both fides the white when
the Paper 1s held between the Prifim, and the point X
where the Colours meet, and the interjacent white va-
pifhes. For if the Paper be held il farther off from the
Prifin, the moft refrangible and leaft refrangible rays
will be wanting in the middle of the Light, and the reft
of the rays which are tound therey will by mixture pro-
ducea tuller green than before. Alfo the yellow and
blue will now become lefs compounded, and by con-
fequence more ix}tunﬁ: than before.  And this allo
agrees with experience.
~And ifone look through a Prifm upon o white Objeét
encompafled with blacknets or darknefs, the reafon of
the Colours arifing on the edges is much the fame, as
will appear to one that fhall u little confider it,  If a
black Object b encompafled with o white one, the Co-
Yours which appear through the Pritmare to be derived

from the Light of the white one, {preading into the Re-
~gions of the black, and therdlore they appearin a con-

trary order to that, in which they appear whenu white
Objuct is furrounded with black,  And the fame is to
be underttood when an Objett is viewed, whote parts
are fome of them ety luminous thun others. For in the

Borders of the more and Toefs luminous parts, Colours

ought always by the tume Principles to arile from the
excels of the Light of the more luminous, and to be of

- the fume kind as i1 the darker parts were black, but yet
- to be more faint and dilute. '

Q 2 What
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What is faid of Colours made by Prifms may be eqfyj,,
d to Colours made by the Glafles of Telefmp:gs};
N

applie A :
og%vi’icrofcopes, or by the humours of the Eye. Fopi
the Object-glafs of a Telefcope be thicker on one fie
than on the other, or if one half of the Glafs, or one
half of the Pupil of the Eye be covered W1th.any opake
fubftance : the Obje&t-glafs, or that part of it or of the
Eye which is not covered, may be confidered asa Wedge
with crooked fides, and every Wedge of Glafs, or other
pellucid fubftance, has the effeét of a Prifm in refra&ingv
the Light which pafles through it.

How the Colours in the gth and 1oth Experiments
of the firft Part arife from the different reflexibility of
Light,is evident by what was there faid. But it is obfer.
vable in the gth Experiment, that whilft the Sun’s di.
re¢t Light 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 Adir, and§

" the Eye of the Spectator, viewing the Clouds by theit

Light coming into the Prifin at the plane fide FIGK,
and refleted init by itsbafe HEIG, and thence going
out through its plain fide HEFK to the Eye. And
when the Prifmand Eye are conveniently placed, fo
that the Angles of incidence and reflexion at the bafe

may
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may be abeut 40 degrecs, the Speftator will fee a Bow
MN of a blue Colour, rynning from one end of the
baft to the other, with the concave fide towards him,,
and the part of the bafe IM NG beyond this Bow will
be brighter than the other part KM NI on the other,
fide of it. “T'his blue Colour MN being made by no-
thing clfe than by reflexion of a fpecular [uperficies, .
feems o odd a Phaenomenon, and {o unaccountable for-
by the vulpar Hypothefis of Philofophers, that 1 could-

not but think 1t deterved to be tuken notice of.  Now
Vo) ,

'n\.\- 14 3

'y ren |
O UNE Tdl

for underftanding on of it, {uppofe the planc:
ABC to cut the plane fides and bate ot the Pritm per-
pendicularly. l"‘rm‘n the Iye to the line BCy wherein that
plane curs the bate, draw the lines Spand Sty in the
Angles Spe g0 degr. 2y and Ste 49 degr. gy, and the
point p will be the limit beyond which nouc of the moft:
refrangible rays can pafs through the bafe of the Prifin,
and be refradted, whofe incidence 1s fuch that they may
be reflected to the Eye s and the point ¢ will be the like
limit for the leaft refrangible rays, that is) beyord
which none of them can pats through the bafe, whofe
incidence is fuch that by reflexton they may come to the
Eyce.  And the point rtaken in the middle way between
p and t, will be the Tike limit for the meanly vefrangible:
rays.  And theretore all the refrangible rays which fall.
upon the bafe beyond t, that 15, between tand B, and:
can come {rom thenee to the Eye will be relleéted thi-
ther @ But on this fide ¢ that is, between tand ¢ many.
of thefe rays will be tranfmitted through the bafe..
And all the mott retrangible rays which tall upon the.
bafe beyond py that is, between p and B, and can by
reflexion come from thence to the Eye, will be reflected
thither,
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chither, but every where between t and C, many of
thefe rays will get through the bale a‘nd be 1efra(?ced;
and the fame is to be underftood of the meanly refian’
aible rays on cither fide of the pomnt r. Whence it fol.
Tows, that the bafe of the Prmp muft every Wh_ere be-
eween t and B, by a total r¢ﬂe;<1011 of all forts of rays to
¢he Eve, look white and bright. An‘d.gyery where
hetween p and G, by reafon of the tranimittion of many
rays of every fort, look more pale, obfcure and dark,
Butat r, and in other places between p and t, where
all the more refrangible rays are reﬁeéted‘to; the Eye,
and many of the lefs refrangible are tranimitted, the
excefs of the moft refrangible in the refleCted Light wil)
tinge that Light with their Colour, which is violet and
blue.. And this happens by taking the line CprtB any
avhere between the ends of the Prifm H G and E L

PROP.IX. PROB. IV.

By the difcovered Properties of Laght to explain the
| Colours of the Rain-bow.

This Bow never appears but where it Rains in the
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 Speta-
tor ftanding ina due pofition to the Rain and Sun. And
hence it is now agreed upon, that this Bow is made by
refraction of the Sun’s Light in Drops of falling Rain.
This was underftood- by {ome of the Ancients, and of
date more fully difcovered-and explained by the Famous

- Antonzus
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Antomius de fquz;ﬂf v Ar(_:hbiﬂlop of Spilate; in his Book
De Radiss V1fus 9 Laucie, publifhed by his Friend Bar-
tolus at enice, mothe Year 1611, and written above
twenty Years before. For he teaches there how the
interior Bow 1s made in round Drops of Rain by two
refraétions ot the Sun's Light, and one reflexion: be-
tween them, and the exterior by two refraétions and
two lorts of reflexions benween them in cach Drop of
Water-, and proves hus Explications by Experiments
made witha Phial full of Water,and with Globes of Glafs
filled with Water, and placed in the Sun to make the
Colours of the two Bows appear in them. - The fame
Explication Des-Curtes huth purfued in his Meteors,
and mended that of the exterior Bow. But whillt they
underftood not the true origin of Colours, it’s neceflary

to purfue it here a littde further.  For underftanding

therefore how the Bow is miade, 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 Frg. @

Semi-diameter GIN. And et AN beone of the Sun’s
rays incident upon it at N, and thence refracted to b,
where Jet it either go out of the Sphere by refraction to-
wards V, or berelleeted to G and at G et it either go
out by refraction to R, or be refletted to I 5 and at H

let it go out by refraction towards 5, cutting the inct-

dent ray in Y ; produce AN und R G, till they meet in.

X, and upon A'X and N F let fall the perpendiculars
- CD and CE, and produce G till it tall upon the cir-

cumference at L. Parallel to the incident ray AN draw
“the Diameter BQ, and let the tine of incidence out of

Air into Wuter be to the fine of refraction as L to
R. Now if vou fuppoft the pointof incidence N te

niave

A

l.ro
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move from the point B, continually till it come to ],
the Arch QF will firft increafe and then decreafe, angd
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 //IL.RR to /3 RR,
in which cafe NE willbeto NDas2R tol.  Alfo the
Angle A YS which the rays A Nand HS contain wil]
firlt decreafe, and then increafe and grow leaft when
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 i.s, the emergent ray after
three reflexions ) contains with the incident ray AN
‘will come to its limit whenND is to CN as »/ {T.RR to
V15 RR, in which cafe NE will be to ND as 4R to1,
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 to [ ; and fo on infinitely,
the numbers 3, 8, 15, 24, Y. being gathered by conti-
nualaddition of the terms of the arithmetical progreffion
2,5,7,9,9¢. The truth of all this Mathematicians will

eafily examine. |
Now it is to be obferved, that as when the Sun comes
to his Tropicks, days increafe and decreafe buta very
little for a great while together ; fo when by increafing
the diftance CD, thefe Angles come to their limits,
they vary their quantity but very little for fome time
together, and therefore a far greater number of the rays
which fall upon all the points N in the Quadrant
BL, fhall emerge in the limits of thefe Angles,
shen 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 confequence 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 Jeaft refrangible raysthe fines I and R (as
“was found above) are 108 and 81, and thence by
computation the greateft Angle AXR will be found
42 degrees and 2 minutes, and the leaft Angle AYS,
so degr. and 57 minutes. And in the moft refrangible
ays the fines I and R are 109 and 81, and thence by
computation the greateft Angle AXR will be found
godegrees and 17 minutes, and the leaft Angle AYS
54 degrees and 7 minutes. | , |
Suppofe now that O is the Spectator’s Eye, and OP a line Fig. 15,
drawn parallel to the Sun’s rays, and let POE, POF,
POG, POH, be Angles of 40 degr. 17 min. 42 degr.
2 min. 5odegr. 57 min. and 54 degr. 7 min. refpectively,
and thefe Angles turned about their common fide O P,
fhall with their other fides OE, OF; OG, OH de-
deferibe the verges of two Rain-bows A FBE. and
CHDG. For if E, F,G, H, be Drops placed an
where in the conical {uperficies defcribed by OE, OP};
OG, OH, and be illuminated by the Sun’s rays SE,
B, SG, SH ; the Angle SEO being equal to the
ingle POE or 40 degr. 17 min. fhall be the greateft
Angle in which the moft refrangible rays can after one
eflexion be refracted to the Eye, and therefore all the
Drops in the line OFE fhall fend the moft refrangible
: R : orays
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rays moft copioufly to the Eye, and thereby ftrike the
fenfes with the deepeft violet Colour in that regigy,
And in like manner the Angle SFO being equal ¢
the Angle POF, or 42 deg. 2 min. ﬂ}aH be the greate
in which the leaft refrangible rays aiter one reflexioq
can emerge out of the Drops, and therefore thofe rays
fhall come moft copioufly to the Eye from the Drops ip
the line O F, and firike 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 fl:om Drops between
E and F, and ftrike the fenfes with the mtermediate
Colours in the order which their degrees of refrangib;.
lity require, thatis, in the progrefs from E to F, or
from the infide of the Bow to the outfide in this order,
violet, indico, blue, green, yellow,ornpge, red. Butthe
violet, by the mixture of the white Light of the Clouds,
' will appear faint and incline to-purple. -
*Again, the AngleSGO being equal to Angle POG,
or 5o gr. 51 min. fhall be the leaft Angle in which the
leaft refrangible rays can after two reflexions emerge out
ofthe Drops,and therefore the leaft refrangible rays thall
come moft copioufly to the Eye from the Drops 1n 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 min. fhall be the leaft Angle in
‘which the moft refrangible rays after two reflettions can
emerge out of the Drops, and therefore thofe rays fhall
come moft copioufly to the Eye from:the Drops in the
line OH, and firike the fenfes with the deepett violet in
that region. And by the fame argument, the Dropsin
the regions between G and H fhall firike the fenfe.with

. the
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the intermediate Cplom's inthe order which their de.
grecs Qf rwi’r:}llgll>1}lty“ rcqui}'e.} that is, in the progrefs
from G to H, or from the infide of the Bow to the out-
fide 10 yhis order, red, orange, yelloyv, green, blue, in-
dico, violet. _And tince thele four lines OE,OF, OG.
O H, may be !11:11;11'(.3& any where in the above-mentioned
conical fuperhicies, what is faid of the Drops and Co-
lours in thete lines is to be underftood of the Drops
and Colours every where in thofe fuperficies.

Thus thall there be made two Bows of Colours, an
jnterior and ftronger, by one reflexion in the Drops,
and an exterior and tainter by two 5 for the Light be-
comes fuinter by every reflexion. And their Colours
{hall ly in a contrary order to onc another, the red of
both Bows bordering upon the {pace GF which is be-
tween the Bows.  “Lhe breadth of the interior Bow
EO F meafured crofs the Colours (hall be 1 degr. 45 min.
and the breadth of the exterior GOH fhall be
degr. 1omin. and the diftance between them GO
{hull be ®gr. 55 min. the greateft Semi-diameter of the
innermott, that isy the Angle PO F being 42 gr. 2 min,
and the leatt Semi-diameter of the outermott PO G, be-
ing 5o gr. 57 min. LThefe ure 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.
creafed and their diftunce decrcated by halt s degree,
and {o the breadth of the interior Iris will be 2 c%::gt
15 min. that of the exterior 3 degr. 40 min their dis
ftance 8 degr. 25 min, the greatelt Semi-diameter of the
interior Bow 42degr. 17min. and the leaft of the ex-
terior 50 degr. 42 min. And fuch ure the dimenfions
of the Eimw in the }:*imvwi{ fouul to be very nearly,
: 2 when
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when their Colours appear firong and perfed. Py
once, by fuch means as I then had, I meafured e
sreateft Semi-diameter of the interior Ir1s about 42 de.
gfees, the breadth of the red, yellow and green in thyt
[ris 67 or 64 minutes, befides tlle outmoft fuint red ob.
feured by brightnefs of the Clouds, for which e
may allow 3 or 4 minutes more. The breadth of the
blue was about 4o minutes more befides the vigle
which was fo much obfcured by the brightnefs of the
Clouds, that 1 could not mealure 1ts breadth. “But
fuppofing the breadth of the blue and violet together
to equal that of the red, yellow and green together, the
whole breadth of this Iris will be about 21 degrees 4
above, The leaft diftance between this Iris and the ey,
terior Iris was about 8 degrees and 30 minutes. The ex.
terior Iris was broader than the interior, but fo faint,
efpecially on the blue fide, that I could not meafure its
breadth diftinétly. At another time when both Bows
appeared more diftinét, 1 meafured the breadth of the
interior 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 is yet further con.
firmed by the known Experiment ( made by Antonius
de Domunss and Des-Cartes) of hanging up any where
in the Sun-fhine a Gl fs-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 5o degrees. For if the
Angle be about 42 or 43 degrees, the Spectator ( fup-
pofe at O) fhall {ee a full red Colour in that fide of the

Globe oppofed to the Sun as ’tis reprefented at F, an'df
i
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if that Angle become fels (fuppole by deprefing the
Globe to K ) there will appear other Colours, yellow,

reen and blue fuccetlively in the tame fide of the Globe.
%ut if the Angle be made about 5o degrees (fuppofe by
lifting up the Globe to G)there will appear a red Colour
in that fide of the Globe towards the Sun, and if the
Angle be made greater (fuppofe by lifting up the Globe
to H) the red will turn fucceflively to the other Colours
yellow, green and blue, “he fame thing 1 have tried by
letting a Globe reft, and raifing or deprefhing the Eye,
or otherwife moving it to make the Angle of a juft
magnitude,

[ have heard it reprefented, thatif the Light of a
Candle be refracted by a Prifim to the Hye ; when the
blue Colour falls upon the Eye the Spectator fhall fee
red in the Prifm, and when the red falls upon the Eye
he fhall fee blue ; and if this were certain, the Colours
of the Globe and Rain-bow ought to appear ina con-
trary order to what we find.  But the Golours of the
Candle being very faint, the mittuke feems 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 refratted by a Prifim,
that the Speétator always fues that Colour in the Prifin
which falls upon his Eye.  And the fame 1 have found
~true alfo in Candle-Light.  For when the Prifim is mo-
~ved [lowly from the line which is drawn dive€tly from the
Candle to the Eye,the red appears firft in the Prifim and
~ then the blue, and therefore each of them is feen when
it falls upon the Eye.  For thered pafles over the Eye
firft, and then the blue,

The
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The Light which comes through Drops of Rain }
cwo refractions without any reflexion, ought to appey,
frrongeft at the diftance of about 26 degrees fl’O{H the
Sun, and to decay gradually both ways as the diftanc
from him increafes and decreafes. And the fame is tg
be underftood of Light tranfmitted through fphericy]
Hail-flones.  And if the Hail be a little flatted, as i
often is, the Light tran{mitted may grow {o firong g
a little lefs diftance than that of 26 degrees, as to fory
2 Halo about the Sun or Moon ; which Halo, as aftey
as the Hail-ftones 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 anes,efpe.
cially if the Hail-ftones have opake Globules of Snow i
their center to intercept the Light within the Halo (45
Hugenius has obferved ) and make the infide thereofmore
diftiné¢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 refralted,
and fo come to the Eyein the direCteft liness
- The Light which' pafles through a Drop of rain after
two refrattions, and three or more reflexions, is {carce
firong enough to caufea fenfible Bow 3 but in thofeCy-
linders of Ice by whicly Hugenius explains the Parbelis,

£

it may ‘perhaps be fenfible.

~ PROP.
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PROP. X. PROB. V.,

By the difcovered ‘Properties of Laght to explain the per-
manent Colowis of nalural Bodies. |

~ Thefe Colours artfe from hence, that fome natural
Bodies reflett fome forts of rays, others other forts more
c‘;@piou{ly than the 11:3‘1%. Minium refleéts the leaft re-
frangible or red-making ruys molt copioudly, and thence
appears red.  Violets refleét the moft refrangible, moft
coploufly, and thence have their Colour, and {o of other
Bodies. Every Body refleéts the rays of its own Colour
more copiouily than the reft, and from their excefs and
predominance in the retleéted Light has 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 place Bodics of feveral Colours, you
will find, as [ have done, that every: Body looks molt
fblendid and laminous in the Light of its own Colour.
Cinnaber in the homogeneal red Light is moft refplen-
dent, in the green Light it is manifeftly lefs refplen-

dent, and in' the blue Light fll lefs. Indico in the
violet blue Light is mof¥ refplendent, and its {plendor
is gradually diminifhed as it is removed thence by de-
"%’.’6‘63 through 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 ftrongly re-

fleCted
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Hected than the other Colours 1‘.ed and violet,and fo of the
celt. But to make thefe Experimentsthe more manifep
fuch Bodies ought to be choien as h:}ve thgz fulleft ami
moit vivid Colours, and two of thote Bodies are to b
compared together. Thus, forsinftance, if Cinnabe
and #ltra marine blue, or fome other full blue pe
held together in the hqmogeneal_ {ight, theX will bot},
appear red, but the Cinmaber will appear of a ﬁrongly
luminous and refplendent red, and the #ltra maripe
blue of a faint obfcure and dark red ; and if they be
held together in the blue homogenee}l Lig.ht they will
both appear blue, but the #ira 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 reflets the red Light
much more copioufly than the ultre marine doth, and
the #lire marine refleéts the blue Light much more co.
pioufly than the Cinnaber doth. "The fame Experiment
may be tryed fuccesfully with 1'ed. Lea_ddand Indico, o
with any other two coloured Bodies, if due allowance
be made for theditferent firength or weaknefs of their
Colour and Light. G e -
And as the reafon of the Colours of natural Bodies is
evident by thefe Experimenrs, fo it 1s further confirmed
and put paft difpute by. the two firft Experiments of the
- firft Book, whereby ’twas proved in fuch Bodies that
the refletted Light which differ in Colours do differ alfo
in degrees of refrangibility. For thence it’s certain,
that fome Bodies refle® the more refrangible, others
the lefs reffangible rays more copioufly.

And
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And that this is not onlya true reafon of thefe Co-
Jours, but even the only reafon may appear further
from this confideration, that the Colour pf lizmogeneal
Light cannot be changed by the reflexion of natural
Bodies. -
For if Bodies by reflexion cannot in the leaft change
the Colour of any one {ort of rays, they cannot appear
coloured by any other means than by reflefting thofe
which either are of their own Colour, or which by
mixture muft produce it.

But in trying Experiments of this kind care muft be
had that the Light be fuffictently 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 s illuminated is more or lefs com-
pounded. For becaufe red Lead appears red when il-
luminated with white Light, wherein all forts of rays
are equally mixed, and in the green Light all forts of
rays are not equally mixed, the excefs of the yellow-
-making, green-making and blue-making rays in the
‘incident green Light, will caufe thofe rays to abound
fo much in the refleéted Light as to draw the Colour
from red towards their Colour. And becaufe the red
-Lead refletts 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
‘ S - the
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¢he refle¢ted Light will be more n proportign to the
Light than they were in the incident green Light, ang
thereby will draw the reflected Light from green
wards their Colour. And therefore the red Lead will 1p-
year neither red nor green,but of.a Colour bet‘ween both,
In tranfparendy coloured Liquprs ’tis ‘obfervable
that their Colour ufes to vary with their thicknefs
Thus, for inflance, a red Liquor in a conical Gl
held between the Light and the Eye, looks of a pale
and dilute yellow at the bottom where ’tis thin, and y
little higher where ’tis thicker grows orange,and where
'tis fHll thicker becomes red; and where ’tis thickep
the red is deepeft and darkeft. For it 1s to be conceived
that fuch a Liquor ftops the indico-making and violet.
~making rays moft eafily, the blue-making rays mor
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 fufficesto
ftop a competent number of the violet-making and in-
dico-making rays, without diminifthing much the num.
ber of the reft, the reft muft (by Prop. 6. Lis.2.) com
pound a pale yellow. But if the Liquor 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 confi-
derable number of the yellow-making, the reft muft
‘begin to compound a red,and this red muft grow deeper
and darker as the yellow making and orange-making
rays are more and more ftopt by increafing the thick-
nefs of the Liquor, {o that few rays befides the red-
making can get through, o
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OF this kind isan Experiment lutely related to me by
Mr. Halley, who, in diving deep into the Sea, found
ina clear Sun 111111* day, that when he was 1unk many
Fathoms deep into the Water, the upper purt of his
Hand in which the Sun thone divectly through the
Water looked ot w red Colour, and the under p;ut of
his FHund Uuminated by Lisht retlected from the Water
below looked groen. For thenee it may b ﬂathued
that the Sed-water tlecks back the \lulci and bhlt«
Cmaking, Tays molt cihly, amd dets the red- nml\m SVAT

pats moft Treel mn\ copioutly 1o graat depths. For
thereby the Sun's direet Hlu atall great depths, by
reaton ot the pmlmmm g red- mll\mﬂ rays, muft
apper red y and the great ot the depth is, the tuller
and iotenfer muft that rod be. And at lunh depths as
the vielet-naking rays fairee penctrate unto, the blue-
aking, grevi. !]hl]\lll" i yellow-making rays bcm%,
reflected from below more copioudly than e red- mdkmn"
ofics, mult compotnid a grecn,

Now if there he two Liquors of full Colours, fup-
pofe a red and a blue, and both ol them fo thick as
{ulfices to make therr "Colours mi u.m:rl) full ; though
cither Liquor be futhciently traniparent ap .ut yet
will x,ou not L able totect l.mwlxlmth tosvther. For
it only the red-maling rays pabs tlucm;,,,h one Liquor,
and <ml} the blue-mukong ti mu'l the other, no rays
can pals through both. This M Hoak tricd cfually
with Glal »—mdww aled with e & and blue Liguors,
and was mlplm.d at the unespected eventy the reafon
of it being, then unknown ; which nuekes mw trudl thL
more to his Eaperiment, ‘hou sh | have not tryed it
my fuIf. But he that would xqmt it, muil take cure

the Liguors b ot very good aud tull Colours.
" 52 Now

i
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Now whilft Bodies become coloured by refleting o
tranfinitting this or that {ort of rays more copioufly thaq
the reft, it 1s to be conceived that they ftop and ftifle
themfelves therays which they do not reflect or tranfimir,
For if Gold be foliated and held between your Eye ang
theLight, the Light looks blue, a{ld therefore mafly Golg
lets into its Body the blue.making rays to: be reflected
to and fre within it till they be ftoptand ftifled, whilg
it reflets the yellow-making outwards, and thereby
looks yellow. And much after the fame manner thy
Leaf-gold is yellow by refletted, and blue by tran{mit.
ted Light, and mafly Gold is yellow in all pofitions of
the Eye ; there are fome Liquors as the tinfture of
Lignum Nepbriticum, and fome forts of Glafs which
tranfimit one fort of Light moft copioufly, and reflet
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 {o thick and mafly that
no Light could get through theni, 1 queftion not but
that they would like all other opake Bodies appear of
one and the fame Colour in all pofitions of the Eye,
though this I cannot yet afirm by experience. For all
coloured Bodies, fo faras my Obfervation reaches, may
be feen through if made fufficiently thin, and therefore
are i fome meafure tranfparent, and ditfer only in de-
grees of tranfparency from tinged tranfparent Liquors;
thefe Liquors, as well as thole Bodies, by a fufficient
thicknefs becoming opake. A tran{parent Body which
looks of any Colour by tranfmitted Light, may alfo
look of the fame Colour by refleted Light, the Light
of that Colour being retletted by the further {urface of
the Body, or by the Air beyond it. And then the re-
fletted 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-
flected Light will be apt to vary from that of theLight
tranfmitted. But whence it is that tinged Bodies and
Liquors reflet fome fort of rays, and intromit or tranf-
* mit other forts, thall be faid in the next Book. In this
Propofition I content my felf to have put 1t palt difpute,
that Bodies ave fuch Properties, and thence appear
colaured.

PROP. X1 PROB VL

By muxng colowred Lights to c‘0m1)ozmd o Beam of Light
of the [ame Colowr and Nature with o Beam of the Sun’s

dired Light, and thercin to- experience the truth of the:

foregomg Propofitians.

Let ABCabce reprefent a Prifin by which the Sun’s
Light let into a dark Chamber through the Hole F, may

~ be refralted towards the Lens M N, and paint upon it
at p, q,1, s and t, the ufual Colours violet, blue, green,
ellowand 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.

‘& whiteaccording to what was fhewnabove. Then let

another Priflm DEGdeg, parallel to the former, be:

- placed at X, to refraét that white Eight upwards. to-

Cwards Y. Let the vefraéting Angles of the Prifins,.

and their diftances from the Lens be equal, fothat the:

- rays which converged from the Lens towards X, and:
- without refration, would there have crofled and diver-
ged. again, may by the refraction of the fecond Prifm be:
' reduced|

Fie,

Y
O

1.
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ceduced into Parallelifim and diverge no more, F
then thofe rays will recompofe a Begm of Whlte Ligh
X Y. If the refrafting Angle of either Prifim be
bigger, that Prifm muit be fo much. the nearer to t)
Lens. You will know when the Prifms and the Ley
are well fot together by obferving if the Beam of Ligh
X Y which comes out of the fecond Prifm be perfeétly
white to the very edges of the Light, and at all diftap
ces from the Prifm continue perfectly and totally whig
like 2 Beam of the Sun’s Light.  For till this happens
the pofitionof the Prifms and Lens to one another myf
be corretted, and then if by the help of a long Beam o
Wood, as is 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 th
fame Experiments in this compounded Beam of Ligh
XY, which in the foregoing Experiments have beer
made in the Sun’s direét Light.  For this compounded
Beam of Light has the fame appearance, and is endowed
with all the {fame Properties with a dire¢t Beam of th
Sun’s Light, fo faras my Obfervation reaches. And in
trying Experiments in this Beam you may by fopping
any of the Colours p, g,1, sand t, at the Lens, fee how
the Colours produced 1n 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 modihcations
of the Light by refrations and reflexions, but from the
various {eparations and mixtures of the rays originally
endowed with their colour-making qualities,

So, forinftance, having with a Lens 42 Inches broad,
and two Prifis on either Hand. 6% Feet diftant from the
Lens, made fuch a Beam of compounded Light: to

examin
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examin the reaton of the Colours made by Prifins, 1
refracted this compounded Beam of Light XY witl;
another Prifim HTIC Ky and thereby caft the utual it
mutick Colours PQR ST upon the Pa per LV placed be
hind.  And then by ftopping any of the Colours |, g,
r, 5, t,at the Lensy 1 lound that the fame Colour would
vanifliat the Paper. So it the purple Powas fropped at
the Lens, the purple P upon the Paper w<,mld'\)uniﬂ1,
and the reft of the Colours would remain unaltered,,
unlefs perhaps the bluey {o faras fome purple latent
it at the Lens might be feparated from it by the fol-
Jowing refractions.  And fo by intercepting the green
upon the Lens, the green R upon the Paper would va.
aifh, and fo ot the relt 5 which plunly fhews) that as
the white Beam of’ Light X Y was compounded of {e-
ve Lights varioully coloured at the Lens, fo the Co-
lours which afterwards emerge out of it by new refra-
&ions are no other than thole of which its whitenefs
was compounded.  The refraction of the Prifin HIK
kh generates the Colours PQRST upon the Paper,
not by changing the colorific qualitics of the rays, but
by {cparating the rays which had the very fame colorific
qualitics betore they entered the compofition of the re-
fracted Beam white of Light X Y. Forotherwile the rays
which were of one Colour at the Lens might be of ano-
ther upon the Paper, contrary to what we find.
- Soaguin, tocxamin the reafon of the Colouss of na-
tural Bodics, 1 placed fuch Bodies in the Beam of Light
XY, and found that they all appeared there of thofe
their own Colours which they have in Day-light, and:
that thofe Colours depend upon the rays which had the:
fame Colours at the Lens before they entred the co}r(npof
11011
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fitton of that Beam. Thus,forﬂinﬁ':.—u_'ﬂ-‘t'p Cannaber illypy;.
nated by this Beam appears of the fume red Colour g5 i,
Day-light ; and if at the Lens you mtfrcept the greep.
making and blue-making rays, its rednefs will become
more full and lively : Butif you there intercept the red.
making rays, it will not any l‘onger appear red, but be.
come yellow or green, or of {ome other Cologr, accor.
ding to the forts of rays which you do not 1ntercept,
So Gold in this Light XY appears of ;the fame yellow
Colour as in Day-light, but by int.erceptmg.at the Lensa
due quantity of the yellow-making rays it will appear
white like Silver (as1 have tryed) which thews that its
yellownefs arifes from thg exceﬁ? of the intercepted rays
tinging that whitenefs with their Colour when they are
let pafs. So the infufion of Lagnun Nepbriticum (as]
havealfo tryed ) when held in this Beam of Light X Y,
looks blue by the refle€ted part of the Light, and yellow
by the tranfimitted part of it, as when ’tis viewed in Day-
light, but if you intercept the blue at the Lens the infu.
fion will lofe its refle¢ted blue Colour, whilft its tranf
mitted red remains perfect and by the lofs of fome blue.
making rays wherewith it was allayed becomes morein-
tenfeand full. And,onthecontrary, if the red and orange-
making rays be intercepted at Lens, the infufion will
lofe its tranfmitted red, whilft its blue will remain and
become more full and perfe¢t. Which fhews, that the in-
fufion does not tinge the rayswith blue and yellow, but
only tran{mit thofe moft copioully 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 1n this artificjal Beam of Light X Y. THE
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SECOND BOOK
OPTICKS.

PART L

Obfervations concerning the Reflexionsy Refractions, and
Colours of thin tran[parent Bodzes.

T has been obferved by others that tranfparent

Subftances, as Glafs, Water, Air,{c. when made
very thin by being blown into Bubbles, or otherwife
formed into Plates, do exhibit various Colours accor-
ding to their various thinnefs, although ata greater
thicknefs they appear very clear and colourlefs. In
the former Book I 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, on which their Colours or
~Tranfparency depend ; 1 have here fet down an ac-
count of them. To render this Difcourfe {hort and
‘diftinét, [ have firft defcribed the principal of my
S | Aa - Obfer-
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Obfervations, and then confidered and made ufe of
them. The Obfervations are theie.. |

OBS L

Compreffing two Prifins hard together that thej;
Sides (which by chance were a very little convex)might
fomewhere touch oné another: I found the place iy
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 refleted ;
it feemed in that place of contadt to be wholly tranf:
mitted, infomuch that when looked upon, it appeared
like a black or dark Spot, by reafon that little or no
fenfible Light was refletted from thence, as from other
laces ; and when looked through it feemed (as it were)
a hole in that Air which was formed into a thin Plate,
by being comprefled between the Glaffes. And through
this hole Objeéts that were beyond might be feen di-
ftihétly, 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-
paretit 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 mutual
preflure.  For by piefing them very hard together it
would become-much broader than otherwife.

-O BS.
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OBS IL

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 {lender Arcs of Colours
which at firft were fhaped almoft like the Conchoid,
as you fee them delineated in the firft Figure. And Fig. 1.
by continuing the motion of the Prifms, thefe Arcs in-
creafed and bended more and more about the faid tran{-
parent Spot, till they were completed into Circles or
Rings incompaffing it, and afterwards continually grew
more and more contraéted.
. Thefe Arcsat 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, oc. But the yellow and red were much fainter
than the blue and violet.

T'he motion of the Prifms about their Axis being con-
tinued, thefe Colours contraéted more and more;fhrink-
ing towards the whitenefs.on either fide Qf it, until they
totally vanithed intoit. And then the Circles in thofe
partsappeared black and white, withoutany other Co-.
lours intermixed. But by further moving the Prifms
~about, the Colours again emerged out of the whitenefs,
" the violet and blue as its inward Limb, and at its out-
o - Aaa ward




ward Limb the red and yellow. So that now their ordey

from the central Spot was white, yellow, red ; black ,
violet, blue, white, yellow, red, J¢. contrary to what

it was before.

O B S IIL

When the Rings or fome parts of Fh{:*m appeared only
black and white, they were very diftinét and well de-
fined, and the backnefs feemed as mtenfe as that of
the central Spot. Alfo in the berders of the Rings,
where the Colours began toemerge out of the white.
nefs, they were pretty d-iﬁ»in:&, which made them vi-
fible to a very great Multitude. I have fometimes
numbred above thirty Succeffions ( reckoning every
black and white Ring for one Succeffion) and feen
more of them, which by reafon of their fimalnefs 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 mine of them, and the exte-
rior of thofe were very confufed and dilute.

In thefe two Obfervations to fee the Rings diftiné,
and without any other Colour than black and white,l
found it neceflary to hold my Eye at a good diftance
from them. For by approaching nearer, althoughin the
fame inclination of my Eye to the plane of the Rings,
there emerged a blueith Colour out of the white,
which by dilating it felf 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 flit or oblong hole , which was
narrower than the Pupil of my Eye, and held clofe to

it -

\
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it parallel to the Prifms, ¥ could fee the Circles much
diftinéter and vifible to a far greater number than
otherwife. |

OBS. IV.

To obferve niore nicely by the order of the Colours
‘which arofe out of the white Circles as the Rays be-
came lefsand lefs inclined to the plate of Air; 1 took
two Object 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 prefled them
flowly together,to make the Colours fucceflively emerge
in the middle of the Circles, and then flowly lifted
the upper Glafs from the lower to make them 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 2 Colour almoft uni-
form from the circumference to the center, and by
ecomprefling the Glafles ftill more, grow continually
broader until a new Colour emerged in its center, and
thereby it became a Ring encompafling that new Co-
lour. “And by compreffing the Glafles ftill more, the
Diameter of this Ring would encreafe, and the breadth
of its Orbit or Perimeter. decreafe until another new
Colour emerged in the center of thelaft: And foon
until a third, a fourth, a fifth, and other following
new Colours fucceffively emerged there, and became:
“Rings encompaffing the innermoft Colour, the laft of

which was the black Spot.  And, on the contrary, by
S lifting.
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lifting up the upper Glafs from the lawer, the diametey
of the Rings would decreafe, and the breadth of thej;
Orbit encreafe, until their Colours reached {ucceffive]

to the center ; and then they being of a confiderable
breadth, I could more eafily difcern and diftinguifh
their Species than before. And by this means 1" gb.
ferved their Succeffion and Quantity to be as fol.
loweth.

Next, to the pellucid central Spot made by the con.
tact of the Glafles. fucceeded blue, white, yellow, and
red, the bluewas fo little in quantity that I could not
difcernit in the circles made by the Prifms, nor could
I well diftinguifh any violet in it, but the yellow and
red were pretty copious, and {eemed about as much
in extent as the white, and four or five times more
than the blue. The next Circuit in order of Colours
immediately encompaffing thefe were violet, blue,
green, yellow, and red, and thefe were all of them 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.copiousand lively, inclining on the one

fide to blue, and on the other fide to yellow. Butin
o 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-
perfett and dilute, till after three or four Revolutions
they ended in perfect whitenefs. Their Form, when the
‘Glaffes were moft comprefled {o as to make the black
Spot appear in the Center, isdelineated in the Second
Figure; where u, 4, ¢, d,e.: f, g,byik: lymynyo, p g, r: Fig. o
syt 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: greenifh blue,
pale red : greenifh blue, reddith white. '

OBS V.

To determine the interval of the Glafles, or thick-
nefs of the interjdcent 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 fqua-
ring them, 1 found their Squares to be in the Arith-
metical Progreffion of the odd Numbers, 1.3.5.7.9.171.
And fince one of thefe Glafles was Plain, and the other
Spherical, their Intervals at thofe Rings muft bein the
_ fame Progreffion. 1 meafured alfo the Diameters of
the dark or faint Rings. between the more lucid Co-
lours, and found their Squares to be in the Arithme-
~ tical Progreffion of the-even Numbers, 2.4.6.8.10. 12.
And it being very nice and difficult to take thefe mea-
fures exaétly ; I repeated them atdivers times at divers
parts of the Glaffes, that by their Agreement -1 might
be confirmed in them, And the fime Method T u(iied in

R | eter-



determining fome others of the following Obfery,.
tions. '

OBS VL

"The Diameter of the fixth Ring at the moft lucig
part of its Orbit was 2 parts of anInch, and the Dia-
meter of the Sphere on which the double convex Op.
ject-Glafs was ground was about 102 Feet, and herce
I gathered the thicknefs of the Air or Aereal Interva]
of the Glaffes at that Ring. But fome time after, fuf-
peéting that in making this Obfervation I had not de-
termined the Diameter of the Sphere with f{ufficient ac.
curatenefs, and being uncertain whether the Plano-
convex Glafs was truly plain, and not fomething con-
cave or convex on that fide which I accounted plain;
and whether I had not prefled the 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 thatlthl?
| | ~ blac
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black Spotappeared 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 I could, I found it the

fifth part of an Inch precifely. This meafure was taken
with the points of a pair of Compafles onthe upper fur-

face on the upper Glafs, and my Eye was about eight

or nine Inches diftance from the Glafs, almoft perpen-
dicularly overit, and the Glafs was¢ of an Inch thick,
and thence it is ealy to collet 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 2 parts of an Inch, and its true Semi-diameter equal
-to 5 parts. Now as the Diameter of the Sphere (182 In-
«ches) is to the Semi-diameter of this ffth dark Ring

( 5 parts of an Inch) fo is this Semi-diameter to the
thicknefs of the Airat this fifth dark Ring ; which is
therefore 2 or o parts of an Inch, and the fifth
part thereof; viz. the g7th part of an Inch, is the
thicknefs of the Air at thefirft of thefe dark Rings.

The fame Experiment I repeated with another dou-

‘ble convex Objett-glafs ground on both fides to one and

the famie Sphere. Its Focus was diftant from it 165;
Inches, and therefore the Diameter of that Sphere was
184 Inches. This Glafs being laid upon the fame
plain Glafs, the Diameter of the fifth of the dark
Rings, when the black Spot in their center appeared
plainly without preffing the Glafles, was by the mea-

fure of the Compafles upon the upper Glafs & parts

of an Inch, and by confequence between the Glafies it
was 22, For the upper Glafs wasj of an Inch th»x‘cki
N | Bb ane
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and my Eye was diftant from it 8 Inches.  And q thiy
proportional to halfcthls from the Diameter of ¢
Sphere s g, parts of an Inch. T'his 1s therefore e
thicknefs of the Air at this Ring, and a fifth part there.
of, viz. the gh-th part of an Inch is the thicknefs thee.
of at the firft of the Rings as above.

I tryed the fume thing by laying thefe Obje@t-Glaffg
upon flat pieces of a broken Looking-slals, and foung
the fame meafures of the Rings : Which makes me
rely upon them till they can be determined more ac.
curately by Glafles ground to larger Spheres, though
in fuch Glafles greater care mult be taken of a true
plain.

Thefe Dimenfions were taken when my Eye was
placed almoft perpendicularly over the Glaffes, being
about an Inch, or an Inch and a quarter, diftant from
the incident rays, and cight Inches diltant from the
Glafs ; fo that the rays were inclined to the Glafs 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 is of
1oooo. Let the thicknefles found be therefore dimi-

1

nifhed in this proportion, and they will become g and

s> OF ( to ufe the neareft round number ) the gth
partof an Inch. Thisis the thicknefs of the Air at the
darkeft part of the firft dark Ring made by perpendi-
cular rays, and half this thicknefs multiplied by the
progreffion;1,3,5,7,9. 11,9¢. gives the thicknefles of the
Air at the moft luminous parts of all the brighteft
Rings, vix. =k, =%, s 5ok, Uc. their arithmetical

means
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means =, ma, T, Uc. being its thicknefles at the
darkeft parts of all the dark ones.

O B S VIL

The Rings were leaft when my Eye was placed per-
pendicularly over the Glafes in the Axis of the Rings:
And when [ viewed them obliquely they became big-
ger, continually fwelling as I removed my Eye further
from the Axis. And partly by meafuring the Diameter
of the fume Circle at feveral obliquities of my Eye,
partly by other means, as alfo by making ufe of the
two Pritims for very great obliquities. 1 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 expreﬂéd in this Table.

Angle of In-{ dugle of Re~ | Diameter of | Thicknefs of
cidenceon the | fraélion into |the Ring. ~ |the Air.
Air. the Air,
deg.  min.
oo 00| 00 o0 10 10
o6 26] 10 o0 103 10
12 45| 20 o0 1C; 103
18 49| 30 o0 1c3 113
24 30| 40 00 TI: 13
29 371} 50 o0 123 15;
33 53| 6o oo 14 20
1 - I
35 47| 65 oo| 157 | 23;
27 19| 70 00 163 28;
38 331 75 ©oo) 19, 37,
39 27| 8o oo 22§ 59;
40 ©O 85 oo 29 34
40 11 Q0 00 35 122;

Bbs - In
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In the two ficft Columns are exprefled the obliquitie
of the incident and emergent rays to the plate of th
Air, that is, their angles of incidence and refraction. L
the third Column the Diameter of any coloured Ring
at thofe.obliquities is expreffed in parts, of which tet
conftitute that Diameter when the rays are perpendla];
lar. And in the fourth Column the thicknefs of the Au
at the circumference of that Ring is exprefled in part:
of which alfo ten conftitute that thicknels when the rays
are perpendicular. | -

And from thefe meafures | {feem 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 refrachion.
And that mean proportional, fo far as by thefe meafures
I can determine it, 1s the firft 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 Glafsinto the plate of Air, or
from the Sine of incidence when the refraction 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 Object-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 obliqpely
on the interjacent Air, and as the obliquity decreafed
1t increafed more and more until the coloured Rings.a p-

peared,
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peared, and then decreafed again, but not fo much as
it irlcrea:fe.d before.  And hence it is evident, that the
tran{i{parency was not only at the abfolute conta& of the
Glafles, but alfo where they had fome little interval.
* I have fometimes obferved the Diameter of that Spot to
be between half and two fifth parts of the Diameter of
the exterior circumference of the red in the firft cir-
cuit or revolution of Colours when viewed almoft per-
pendicularly ; whereas when viewed obliquely it hath.
wholly vanifhed and become opake and white like the.
other parts of the Glafs ; whence it may be colle¢ted
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 interval at the circumference
of the faid red.

O B:S. IX.

By looking through the two contiguous Obje&t-
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, igc. But thefe Colours: were veryfaint

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 in the fourth Obfervation, was fo little: and:

faint as {carcely to be' difcerned. Comparing. the’co--
loured:Rings made: by reflexion; with:thefe: made by
trani-
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thereby will be to their intervals caufed by interjaeent

L 14 ]

tranfmiffion of the Light ; I found that white was op-
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, whic
when looked upon appeared white, and on the con.
trary. And fo thofe which in one cafe exhibited blue,
did in the other cafe exhibit red. And the like of tle
other Colours. The manner you have reprefented i
the third Figure, where AB, CD, are the furfaces of
the Glafles contiguous at I, and the black lines be.
tween them are their diftances in arithmetical progref-
fion, and thc Colours written above are feen by re.
fle¢ted Light, and thofe below by Light tranfmitted.

O BS X

Wetting the Objet-Glafles a little at their edges,
the water crept in {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 it firft arrived would appear broken off
from the other half, and contratted into a lefs room.
By meafuring them I found the proportions of their
Diameters to the Diameters of the like Circles made by
Air to be about feven to eight, and confequently the in-
tervals of the 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 Glafles, their intervals at the Rings caufed

Air,
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Air, as the Sines are which meafure the refraétion made
out of that medium mnto Air.

ObS XL

When the water was buetween the Glafles, if T pref
fed the upper Glafs vartoufly at its cdges to make the
Rings move nimbly from one place to another , a little
white ¢ Spot would unmu,! ;mly o(low the center of
thcm, which upon uu;pm mm of the ambient water
into that pl'm: would pref umy vanith,  Its dppearance
was {uch as intereent Air would have cauled, md it
exhibited the fame Colours.  But it was not Air, for
where any bubbles of An. were in the water they would
not vantth. “L'he reflesion mult have rather been cauted.
by a fubtiler medium, which could recede through the.
Glafles at the ereeping in of the water. "

OBS XIL

Theft Obfer vmcms were made in the open Air. But
further to examin the cffeéts of coloured I,I;Dht fulling
on the Glafles, 1 darkened the Room, and viewed them
by reflexion o thn Colours of a Prifm caft on a Sheet

of white 1’*113132‘, my liye bcmgw fo placed that I could
L'w the coloured l:’bxpux b(y reflexion in the Glafles, us
in a Looking-glafs.  And by this means the Rings "be-
came diftinéter and vifible €0 a far areater number than.
in the open Air. I have fometimes feen more than,
twenty of them, whereas in the open Air I eould not.

difcern above eight or nine.
O BS..
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OBS XIIL

Appointing an affiftant to move the Prifm to gy
fro about its Axis, that all the Colours might fuceef.
fively fall on that part of the Paper which T faw },
reflexion from that part of the Glafles, where the Cj;.
cles appeared, fo that all the Colours might be fuccef.
fively refletted from the Circles to my Eye whilft [ helg
it immovable, 1 found the Circles which the red Ligh
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 fwell or contrat according
as the Colour of the Light was changed. The intey.
val of the Glafles at any of the Rings when they were
made by the utmoft red Light, was to thelr interval o
the fame Ring when made bythe utmoft violet, greater
than as 3 to 2,and lefs than as 13 to 8,by the moft of my
Obfervations it was as 14 to 9. And this proportion
feemed very nearly the fame 1n all obliquities of my
Eye; unlefs when two Prifims were made ufe of inftead
of the ObjeCt-Glafles. For then at a certain great
obliquity of my Eye, the Rings made by the feverl
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 refration of the Prifm
in this cafe caufing the moft refrangible rays to fall
more obliquely on that plate of the Air than the leaf
refrangible ones. Thus the Experiment fucceeded in
the coloured Light, which was {ufficiently ftrong and
copious to make the Rings fenfible. And thence it

may be gathered, that if the moft refrangible and fleaf’c
refran-
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refrangible rays had been copious enough to make the
Rings fenfible without the mixture of other rays, the
proportion which here was 14 to 9 would have been 2
little greater, fuppofe 14} or 14 Lto 9.

O B S, XIV.

-~ Whilft the Prifin was turn’d about its Axis with an
uniform motion, to make all the feveral Colours fall
fucceflively upon the Object-Glafles, and thereby to
make the Rings contraét and dilate : The contraétion
or dilation of each Ring thus made by the variation of
its Colour was fwifteft in the red, 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, ftill lefs in the blue, and leaft in the
" violet. And to make as juft an eftimation asI could of the
_proportions of their contrattions or dilations, I obferved
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-
rees of violet, as about four to three, or five to four, and
- that when the Light was of the middle Colour between
yellow and green, the Diameter of the Ring was very
nearly an arithmetical mean between the greateft Dia-
meter of the fame Ring made by the outmoft red, and
‘the leaft Diameter thereof made by the outmoft violet:
Contrary to what happens in the %olqur,s of the oblong
- Spectrum made by the refraltjon of a Prifimy, where the
red is moft contraéted , the *:\Soéet.moﬂ expanded, and
| in
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in the midft of all the Colours is the confine of green
and blue. And hence 1 feem to colle&t 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 middle 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 1n a fixth Major, [ol, la, mi, fa, [ol, la. But
it agrees fomething better with the Obfervation to fay,
that the thicknefles of the Air between the Glafles there,
where the Rings are {ucceflively made by the limits of
the feven Colours, red, orange, yellow, green, blue, in-
digo, violet in order, are to one another as the Cube-
roots of the Squares of the eight lengths of a Chordy
which found the notes in an eighth, [of, la, fo, fol, la,
mey fu, fol 5 that is, as the Cube-roots of the Squares
of the Numbers, 1,8 53344324 e T

OBS XV.

Thefe Rings were not of various Colours like thefe
made in the open-Air, but appeared all over.of that
prifmatique Colour enly with which they were illa-
minated. And by proje@ing the prifmatique Colours
immediately upon the Glaffes, I found that the Light
which fell on the dark Spaces which were between
the coloured Rings, was tranfmitted through the
Glafles without any variation of Colour.  For en a

- : L - 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 its va-

rious thicknels, is difpofed in fome places to reflect,

and i others to tranimit the Light of any one Co-

Jour (as you may fee reprefented in the fourth Figure) Fip. 4,
and in the fame place to reflect that of one Colour °
where 1t tranfimits that of another,

OBS XVIL'

The Squares of the Diameters of thefe Rings made
by any prifmatique Colour were in arithmetical pro-
reflion as in the fifth Obfervation. And the Diameter
of the fixth Circle, when made by the citrine yellow,
and viewed almoft perpendicularly, was about 2 parts
of an Inchy or u little Tefs; 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 are fvt down the appearances of a denfer
medium thin’d within a rcarer, fuch as are plates of
Mufcovy-glafs, Bubbles of Water, and fome other-thin
{ubftances terminated on all fides with Aje,

Dd s OBS,
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OBS XVIL

If a Bubble be blown with Water firlt made tenacious
by diffolving a little Soap in it, ’tis a common Obfer-
vation, that after a while it will appear tinged with a
great variety of Colours. T'o defend thefe Bubbles
from being agitated by the external Air (whereby their
Colours are irregularly moved one among unother, fo
that no accurate Obfervation can be made of thers,) as
foon as | had blown any of them 1 covered it with a
clear Glafs, and by that means its Colours emerged in
a very regular order, like fo many concentrick Rings
incompa-ﬂilg the top of the Bubble. And as the
Bubble grew thimner by the continual {ubliding of the
Water, thefe Rings dilated {lowly and over-fpread the
whole Bubble, defcending in order to the bottom of it,
where they vanifthed fucceffively. In the mean while,
after all the Colours were emerged at the top, there
grew in the Center of the Rings a {mall round black
Spot, like that in the firft Obfervation, which conti-
nually dilated it {elf till it became fometimes more than
Yor ¢ of an Inch in breadth before the Bubble broke:
At firft T thought there had been no Light refleéted from
the Water in that place, but obferving it more eu-
riotfly, 1 faw within it feveral {inaller reund Spots,
which appeared muich blackér and darker than the reft;
whereby | knew that there was fome reflexion ‘at 'the
other places which were not fo dark us thofe Spots.
And by further tryal 1 fouud that I could foe the Images
of {fome things (as of a Candle or the Sun ) very faint-
]y refle€ted, not only from the great black Spot, but

allo
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alfo from the little darker Spots which were with-
in it.

Befides the aforefaid coloured Rings there would
often appear {mall Spots of Colours, afcending and de-
fcending up and down the fides of the Bubble, by reafon
of fome inequalities in the fubfiding of the Water.
And fometimes {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 Glaffes, and fo more eafy to. to. diftinguithed , I
fhall here give you a further defcription of their order,
as they were obferved in viewing them by reflexion of
the Skies when of a white Colour, whilft a black Sub-
ftance was placed. behind the Bubble. And they were
thefe, red, blue; red, blue ; red, blue; red, green;,
red, yellow, green; blue; purple; red, yellow, green,,
~ blue, violet ; red, yellow, white, blue, black.

The three firft Succeffions of red and blue were very
~dilute and dirty, efpecially the firft, where the red.
- feemed in a manner to be white. Among thefe there
. was f{carce any other Colour fenfible befides red and:
~ blue, only the blues (and principally the fecond 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, whichat firft incli-

~ nedaa little to yellow, and then became a pretty bxiﬁlui -
i | and:
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and sood willow green, and afterwards changed to 4
hluith Colour ; but there fucceeded neither blue pop
violet. o
The fifth red at firft 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 changed to green : But that green
was copious and fomething more pure, deep and lively,
than the former green. After that followed an excel.
lent blue of a bright sky-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, bein
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 greenith
yellow, and then to a greenifh blue ; but the green
between the yellow and the blue, wus very little and
dilute; feeming rather a greenifh white than a green.
The blue which fucceeded became very good, and of a
very fair ‘bright sky-colour, but yet fomething inferior
to the former blue ; and the violet was intenfe and
deep with little or no rednefsin it.  And lefs in quan-
tity than the blue. y ~ o
In the laft red appeared a tinéture of fcarlet next
to violet, which foon changed to a brighter Colour,
inclining-to-an erange ; and the yellow which followed
was at firft pretty good and lively, but afterwards it
grew more dilute; until by degrees it ended in perfett
- | white-
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whitenefs. And this whitenefs, if the Water was very
tenacious angl weH»tempered, would flowly {pread and
dilate it felf over the greater part of the Bubble ; con-
tinually growing paler at the top, where at length it
would crack in many places, and thofe cracks, asthey
dilated, would appear of a pretry good, but yet obfeure
and dark sky-colour ; the white between the blue Spots
diminifhing, until it refembled the threds of an irre-
gular Net-work, and foon after 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
overfpread 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 difplay. them-
felves. | e o -
By this defcription you may perceive how great an
affinity thefe Colours have with thofe of Air deferi-
bed in the fourth Obfervation, although fet down in
a contrary order, by reafon that they begin te appear
when, the Bubble 1s thickeft, and: are moft conve-
: | - niently
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niently reckoned from the loweft and thickeft part of
the Bubble upwards.

O BSs XIX

Viewing in feveral oblique pofitions of my Eye
the Rings of Colours emerging on the top of the Bubbe,
I found that they were fenfibly dilated by mncreafing
the obliquity, but yet not fo much by far as thofe
made Dy thin’d Air in the {feventh Obfervation. Fop
there they were dilated fo much as, when vieweq
moft obliquely, to arrive at a part of the plate more
than twelve times thicker than that where they ap.
yeared when viewed peljpendicularly ; whereas in thys
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 13 and 15} to 10, an increafe about
24 times lefs than in the other cafe.

Sometimes the Bubble would become of an uniform
thicknefs all over, except at the top of it near the black
Spot, as I knew, becaufe it would exhibit the fame
appearance of Colours 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
trom thofe that were feen in other places, by rays lefs
oblique to it. And divers Speators might fee the
fame part of it of differing Colours, by viewing it at
very differing obliquities. Now obferving how much
the Colours at the fame places of the Bubble, or at di-

vers places of equal thicknefs, were varied by the
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 collett the thicknefs of the Water
requifite to exhibit any one and the fame Colour, at fe-
veral obliquities, -to be very nearly in the proportion
exprefled in this Table,

| Incidence on | Refrattion in- | Thicknefs of

the Warer. | tothe Water.| the Water. |
deg.  min. ' deg.  min.

00 00| 0O oo 10
Iy oo} II 11 103

30 oo 22 1 10}

45 oo 32 2| 1

6o oo| 40 30 13

75 00| 46 23 141

9o oo| 48 35 15: |

- In the two firft Columns are expreffed the obliqui-
ties of therays to the fuperficies of the Water, that
is, their Angles of incidence and refration. Where
1 fuppofe that the Sines which meafure them are in
round numbers as 3 to4, though probably the diffo-
Jution of Soap in the Water, may a little alter its
refrattive Vertue. In the third Column the thicknefs
of the Bubble, at which any one Colour is exhibited
i thofe {everal obliquities, is expreft in parts,of which
ten conftitute that thicknefs when the rays are perpen-

dicular. |
T 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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pouted on the pround, where they may cool in the
open Air, have, like the Colours of Water-bubble
been a little changed by viewing them at diveps gf,
liqtiites, and particularly that a deep blue, or viglet
when viewetl very obliquely, hath been changed to 1
deep red. But the changes of thefe Colours are not f
great and fenfible us of thofe made by Water.  For the
Scoria or vitrified part of the Metal, which moft Me.
tals when heated or melted do continually protrude
and fend out to their furface, and which by covering,
the Metals in form of a thin glafly skin, caufes thef
Colours, is much denfer than Water 5 and 1 find that
the change made by the obliquation of the Eye is leatt
in Colours of the denfeft thin {ubftances.

OBS XX

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

tranfmitted Light, appeared ot a contrary Golout to
that which it exhibited by reflexion.  Thus when the
Buabble being looked on by the Light of the Clouds re-
fleéted from it, fecemed red at its appavent circumfe-
rence, if the Clouds at the fame time, or immediately
after, were viewed through it, the Colour at its cir-
cumhference would be blue.  And, on the contrary,
when ig/ refle¢ted Light it appeared blue, it would ap-
fpear ved by tranmfmitted Light. |

OBS XXIL

By wetting very thin plates of Mufcovy-glafs, whofe
thinnefs made the like Colours appeuar, the Colours
became
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became more faint and languid ; efpecially by wetting
the plates on that fide oppofite to the Eye : But I could
not perceive any variation 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
1oth and 16th Obfervations, may be known the thick-
nefs which Bubbles of Water, or Plates of Muftovy-
slafs, or other fubftances, have at any Colour pro-
~ duged by them. ‘ 3

O B S 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 I have |
particularly obferved in the Air and Glafs. For blow~
ing Glafs very thin at a Lamp-furnace, thofe plates
incompafled - with - Air- did exhibit Colours much
more vivid than thofe of Air made thin between two

Glafles. |
. 0BS. XXIIL

- .Comparing the quantity of Light refleGted from the
feveral Rings, I found that it was moft copious from
the firft or inmeft, and in the exterior Rings be-
came gradually lefs and lefs. Alfo the whitene(s of
the firft Ring was fironger than that refleéted from
~ thofe parts of the thinner mediwm which were with-
out the Rinigs ; as I could manifeftly perceive by view-
“ing-at a diftance the Rings made by the two Object-
R FEe 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 i,
the other, the whitenefs which preceded themall. .

0 BS. XXIV.

When the two Obje&t-Glafles 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 thep
through a Prifm 1 have feen a far greater multitude
infomuch that I could number more than forty, b’cﬁde;
many others, that were fo very {mall and clofe toge-.
ther, that I could not keep my Eye fteddy on them
feverally fo as to number them, but by their extent I haye
fometimes eftimated them to be more than a hundred,
And I believe the Experiment may be improved: to the
difcovery of far greater numbers. For they feem to.
be really unlimited, though vifible only fo far as they
can be feparated by the refrattion, as I fhall hereafter
explain. ,

‘But it was but one fide of thefe Rings, namely, that
towards which the refraétion was made, which by that
- refraltion was rendered diftinét, and the other fide be-
came more confufed than when viewed by the naked
Eye, infomuch that there I could not difcern above
one or two, and fometimes none of. thofe Rings, of
which I 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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ex_cegded not the third part of a Circle. =~ If the Re-
fraftion was very. great, or the Prifm very diftant from
the Obje&t-Glafles, the middle part of thofe Arcs be-
came alfo confufed, fo as to difappear and conftitute an
even whitenefs, whilft on either fide their ends, as alfo
the whole Arcs furtheft from the center, became di-
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 fucceflively, without any other Co-
lours intermixed. But in other places there appeared:
Colours, whofe order was inverted by the refraction
in {uch 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 Obje&t-Glafs upon-
tlie 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 Prifnz
exhibited a great variety of them ranged Iirregu-

larly up and down in the form of waves. And fe
o Bubbles
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Bubbles of Water, before they began ta exhibit thej,
Colours to the naked Eye of a By-ftander, have ap-
peared through a Prifm, girded about with many po
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
that the rays might be refracted upwards.

THE
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PART IL

Remarks wpon the foregoing Obfervations.

Y Aving given my Obfervations of thefe Colours,,

B before I make ufle of them to unfold the Caules.

of the Colours of natural Bodies, it is convenient that
by the fimpleft of them, fuch as are the ad, 3d, 4th,
gth, 1ath, 18th, 2oth, and 24th, I firt 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

~ X, the lengths YA, YB, YC, YD, YE YV, Y, Fig.5.
YH, in proportion to one another, as the Cube-roots
of the Squares of the numbers, b3, 34585, 1, where-

by the kengths of a mufical Chord to found all the Notes:
inan Bighth are reprefonted ; that is, in the propor-
‘tion of the numbers 6300, 6814, 7114, 7631, 8355,
8853, 9243, tocoo. Aund at the points A, B, (%? I%M

2
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3 let perpendiculars Ae BB 19¢. be eredtey
II:;?’ i;h(gZEI—Ii;ltEI'VSlS pthe extent of the feveral Colour;
fet underneath againft them, is to be reprefented. They
divide the line A= in fuch proportion as the ‘number
[, 22,5, 6,7,9, 10, 11, Ye. {et at "the‘ points of divi.
fion denote. And through thofe divifions from y
draw lines 11, 2K, 3L, 5 M, 6 N)‘ 7 0, e. )

Now if A 2 be fuppofed to ‘reprefept-the thicknefs
of any thin tranfparent Body, at which the outmof
violet is moft copioufly refletted in the firt ‘ng, or
Series of Colours, then by the 13th Obfervation H K|
will reprefent its thicknels, at which the utmoft red
is molt copioufly reflefted in the fame Series. Alf
by the sthand 16th Obfervations, A6 and H N will
denote the thicknefles at which thofe extreme Colouys
are moft copioufly refletted in the fecond Series, and
A 10 and H Q the thicknefles, at which they are
moft copioully reflefted in the third Series, and fo on,
And the thicknefs at which any of the intermediate
Colours are refleCted moft copiouily, will, according to
the 14th Obfervation, be dehined by the diftance of the
line A H from the intermediate parts of the lines 2 K,
6N, 10Q, We. againft which the names of thofe Co.
lours are written below. :

But further, to define the latitude of thefe Colours in
each Ring or Series, let A 1 defign the leaft thicknefs,
and A 3 the greateft thicknefs, at which the extreme
violet in the firft Series is refleéted, and let 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 refleGtions be fuppofed
ftrongeft at the intermediate Spaces, 2K, 6 N, 10Q, o,
| am_d from thence to decreafe gradually towards thefe li-
mits, 11, 3L, 5 M, 70, 9c. on either fide; where
you muft not conceive them to be precifely limited,
but to decay indefinitely. And whereas [ have affigned
the fame latitude to every Series, I did it, becaufe al-
though the Colours in the firft Series feem to be a little
‘broader than the reft, by reafon of a ftronger reflexion
there, yet that incquality is fo infenfible as fcarcely te

be determined by Obfervation.
Now according to this defcription, conceiving that
- the rays originally of feveral Colours are by turns re-
~ fle&ted at the Spaces 11 L.3, s M O 7, gPR 11,00,
and tranfmitted at the Spaces AHI1,3L M35,70P,
e it is ealy 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-
ftance from it by which the thicknefs of the body is
‘reprefented, the alternate Spaces 1113, 5 MO 7,0c.
" which it croffeth will denote the refleCted original Co-
Jours, of which the Colour exhibited in the open Air
,iSj?édmpbundéd. Thus if the conftitution of the green
in the third Serigs of Colours be defired, apply the
Ruler as you feeat 7¢<¢, and by its paffing through
fome of the blue at = and yellow ate, as well as through
the green at ¢, you may conclude that the green exhi-
‘bited at that thicknef(s of the body 1s pnﬁ(’:ipz{lly_’ con-
ftituted of original green, but not without a mixture

of fome blue and yellow, - DR
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"By this'means you may know how the Colours fiy,
the center of the Rings outward ought to fucceed
order as they were deferibed in the 4th and 18th Op.
fervations.  For if you move the Ruler gradually frop
AH through all diftances, having paf"c over the firft
{pace which denates’ little or no 1‘eﬁ§:X10n to be made
by thinneft fubftances, it 'Will firft arrive at 1 the Vi.Olet)
and then very quickly at the blue 'and green, which
together with that violet compound blue, and then gt
the yellow and red, by whofe further addition that
blue 1s converted into whitenefs, which whitenefs cop.
tinues during the tranfit of the edge of the Ruler from
I"to 3, ,and after that by the fucceffive deficience of
its-component Colours, turhs firft to compound yeltow,
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's'to O, and are more lively than before,
becaufe' more expdnded and feévered. = And for the
fame reafon, inftead of the former white there inter-
cedes between the blue and yellow a mixture of orange,
yellow, green, blue and indico, all which together ought
to exhibit a dilute and imperfet green. So the Co-
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 is 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-
- ries,



) I‘iﬁsﬁ Whﬁl’@b}ﬂ ; Mﬂﬁ?ﬂi‘,;degrﬁﬂé?ﬂ@f red wver y‘.z_nw:l‘l incli-
ning to purple are compounded.” "This violet and blue,
which fhould fiicceed this red, being niixed with, and

hidden in it, there fucceeds a green. . And this at firft

is much inclined to blue, but foon becomes a good
green , - the only unmixed and lively. Colour in this
fourth Series.. For as it verges towards the yellow, it
begins to interfere with the Colours of the fitth Sex'?ies
by whofe mixture the fucceeding yellow and red aré
very much diluted and made dirty, efpecially the yel-
low, which being the weaker Colour is fcarce ablé to
fhew it felf.  After this the feveral Series interfere more
and . more, and their Colours become more and more
intermixed, till after three or four more revolutions

(in which the red and blue predominate by turns)
all forts of Colours are in all places pretty equally ben-
ded, and compound an even whitenefs.

+.-And fince by the 15th Obfervation the rays indued
with:one Colour are tranfmitted, where thofe of ano-
ther Colour arc reflected, the reafon of the Colours
“made by the tran{mitted Light in the gth and 20th Ob-

fervations is from hence evident:, | -~ . .
_.:If not. only the order and {pecies of thefe Colours;
but alio the precife thicknefs of the plate, or thin body
at which they are exhibited, be defired in parts of an
Inch, that may be alfo obtained. by affiftance of “the 6th
or 16th Obfervations. For according to thofe Obferva-
tions the thicknefs of the thinned Arr, which between
" two Glaffes exhibited the moft luminous parts of the
ﬁrﬁ ﬁX Rings were 1762007 178200: 1783001 175;’003 1782005 17215200 Parts Of
an Inch. Suppofe the Light refletted moft copioufly
at thefe thicknefles be the bright citrine yellow, or con-
Ffa fine
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fine of yellow and orange, and thefe thickneffes wif
be Gy, Gv, G§ Go, G7, ~ And this bem_g known, it is
ealy to determine what thicknefs of Air is reprefented
by Ge or by any other dlﬁance 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 Glaffes 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 10th
and 21th Obfervations the thicknefs of a plute of
Glafs, whofe refraction of the mean refrangible ray, is
meafured by the proportion of the Sines 31 to 10,
may be ¥ of the thickne(s of Air producing the fame
Colours ; and - the like of other mediums. 1 do not
affirm, that this proportion of 20 to 31, holds in all
the rays ; for the Sinés of other forts of rays have other

roportions. But the differences of thofe proportions
are {o little that 1 de not here confider them: On
thefe Grounds 1 have compofed the following Fable,
wherein the thicknefs of Air, Water, and Glafs, as
which each Colour is moft intenfe and fpecifick, is ex-
prefledtin parts of an Inch divided. into Ten hundred
thoufand equal- parts. o |

The
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TFhe thicknefs of colowred Plates and Particles of

‘=Very Black
Black
Beginning of
Black.

Blue

. White

Yellow
Orange--

.«Red

“Violet

Indico

- Blue

~ ©f the fecond Order, } %3&
Orange

Bright Red

+Scarlet

‘"Purple

' Tndico

Blue

< Green
Yellow

rRﬁd

. Bluifh Red
Bluifh Green-
Green
Yellowifh Gree

- Red ' ‘
Greenifh Blue.
) Red

Greenifh Blue
Red

Greenifh Blue

- Their Colours of theg
firft Order,

_ﬁ)f the third Oxder,

Of the fourth Order,

OFf the fifth-Order;
_ ;(“)f- the ﬁxth_ Order,;

. ©f the feventh Order,

Ruddy White

e e -
Air. Water, Glafs.
N

I 3 I &

2 14 17
2§ | 1f| 130
sy 38| 3%

75 | 53 4%

8 |6 | s%

9 | 631 st
r1e | 8§) 7%
12% i 8%
14 1031 9
155 | 113 97
163 | 128 | 10%
175 | vy | 115
16} | 135 | 11§
193 { 143 12}
21 |1§% | 133
2245 | ¥6% | 14%

233 | 1755 1378

263 {182,| 163

274 {20t | 173

29 |212 | 8%
32 124 20§
34 |=25% | 22
35% | 263 22}
36127 ‘ 23}
401 308 | 26
46 343 l 295"
521|398 38

581 144 ’ 38.
65 | 48% | 42
7T ] 53+ f 455 |
77 1574 1,49 |

NOQW



[38]

Now if this Table be compared with the 6th Scheme
vou will there fee the Cc')'m’ci{:u;tmn of - each Qoloug a;
to its Ingredients, or the original Colours.ot which it
is compounded, and thence be enabled to judge of it
intenfenefs or imperfection ; which may fuffice in ex.
plication of the 4th and.18th Obfervations, unlefs it
be further defired to delineate the manner how the Co.
lours 317})6211‘, when the two Obje&—Glaﬁes are lay’d
upon. one another. To doy.wluch, let ther.e be de.
fcribed a large Arc of a Circle, and a ftreight Line
which may touch that Arc, and parallel to that Tap.
gent feveral occult Lines, at {fuch dlﬁances. from 1t, as
the numbers {et 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 conta&, each Colour is refletted.

There are alfo other ufes of this Table : For by its
affiftance the thicknefs of the Bubble in the 19th Ob.
fervation was determined by the Colours which it ex-
hibited. And fo the bignefs of the parts of natural
Bodies may be conjettured by their Colours, as fhall be
hereafter thewn. - Alfo, if two or more very thin plates
be lay’d one upon another, {o as to compofe one plate
equalling them all in thicknefs, the refulting Colour
may be hereby determined.” For inftance, Mr. Hook in
his Maferographia 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 43, to which add o, the,thicl}-

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

- To explain, in the next place, the Circumftagces of
the ad and 3d Obfervations ; that is, how the Rings of
the Colours may ( by turning the Prifins about their
common Axis the contrary way to that expreffed in
thofe Obfervations) be converted into white and black
Rings,and afterwards into Rings of Colours again, the
Colours of each Ring lying now in an inverted order; it
muft be remembred, that thofe Rings of Colours are di-
lated by the obliquation of the rays to the Air which
intercedes the Glafles, and that according to the Table
in the 7th Obfervation, their dilatation or increafe of
their Diameter is moft manifeft and {peedy 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 refletted to produce the co-
loured Rings,and confequently the yellow Circle in each.
Ring will be more dilated than the red ; and the excefs of
its dilatation will be {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.

fo much dilated by the ftill greater obliquity of their
rays, as to become all very nearly of equal extent with
the red, that is, equally diftant from the center of the
- Rings. And then all the Colours of the fame Ring
. muft be coincident, and by their mixture exhibit 2
white Ring. And thefe white Rings muft have black
and ‘daxk Rings between them, becaufe they do not
et ~ ) {pread
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Rings which when viewed at a diftance appear diftinét,
thould not only become confufed by viewing them near
at hand , butalfo yicld a violet Colour at both the
edges of every white Ring. And the reafon is, that the
rays which enter the Eye at feveral parts of the Pupil
‘have feveral obliquities to the Glafles, and thofe which
are moft oblique, if confidered apart, would reprefent
the Rings bigger than thofe which are the leaft oblique.
Whence the breadth of the perimeter of every white
Ring is expanded outwards by the obliqueft rays
and inwards by the leaft oblique. And this expanﬁcn;
 is fo much the greater by how much the greater is the

difference of the obliquity ; that is, by how much the
Pupil is wider, or the Eye nearer to the Glaffes. And

the breadth of the violet muft be moft expanded, be-
caufe the rays apt to excite a {enfation of that Colour
are moft oblique to a fecond, or further fuperficies of
the thin’d Air at which they are refleted, 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. L

" Among all the Obfervations there is none accompa-
~ nied with fo odd circumftances as the 24th. Of thofe
the principal are, that in thin plates, which to the
naked Eye feem of an even and uniform tranfparent.
e, T Gg | white-
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whitenefs, without any terminations of fhadows, the
refraétion of a Prifm fhould make Rings of Colours ap-
pear, whereas it ufually makes Objects appear coloured
only there where they are terminated with thadows, or
have purts unequally luminous ; and that it thould make
thofe Rings excecdingly diftintt and white, although
it ufually renders Objeéts confuled and coloured.  The
caufe of thefe things you will underftand by confiderin
that all the Rings of Colours are really in the plate,
when viewed with the naked Eye, although by reafon .
of the great breadth of their circumterences they fo
much interfere and are blended together,that they feem
to conftitute an even whitencfs. But when the rays
pafs through the Prifin to the Eye, the orbits of the
{everal Colours in every Ring are refracted, fome more
than others, according to their degrees of refrangibility »
By which means the Colours on one fide of the Ring
(that is on one fide of its Center) become more unfolded
and dilated, and thofe on the other fide more compli-
cated and contraéted. And where by a due refration
they are fo much contratted, that the fevral Rings be- .
come narrower than to interfere with one another, they
muft appear diftinct, 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 Cow
lours, it muft interfere more with other Rings than'
before, and fo become lefs diftinet. o
_To explain this a little further, fuppofe the concen-
trick Circles A 'V, and BX, reprefent the red and violet!
of any order, which, together with the intermediate’
Colours,
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Colours, conftitute any one of thefe Rings. Now thefe
being viewed through a Prifin, the violet Circle BX,
will® by a greater rcfration 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 av, 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 atx, 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
pot only of the red and violet, but of all the other in-
termediate Colours, and alfo of every revolution of
- thofe Colours, you will eafily perceive how thofe of the
fame revolution or order, by their nearnefs at xv dnd
T £, and their coincidence at xv, ¢ and f, ought to con-
ftitute pretty diftin&t Arcs of Circles, efpecially at xv,
or at ¢ and f, and that they will appear {everally at
%, arid at x v exhibit whitenefs by their coincidence,
and again appear feveral at T& butyet in a contrary
order to that which they had before, and ftill retain
beyond e and f. But, on the other fide, at a4, ab,
_ or =8, thefe Colours muft become much more confu-
fed by being dilated and fpread fo; as to interfere with
fe of other Orders. And the fame confufion will
~ happen at T £ between e and f, if the refration be very
__great, or the Prifm very diftant from the Ob ject-Glafles :
- In which cafe no parts of the Rings will be feen, fave
. only two little Arcs at e and f, whofe diftance from one
. | Gg 2 another,
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another will be augmented by removing the Prify
fill further from th%e Obje&—GlafTes: An.d thefe little
Arcs muft be diftin&eft 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 in a contrary order to th0f¢ at the
other end, by reafon that they crofs in the interme.
diate white ; namely their ends, which verge towards
T, will be red and yellow on that fide next the Cep.
~ ter, and blue and violet on the other 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 refletted, whilf
the Spectator’s Eye, the Prifm and the Obje&t-Glafles
(as in the 13th Obfervation') are placed fteddy : the
pofition of the Circles made fucceffively by the feveral
Colours, will be found fuch, in refpett of one another,
as 1 have defcribed in the Figures aéxv, or abxv,
or «8¢Y, And by the fame method the truth of
the Explications of other Obfervations may be exa-
mined. |

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

further
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further obfervable; that where they lye flat upon.a
Tableand are turned about their Centers whillt they are
viewed through a Prifm, they will in fome poftures
exhibit waves of various Colours, and fome of them ex-
hibit thefe waves in 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 is, that the fuperficies of fuch plates are not:
even, but have many cavities and {wellings, which how
thallow: foever do a little vary the thicknefs of the
plate. Forat the feveral fides of thofe cavities, for-
the reafons newly defcribed, there ought to be produ-
ced waves in feveral poftures of the Prifm: Now:though
it be but fome very {fmall, -and narrower parts of the:
Glafs, by which thefe waves for the moft‘part are cau--
fed, yet they may {feem to extend themfelves over ‘the-
- whole.Glafs, becaufe from the 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 according to their
~ degrees of refration, difperfed to feveral places, {o as-to-
conftitute {fo many feveral waves, as there were divers:
orders of ‘Colours promifcuoufly refleéted from that
part-of the Glafs, o e
. Thefe are the principal Phenomena of: thin- Plates
or, Bubbles, whofe explications- depend: en the :pro--
~ perties of Light, which I have -heretofore delivered.
“And thefe you fee do neceflarily 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
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says of feveral Colours made as_well by thin Plates o
Bubbles, as by refractions of a Prifin, have feveral (.

rees 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 affociated together fo as to
become vifible by themfelves hkgﬁ Arcs.of. Circles,  For
if the rays were all alike refrangible, ’tis impoffible tla
the whitenefs, which to the\nal.ced {ence appears upi.
form, fhould by refrattion have 1ts parts tranfpofed and
ranged into thofe black and white Arcs. _

It appears alfo that the unequal re_fra&lops of dif.
form rays proceed not from any contingent irregulari.
ties ; fuch as are veins, an uneven polith, or fortuitoys
pofition of the pores of Glafs ; unequal and cafual m.
tions in the Air or Ether ; the {preading, breaking, or
dividing the fame ray into many diverging parts, or
the like. For, admitting any fuch irregularities, it would
be impoffible for refraftions to render thofe Rings fo
very diftin¢t, 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.conmate with it,according to which its refra&tion
1s ever juftly and regularly performed, and that feve-
ral rays have f{everal 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 refletted fomeat 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, ang
B 15t
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15th Obfervations compared with the fourth and
eighth. o ' o

By the recec_lent Obfervations it appears alfo, that
whitenels 1s @ diffimilar mixture of all Colours, and that
Light is a mixture of rays indued with all thofe Co-
Jours. 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 no more than eight or nine of thofe
Rings, yet there are really a far greater number, which.
{fo much interfere and mingle with one another, as after
thofe eight or nine revolutions to dilute one another
wholly, and conftitute an even and fenfibly uniform
whitenefs.  And confequently that whitenels muft be
allowed 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 lealt refrangible red, and thofe of intermediate Co-
lours having proportionably intermediate degrees of rea
frangibility.  And by the 13th, 14th and r5th Obfer-
vations, compared with the 4thor 18th, thereappears
to be the fume conftant relation between Colour and.
Reflexibility, the violet being in like circumftances re-
fleéted at leaft thickneflus of any thin Plate or Bubble,
the red at greateft thicknefles, and the intermediate
Colours at mtermediate thicknefles,  Whence it fol-
lows, that the coloribique difpofitions of rays are alfo
connate with them and immutable, and by ccnﬁa'queﬁce-

that.
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that all the produttions and appearances of Coloyyg
in the World are derived not from any phyfical change
caufed in Light by refrattion or reflexion, but only
from the various mixtures or feparations of rays, by
virtue of their differerit Refrangibility or Reﬂexibility,
And in this refpe@ the Science of Colours becomes
Speculation as truly mathematical as any other part 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 ftriking or prefling the Eyes,

THE




PART IIL

Of the permaneni Colours of natural Bodies, and the
Analogy betaveen them and the Colours of thin iranf.
parent Plates. |

Am now come to another part of this Defign, whicly

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

]

Hh PRO ?
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PROP L

T hofe fuperfietes of tran[parent Bodies refledt fbe g'rea,teﬂ

quantity of Light, which bave the greateft refracing power;
that is, which mtercede medzukm that differ moft an theip
refrative denfities. And in t/oe' confines of equally re-
frafing mediums there 15 no 7'€ﬂ€><3£07l.
" The Analogy between reflexion anc‘i refration will
appear by confidering, that when Light pafleth ob-
liquely out of one medium 1nto anothex.‘ Whlch refratts
from the perpendicular, the greatcy is difference of
their refractive denfity, the lefs obliquity is requifite
to caufe a total retlexion. For as the Sines are which
meafure the refraction, fo is the Sine of incidence at
which the total reflexion begins, to the radius of the
Circle, and confequently that incidence 1s leaft where
there 1s the greatelt difference of the Sines, Thus 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 reflexion begins when the Angle of incidence
is about 48 degrees 35 minutes. In paffing out of Glafs
into Air, where the refration 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 {o in
paffing out of cryftal, or more ftrongly refralting me-
diums into Air, thereis fill a lefs obliquity xequifite
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 firongly
reflexive,

o

But
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. But the truth of this Propofition will furthér appear

by obferving , that in the fuperficies interceding two
tranfparent mediums, {uch asare (Air,Water,Oyl, Com-
mon-Glats, Cryftal, Metalline-Glafles, Ifland-Glaffes,
white tranfparent Arfnick, Diamonds, ©c. ) the re-
flexion is ftronger or weaker accordingly, as the fuper-
ficies hath a greater or lefs refraéting power. For in
the confine of Air and Sal-gemm ’tis {tronger than in
the confine of Air and Water, and ftill {tronger in the
confine of Air and Common-Glafsor Cryftal.and ftronger
in the confine of Air and a Diamond. Ifany of thefe,and
fuch like tranfparent Solids, be immerged in Wiater, its
reflexion becomes much weaker than before, and ftill
weaker if they be immerged in the more ftrongly res
fratting Liquors of well-rectified oyl of Vitriol er fpirit
of Turpentine. If Water be diftinguithed into two parts,
by any imaginary furface, the reflexion in the confine
of thofe two parts is none at all. In the confine of Wa-

ter and Ice tis very little, inthat of Water and Oyl *tis

famething greater, in that of Water and Sal-gemm fill

greater, and in that of Water and Glafs; or Cryfial; or
other denfer fubftances full greater, accordingly as thefe

mediums differ more or lefs in their refraéting powers.

Hence in the confine of Common-Glafs and Cryftal,

there ought to be a weak reflexion, and z ftromger:rex
flexion in the confine of Common and Metalline-Glafs,
though I have not yet tried.this. : But, in the confine of

two Glafles of equal denfity, there is not any fenfible re- -

flexiom, as was {hewn in the firft Obfervation. ~ And

the fame may be waderftood of the fuperficies interees

ding two Cryftals, or twe Liguors, or any ether-Subs

frances in which no refrattion 1s caufed. - So.then:the

o Hh 2 ; reafon
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reafon why uniform pellucid mediums, (fuch as Water,
Glafs, or Cryftal) have no fenfible reflexion but i
their external fuperficies, where they are adjacent to
other mediums of a ditferent denfity, 1s becaufe aff
their contiguous parts have one and the fame degree
of denfity.

PROP IL

- The leaft parts of almoft all natural Bodies are in fume
meafure tranfparent : And the opacity of thofe Bodies
arifeth from the multitude of veflexions coufed in their in.
ternal Ports.

That this is fo has been obferved by others, and
will eafily be granted by them that have been conver-
fant with Mifcrofcopes.  And it may be alfo tryed by
applying any fubftance to a Hole through which fome
Light is immitted into a dark room. For how opake
{oever that fubftance may feem in the open Atr, 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 fuperficies , unlefs by folution in
menftruums they be reduced into very {mall particles,
and then they become tranfparent.

PROP 1IL

- Between the parts of opake and coloured Bodies are
many [paces, either empty or replenifbed,, with mediums
of other denfities 5 as Water between the tinging corpufcles
wherewith any Liquor 4s impregnated, Aw between the
e aqueots



[53]

aqueots globules that conflitute Clmds or Mifts 5 and for
the moft part [paces void of borh Air and Water, but “yes
perbaps not wholly void of all Jubfiance, between the parts
of hard Bodzes. 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 Propofition, would not happen if
the parts of thofe Bodies were continued without any
fuch interftices between them, becaufe reflexions are
caufed only in {fuperficies, which intercede mediums of.
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--
ped in Water or Oyl, the Oculus mundi Stone fteep’d in.
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 fufficiently.
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.
impertectly , 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 1t condt}ces fomething, that by
the 23th Obfervation the reflexions of very thin trapf.
sarent fubftances are confiderably ftronger than thefe
made by the fame {ubftances of a greater thicknefs.

PROP. IV.

The parts of Bodies and their Interflices muft nor 4o
lefs than of [ome definite bigne[sy to render them opake and
coloured. o

For the opakeft Bodies, if their parts be fubtily
divided, (as Metals by being diffolved in acid men.
ftruums, Ye.) become perfetly tranfparent.  And you
may alfo remember, that in the eighth Obfervation
there was no fenfible reflexion at the f{uperficies of
. the Objet-Glafles where they were very near one
another, though they did not abfolutely touch. And
in the 17th Obfervation the reflexion of theWater-bubble
where 1t became thinneft was almoft infenfible, {6 as
to caufe very black Spots to appear on the top of the
Bubble by the want of refletted Light. .

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

PROP.
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PROP V.

The tranfparent parts of Bodies according to their [e-
veral fizes muft veflel rays of ome Colour, and tranfmi
thofe of anotber, 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 if a thin’d or plated Body, which being of an
even thicknefs, appears all over of one uniform Co-
~ lour, fhould be {lit into threds, or broken into frag-
ments, of the {fame thicknefs with the plate ; 1 fee no
reafon why every thred or fragment fhould not keep its
Colour, and by confequence why a heap of thofe threds.
or fragments thould 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
their properties.  The finely coloured Feathers of fome:
Birds, and particularly thofe of Peacocks Tails, do.in:
the very {ame part of the Feather appear of feveral Co-
- lours in feveral pofitions of the Eye, after the very fame
- manner that thin Plates were found to-do in the 7th:
. and 19th Obfervations, and therefore arife from the
~ thinnefs of the tranfparent parts of the Feathers ; that
 is, from the flendernefs of the very fine Hairs, or Capilla-.
mente, which grow out of the fides of the grofler late-
~ xal branches or. fibres of thefe: Feathers. And to-the

" fame purpofe itis, that the Webs of fome ngd‘eg by
R eing,
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ino {pun very fine have appeared coloured, as fome
E:ifigob%erved, };nd that the coloured fibres of fome filks
by varying the pofition of the Eye do vary their Co.
lour. ~Alfo the Colours of filks, cloths, and other fub.
frances, which Water or Oyl can intimately penetrate,
become more faint and obfcure by being immerged in
thofe liquors, and recover their vigor again by bein
dried, much after the manner declared of thin Bodies
in the roth and 3rth Obfervations. Leaf-gold; fome
forts of painted Glafs, the infufion of Lignum Nephr.
ticum, and fome other fubftances reflect one Colour,
and tran{mit another, like thin Bodies in the gth and
aoth Obfervations. And fome of thofe coloured pow.
ders which Painters ufe, may have their Colours a little
changed, by being very elaborately and finely ground.
Where 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 is 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 produttions 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 att upon or unite with the
tinging corpufcles of another, {o as to make them fwell,
or thrink (whereby not only their bulk but their den-
fity alfo may be changed) or to divide them into

{maller corpufcles, (whereby a coloured liquor may be-
‘ | come
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come tranf{parent) or to make many of them affociate
into one clufter, whereby two tranfparent liquors may
compofe a coloured one. For we fee how apt thofe
{sline menftruums are to penetrate and diffolve fub-
frances to which they are applied, and fome of them
to precipitate what others diffolve.  In like manner, if
we confider the various Phenomena of the 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 refleét fome Colours and tran{mit
others, may conftitute Clouds of various Colours accor-
ding to their fizes. And I fee not what can be ratio-
nally conceived in fo tranfparent a fubftance as Water for
the produétion of thefe Colours, befides the various
fizes of its fluid and globuler parcels. |

| PROP VI
The parts of Bodies on which their Colours depeml,

ave denfer than the medium 5 which pervades thew in
terfiices,

' j’I;‘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 refletted Colour where the

thin body or {mall particle is rarer than the ambient
Ii medium,
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medium, infomuch that fuch a fmall particle will at ;.
verdly oblique incidences reflett all forts of Colougs, j,
{o.great a, variety that the Colour refklting from tlziem
all; confufedly reflected from a heap of {uch panticles
muft rather be a white or grey than any other Colgy,
or at beft it muft be buta very imperfett and dirty Co.
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 to-appear
very.intenily of their. Colour. R

- Tt conduces alfo fomething to the confirmation of this -
Propofition, that, according: to-the z-zth;Obfewation)
the Colours exhibited. by.the denfer thin body within
therarer, are more brifque than thofe exhibited. by the
rarer within the denfer. R

PROP VIL

T he bugnefs of the component parts of natural Bodies
may. be-confelhured by their. Colours.

For.fince the parts of thefe Bodies by Prop. 5. do
moft probably exhibit the fame Colours witha Plate of
equal thicknefs, provided they have the.fame refractive
denfity ; and fince their purts {eem 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 recourfe
to the precedent Tables, in which the thicknefs of Wa-
tex.or Glafs exhibiting any Colous is.exprefled. Thiu‘sf »

if
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f"? it be defired to know the Diameter ofa corpufcle
“which being of equal denfity with Glafs fhall tefledt
green of the third order; the number 16! thews it to
“be 18 parts of an Inch. !

. The greateft difficulty is here to know of what order
He Colour of any Body is. And for ‘this end we muft
‘have recourfe to the 4th and 13th Obfervations, from
- whence may be colleted thefe particulars. )
- Scarlets, and other reds, oranges and yellowws, if they
be pure and intenfe are moft probably of the fecond or-
~der. Thofe of the firft and third order alfo ‘may be
~ pretty good, only the yellow of the firft order is faint,
and the orange and red of the third order have a great
“mixture of violetand blue. e
There tmay 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 effeted
by the exhaling of the moifture which may leave the
tinging corpulcles more denfe, and fomething augmen-
ted by the accretion of the oyly and earthy part of
* that moifture. Now the green without doubt is of the
" fame order with thofe Colours into which it changeth,
becaufe the changes are gradual, and thofe Colours,
though ufually not very full, yet are often too full and
lively to be of the fourth order. e

s Bl
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Bluesand purples may be cither of the fecond or thipg
order, but the beft are of the third.  Thus the Colgy,
of violets feems to be of that order, becaute their Syrup
by acid Liquors turns red, and by urinous and alcalj.
zale turns green.  For fince it 1s of the nature of Acidg
to diffolve or attenuate, and of Alcalics to precipitate
or incraffate, 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 firf
order, and an Alcaly by incraffuting them would change
it to a green of the fecond order 5 which red and green,
cfpectally the green, {eem too mpurfet to be the Co.
lours produced by thefe changes. But if the faid purple
be fuppofed of the thivd order, its change to red of the
tecond, and green of the third, may without any in-
convenience be allowed,

It there be found any Body of a deeper and lefs red-
difh purple than that of the violets, its Colour moft
probably s of the fecond order.  But yet their being
no Body commonly known whofe Colour is conftantly
more deep than theirs, 1 have made ufe of their name to
denate the deepeft and leaft reddifh purplesy fuch as
maniteltly tranteend their Colour i purity.

The dlue of the firtt order, though very faint and
tittle, may poflibly be the Colour of fome fubftances ;
and particularly the azure Colour of the Skys feems to
be ot this order.  Forall vapours when they begin to
condenfe and coalefee into tmall parcels, become firft of
that bignets whereby fuch an Azure mult be refleéted
before they can conftitute Clouds of other Colours. And
(o this being the firt Colour which vapors begin to
reflect, 1t ought to be the Colour of the fineft and l'noi(}

tran{-
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tranfparent Skys in which vapors are hiot arrived to that
grofnefs requifite to refleét other Colours, as we find it
1s by experience.

W bitenefs, if moft intenfe and luminous, is that of the
firft order, if lefs ftrong and luminous a mixture of the
Colours of feveral orders. Of this laft kind is the
‘whitenefs of Froth, Paper, Linnen, and moft white {ub-
- ftances ; of the former I reckon that of white metals to
‘be. For whilft the denfeft of metals, Gold, if foliated
is 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-
fity to make them opake. And this caufe I take to be
fuch a bignefs of their particles as fits them to. refle&t
the white of the firft order. For if they be of other
thicknefles they may reflect other Colours, as is mani-
feft by the Colours which appear upon hot Steel in tem-
pering it, and fometimes upon the furface of melted
metals in the Skin or Scoria which arifes upon them in
their cooling. And as the white of the hrft order is
- the firongeft which can be made by Plates of tran{parent
~ {ubftances, fo it ought to be fironger in the denfer {ub-
ftances of metals than in the rarer of Air, Water and
Glafs. Nordo Ifee but that metallic fubftances of fuch
athicknefs as may fit them to refleét 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-
flet all the Light incident upon them, and fo. be as
opake and fplendent as its poffible for any Body to.be.
Gold, orCopper mixed with lefs than half their. weight

of



of Silver, or Tin, -or Regulus of Antimony, in fufien
or amalgamed with a very little Mercury becomewhite:
which fhews both that the particles of white metals
have much mere fuperficies, and {o are {maller, than
thofe of Gold and Copper, and alfo that they are {5
opake as not to {uffer the particles of Gold or lCopper to
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'thanis requifite to make
them refleét the white of the firft order. The volatis
lity of Mercury argues that they are not much bigger,
nor may they be much lefs, leaft they lofe their opacity,
and become either tranfparent as they do when attenua-
ted by witrification, or by folution in menftruums, or
black as they do when ground {maller, by rubbing Sil.
ver,or Tin,or Lead, uponother fubftances to draw black -
Lines. The firft and only Colour which white metals
take by grinding their particles fmaller is black, and -
therefore their white ought to be that which borders
upon the black Spot in the center of the Rings of Cot
lours, that is, the white of the firft order. But if you
would ‘hence gather' the bignefs ‘of ‘metallic’ particles,
you muft allow for their denfity. = For were Mercury
tranfparent, its denfity is fuch that the Sine of incic
dence upon it (by my computation) would be to the
fine of its refradtion, as 71" to 20, or 7 to 2. ‘And
therefore the thicknefs of its particles, that they may
exhibit the fame Colours with thofe of Bubbles of Wa-
ter, ought to be lefs than the thicknefs of the Skin of
thofc Bubbles in the propoition of 2 to 7. Whence
its poffible that the particles of Mercury may be as little
as
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“as the particles of fome tranfparent and volatile Auids.
-and. yet refleét the white of’ thepﬁi%f’t order. olatile ,‘ﬁ;tuc’is,
o Laftly, for the produdion of luck, the corpufcles
muft be lefs than-any: of thofe;which exhibit Colours:
For atall greater fizes there is too- much Light refle.
&ed to.conftitute this Colour. " But if ‘they befuPpo;
Aed:-a, lit:tlé lefs than is requifite to refleét the white ‘and
~very faint blueof the firft order, theywill, according
to; the 4th, 8thy: 17th and: r8th Obfervations, reflet
thVEFYTh‘Et"le_ asito appear intenfly black, and yet: may-
perhaps varioully refrad it to and fro within- thems
{elves: fo: long,. until.it happen- to. be. ftifled and loft,.
 by: which:means: they will: appear: black in-allipofitions-
of the Hye without any tranfparency. And: from hence
may- be underftood why Fire, and.the more {ubtile
diflolver: Putrefaétion, by. dividing:the particles of fub-
frances; turn them: to ‘black, why fmall' quantities-of

black fubftances impast 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:
~ sreatinumber, eafily: overfpreading: the: grofs particles.
~of others ; ' why Glafs ground ‘very elaborately - with
Sand on a copper. Plate, ’till it be well poliflied, makes*
the Sand, together with what is.worn off from the Glafs
- and Copper, become very black :. why black fubftances
~ dofooneftof all others become hot in the Sun’s Light
and; burn, (which etfeét may: proceed partly from.the
 multitude of refradtions in a- little room, and partly
froms the eafy commotion of fo very fimall corpuicles;):
~and why blacks are ufually a little inclined to a bluifh:
- Colour. For that they are fo may be feen by illumina--
_ ting white Paper by Light reflected from ~blac£I§f fub- -
Lo o . o ances.
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frances. For the Paper will ufually appear of a blujfy
white ; and the reafon 1s, that blu‘ck. borc!ers on the
obfcure blue of the firft order deferibed in the 18ty
Obfervation, and therefore refletts more rays of that

Colour than of any other. |
In thefe Deferiptions T have been the more particy.
lar, becaufc it is not impoflible but th:a? Mlﬁ:roﬁ.‘opes
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 arvived to thatde.
gree of perfettion. For .1f th'ohi: {n&rm.nt.:nts are or can
be fo far improved as with {ufhcient cl‘ufhxlé’tx}c.[é to re-
prefent Objetts hve or fix hundred tunes blggc;r than
at a Foot diftance they appear to our naked Eyes, I
thould hope that we might be able to difcover fome of
the greateft of thofe corpufeles. 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 {ve nothing material in this
Difcourfe that may rationally be doubted of excepting
this Pofition, That tranfparent corpufcles of the fame
thicknefs and denfiry with a Plate, do exhibit the fame
Colour. And this I would have underftood not with-'
out fome latitude, as well becaufe thofe corpufcles may
be of irregular Figures, and many rays muft be oblique-
ly incident on them, and fo havea fhorter way through
them than the length of their Diameters, as becaufe the
ftraitnefs of the medium pent in on all fides within fuch
corpufcles may a little alter its motions or other qua-
lities on which the reflexion depends.  Bur yet I ean-
not much fufpeét the laft, becaufe 1 have obferved of
formne {mall 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 Colc%ur at their edges am}:{ cor-~
ners where the included 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 improvement of
this fenfe. Forit{eems impoffible to fee the more fe-
cret and noble works of nature within the corpufcles
by reafon of their tranfparency.

PROP VIIL

T he caufe of Reflexion s not the smpinging of Light on
the ffll{d or impervious parts of Bodies, as s commonly be-
lieved. |
_ This will appear by the following Confiderations.
Firft, That in the paflfage of Light out of Glafs into
Air there is a reflexion as ftrong as in its paffage out of
Airinto Glafs, or rather a little fironger, and by many
degrees fironger than in its paffage out of Glafs into
Water. And it {feems not probable that Air fhould have
more refleting parts than Water or Glafs. But if that
thould poffibly be fuppofed, yet it will avail nothing ;
for the reflexton is as ftrong or fronger when the Air is
- drawn away from the Glafs, (fuppofe in the Air-pump
invented by Mr. Boyle ) as when it is adjacent to it.
~ Secondly, IfLight in its paflage out of Glafs into Air
be incident more obliquely than atan Angle of 40 or
41 degrees it is wholly reflected, if lefs obliquely it is
in great meafure tranfmitted. Now it is not to beima-
- gined that Light at'one degxﬁekof obliquity fhonld m_eettl:
B - ey wit
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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 refle&t it wholly, efpe-
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 tran{mit the greateft part
of it. Ifany Man fuppole that it is not refleted by the
Air; but by the outmoft fuperficial parts of the Glafs,
there is ftill the fame difficulty : Befides, that fuch a
Suppofition is unintelligible, and will alfo appear to be
falle by applying Water behind fome part of the Glafs
inftead of Air. For foina convenient obliquity of the
rays fuppofe of 45 or 4.6 degrees, at which they are all
refleéted where the Air is adjacent to the Glafs, they
fhall be in great meafure tran{fmitted 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 ftriking
off the raysupon the parts of the Glafs. Thirdly, If
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 Prifim 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 refleted by it, and yet thofe of a red Colour
pretty copioufly tranfmitted. ~Now if the reflexion be:
caufed by the parts of Air or Glafs, I would ask, why"
at the fame obliquity of incidence the blue fhould whol--
ly impinge on thofe parts fo as to be all réfle¢ted, and-
yet the red find pores enough to be in great meafure
tranfmitted. Fourthly, where two Glafles touch one

another,
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another, thcrc_is no fenfible reflexion as was declared
in the firft Oblervation ; and yet I fee no reafon why
the rays fhould not impinge on the parts of Glafs as
much “when contiguous to other Glafs as when con-
tiguous to 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 alittle and almoft infenfible quantity of Light
cefleGed from it, that itappeared intently black ; where-
as 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 is no
manifeft reflexion, but at many other thicknefles con-
ﬁnual’ly greater and greater. Forin the 15th Obfer-
vation the rays of the fame Colour were by turns tranf-
mitted at on¢ 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, thereare us miny parts for the
mys to impinge on, as whore it is of any other thick-
pefs. Sixthly, 1f reflexion were caufed by the parts of
refle€ting Bodies, it would be impoffible for thin Plates
or Bubbles at the fame place to reflect the rays of one
Colour and tranfinit thofe of unother, as they do accor-
ding to the 13th and 1gth Obitrvations.  For it is
not to be imagined that at one place the rays which
for infrance exhibit a blue Colour, thould have the for-
tune to dafh upon the parts, and thofe which exhibit
a red to hit upon the pores of the Body 5 und then at
another place, where the Body is cither a little thicker,
ora little thinner, that on the contrary the blue thould

Kk 2 hit
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hit upon its pores, and the red upon its parts, Laftly,
were the rays of Light refleted by impinging on the
folid 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 fubftances can by grating and
fretting the Glafs bring all its leaft particles to an ac-
curate polifh ; fo that all their furfaces fhall be truly
plain or truly fpherical, and look all the fame way, fo
as together to compofe one even furface. The {maller
the particles of thofe fubftances are, the fmaller will
be the {cratches by which they eontinually fret and wear
away the Glafs until it be polifhed, but be they never
fo {mall they can wear away the Glafs no otherwife
than by grating and fcratching it, and breaking the
proturberances , and therefore polifh it no otherwife
than by bringing its roughnefsto a very fine Grain, fo
that the fcratches and frettings of the furface become
too fmall to bevifible. And therefore if Light were
refle¢ted by impinging upon the folid parts of the Glafs,
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@t Light foregularly as it does. And this Problem
is fcarce otherwife to be folved than by faying, that
the reflexion of a ray is effeted, not by a fingle-point of
the reflefting Body, but by fome power of the Bedy
which is evenly diffufed all over its furface, and by
which it aés upon the ray without immediate contalt.
For that the parts of Bodies do a¢t upon Light at a- di-
tance fhall be thewn hereafter. o

Now
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Now if Light be refleéted not by impinging on the
folid parts of Bodies, but Ly fome o};hcr }prigci}%l: E; 11&
prqbable that as many of its rays as impinge on the
folid parts of Bodies are not refletted but frifled and
loft in the Bqdles. For otherwife we muft allow two
forts of reflexions. Should all the rays be reflected which
impinge on the internal parts of clear Water or Cryftal,
thofe fubftances would rather have a cloudy Colour
than a clear tranfparency. To make Bodies look black,
its neceflary that many rays be ftopt, retained and loft
in them, and it feems not probable that any rays can
be ftopt and ftifled in them which do not impinge on
their parts.

And hence we may underftand that 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: prefling the Sphere with great force, let the
‘Water {queeze 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 thanparts. And:he that (hall find out
~anHypothefis, by which Water may be fo rare,.and yet.
~ not be capable of compreffion by force,. may doubtlels

by the fame Hypothefis make Gold and Water, ‘andlau
5 - ' ather
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other Bodies as much rarer as he pleafes, fo that Light
may find a ready paflage through tranfparent fub-
frances. | '

PROP. IX
Bodies refled and refrall Light by one and the [ume

power varioufly exercifed m various circ,_umﬁmces:.

This appears by feveral Confiderations. Firft, Be-
caufe when Light goes out of Glafs into Air, as ob-
liquely as it can poffibly do, if its incidence be made
ftill more oblique, it becomes totally refletted. For
the power of the Glafs after it has refracted the Light
as obliquely as is poffible’ if the incidence be ftill made
more oblique, becomes too ftrong to let uny of its rays
go through, and by confequence caufes total reflexions.
Secondly , Becaufe Light is alternately refleted and
tranfimitted 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 alts upon Light fhall caufe it to be refletted, or
tuffer it to be tranfmitted. And, Thirdly, becaufe thofe
furfaces of tranfparent Bodies which have the greateft
refralting power, reflet the greateft quantity of Light,
as was {hewed in the firft Propofition.

PROP X
If Light be [awifter in Bodies than in Facus in the

prajl)gﬁian of the Sines which meafure the refradtion "af the
Badies, the forces of the Bodies 1o reflect and refract Light,

are
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are very nearly proporvional to the denfities of the [wme
Bodies, excepting that wnduous and fulpbureows Bodies re-
frad move thanothers of this [ume denfiry.

Let A B reprefent the refracting plane furface of any
Body, ‘and I Ca ray incident very obliquely upon the

i
i
i
i
i

Body in C, fo that the Angle ACT may be infinitely
little, and let CR be the refralted ray. Froma given
point B perpendicular to the refralting furface eret

B R ‘meeting with the refra¢ted 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 refratting plane, and
BR perpendicular to it : CB fhall reprefent the motion
of the incident ray, and BR the motion generated by
the refrattion, 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 fpace,
between the planes be at equal diftances from the planes.
equal to one another, butat feveral diftances be bigger
or lefs in-any given proportion, the motion generated:

o

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 attivity of the refratting
fuperficies of the Body be confidered as fuch a fpace,
the motion of the ray generated by the refratting force
of the Body, during its paflage through that fpace
that is the motion BR muft be in a fubduplicate

roportion of that refracting force : I fay therefore that
ghe fquare of the Line BR, and by confequence the
refratting force of the Body is very nearly as the den-
fity of the fame Body. For this will appear by the fol.
lowingTable, wherein the proportion of the Sines which
meafurc the refraxions of feveral Bodies, the fquare
of BR fuppofing CB an unite, the denfities of the
Bodies eftimated by their Apecifick gravities, and their
vefraltive power in refpeét of their denfities are fet

-

down in feveral Columns. - .

~The



[73]

The Proportion|The Square of (The denfity\The refra-
‘ of the Sines of | BR, towhich| and [peci-| itivepowen
The refralting Bodies. | zucidence and| the refraiting fic gravity| of the Body
refraction of| forceof theBo. of the Bo-|in refpelf,
yellow Lighs. | dy is propor-tdy. | of its den
tionate. fity.
ﬁfeudo-Toplazith, bg-
ing a patural,peliucid, 3 )
b[‘%:tle, hairy ’Sr::one, of 23t 14/1699 427 3979
a yellow Colour
Air . 3851 t0 3850| 0’00052 0’00124 4160
Glafs of Antimony 17t0  9|2’568" 5728 4864
A Selenitis 61to  41|1’213 2’252 5386
Glafs vulgar 31t0 20| 1’4023 2’58 5436
Cryftal of the Rock 25t0 16| 17445 2’63 5450
Iand Cryftal jto 31778 2'72 6536
Sal Gemmz ¥7to 11l1’388 2’143 6477
Alume 35t0  24(1'1267 1’714 6570
Borax 22t0  1§|1r'1§1X 1’714 6716
Niter | 3210 211°345 9 7079
Dantzick Vitriol 303 t0 200|1’293 1’715 7551
Oyl of Vitriol 10t0 71’041 7 | 6124
Rain Water: 529 to 396|077845 |1, 7845
Gumm Arabic | 31to 21|r’179 . 1375 8574
SPEéEomeewel} refti- 100to  73|0’8763 0’866 | 10121
Camphire 3to 21’25 0’996 12§51
Oyl Olive ~22t0  I§[I’I§IX 0’913 12007
Lintfeed Oyl | 4oto 27{r’1948 10’932 12819
Spirit of Turpentine L 25to0 17[1'1626 0’874 13222
Ambar . .} 14t0 9|42 - |To4’ 13654
ADiamond § 100t0 " 41147949 34 14556

The refra&ion of vthe Air in ,t‘h'isv Table 1s determined.
by that of the Atmofphere obferved by Aftronomers.-
- Forif Light pafs through many refrating {ubftances or- -

L1

- mediums gradually denfer and denfer, and terminated

with
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with parallel furfaces, the fumm of all the refrafiong
will be equal to the fingle refrattion which it would
have fuffered in pafhng immediately out of the firfy
medium into thelaft. And this holds true, thougl the
number of the refralting {ubftances be increafed to infi-
nity, and the diftances from onc ancther as much de-
creafed, fo that the Light may be refracted in every
point of its paflage, and by continual refraétions bept
into a-curve Line.  And therefore the whole refra@ion
of Light in paffing through the Atmofphere from the
higheft and rateft part thereof down to the loweft and
denfeft part, muft be equal to the refration which it
would {fuffer in paffing at like obliquity out ofa Va-
cuum immediately into Air of equal denfity with that
in the loweft part of the Atmofphere.

Now, by this Table, the refrations of a Pfeudo-To-
paz, aSelenitis, Rock Cryftal, Ifland Cryftal, Vulgar
Glafs ( that is, Sand melted together ) and Glafs of
- Antimony, which are terreftrial ftony alcalizate con-
cretes,and Air which probably arifes from fuch fubftances
by fermentation,though thefe be fubftances very differing
from one 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 ftrange fubftance Ifland-Cryftal is a little bigger
than the reft. And particularly Air, which is 3400 tunes
rarer than the Pfeudo-Topaz, and 4200 times rarer than
Glafs of Antimony, has notwithftanding its rarity the
fame refraltive power in refpe¢t 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 refraction of Camphire, Oyl-Olive, Lint.
{eed Oyl, Spirit of I urpentine and Amber, which are
fat fulphurcous unttuous Bodies, and a Diamond, which

robably is an unétuous fubltance congulated, have their

refraftive powers 1n proportion to one another as their
denfities without any confiderable variation. But the
refractive power of thefe unétuous fubftances is two
or three times greater i refpedt of their denfities than
the refractive powers of the tormer fubftances in refpect
of theirs.

Water hasa refractive power in a middle degree be-
tween thole two forts of {ubflances, and probably is of
a middle nature.  For out of it grow all vegetable and
animal fubftances, which confift as well of fulphureous
fat and influnable parts, as of carthy lean and alcalie
zate ones.

Salts and Vitriols have refraltive powers in a middle
degree between thofe of carthy fubftances and Water,
em(% accordingly are compofed of thoft twolorts of fubs.
fances.  For by diftillatton und re¢tification of their
Spirits a great part of them goes into Water, and a great
part remains behind in the torm of a dry fixt carth ca-
pable of vitrihcution. .

Spirit of Wine has a rofractive power in a middle
degree between thote of Water and oyly fubftances, und
accordingly {vems to he compofid of both, united by
fermentation ; the Water, by meuans of lome fuline Spt-
rits with which “tis imprepnated, didolving the Oyl
and volatizing it by the action,  For Spirit of Wine s
inflamable by means of its oyly parts, and buing diftil-
led often from Salt of Lartur, grows by every diftillas
tion more and more agueous and Hegmatick,  And

bl oz Chymlts



[76]

Chymifts obferve, that Vegitables (as Tavender, Rue
Marjoram, ©e.) dittilled par e, belore fermentation
yicld Oyls without any burning Spirits, but after fer-
mentation yield ardent Spirits without Oyls : Which
{hews, that their Oyl s by fermentiation converted into
Spirit. They find alfo, that it Oyls be poured in {mall
quantity upon fermentating V coctables, they diftil over
after fermentation in the form of Spirits. ;
So then, by the foregoing Table, all Bodies (eem to
have their refractive powers proportional  to  their
denfitics, (or very nearly ;) excepting {o far as they
partake more or lefs of {ulphurous oyly particles, and
thereby have their refraétive power made greater or
lefs. Whenee it feems rational to attribute the refras
&ive power of all Bodics chiclly, if not wholly, to the
fulphurous parts with which “they abound. For it's
probable that all Bodies abound more or lefs with Sul-
phurs.  And as Light congregated by a Burning-glafs
aéts moft upon fulphurous Bodics, to turn them ine
to fire and flame ; fo, fince all aétion is mutual, Sul-
phurs ought to act moft upon Light. For that the
action between Light and Bodies is mutual, may appeas
from this Confideration, That the denfeft Bodies which
refract and refleét Light moft ftrongly grow hotteft in
the Summer-Sun, by the aétion of the refracted or re-
flected Light. :
I have hitherto explained the power of Bodies to re-
Heét and refraét, and fhewed, that thin tranfparent
plates, fibresand purticles do, according to their {everal
thicknefles and denfitics, refle¢t feveral forts of raysy
and thereby appear of feveral Colours, and by conle-
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 tranfparent particles. But whence it
is that thefe plates, fibres and particles do, according
to their feveral thicknefles and denfities, reflett feveral
{orts of rays, I have not yet explained. To give fome
infight into this matter, and make way for underftan-
ding the next Part of this Book, I fhall conclude this
Part with a few more Propofitions. Thofe which pre-
ceded refpeét the nature of Bodies, thefe the nature of
Light : For both muft be underfrood before the reafon
of their aétions upon one another can be known. And
becaufe the laft Propofition depended upon the velo-
city of Light, I will begin with a Propofition of that.

kind.
PROP XL

- Light ds propagated from luminous Bodies in time, and
[pends about feven or eight minutes of an bowr n 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 Sfupiter.

or thefe Eclipfes, when the Earth is between the Sun.
and Fupiter, 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 theSatellites 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 arife from the:
excentricities of the Orbs of the Satellites ; but thofe

to.
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to the pofition and diftance of the Eu}*th from 't:he Sun.
The mean motions of “Fupiter’s Satellites is allo fwifter
in his defcent from his Aphelium to his Perthelium
than in his afcent in the other half of his Orl} : BuP this
inequality has no refpeét to the pofition of the Earth
and in the three interior Satellites is infenfible, as Ifing
by computation from the Theory of thcu' gravity.

PROP XIL

FEoery vay of Laght i its paflage through any refra-
Sing furface a5 pur mto o certain tranfient conflitution
or flate, <wbich in the progrefs of the ray rveturns at
equal wntervals, and difpofes the ray ab every return
to be cafily tranfmisted through the next refrad g ({m%
Juce, and betaveen the vevurns vo be eafily 7"eﬂe¢ie by
it ‘

This is manifeft by the gthy gth, 1ath and r4th Ob.
{ervations. For by thofe Obfervations it appears, that
onc and the fame fort of rays at cqual Angles of inci-
dence on any thin tranfparent plate, is alternately refle-
tted and tranfmitted for many fucceffions accordingly,
as the thicknefs of the plate increafes in arithmetical
progreflion of the numbers,o, 1,2, 3, 4, 5, 6, 7, 8, e
to that if the firft reflexion (that which makes the firft
or innermoft of the Rings of Colours there deferibed )
be madeatthe thicknefs 1,the rays flall be tranfmitted at
the thicknefles o, 2, 4, 6, &, 10, 12, e, und thereby
make the central Spot and Rings of Light, which ap-
pear by trantmiffion, and be reflec¢ted at the thicknefs
Uy 35 55 7y 9y° 1 1,0e. and thereby make the Rings which

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

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

- Tt is alfo influenced by fome ation or difpofition,
~ propagated from the firft to the fecond, becaufe other-
wife at the fecond it would not depend on the firft. And
 this a&ion or difpofition, in its propagation, intermits
and returns by equal intervals, becaufe inall 1ts pro-
grefs it inclines the ray at one diftance from the firft
furface to be refle&ed by the fecond, at another to ‘be
tranfmitted by it, and that by equal intervals for innu-
" merable vicifitudes. And becaufe the ray’is difpofed
to reflexion at.the diftances 1, 3,5, 7, 9, J¢. and to
~ tranfmiffion at the diftances o, 2, 4, 6, 8, 10, ¢, (for
 its tranfmiffion through the firft furface, 1s at th{gadé;
Sy - _ n
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flance o, and it is tranfmitted through both toge-
ther, if their diftance be infinitely little or much lefs
than 1) the difpofition to be tran{mitted at the diftances
2, 4, 6,8, 1 o,}&)ic-. is to be accounted a return of the
fame difpofition which the ray firft had at the diftanceo,
that is at its tran{miflion through the firft refradting fur-
face.  All which is the thing I would prove.

What kind of adtion 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 thatare 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 percuffion excite vibra-
tions in the Air; {o the rays of Light, by impinging on
any refralting or refleéting furface, excite vibrations in .
the refrating or refleCting medium or {fubftance, and
by exciting them agitate the folid parts of the refralting
or refle¢ting Body, and by agitating them caufe the Body
to grow warm or hot ; that the vibrations thus excited
are propagated in the refralting or reflefting medinns
or fubftance, much after the manner that vibrations are
propagated in the Air for caufing found, and move
fafter than the rays {fo as to overtake them ; and that
when anyray isin that part of the vibration which cons
{pires with its motion, it eafily breaks through a re
fratting furface, but when it is in the contrary part of
the vibration which impedes its motion, it is eafily
reflec¢ted ; and, by confequence, that every ray is fuc~
ceflively difpofed to be eafily refletted, or “eafily trani~

mitted, by every vibration which overtakes it. But
SRR whether
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whether this Hypothefis 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 refletted or refraéted for many vi-
ciffitudes. - |

DEFINITION.

T be revurns of the difpofivion of any ray to be refleed
I will call sts Fits of ealy reflexion, and thofe o
ats difpofition to be tranfmitted its Fits of eafy tran{-
miffion, and the [pace it pafles between every ve-
turn and the mext vetwrn, the Interval of its

~ Fits.
P ROP XIIL

T he reafon why the [wrfaces of all thick tranfparent
Bodies refledt part of the Light wcident on them, and
refract the reft, 1, that{ome rays at thew wmcidence are
“in Fits of ealy reflexion, and others in Fits of eafy tranf-
This may be gathered from the 24th Obfervation,
where the Light refleéted by thin plates of Air and Glafs,
which to the naked Eyeappeared evenly white all over
the plate, did through a Pri{m appear waved with many
{ucceffions of Light and Darknefs made by alternate fits
of eafy reflexion and eafy tran{miffion, the Prifm
fevering and diftinguifhing the waves of which the
white refle¢ted Light was compofed, as was explained

above..

Mm o And
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And henee Light is in fits of cafy reflexion and eafy
rranf{miffion, before its incidence on traniparent Bodies.
And probably itis put into fuch fits at 1ts hrft emiffion
from luminous Bodics, and continucs 1 them during
all its progre(s.  For thefe fits are of u lalting Nature,
as will uppear by the next part of this Book.

In this Propofition I fuppofe the trantparent Bodies
to be thick, becaufe if the thicknets of the Body be
much lefs than the interval of the hts of caly reflexion
and tranimiffion of the rays, the Body lofethits refleéting
power.  For if the rays, which at thelr entering into
the Body are put into fits of cafy tranimitlon, arrive at
the furtheft furface of the Body before they be out of
thofc fits they muft be tranfmitted.  And this is the
reafon why Bubbles of Water lofe their refleéling power
when they grow very thin, and why all opuake Bo-
dics when reduced into very fmall parts become tranf-
parent.

PROP XIV.

T hofe [urfaces of tranfparent Bodies, which if the ray
be i a fit of refradtion do refradt it moft firomgly, of the
ray be in a fit of reflexion do reflelt it moft eafily.

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 pc)wervl‘)]y
which thofe folid parts atton Lightat a diftance. We
fhewed alfo in Prop. 9. that Bodies retleét and refrad
Light by one and the fame power varioully exercifed in
various circumftances, and in Prop. 1. that the moft
ftrongly refracting furfaces reflett the mott Light :l A}l

which



which compared together evinge and ratify both this
and the laft Propofition. k

PROP XV

In wny ane and the [ame [ort of vays emerging in an
Angle out ()/ aity refracling Jurface tilo one and tﬁe | famz
medinm, e ':I;}l‘l-e??"ytbl af the follvwing fits of eafy refleion
-~ and wranfmiffion are eiber accuwraely or very nearly, s
the Redlangle of the fecant of the dnglo of vefradiom y)a;nalv

of the Jecant of another clagle) whofe fine is the ﬁ;ﬂ of
job arithmeiical mean proporiionals , between the fines
of incidence and vefracion counsed [rom 1he fine of ve-
fradion. | |
" This is manifeft by the 7th Obfervation.

« PRODP XVL

I feveral foris of rays emerging in equad <dngles out
of amy w{/%mdi‘iﬁg fwrface guta the fwme mediym, the iter.
il of the follecving fikv of vafy veflesion and, eafy tranf-
miffion wrs either acenrarely, ur very acarly, w5 the Cubge
ragts. of the Squares of the leugthy of a Churd, which found,
the woies in an Hight, fol, I, fa, fol, In, mi, fa, fol, awirh
ol their intermedagte dagrees anfowering ta vhe Coloyrs of
thele rays, according i the «Analagy deferibed n the [fe-
wath ﬁgﬁfm‘imtmi ”,F the [econd Book. '
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 [evera)
mediums, the intervals of the fits of eafy veflexion and
tranfmiffion in any one meduum, 15 to thofe wntervals i
any other as the fine of incidence to the fine of refraction,
~ awben the rays pafs out of the firft of thofe two mediyms
wto the [econd. |
This is manifeft by the 10th Obfervation.

PROP XVIIL

If the rays which pawnt the Colour wm the confine of
yellow and orange pafs perpendicularly out of any medium
anto Airy the wmtervals of thewr futs of eafy veflexion are
the gth part of an Inch. _And of the [ame length are
the wntervals of theiwr fits of eafy tranfmaffion. |

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 refralted in any Angle into
any medium, and thence to know, whether the rays
{hall be refleted or tranfmitted at their fubfequent
incidence upon any other pellucid medium. Which
thing being ufeful for underftanding, the next part of
this Book was here to be fet down. And for the fame
reafon I add the two following Propofitions.

PROP.



[85]
PROP. XIX.

If any fm{”it. of rays _ﬁfaZZz?g on the polite :fm‘:fac‘e of any
jpellzwzd mediym be reflecled back, the fits of eafy re-
' ﬂg,?;im awhich they bave at the point of reflecion , [ball

ill continue to veturn, and the veturns fball be at di-
fances_from the point of reflesion in the arithmetical
progreﬂzaﬂ of the numbers 2, 4, 6, 8, 10, 12,&¢. and be-
tween thefe fits the rays fball be m firs of eafy trasf-
miffion.

g‘o’r fince the fits of eafy reflexion and eafy tranf-
miffion are of a returning nature, there is no reafor
why thefe fits, which. continued till the ray arrived at
the refleéting medium, and there inclined the ray to
reflexion, fhould there ceafe. And if the ray at the
point of reflexion was in a fit of eafy veflexion, 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 tranfmiffion rec-
koned from the {fame point, muft be in the progreflion
of the odd numbers 1, 3,5, 7, 9,¢. contrary to what
happens when: the fitsare propagated from points of
refraction. \ |

PROP XX
The intervals of the fits of eafy veflexion and cafy

tmzjmi lion, propagated from points of reflexion mio any
medium;, are equal to the intervals of the like fits awbich

the fume rays would have, if vefradled into the [ame
mediun
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medivm in Angles of refraclion equal to their Angles f
yeflexion.

For when Light is reflefted 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 ftrong than thofe
which appear on the other fide of the plates by the
tran{mitted Light. TherefleCted raysare therefore in
fits of eafly tran{miffion at tzheir egrefs ; which would
not always happen, if the intervals of the fits within
the plate after reflexion were not equal both in length
and number to theirintervalsbeforeit. And this confirms
alfo the proportions {et down in the former Propofition,
Forif the rays both in going in and out at the firft furface
be in fits of eafly tranfiniffion, 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 tranfmitted them, in
the progreflion of the even numbers o, 2,4, 6,8, ¥,
and from the fecond which refleGed them, in that of
the odd numbers 1,3, 5, 7, &c. But thefe two Pro-
pofitions will become much more evident by the Obfer-
vations in the following part of this Book.

THE



PART IV.

- Qbfervations concerning the Reflesions and Colours of

thick tranfparent polifbed Plates.

Here is no Glafs or Speculum how well foever
| polithed, but, befides the Light which it refraéts
or refletts regularly , fcatters every way irregularly a
faint Light, by means of which the polithed furface,
when illuminated in a dark Room by a beam of the
Sun’s Light, may be eafily feen in all pofitions of the
Eye. There are certain Phenomena of this fcattered
Light, which when I firft obferved them, feemed very
firange and furprifing to me. My Obfervations were

as follows.

OBS.
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OBS L

The Sun fhining into my darkened Chamber through

a Hole ! of an Inch wide, I let the intromitted beam
of Light fall perpendicularly upon a Glafs Speculum
ground concave on_one fide and convex on thp other,
toa Sphere of five Feet and eleven Inches Radius, and
quick-filvered over on the convex fide. And holding
"2 white opake Chart, or a Quire of Paper at the Center
of the Spheres to which the Speculum was ground, that
is, at the diftance of about five Feet and eleven Inches
from the Speculum, in fuch manner, that the bgam of
Light might pafs through a little Hole made in the
middle of the Chart to the Speculum, and thence be
refleted back to the fame Hole : T 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-Glafles,encompafied 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 ffth was fcarce vifible. Yet fometimes,
when the Sun fhone very clear, there appeared faint
Linecaments 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 diluté and
vanifhed. And if the diftance of the Speculum from
the Window was much greater than that of fix Feet,
the refleted beam of Light would be f{o broad at the
diftance of fix Feet from the Speculum where the Rings
appeared,
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ﬁppeared, as to obfeure one or two of the innermoft
Rings. ./}nglq therefore | uiqully plucgd the Speculum
ot about fix Fect 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 underftood in the following Oblervations where no

other is expreft.
OBSs IL

 The Colours of thefe Rain-bows fucceeded one ano-
ther from the center outwards, in the fame form and
order with thofe which were made in the ninth Obfer-
vation of the firft Part of this" Book by Light not re-
fleted, but tranfinitted through the two Object-Glaffes.
For, firft, there was in their common center a white
round Spot of faint Light, fomething broader than the
refleGted beam of Light ; which beam fometimes fell
wpon 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 encompaffed with

-
i

d dark grey or ruflet, and that darknefs with the Co-

- Jours of the firft Iris, which were on the infide next
thedarknefs a little violet and indico, and next to that
blue, which on the outfide grew pale, and then fuc-
“eeeded a little greenith yellow, and after that a brighter
yellow, and then on the outward edge of the [r1s a red
which on the outfide inclined to purple.
- This Tris was immediately encompafied with a fe-
cond, whofe Colours were n order from the infide
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 feemmed of a bluifh green
within, and red without, but fo faintly that it was dif-
ficult to difcern the Colours.

OBS. IIL

Meafuring the Diameters of thefe Rings upon the
Chart as accurately as I could, 1 found them allo in
the fame proportion to one another with the Rings
made by Light tranfmitted through the two Objett-
Glafles. For the Diameters of the four firft of the
bright Rings meafured between the brighteft parts of
their orbits, at the diftance of fix Feet from the Specu-
lum were 11, 2}, 21, 3} Inches, whofe {quaresare 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 it
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, ¥e. 1
meatured alfo the Diameters of the dark Circles be-
tween thefe luminous ones, and found their fquares
in the progreflion of the numbers 1, 1}, 2! 3%, Ye.
the Diameters of the firft four at the diftance of fix Feet
from the Speculum, being 1}, 25, 21, 3%, Inches. If
the diftance of the Chart from the Speculum was 1in-

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

O BS. IV.

By the analogy between thefe Rings and thofe de-
{eribed in the Obfervations of the firft Part of this Book,
I fufpetted that there were many more of them which
fpread into one another, and by interfering mixed their
Colours, and diluted one another {o that they could
not be feen apart. 1 viewed them therefore through a
Prifm, as I did thofe in the 24th Obfervation of the
firft Part of this Book. And when the Prifm was fo

placed as by refrafting the Light of their mixed Co-
Tours to feparate them, and diftinguith the Rings from
one another, as it did thofe in that Obfervation, I could
then fee them diftinfter than before, and eafily num-
ber eight or nine of them, and fometimes twelve or

~ thirteen. And had not their Light been fo very faint,

1 queftion not but that I might have {een many more.

"O0BS. V.

" Placing a Prifm at the Window to refrac the intro-

- mitted beam of Light, and caft the oblong Speftrum
~of Colours on the Speculum : T covered the ‘Speculum
ith a black Paper which had in the middle of it a Hole
) let any one of the Colours pafs through to the Spe-
lum, whilft the reft were intercepted by the Paper.
| now I found Rings of that Colour only which fell
n the Speculum. If the Speculum was illuminated
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 tlluminated with
any one Colour, the Squares of thewr Diameters mea-
{ured between their moft luminous parts, were in the
arithmetical progreffion of the numbers o, 1,2,3, 4, and
the Squares of the Diameters of their dark intervals-in
the progreflion of the intermediate numbers 5, 13, 21, 3ty
But if the Colour was varied they varied their magni.
tude.  In the red they were largeft, in the indico and
violet leaft, and in the intermediate Colours yellow,,
green and blue; they were of feveral intermediate big-
nefles anfwering to the Colour, that 1s, greater in yel-
low than in green, and greater in green than in blue.
And hence I knew that when the Specalum was tllumi-
nated with white Light, the red and yellow on the out-
{ide of the Rings were produced by the leaft refrangible
rays, and the blue and violet by the moft refrangible,
and that the Colours of cach Ring {pread into the Co-
lours of the neighbouring Rings on cither fide, after
the manner explained in the firfrand 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 I could:
{ee the Rings more diftinétly, and to o greater number
than before, being able in the yellow Light to number
cight or nine of them, befides a faint {llndow of a tenth,
To fatisly my {elf how much the Golours of the feveral
Rings fpread into one another, I meafured the Diame-
ters of the {fecond and third Rings o and found thein
when made by the confine of the red and orange to be
the fame Diameters when made by the confine of blue
arcl indico, as g to 8, or thereabouts.  For it was bard

to.
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to determine this proportion accurately.  Alfo the Cir-
cles made fucceffively by the red, yellow and green,
differed more from one another than thofe made fuccef-
fively by the green, blue and indico. For the Circle
made by the violet was too dark to be feen. To carry
on the computation, Let us therefore fuppofe that the
differences of the Diameters of the Circles made by the
outmoft red, the confine of red and orange, the confine
“of orange and yellow, the confine of yellow and green,
‘the confine of green and blue, the confine of blue and
indico, the confine of indico and violet, and outmoft vio-
let, arein -proportion as the differences of the lengths
of 2 Monochord which found the tones in an Eight ;
Jol, La, fu, fol, la, mi, fa, fol, that is, as the numbers %,
L L s s And if the Diameter of the Circle made

by the confine of red and orange be g A, and that of
the Circle made by the confine of blue and 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,
gstett.tiati tod, thatisas® tos or 8 to 3, and to
e differenice of the Circles made by the outmoft violet,
and by the confine of blue and indico, as #s +4: + 2 + %
 toi,+4s, thatis,as 7 to §u, oras 16 to 5. And there-
_fore thefe differences will be# A and i A.  Add the
firft to 9 A and fubduét the laft from 8 A, and you
will have the Diameters of the Circles made by the
leaft and moft refrangible rays3* A and 2% A.  "Thele
_ Diameters are therefore to one another as 75 to 61 ou
 50to 41, and their Squares as 2500 to 1681, that 1s,
- as 3 to2 very nearly. Which proportion differs not
~ ‘much from the proportion of the Diameters of the
1 . | Circles,
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“Circles made by the outmoft red and outmoft violet i
the 13th Obfervation of the firft part of this Book,

’ OBS. VL

Placing my Eye where thefe Rings appeared plaineft,

I faw the Speculum tinged all over with waves of Co-
lours ( red, yellow, green, blue ;) like thofe which in
the Obfervations of the firft Part of this Book appeared
between the Object-Glafles and upon Bubbles of Water,
but much larger. And after the manner of thofe, they
were of various magnitudes in various pofitions of the
Eye, {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, §Feet and 10 Inches diftance from the
Speculum) their common center was in a right Line
with that center of concavity, and with the Hole in the
Window. But in other poftures of my Eye their center
had other pofitions. They appeared by the Light of
the Clouds propagated to the Speculum through the
Hole in the Window, and when the Sun f{hone through
that Hole upon the Speculum, his Light upon it was
of the Colour of the Ring whereon it fell, but by its
{plendor obfcured the Rings made by the Light of the
Clouds, unlefs when the Speculum was removed to a
great diftance from the Window, fo that hisLight upon
1t might be broad and fuint. 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 varied upon the Speculum,
as
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as it did upon my Eye, the fame Colour always ap-
pearing to a By-ftander upon my Eye which to me ap-
peared upon the Speculum. And thence I knew that
the Rings of Colours upon the Chart were made by thele
refleCted Colours propagated thither from the Specu-
lum in feveral Angles, and that their produion de-

ﬁended not upon the termination of Light and Shad-
OW. |

O BS. VIL

By the Analogy of all thefe Phenomena with thofe of
the like Rings of Colours defcribed in the firt Part of
this Book, it feemed to me that thefe Colours were
produced by this thick plate of Glafs, much after the
manner that thofe were produced by very thin
plates. For, upon tryal, I found that if the Quick-
filver were rubbed off from the back-fide of the Specu-
lum, the Glafs alone would caufe the fame Rings of
Colours, but much more faint than before ; andthere-
fore the Phenomenon depends not upon the Quick-
filver, unlefs fo 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. Ifound alfo thata Spe-
culum of metal without Glafs made fome years fince
for optical ufes, and very well wrought, produced none
of thofe Rings; and thence I underftood that thelc
Rings arife not from one fpecular furface alone, but
depend upon the twofurfaces of the plateof Glats \.vh'ere:
of the Speculum was made, and upon the thicknels of

‘the Glafs between them. For as in the 7th and I gth

~ Obfervations of the firft Part of this Book a thin platgz‘_
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of Air, Water, or Glafs of an even thicknefs appeared
of one Golour when the rays were perpendicular to i
of another when they were a little oblique, ofanother
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 Obliquittfes
made the Glafs appear of feveral Colours, and being,.
propagated in thofe obliquities to the Chart, there pain-
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 refleéted by the thin plate at one obliquity and
tranfmitted at another, and -thofe of other forts tranf
mitted where thefe are refletted, and reflefted where
thefe are tranfimitted : 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
was, 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 refle¢ted back towards the Quick-fil-
ver by the hither furface of the Glafs, and accordingly
us the obliquity became greater and greater emerged
and were refleéted alternately for many {ucceffions, and
ihat in onc and the fame obliquity the rays of one fort
were reflected, and thofe of another tranfmitted.  This
is munifeft by the tirft Obfervat'on of this Book : For
in that Obfervation, when the Speculum was illumi-
nated by any one of the prifmatick Colours, that Light
made many Rings of the fame Colour upon the Chart
with dark intervals, and therefore at its emergence out
ol the Speculum was alternately tranfinitted, and n%t

tranf-
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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 tran{mitted from the Speculum to
the Lensat other obliquities than before. It {cemed 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
fecond furface of the plate after one paffage through it :
But here the rays go twice through the plate before
they are alternately reflected and’ tranfmitted ; firf,
they go through it from the firft furface to the Quick-
filver, and then return through it from the Quick-filver
to the firft furface, and there are either tran{mitted to
the Chart or refleted back to the Quick-filver, ac-
cordingly as they are in their fits of eafie reflexion or
tranfmiffion when they arrive at that {urface. For the
intervals of the fits of the rays which fall perpendicu-
larly on the Speculum, and are reflefted back in the
fame perpendicular Lines, by reafon of the equality of
- thefe Angles and Linesareof the fame length and num-
‘ber within the Glafs after reflexion as before by the
19th Propofition of the third Part of this Book. - And
therefore fince all the rays that enter through the firft
furface are in their fits of eafy tranfiiffion at their en-
trance, and as many of thefe as are refletted by the fe-
cond arein their fits of eafy reflexion there, all thefe
‘muft beagain in their fits of eafy tranfmifion at their
Vel ' Oo return
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return to the firft, and by confequence there go out of
the Glafs to the Chart, and form upon it the white
Spot of Light in the center of the Rings. For the rea-
fon holds good in all forts of rays, and therefore all
forts mult go out promifcuoufly to that Spot, und by
their mixture caufe it to be white.  But the intervals
of the fits of thofc rays which are refle¢ted 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 rays at their return to the firfe
furface, may in certain obliquities be in fits of eafy re.
flexion, and return back to the Quick-flver, and in
other intermediate obliquities be again in fits of eafy
tran{miffion, and {o go out to the Chart, and paint on
it the Rings of Colours about the white Spot.  And
becaufe the intervals of the fits at equal obhquities are
greater and fewer in the lefs refrangible rays, and lefs
and more numerous in the more refrangible, therefore
the lefs refrangible at equal obliquities hall make fewer
Rings than the more refrangible, and the Rings made
by thofe thall be larger than the like number of Rings
made by thefo ; that is, the red Rings thall be larger
than the yellow, the yellow than the green, the green
than the blue, and the blue than the violet, as they
were really found to be in the 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 it was found in the fecond Obfervation; and thefe
Colowrs in the fecond Ring, and thofe that follow fhall
be more expanded till they fpread into one another,
and  blend one another by mtertering,

Thefe
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. Thefe feem to be the reafons of thefe Rings in ge-
geral, and this put me upon obferving the thicknefs of
the Glafs, and confidering whether the dimenfions and

roportions (_)f the Rings may be truly derived from it
Ey computatlon.

O BS. VIIL

1 meafured therefore the thicknefs of this concavo-
convex plate of Glafs, and found it every-where 4 of an
Inch precifely.  Now, by the 6th Obfervation of the
firft Part of this Book, a thin plate of Air tranfmits the
brighteft Light of the firft Ring, that is the bright yel-
low, when its thicknefs is the g tht part of an Inch,
and by the roth Oblervation of the fame part, a thin
vlate 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 incidence, that is, when its
thickne(s 1s the Zisth or jzth part of an Inch, fup-
_ pofing the fines are as 11 to 17.  And if this thicknefs
- be doubled it tranfmits the fame bright Light of the
* fecond Ring, if tripled it tranfinits that of the third,
~and fo on, the bright yellow Light in all thefe cafes be-

ing in its fits of tranfmiflion. And therefore if its thick-
nefs bemultiplied 34386 times fo as to become § of an
ach it tranfmits the fame bright Light of the 34386th
ng.  Suppole this be the bright yellow Light trant-
tted perpendicularly from the refletting convex fide
 of the Glafs through the concave fide to the white Spot
~inthe center of the Rings of Colours on the Chart : And
- by a rule in the feventh Obfervation in the firft Part of
the firlt Book, and by t:he(; sth and 20th Propofitions
00 2 of
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of the third Part of this Book, if the rays be made ob.
lique to the Glafs, the thicknefs of the Glafs requi-
fite to tranfmit 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 refraction is made out ofany plated Bo-
- dy into any medium incompaffing it, that is, in this cafe
out of Glafs into Air. ‘Now if the thickne(s of the Glafs,
be increafed by degrees,{o as to bear to its firft thicknefs,
(‘wiz. that of-a quarter of an Inch ) the proportions
‘which 34386 (the niamber of fits of the perpendicular
1ays 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.
1ays in going through-the.Glafs towards the firft,. fe-.
cond, third and fourth Rings of Colours,) and 'if the.
firft thicknefs be divided :into r1occoséoo equal parts,;
 the increafed thicknefles will be 100002908, 100005816,
1ooooff725 and 1000116 33,and the Angles of which thefe
thicknefles are fecants willbe 26 13", 37" 5", 45' 6" and
52' 26", the Radius being 100000000 ; and the fines of
thefe Angles are 762, 1079, 1321 and 1525, and the
proportional fines of refraction 1172, 1659, 2031 and.
2345, the ‘Radius being 100000, For fince the fines
of incidence out of Glafs into Air are to the fine
of refraction as 11 to 17, and to theabove-mentio
fecants as 11 to ‘the firft of ‘o6 arithmetical : means
between 11 and 17, that is as 11 to 11.%, thofe
cants will be to the fines of refraétion as 11%, to. 17,
and by this Analogy will give thefe fines. _-Sp;'g/“the.r;_
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if th_ff ol_z-hqmt}gs of the rays to the concave furfice of
the Glafs be fuch that the fines of their refraction in
paffing out of the Glafs through that furfice into the
Air be 1172, 1659, 2031, 2345, the bright Licht of
the 34386th Ring fhall emerge at the thicknefles of the
Glafs which are to ! of an Inch as 34356 to 343%s,
34384, 34383, 34382, refpe&tively. "And theréfore if
the thicknels in all thefe cafes be?! of an Inch (us it is in
the Glals of which the Speculum was made) the bright
Light of the 34385th Ring fhall emerge where the fine
~of refraftionis 1171, and that of the 34384th,384353th
and 34382th Ring where the fine is 1659, 2031, and
2345 refpettively. And in thefe Angles of retraction
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 fhall fubtend the Angles of refrattion
mmade at the concave {urface of the Speculum, and by
confequence their Diameters fhall be to the diftance of
the Chart from the Speculum as thofe fines of refraction
doubled are to the Radius that isas 1172, 1659, 2031,
and 2345, doubled are to 1o00c0. And thﬁeretore it
the diftance of the Chart from the concave furface 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 688, 2380,
2’925, 37375 Inches : For thefe Diameters are to 6 Fect

as the above-mentioned fines doubled are to the Radius.

Now thefe Diameters of the bright yellow Rings, thus
found by computation are the very {ame with. thole

found in the third of thefe Obfervations by meaﬁ;rmg%
. A them,
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them, (viz. with 13> 2% 23, and g;—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 Celours. 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 refracting or reflecting furface 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, §,§51,
5,4 %, Y, which exprefs the lengths of a Monochard
founding the notes in an Eight : For by this means the
Diameter of the Rings of thefe Colours will be found
pretty nearly in the fame proportion to one another,
- which they ought to have by the fifth of thefe Obfer-
vations. -

And thus 1 fatisfied 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 refleting and re-
fratting furface. But yet to put the matter out of doubt
1 added the following Obfervation. x g S

O BS.
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O BS. 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 ground on the fame Sphere, ought to be recipro;
cally ina fubduplicate proportion of the thicknefles of
the plates of Glafs.  And if this proportion be found
true by experience it will amount to a demonftration
that thefe Rings (lik= thofe formed in thin plates ) do
depend on the thicknefs of the Glafs. I procured there.
fore another concavo-convex plate of Glafs ground on
both fides to the fame Sphere with the former plate :
Its thicknefs was &, parts of an Inch ; and the Diameters
of the three firft bright Rings meafured between the
brighteft parts of their orbits at the diftance of é Feet
from the Glafs were 3. 47. 5i. Inches. Now the thick--
nefs of the other Glafs being | of an Inch was to thick-
nefs of this Glafs as ; to{,, that is as 31 to 1o, or
310000000 to Yooooocoo, and the roots of thefe numbers.
are 17607 and 10000, & in the proportion of the firft
of thefe roots to the {fecond are the Diameters of the
bright Rings made in this Obfervation by the thinner
Glafs, 3. 44. 5} to the Diameters of the fame Rings made-
in the third of thete Obfervations by the thicker Glafs.
1y, a3 2!, that is, the Diameters of the Rings are reci-
procally in a {ubduplicate proportion of thicknefles of.
the plates of Glafs.

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

quick-filvered on the convex fides, and differ in noth]iong,
ue
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but their thicknefs, the Diameters of the Rings are re.
ciprocallyin a fubduplicate _pro;port‘ion_ 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 f{urface is quick-filvered over thap
when it is without Quick-filver. They depend alfo
upon the concave furface, becaufe without that furface
a Speculum makes them not. They depend on both
{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 thar
which the Colours of thin plates have on the diftance
of the furfaces of thofe plates, becaule 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 Bouk, derived
from the the Phenomena of the Colours of thin plates
fet down in the firft Part. ,

There are yet other Phenomena of thefe Rings of
Colours but fuch as follow from 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, T fhall
{ubjoyn fome of thenn. -

O B S.
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O B S X

When the beam of the Sun’s Light was reflefted back
from. the Speculum not direétly to the Hole in the Win.
dow, buf to a place a little diftant from it, the common
center of that Spot, and of all the Rings of Colours fell
in the middle way between the beam of the incident
Light, and the beam of the 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 refle¢ted Light by inclining the Speculum re-
ceded more and more from the beam of incident Light
and from the common center of the coloured Rings be-
tween them, thofe Rings grew bigger and bigger, and
fo alfo did the white round Spot,and new Rings of Co-
lours emerged fucceffively out of their common center,
and the whiteSpot became a white Ring encompaffing
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 always
equal to the diftance between the middle of the incident
beam of Light, and the middle of the.rcﬂe@ced ‘beam
meafured at the Chart on which the Rings appeared :
And the rays which formed this Ring were reflected l?y
the Speculim in Angles equal to their Angles t9f é?.;l"
dence, and by confequence to their Angles of refraction

at their entrance into the Glafs, but yet their Aﬂgl‘?s. of
Pp reflexion
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reflexion were not in the {fame planes with their Angles
of incidence.

O B S 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 continued white to the center till the diftance
of the incident and refle¢ted beams at the chart was
about ? parts of an Inch, and then it began to grow
dark in the middle. And when that diftance was about
1%, of an Inch, the white Spot was become a Ring en-
compaffing a dark round Spot which in the middle in-
clined to violet and indico. And the luminous Rings
incompafling it were grown equal to thofe dark ones
which in the four firft Obfervations encompafled them,
that is to fay, the white Spot was grown a white Ring
equal to the firft of thofe dark Rings, and the firft of
thofe luminous Rings was now grown equal to the fe-
cond of thofe dark ones, and the fecond of thofe lumi-
nous ones to the third of thofe dark ones, and fo on.
For the Diameters of the luminous Rings were now 1},
ok, 2%, 3% e, Inches. ,

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

’ | that
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that is to fay, the white Spot in the middle of thofe
Rings wits NOW bhecome a white Ring equal to the firft
of, thott bright Rings, and the firft of thofe bright ones
was now become cqual to the fecond of thofe, and fo
on.  For the Drameters of the white Rings, and of the
other luminous Rings incompafling 1t, were now i,
aw, iy 3 byl or thercabouts,

When the dittanee of the two beams of Light at the
Chart was a lictle more inereafed, there emerged out
of the middle inorder after the ved, a purple, a blue,
agreen, a yellow, and w red inclining much to purple,
and when the Colour was brightelt 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 luminous Rings which appeared in
the four firft Obfurvations, and the white Ring which
was now become the fecond of the luminous Rings was
grown cqual to the fecond of thofe, and the firft of
thote which was now become the third Ring was be-
come the third of thoft, and fo on.  For their Diame-
ters were 150, b, 2th, 34 Inches, the diftance of the
two beams of Light, and the Diameter of the white
Ring buing 27 Inches, :

When thele two beams bhecame more diftant there
emerged out of the middleof the purplifh red, hrfta

darker round Spot, and then out of the middle of that
Spot a brighter.  And now the former Colours (purple,
blue, green, yellow, und purplith red ) were become &
Ring cqual to the firft of the bright Rings mentioned i1z
the four firlt Obitrvitions, and the Ring about this
Ring were grown cqual to the Rings about that re-
fpettively ; the diftunce between the two beams of

P p 2 nght
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Light and the Diameter of the white Ring ( which
was now become the third Ring) being about 3 In
ches. \

The Colours of the Rings in the middle began now
to grow very dilute, and 1f the diftance between the
two beams was increafed half an Inch, or an Inch more,
they vanifhed 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 ftill more increafed thefe alfo vanifhed : For the
Light which coming from feveral parts of the Hole in
the Window fell upon the Speculum in feveral Angles of
incidence made Rings of {everal bigneffes, which diluted
and blotted out one another, asI knew by interceptimg
fome part of that Light. For if I intercepted that part
which was neareft to the Axis of the Speculum the
Rings would be lefs, if the other part which was re-
moteft from it they would be bigger.

O BS. 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 bignefs in all the
Colours, but the Rings without it were greater in the
green than in the blue, and ftill greater in the yellow,
and greateft in the red. And, on the contrary, the
Rings within that white Circle were lefs in the green
than in the blue, and fill lefs in the yellow, and leaft -
in the red. For the Angles of reflexion of thofe rays
which made this Ring being equal to their Angles of
incidence, the fits of every refle¢ted ray within the Glafs
| after
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after ret flexion ave equal in length and number to the
fits of the fime ray within the Glafs before its incidence
on the reflecting furface s and therefore fince all Lc rays
of all forts at rhm entrance wito the Glafs were in a Ar
of tmmmmm L, they were alfo in a fit of trantini{fion at
dheir returning to the fune furface after reflexion 5 and
by umtu]uum W tra ”“nl“L‘k Jnd went out to the
white t\m«f on the Ghare, 7l 111% is the reafon why that
Ring was of the fme bignels in all the (A)]()Lm, and
why ina misture of allituppears white.  But in rays
which are reflected inother Angles, the intervals of the
fits of the leatt refrangible lmw greateft, make the
Rings of therr Colour i thaer puwld from this white
Rmﬂ cither outwards or inwards, nereafe or decrealt
by the greatedt fteps s fo that the Ringsof this Colour
without are sreatett, andwithin leatt. And this is the
reafon why in the Lkt Oblervation, when the Specu-
Jum was illumin'm 4 with white Light, the exterior
Rings made by all Colours appeared red without and
bluc within, and the interior blue without and red
within,

Thefe are the E’Iummm‘m of thick convexo-concave:
plates of Glats, which are every where of the fame
thicknefs. I Iu.u are yot other Phenomena when thefe
plates are o little thicker on one fide than on the
other, and others when the plates are more or lefs con-
cave than conves, or plmo-convex, or double-convex,
For inall thete mfm the plates make Rings of Colours, |
but after various manners 5 all which, fo Lu as | have
yet obferved, tollow from the Propofitions in the end
of th¢ third p rt ot this Book, and fo con{pire to cone

frm the truth ot thole Propofitions, But the Phano-
mMend
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mena are too various, and the Calculations whereby
they follow from thofe Propofitions too intricate to be
hers profecuted. 1 content my felf with having profe-
cuted this kind of Phenomena to far as to difcover their
caufe, and by difcovering it to ratify the Propofitions
in the third Part of this Book.

O B & XIIL

As Light refleted by a Lens quick-filvered on the
back-tide makes the Rings of Colours above de-
{cribed, fo it ought to make the like Rings of Colours
in pafling through a drop of Water. At the firft re-
flexion of the rays within the drop, fome Colours ought
to be tranf{initted, as in the cafe of a Lens, and others
ro be reflected back to the Eye. For inftance, if the
Diameter of & fmall drop or globule of Water be about
the sooth part of an Inch, fo that a red-making ray in
pafling through the middle of this globule has 250 fits
of ealy tranfimiflion within the globule, and thatall the
red-making rays which are at a certain diftance from
this middle ray round about it have 249 fits within the
globule, and all the like rays at a certain further di-
ftance round about it have 248 fits, and all thofe at a
certain further diftance 247 fits, and {o on ; thefe con-
centrick Circles of rays after their tran{miffion, falling
on a white Paper, will make concentrick rings of red
upon the Paper , fuppofing the Light which pafes
through one fingle globule ftrong 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 fhinés through a thin Cloud of fuch

globules
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lobules of Water or Hail, and that the globules age all
of the fame bignefs,und the Sun feen through this Cloud
fhall appear incompafied with the like concentrick Rines
of Colours, and the Diameter of the firft Ring of 1&:{
fhall be 74 degrees, that of the fecond 10t degrees, that
of the third 12 degrees 33 minutes.  And accordingly
as the globules of Water are bigger or lefs, the Rings
thall be lefs or bigger. “This is the Theory, and expe-
rience anfwers it For in “fune 1692, 1 faw by reflexion
ina Veflel of ftagnating Water three Halos Crowns or
Rings of Colours ubout the Sun, like three little Rain-
bows, concentrick to his Body. 'T'he Colours of the
firft or innermoft Crown were blue next the Sun, red
without, und white in the middle between the blue
and red.  Thote of the {econd 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 ; thele Crowns inclofed one
another immediately, fo that their Colours proceeded:
in this continual order from the Sun outward : blue,
white, red 5 purple, blue, green, pale yellow and red ;
pale blue, pale red. “The Dameter of the fecond Crown
meafured from the middle of the yellow and red on one
fide of the Sun, to the middle of the fame Colour on
the other fide was 9! degrees, or thereabouts, The Dia-
meters of the firfk and third 1 had not time to meafure,
but that of the firft feemed to be about five or fix de-
grees, and that of the third about twelve.  “The like
Crowns uppear fometimes about the Moon ; for in the
beginning of the year 1664, Febr. 1gth atnight, Ilaw
two {uch Crowns about her. T'he Diameter of the firlk
or innermott was about three degrees, and that of the
- {econd.
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fecond about five degrees and an half.  Next about e
Moon was a Circle of white, and next about that

inner Crown which was of a blui{h green within next the
white, and of a yellow and red without, and next ahoyt
thefe Colours were blue and green on the infide of the
outward Crown, and red on the outfide of it. At the
{ame 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 that
the Moon has fometimes three or more concentrick
Crowns of Colours incompafling one another next aboyt
her Body. The more equal the globules of Water or
Ice are to one another, the more Crowns of Colours
will appear, and the Colours will be the more lively.
The Halo at the diftance of 22} degrees from the Moon
is of another fort. By its being oval and remoter from
the Moon below than above, 1 conclude, that it was
made by refration in fome fort of Hail or Snow floating
in the Air inan horizontal Pofture, the refracting Angle
being about 58 or 60 degrees.

THE
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T H E
THIRD BOOK

"I C K S

OP

Qbfervations «"@7:«.@*:"1&@ fl,,w [nflexeans of the rays of Laght,
wnd the Colvmr v mady theredy.

Rimalds has informed us, that ifa beam of the
-~ SQun'’s Light be letintoa dark Room through a
very fmall Hole, the fhadows of things in this Light
will be larger than they ought to be it the rays went
on by the Bodies in fhreight Lines, and that thefe tha-
dows have three parallel fringes, bands or ranks of co-
loured Light adjacent to them. But it the Hole be
enlarged the fringes grow broad aud run into one dno-
ther, o that they cannot be dittinguithed,  Thele broad
thadows and fringes have been reckoned by fume to pro-
ceed from the ordinuary retvattion of the Air, but with-
out due examination of the mater,  For the crcum-
ftances of the Phanomenon, 1o tay s 1 have obferved
them, ure as follows. |
€y O Bs
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OBS L

I made in a piece of Lead a fmall Hole with a Pin,
whofe breadth was the g2th part of an Inch.  For 21
of thole Pins laid rogether took up the breadth of half
an fnch. 1 hmuwh this Ho le 1 let mto my darkened
Chamber a beam mf the Sun’s Light, and found that the
(hadows of Hutrs T hred  Pins ""at[d‘WH.) and tuch like {len-
dumblhncgsp 0 clmtlmbmnoleﬂht were confider-
ably broadey than they ought to be, it the 1 rays of Ldght
pafled on by thefe Bodics in right Lines. And particu-
larly a Hair of a Man’s Head, whofe breadth was but
the 28oth part ot an Inch bemg held in this Light, at
the diftance of about t\ulw Feet from the Hole, did

calt 2 fhadow which at the diftance of four Inches tlom

the Huaiv was the fixticth part of an Inch broad, that s,
above four times broader than the Huir, and dl the di-
ftunce -of two l*(:ct from the Hair was db()Ut the eight
and twentieth part of an Inch broad, thatis, ten times
broader than the le, and at the diftance of ten Feet
was the cighth part of an Inch broad, that is 35 mneb
btodclc

Nor is 1t material whether the Hair b(: ne ompaffed
with Air, or withany ot_hcx pdluud {ubftance.  For 1
wetted a pohfhul 1 late of Glats, and laid the Huir in

the Water upon the Glats, and then luying unother po-
lithed platu of Glafs upon it, fo that the W‘uu mlght
fill up the {pace b«.twwn t]u Glafles, T held them in
the atorefuid beam of Light, o tlmt the Light might
pats through them pmpx,milculmi}g and the | thadow
of the Haiv was at the fame diftances as big as before.

The
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Glafs were alfo miciy broader than they ought to be,
and the Veins 1 poiithed plates of Glafs did alfo caft the
Jike broad fhadews. And therclore the great breadeh
of thefe fhadows proceds from fome other caufe than

the refraétion of the Alr. ‘.
“Let the Circle X reprefent the middle of the Huir ;

ADG, BEH, GFl, three rays pafling by onc 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, k., Fand N, O, P, the places
where the rays are bent in their puflage by the Huir;
G,H, Tand Q, R, 8, the pluces where the rays full on
a Paper G Q; 18 the breadth of the thadow of the Hair
aft on the Paper, and T 1, V'S, two rays pafling to the
points I and § without bending when the Hair 1s taken
away. And it's manifeft that all the Light between

thefe two rays Al and VS is bent in pathing by the

Hair, and turned afide from the hadow 18, becaute b
any part of this Light were not bent it would fall on
the Paper within the thadow, and there luminate ihe
Paper contrary to experience.  And becaufe when the
Paper is at a great diftance from the Huir, the thadow
is broad, and thercfore the rays 11 and VS are ut u
great dittance from one another, it tollows that the
Hairaéls upon the raysof Light at a good diltance in
their paffing by it.  But the attion is ftrongelt on the
rays which pats by at leaft dittunces, and grows weaker
and weaker accordingly as the rays puts by at dittances
greater and greater, as is reprefented in the Sebeme:
For thence 1t comes to pats, that the fidow of the

H@”’ 18 much broader in proportion to the diftunce o

Qq 2 the

e fhadows of feratches made int polithed plates of

Fip.

O

I.
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the Paper from the Hair, when the Paper is nearer the
Flair than when it isata great diftance from it.

OBS IL

The fhadows of all Bodies ( Mctals, Stones, Glafs,
Wood, Horn, lee, &e. ) in this Light were b()ldct(.‘d
with three p‘lrl”fjl fringes or bunds of coloured Light,
whereot that which was contiguous to the thadow was
broadeft and moft tuminous, and that which was re-
motelt from it was 11;1110wc{%, and fo faint, as not cafily
to be vifible. It was difficult to dl[’cuwmﬂl the Colours
unlefs when the Light fcllvclyobhqucly upon 4 {mooth
Paper, or fome other {inooth vvhite Body, fo as to make
them appear much broader than they vvould otherwife
do.  And then the Colours were plamly vifible mn this
order : The firft or innermoft fringe was violet and deep
blue next the thadovv, and then light blue, green and
ycllovy in the middle, "and red vvithout. The fecond
tringe vvas almoft commuous to the firft, and the third
to the fecond, and both veere blue vvithin and yellovy
and red vvithout, but thewr Colours vvere very faint
efpecially thofe of the third. The Colours therefore
proceeded in this order from the thadovy, violet, indico,
pale blue, green, yellovy, red ; blue, yellovv rul, pale
bluc, pale ycllovv and red. The ltldows made by
{eratehes and bubbles in polifhed plates of Glals vvere
bordered vvith the like fr inges of coloured Light. And
if plates of Looking-glals loop’d oft near the cducx vvith
a Diamond cut, be held in the fame beam of Lwht the
Light which paﬁua through the parallel plancs of the
Glufs will be be bordered with the like fringes of Co-

lours
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Tours where thofe Planes meet with the Diamond cut
and by this means there will {ometimes appear four ol?? ‘
five fringes of Colours. Let AB) CD reprefent the Fg. 2.
arallel planes of u Looking-glafs) and BD the plane 8
of the Diamond-cut, making at Ba very obtufe Angle
with the plane AB. " And let all the Light between the
rays EN T and FBM pafs directly through the parallel
lanes of the Glafs, and fall upon the Paper between I
and M, and all the Light between the rays GO and
HD be refraéted by the oblique plane of the Diamond
cut B D,and fall upon the Paper between K and L ; and
the Light which pafles direétly 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.
O BS. 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 fhadow fell perpendicu-
larly upon the fame fcale placed nine Feet beyond it;
I meafured the breadth of the fhadow and fringes as
accurately as 1could, and found them in parts of an

Inch as follows.

- The
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oo halfa wine
At the diffance of Foor. Feer.
The breadth of the Shadow 5 5
‘The breadth between the middles of the
brighteft Light of the innermoft fringes| or ;| Z
on either fide the thadow
The breadth between the middles of the
brightett Light of the middlemoft frin-{ L 4
ges on either fide the fhadow
T'he breadth between the middles of the
brighteft Light of the outmoft fringes|or .| &
on either fide the {hadow
The diftance between the middles of the r
brighteft Light of the firft and fecond| % b
fringes
The diftance between the middles of the
. . - . T T
brighteft Light of the fecond and third| & 3
fringés
‘The breadth of the luminous part (green,
white, yellow and red ) of the firft| 5 5
fringe
The breadth of the darker {pace between| .
the firft and {econd fringes. 240 45
'The breadth of the luminous part of the| . L
{econd fringe 2 55
The breadth of the darker fpace between . .
the fecond and third fringes. 3% 03
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Thefe meafures I took by letting the thadow of the
Hair at halt a Foot diftance fall fo obliquely on the
feale as to appear twelve times broader than yvhen it
fell perpendicularly on it at the fame diftance, and fet.
ting down in this Lable the twelfth part of the mea.
{ures 1 then took.

OBS 1V

When the fh;u.lc)yv and fringes vvere caft obliquely
upon a tmooth vvhite Body, and that Body was remo.
ved further and turther from the Huir, the firft fringe
Legan to appuar and look brighter than the reft of the
Laght at the diftance of lels thun a quarter of an Inch
from the Hairy and the dark line or fhadovv between.
that and the fecond fringe began to appear at a lefs di-
fance from the [lair than that of the third part of an
Inch. "The fecond tringe began touppear at a diftance
from the Flair of lefs chan haltan Inch, and the fhadow
between thuat and the third fringe atu 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 breudths and intervals which they had at their firft
appearing.  For the diftunce between the middle of the
firft and middle of the fecond fringe, was to the diftance:
between the middle of the (econd and middle of the:
third fringe, as three to two, or ten to {even.  And.
the lutt of thefe two dittances vvas equal to the breadth.
of the bright F.ight or luminous part of the firft fringe.
And this breadth vvas to the breadth of the bright Light

of the fecond fringe as feven to four, and to the dark
interval
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interval of the firft and {econd fringe as three to two,
and to the like dark interval between the fecond and
third as two to one. For the breadths of the fringes
feemed to be in the progreffion of the numbers 1, %,
7/t 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 progreffion of the numbers
1, /5y /L, v ), or thereaboute. 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,
though not fo dark and diftinct.

O BS. V.

The Sun fhining into my darkened Chamber through
a Hole a quarter of an Inch broad ; 1 placed at the di-
ftance 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 fquare for the Light to pafs through. And
behind the Hole 1 faftened to thePaft-board vvith Pitch
the blade of a fharp Knife, to intercept fome part of
the Light vvhich paffed 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 {o 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 Jet 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 law two flreams of faint Light fhoot outjboth
ways from the beam of Light into the fhadow like the
tails of Comets.  But becaufe the Sun’s dire@ Light by
1s ol : , g
its brightnels upon the Paper obfeured thefe faint
frreams, fo that 1 could fearce fee them, I madea little
Hole in the midft of the Paper for that Light to pafs
through and fall on a black cloth behind it ; and then
I faw the two ftreams plainly, ‘They were like one
another, and pretty nearly equalin length and breadth,
and quantity of’ Light.  “Their Light at that end next
the Sun’s direct Light was pretty ftrong for the {pace of
about a quarter of an Inch, or halfan Inch, and in all
its progrefs from that dire& Light decreafed gradually
till it becwme infenfible. The whole length of either of
thefe fircams meaflured upon the Paper at the diftance

- "y - e - .
nf tleon Moot fvoaam +lhe Konif 0 | .
OL TIree paet 17 o konfe was c’cbOUt {LX or &!“ht

Inches ; fo that it fubtended an Angle at the edge of
the Knife of about 10 or 12, or at moft 14 degrees.
Yet fometimes | thought [ faw it {hoot three or four
degrees further, but with a Light fo very faint that I
could fearce perceive it, and fulpeéted it might (in
fome meafure at lealt) arife from fome other caufe than
the two ftreams did. For placing my Eye in that Light
beyond the end-of that ftream which was behind the
Knife, and looking towards the Knife, I could fee a
line of Light upon its edge, and that not only when
my Eye was in. the line of the fireams,’ but alfo when
it was without that line cither towards the point of the
Knife, or towards the handle. This line of Light ap-
peared contiguous to the edge of the Knife, and was
narrower than the Light of the innermoft fringe, and
| Rr narrowelt
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narroweft when my Eye was furtheft from the direCt
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 it. |

OBS VL

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 about the gooth

art of an Inch the ftream puarted in the middle, and
left a fhadow between the two parts. This fhadow
was fo black and dark that all the Light which: paffed
between the Knives feemed to be bent, and turned afide
to the one hand or to-theother. Andas the Knives ftill
approached one another the fhadow- grew broader, and
the f¥reams fhorter at their inward ends which were
next the fhadow, until upon the contalt 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 Knives at the greateft diftance,
and: this diftance when the-fhadow begins to-appear be-
tween the ftreams is about the eight-hundredth part of
an Inch. And the Light which paffes by the edges of
the Knives at diftances ftill lefs and lefs is more and
more bent, and goes to thofe parts of the ftreams which
are further and turther from the dire&t Light, becaufe

| when

sy
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when the Knives approach -one another till they touch,
thofe parts of the fireams vanifh laft which are furthegt
from the direct Light, i

O BS. VIL

In the fitth Obfervation the fringes did mot appear,
but by reafon of the breadth of the Hole in the Wip.
dow became fo brpad as to run into one another, and
by joyuing make one cc?ntiuued Lightin tthe “bc:gimimg
of the ftreams. But in the fixth, as the Knives ap-
proachcd one unnﬁlwr, a little before the thadow ﬁpw
peared between the two ftreams, the fringes began o
appear on the inner ends of the fireams on either fide
of the direét Light, three on one fide made by theedge
of one Knife, and three on the other fide made by rthe
edge of the other Knife.  They were diftinéteft when
the Knives were placed at the greateft diftance from the
Hole in the Window, and ftill became more diftinét by
making the Hole lefs, infomuch that I could fometimes
~Aeea faint lucament of a fourth fringe beyond the three

above-mentioned.  And as the Knives continnglly ap-

proached one another, the fringes grew diftinéter and
larger until they vanithed.  The outmoft fringe wa-
pifhed firft, and the middlemoft next; and the innee-
moft laft, And ufter they were all vanifhed, and the
line of Light which was in the middle between them
- was grown very broad, enlaurging it {elf-on both fides
into the ftreams of Light deleribed in the fifthObfer-
- 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, and increafed until the whole
| - Ree | - Light
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Light vanithed. This infargement of the fringes was
fo great that the rays which go to the innermoft fringe
(cemed to be bent above twenty times more when this
fringe was ready to vanifh, than when one of the Knives
was tiken away.

And from this and the former Obfervation compared,
[ eather, that the Light of the firft fringe pafled by the
cdpe of the Knife ar a diftance greater than the eight-
hundredeh partof an Inch, and the Light of the fecond
fringe pafled by the edge of the Knife at a greater: di-
(tance than the Tight of the furft fringe did, and that
of the third at a greacer diftance than that of the fe-
cond, and that of the fireams of Light deferibed in
the Bith and fixth Obfervations pafled by the edges
of the Knives at lefs dittances than that ot any of the
fringes.

O Bs. VIIL

[ cauted the cdges of tivo Knives to be ground truly
ftreight, and pricking their points into a board fo that
their edges might look towards onc unother, and meet-
ing near their points contain a reétilinear Angle, 1 faft-
ned their handles together with Pitch to muke this
Angle invariable. The diftance of the cdges of the-
Knives from one another at the diftance of four Inches
from the angular point, where the.edges of the Knives
met, was the cighth part of an Inch, and therefore the
Angle contained by the edges was about ¥ degr. 54..
The Knives thus fixed together T placed ima beam of
the Sun’s Light, let into my darkened Chamber through
a Hole the 42th part of an Inch wide, at the diffance

af
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of ten or fifteen Feet from the Hole, and let the Light
which pafled between their edges fall very obliquely
apon a fmooth white Ruler at the diftance” of half an
Inch, or an Inch from the l*;nivgs, and . there faw the
fringes mucle 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 tenfibly broader, till
they met in Angles equal to the Angle contained by the
edges of the Boives, and where they met and joyned
they ended without crofling one another.  But if the
Ruler was held at a much greater diftance from the
Paper, the fringes hecame fomething broader and broader
as.they approzwlmd one another, and after they met
they crofled onc another,and then became much broader
than before. -
Whenee 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 rays are there bent are much increated by that ap-
roach ; and that the Knife which is neaveft any ray
determines which way the ray thall be bent, and the
other Knif increales the beat, o -

O BS& 1K

When the rays fell very obliquely upon the Rulerat
the diftance of the third part of an Inch from the Knives,
the dark line between the firftand fecond fringe of the
fhadow of onc Knife, 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-
' 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 {o is
the fifth part of an [fich 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 16oth partof an Inch, and the one half of
that Light paffes by the edge of onc Knife at a diftance
not greater than the g2othpart of an Inch, and falling
upon the Paper makes the fringes of thedhadow of that
Knife, and the other half pafles by the edge of the
other Knife, at a diftance not greater than the 320th
spart 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 Light which wpaffed 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 Inches from the little Hole .in
the Window, made with a {inall Pin asabove, 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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fance between thewr edges was as iw the following
.»"/ x 397 F e (d3dFmm ron ~ . - R.D
Table, when the diftance of the Paper from the Knives

was alfo as follows,

Diftances of t;/zc.'. 1’4]1;’;' Diflances betwe’eﬂrt/}'e edges|
Jrom the Kgives inl,  of the Knives, in mille
) " i 4 3 :
fuches. - fimal parts of an Inch,
L% o'l
25 1 Q’e20. .}
82 ‘024
L sv . O)O"g 4".‘ . !
3. | gy
9b. @’a8L. P
131, j 0’087.

And hence I gather that the Light which makes the
fringes upon the Paper is not the fame Light at all di-
frances of the Paper from the Knives, but when the Pa-
ver 15 held near the Knives, the fringes are made by
i;i ht 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.

OBS X

When the fringes of the fhadotvs of the Knives fell
perpendicularly upon a Paper at o great diftance from
the Knives, they were in the form of Hypevbelas, 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 ; DE a right line drawn through G makling
- the
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the Angles ACD, BCE, equal to one another, and
rumm.ltmn all the Lmht whith falls upon the Paper from
the point where the cdwcs of the Knives meet ; eis, fk¢,
and glv, three hypclbohcdl lines wpwh.mmg the ter-
minus of the fhadow of one of the Knives, the dark line
between the firft and fecond fringes of that fhadow, and
the dark line between the fecond and third fringes of
the fame fhadow 5 xip, ykqand zlr, three other Hy-
perbolical lines wpxelcutmg the terminus of the (hadow
of the other Knife, the dark line between the firft and
fecond fringes of that (hadow, and the dark line be-
tween the [econd and third fringes of the {ame {hadow.
And conceive that thele three Hyperbolas are like and
equal to the former three, and crofs them in the points
1, kand 1, and that the Madows of the Knives are termi-
n ated and dif tinguifhed from the firft luminous fringes
by the lines cis “and x x1p, untl the meeting and crof-
fing of the fringes, and then thofe lines crofs the fringes
in the form of durk lines, terminating the firft luminous
fringes within fide, and dli’cuwmﬂnnw them from ano-
ther 8 Aght which bwnm to appear at 1, and illuminates
all the lmnmulm iplu: pDEs comprehended by thefe
dark lines, and the right line DE.  Of thefe Hy-
perbolas one Alymptote ts the line D E, and their other
Afymptotes are parallel to the lines CAand CB. Let
vv repefentoa line drawn any where upon the Paper
parallcl to the Alymptote DE, and let this line crofs
the right Tines A G inmoand BC in n, and the fix dark
‘hyp«.xholu.x] lines inpyq, 138 t,v; and by meafuring
the diftances pe, qt, rv, and thence colletting  the
the lengths of the ordinutes Py 14, DT or ms, mt,
mv, and doing this at feveral dif tances of the line rv,
, from
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fom the Atymptote DE you may find as many points
of thefe l:{ylu:rlagl;us as you pleafe, and thereby know
that thefe curve Tines are Hyperbolas di{"'i"eringlitﬂe from
the conical Hyperbola, And by meafuring the lines
Ci, Cl, C1, you may fhind 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 eety 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: mealured the lines ps, qt, rv,
and found them 0’35, 0’65, 0’98 Inches refpettively,
and by adding, to thei halfs the line! mn (which here
was the 128¢th part of an Inch, or 0’0078 Inchesg the
fums np, ng, nr, were 0’1828, 03328, 0’4978 In-
ches. 1 matured alfo the diftances of the brighteft
parts of the fringes which run between pqand sty qr
and tv, and next beyond rand v, and found them o’s,
0’8, and 1717 Inches,

O BS XL

The Sun (hining into my darkened Room through a
fmal) round Hole madein @ plate of Lead with a flender
Pin s above ; | oplaced at the Hole a Prifm to refract
the Fight, and form on the oppoﬁtqWull_'tl"leSpe@trum
of Colours, deferibed in the third Experiment of the
firtt Book. . And then | found that the fhadows of all
Bodies held in the coloured Light between the Prifm
and the Wall, were bordered with fringes of the Colqﬁ_

5
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of that Light in which they were held. In the full red
Light they were totally red without any fenfible blue
or violet, and in the deep blue Light they were totally
blue without any fenfible red or yellow ; and fo in the
green Light they were totally green, excepting a little
ellow and blue, which were mixed in the green Light
of the Prifin.  And comparing the fringes made 1n the
feveral coloured Lights) | found that thofe made in the
red Light were largeft, thofe made i the violet were
leatt, and thofe made in the green were of a middle
bignefs. For the fringes with which the fhadow of a -
Maun’s Hair were bordered, being meafured crofs the
thadow at the diftance of fix Inches from the Hair ; the
diftance between the middle and moft luminous part of
the firft or innermoft fringe on one fide of the fhadow,
and that of the like fringe on'the other fide of the fha-
dow, was in the full red Light 5; of an Inch, and in
the full violet%. And thelike diftance between the
middle and moft luminous parts of the {fecond fringes on
gither fide thefhadow was in the full red Light {,, and
in the violet & of an Inch. And thefe diftances of the
fringes held the fame proportion at all diftances from
the Hair without any {enfible variation.

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

: mter-
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intermediate bignefles without changing the Colour of
Of any {ort of nght. '
~ When therefore the Hairin the firft and fecond of
thefe Obfervations was held in the white beam of the
San’s Light, and caft a thadow which was bordered with
three fringes of colopred Light, thofe Colours arofe not
from any new ,rpod1ﬁcations impreft upon the rays of
Light by the Hair, but only from the various inflettions
whereby the feveral forts of rays were feparated from
one another, which before feparation by the mixture
of all their Colours, compofed the white beam of the
Sun’s Light, but whenever feparated compofe Lights
of the {everal Colours which they are orignally difpo-
fed to exhibit. ~In this 13th Obfervation, where the
Colours are feparated before the Light pafles by the
Hair, the leaft refrangible rays, which when fepara-
ted from the reft make red, were inflefted ata greater
diftance from the Hair, fo as to make three red fringes
‘ata greater diftance from the middle of the fhadow of
theHair'; and the moft refrangible rays which when
* feparated make violet, were inflefted 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 infleted at intermediate diftances from the
Hair, fo asto make fringes of intermediate Colours at
ntermediate diftances from the middle of the thadow
~ of the Hair. And in the fecond Obfervation, where
~all the Colours are mixed in the white Light which
~pafles: by the Hair, thefe Colours are feparated by the
- various inflexions of the rays, and the fringes which
~ they make appear all together, and the innermoft
| Ss 2 . fringes
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fringes being contiguous make one broad fringe compo-
fed of all' the Colours in due order, the violet lying
on the infide of the fringe next the 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 third broad fringe compofed of all the Colours.
Thefe are the three fringes of coloured Light witle
which the thadows of all Bodies are bordered in the fe-
cond Obfervation. | |

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

Query 1. Do not Bodies aét upon Light ata diftance;,
and by their altion bend its rays, and is not this action.
{caterss paribus) firongeft at the leaft diftance -

Qu. ». Do not the rays.whichdiffer in refrangibility:
differ alfo in flexibility, and. are-they not by their. dif--
ferent inflexions feparated from one another, fo. as
after {eparation to-make the Colours in the three fringes

f | above
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above defcribed P And after what manner are they in-
feded to make thofe fringes ?

Qu. 3. Are not the rays of Light in paffing by the
edges and fides 0? Bodies, bent feveral times backwards
and forwards, witha motion like that of an Eel ? And
do not the three fringes of coloured Light above-men-
tioned, arife from three fuch bendings?

Qui 4. Do not the rays of Light which fall upon Bo-
dies, and are reflected or refracted, begin to bend be-
fore they arrive at the Bodies 5 and ave they not re-
flefted, refracted and inflected by one and the fame
Principle, atting varioufly in various circumftances?
~ 9u. 5. Do nat Bodies and Light alt mutually upon
ane another, that is to fiy, Bodics upon Light in emit-
ting, refleting, refracting and infleéting it, and Light
upon Bodies for heating them, and putting their parts
into a vibrating motion wherein heat confitts 2
- @u-6. Do not black Bodics 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 refleted and res
fracted within them, until it be ftifled and loft ?
~ Qu.7. Is not the ftrength and vigor of the action
between Light and fulphurcous Bodies obferved above,.
ane’ reafon why fulphurcous Bodics take fire more
readily, and -burn more vehemently , then other Bo-
“dies do®
~Qu.8. Do not all fixt Bodies when heated beyond a
certain degree, emit Light and fhine, and is not this
emiffion performed by the vibrating motions of their.
parts ?. |
Qn.9,
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L. g, 1s not {m a Body heated {o hot as to emsr
Lwlwt copioufly ? For w hat elfe is a red hot Iron than
firc? And what elfe is a burning Loal thdn red hu
Wood ? o

Qu. 10. Is not Hame a Vapour,' fume o "exhahwmw
heated red hot, that is, {o hot as tothine?’ For Bedies
do not Hame without umttma a copicus fume, and E’zé
hm* burns in thc ﬁdmc The Iaafm Fatuws 151 v&p&
rence between this vapoux and ﬂame as be‘cwecn rot-
ten Wood thining without heat and bummg Coals of
fire? In diftilling hot Spirits, if the head of the ftili b
taken off, the vapour which afcends out of the Still will
take fire at the flame of 2 Candle, and turn into thime,
and the flame will run along the vapour from the Candle:
to the Still.  Sorme Bodics heated by motion or termen-
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 flame for want of
a copious fume, except Spelter which fumes copiouly,
and thereby flames.  All flaming Bodies, as Oyl, Tal-
fow, Wax, Wood , foflil Coals, Pitch, Sulphux , by
ﬁammo watte and vanifh into bulmng 1moke which
fmoke if the flame be put out, is very thick and vilible,
and fometimes fmells i’crongly but in the flame lofes
its finell by burning, and according to- the nature of the
{inoke the flame is of {everal Colours, as that of Sul-
phur blue, that of C0pper opened with Sublimate
green, that of Tallow yellow. Smoke paffing through
Hame  cannot but grow red hoty and red hot {moke can
have no other appearance than that of flame.

Qu. 11,
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Qu. 11. Donot great Bodies conferve their heat the
longeﬁ,“t‘he‘l’r part_s ’heatmg_ one another, and may not
great denfe and -ﬁ}jﬁd Bodles, when heated beyond a
certain degree, emit Light {o copioufly, as by the emif-
6on and reaétion of its Light, and the reflexions and re-
frattions of its rays within its pores to grow fill hot.
ter, till it comes to a certain period of heat, fuch as is
that of the Sun ? And are not the Sun and fix’d Stars
great Efuths N'e’hem‘ently .?h_ot, whoie heat is conferved
by the greatnels of the Bodies, and the mutual aion
and reattion between them, and the Light which they
emit, and W.thE partsare ke.pt from fuming away, not
only by - their ﬁxrty,ﬂ but al@o by the vaft weight and
denfity -of the Atmofpheres incumbent upon them, and
very ftrongly comprefling them, and condenfing the va-
pours and exhalations which arife from them?

Qy. 12.- Do not the rays of Light in falling upon the
bottom of ‘the Eye -excite vibrations in the Tunica res
tima 2 Which vibrations, being propagated along the
{olid :fibres of ‘the optick Nerves into the Brain, caufe:

“the fenfe of feeing.  For becaufe denfe Bodies conferve
their heat a long time, and the denfeft Bodies conferve-
feir heat ' the longeft, the vibrations of their parts are:
of a lafting mature, -and ‘therefore may be propagated:
along folid fibres of uniform denfe matter to a great di-
‘france, for conveying into. the Brain the impreffions.
imade upon- all - the Organs .of fenfe.  For that motion
which ‘can continue long in one and the fame part of a
Body, can be propagated a long way from one part to.
another, fuppofing the Body homogeneal, {o that the-
‘motion may not be refle€ed, refratted, interrupted -or
difordered by any unevennefs of the Body. BN

Qu. 13..
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. 12, Do not feveral fort of rays make vibrations
of feveral bigneftes, which according to their bignefles
excite tenfations of feveral Colours, much after the
manner that the vibrations of the Air, according to their
feveral bignefles excite fenfations of feveral founds ?
And particularly do not the moft refrangible rays ex-
cite the (horteft vibrations for making a {enfation: of
deep violet, the leaft refrangible the largeft for making
a fentation of deep red, and the feveral intermediate
forts of rays, vibrations of feveral intermediate bignel-
{us to make fenfations of the feveral intermediate Co-
lours ? . o

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

Qu.15. Are not the Species of Objeéts 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 union going
¢hence into the Brain in the Nerve which is on the
right fide of the Head, and the fibres on the left fide
of both Nerves uniting in the fame place, and after
union going into the Brain in the Nerve which is on
the left fide of the Head, and thefe two Nerves meet-
ing in the Brain in fuch o manner that their fibres

»

make but one entire Species or Picture, halt of which
on the right fide of the Scnforium comes trom the
right fide of both Fyes through the right fde of

| both
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both optul Nerves to the pliwce where the Nerves
meet, and from thenee on the right fide of the Head
into tlu, Brain, and the other half on the left fide of the
Senforium comnes in like manner tfrom the left fide of
both }*yu.. For the opml I\uus of fuch Animals as
look the fame way with both Eyes (as of M(,n, Dogs,
Sheep, Oxen, & ) meet before they come into thc,
Brain, but tlw optick Nerves of 1uc1 Animals as do
not lool the fame way with both Eyes (uas of Fithes and
of the Chameleon) do not meet, i 1 am rightly in-
formed.

Qu. 16, Whena Man in the dark prefies either cor-
ner Ot his Eye with his Fi inger, and turns his Eye away
from his l"*m wr, he will fee a Circle of Colours like
thofe in the }*m!hu of 1 Peacock’s Tail Do not thele
Colours Ariﬁ* from tuch motimm excited in the bottom
of the Hyu by the prefiure of the Fingdr, as at other
times are excited there by Light for mufmw Vition? And
when 4 Mun by a ttroke upon his Eye fees o Flah of
Ll&l‘lt‘, are not the Hke Motions exated in the Retine

by the ftroke?
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ENUMERATIO

[LINEAR

TERTII ORDINIS.

Tnez Geometrice fecundum numerum dimen-

fionum ®quationis qua relatio inter Ordinatas J

% Abfciffas definitur, vel (quod perinde eft) fecun-
dum numerum punétorum in quibus a linea reta
fecari poflunt, optime diftinguuntur in Ordines.
Qua ratione linea primi Ordinis erit Reta fola, ez
fecundi five quadratici ordinis erunt fectiones Conice
& Circulus, & ez tertii five cubici Ordinis Parabola
Cubica, Parabola Neiliana, Ciflois veterum & reli-
qua quas hic enumerare fufcepimus. Curva autem
primi generis, (fiquidem reta inter Curvas non eft
numeranda) eadem éft cum Linea fecundi Ordinis,
& Curva fecundi generis eadem cum Linea Ordinis
tertii. Bt Linea Ordinis infinitefimi ea eft quam

refta in punétis infinitis fecare poteft, qualis eft Spi-
ralis, Cyclois, Quadratrix’ & linea omnis que per
radit vel rotz revolutiones infinitas generatur.

2T " Tt 2 - Se&ionum

f. ,
' Lineayum Ore
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Pmprg;mjsea Seftionum Conicarum proprietategz precipuz a
Giomi e Geometris paflim traduntur.. Et confimiles funt pro-
sum compernntprietates Curvarum fecundi generis & reliquarum, ut
z,‘;;f‘f”f;‘f’ “runi ex fequenti proprictatum pracipuarum enumera-

tione conftabit.
1L Nam fi refte plures parallele & ad conicam fe-
 Carvarum fe- Grionem utring; terminate ducantur, refta duas ea-
dinare, Diame- T bifecans bifecabit alias omnes;ideo; dicitur Dia-
i V;‘r;{:gf%cf”' meter igure & reftz bifebtz dicuntur Ordinatim ap-
R plicate ad Diametrum, & concurfus omnium Dia-
metrorum eft Centrum figure, & interfectio Curve &
diametri Pertex nominatur, & diameter illa Asxs
eft cui ordinatim applicate infiftunt ad angulos re-

&os.  Etad cundem medum in Curvis fecundi ge-

neris, {i re&te due quavis parallele ducantur occur-

rentes Curve in tribus punctis : refta que ita fecat
has parallelas ut {umma duarum partium ex uno fe-
cantis Jatere ad carvam terminatarum squetur parti
tertiz ex altero lateread curvam terminatz, eodem
~ modo fecabit omnes alias his parallelas. curveq; in
tribus punctis occurrentes rectas, hoc eft, ita ut fum-
ma partium duarum ex uno ipfius latere femper
equetur partl tertiz ex altero latere. Hasitaq; tres
partes que hinc inde mquantur, Orduatim appli-
catas & veftam fecantem cui ordinatim applicantur.

Diametrum & interfettionem diametri & curve Fer-

ticem & concurfum duarum diametrorum Centrums

aomminare licet. Diameter autem ad Ordinatas re-

Gangula fimodo aliqua fit, etiem s dict poteft,

& ubi omnes diametri in eodem punéto concurrunt.

iiud erit Centram generale. ' -

Hypers-
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| ]‘f[)_v}wrlmhl primi peneris duas Afyimphotos, ca fo-
e A i A8 M )

cundi tres,ea tertit quatuor & non plures habere po-
lince cujuivis rectee inter Hyperbolam Conicam &
duas cjus Afymptotos funt hine inde equales : fic in
Hyperbolis tecundi generts 1 ducatur reéta quaevis
{ecans tam ‘(' AUTVAI (A tres cjus Aiympfotos mn
gribus punchis, tumma duarum partium 1ftius reéta
que il duobus quibutvis Alymptotis i eandem pla-
b . . ) . . : B
part tertie e a tertia Afymptoto m plagam con-
trariam wl tertium Curvie punétum extenditur.

Fit quemadmodum in Coonicis feérionibus non Pa-

rabolicis uuadratum Ordinatim applicate, hoc eft
juad pplicatz, hoc eft, > oo

reftangulum Ordinutarum qua ad contrarias par-
ros Diametri ducuntur, oft ad reGtangulum partium
Diametri qua ad Vertices Ellipfeos vel Hyperbole
terminantur,ut data quadam linea que dicitur Latus
refum, ad partem dametri que inter Vertices jacet
& dicitur [t tranfeerfuwi - ficin Gurvis non Para.

bolicis focundi gencris Parallelepipedum fub tribus.

Ordinatimapplicatis cftad Parallelepi pedum fubpar-
eibus Diametri ad Ordinatas & tres Vertices figureab-
fciffis, in raticne quidam data in qua ratione fi fu-
mantur tres reckead tres partes diametri inter ver-
tices figurze fitas fingulead fingulas, tunc ille- tres-
recte dici poflunt Lacra redla hgure, & ille partes.
Diametri inter Vurtices Latera lranfverfa. Et ficut:

IV .
Afymptoti &

gam ad duo puncta Curvae extenduntur seq\{lalis erit

v

Latera

n Parabola Conien quie ad unam & eandem diame--

rum unicum tantum habet Verticem, rectangulum:
fub Ordinatis wquatur reétangulo fub parte Diametri.
que ad Ordinatas X Verticem abfcinditur & rectas

quadan:

-3 e - 14 S ey edrun: proprigtas
teft, & fic 1o rehiquis, Bt quemadmodum partes fes:” Fep

reffa s
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quadam data quez Latus re.&um dicitur,ﬁcin Curvis
fecundi generis qua non nifi duos habent Vertices ad
randem Diametrum, Parallelepipedum fubOrdinatis
tribus equatur Parallelepipedo {ub duabus partibus
Diametri ad Ordinatas & Vertices illos duos abfciffis,
& rettu quadam data que proinde Latus vectum
dici poteft.

Deniq; ficut in Conicis fectionibus ubi dug paral-
lele ad Curvam utring; terminate {ecantur a dua-
bus parallelis ad Curvam utring; terminatis, prima
a tertia & fecunda a quarta, retangulum partium
prime eft ad reGtangulum partium tertiz ut rectan-
culum partium fecunde ad reCtangulum partium
quartz: fic ubi quatuor tales recte occurrunt Curve
fecundi generis fingule in tribus punétis, parallele-
pipedum partium prime recte erit ad parallelepide-
dum partium tertie, ut parallelepipedum partium
fecunde ad parallelepipedum partium quarte,

Curvarum fecundi & fuperiorum generum zque
atq; primi crura omnia in infinitum progredientia
vel Hyperbolici funt generis vel Parabolicz. Crus Hy-
perbolicum voco quod ad Afymptoton aliquam in in-
finitum appropinquat, Parasolicum quod Afymptoto
deftituitur. Hac crura ex tangentibus optime dig-
nofcuntur.  Nam fi punétum contaétus in infinitum
abeat tangens cruris Hyperbolici cum Afymptoto
coincidet & tangens cruris Parabolici in infinitum
recedet, evanefcet & nullibi reperietur. Invenitur
igitur Afymptotos cruris cujufvis quaerendo tangen-
tem cruris illius ad punétum infinite diftans.  Plaga
autem cruris infiniti invenitur querendo pofitionem
recte cujulvis que tangenti parallela eft ubi pun-

um

£

21

I
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gum contactus in infinitum abit. Nam hec reéta
in eandem plagam cum crure infinito dirigitur,

Linez otmes Ovdinis primi, tertii, quinti, fep- i
dmi & imparis cujuly; duo habent ad minimum  Feduttio Ci-
crura in infinitum verfus plagas oppofitas 'progrea;e';;z/éaézzzm
dientia.  Etlince omnes tertin Ordinis duo habent “ationuns oafus-
gjufmodi crura in pligas oppofitas progredientia in frims, s

uas nulla alia carum crura infinita (preeterquam
in Parabola Cartelna ) tendunt, i crura illa
fint Hyperbolici generis, fit G AS eoram Afymp-
totos & huic parallela agatur reéta quevis CBe
ad Curvam' utrinque (11 fieri poteft ) terminata
cademy); bifecetur in puntto X, & locus-punéti il F. 10
lius X erit Eyperbola Conica (puta X @) cujus
una Afymptotos ot AS. Sit cjus altera Afymp-
totos A B, & @quatio qua relatio inter Ordinatgm
BC & Abfciflam AB definitur, (A B dicatur x &

BC y,femper induet hane formam xyy --ey=ax’
“bxx--ex-p-d. Ubi termini e, a, by ¢, d, defig-

nant quantitates datas cum fignis {uis |- & —~ affe-
étas,quarum quelibetdeefle poflunt modo ex earum.

defeétu figura in feétionem conicam non vertatur.

Poteft autem Hyberbola illa Conica cum afympto-

tis {uis coincidere, id eft punétum X in recta AB-

locari : & tunc terminus-f- ¢y deeft.

At fi reéta 1lla CBe non poteftutring; ad Curvam

terminari {ed: Curve in unico tantum puntto occur- ﬁz;l]’%ﬁf; e
pit vage quamvis pofitione datamre€tam A Bafymp- ”
toto A8 occurrentem in A, ut & alium quamvis BG
afymptoto illi parallelam éurvmquc: occurrenterm i
punétoiC, & mquatio qua relatio inter Ordinatam

BC
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B O & Abftitlam AB definitur, femper induet hanc
formam xy =ax}--bxx-cx--d.
N Quod {1 crura illa oppofita Parabolicl fint generis,
s rertins. g Y e o
Cams i regta CB cad Curvam utrinque, fi fieri poteft, ter-
minata in plagam crurum ducatur & bifecetur in B,
& locus puncti B erit linea reCta.  Sit ifta A B, ter-
minata ad datum quodvis punétum A, & ®quatio
qua relatio inter Ordinatam BC & Abfciffam AB
definitur, femper induet hanc formam, yy=ax!
-Fbxx+cx--d. 4
AL At vero fi re&a illa CBcin unico tantum puncto
“afns quarens. - occurrat Curve, ideoq; ad Curvam utring; terminari
non poffit: fit puntumillud C, & incidat recta illa
ad punftum B in re¢tam quamvis aliam pofitione
datam Scad datum quodvis punétum A terminatam
A B: & zquatio qua relatio inter Ordinatam BC &
Abfciffam AC definitur femper induet hanc formam,
y=axitbxx--cx+d. RS
XI1. - Enumerando curvas horum caluum, Hyperbolam
| Nominaforma- yocabimus inferipram qua tota jacet in Alymptoton
| angulo ad inftar Hyperbole conice, circumferiptam
quz Afymptotos fecat & partes abfciflas in finu fuo
ampledtitur, amébigenam que uno crure infinito in-
fcribitur & altero circumicribitur, convergentem
cujus crura concavitate fua feinvicem refpiciunt &
in plagam eandem diriguntur,divergentem cujus crura
convexitate {ua feinvicem recipiunt & in plagas con-
trarias diriguntur, craribus contrarus preditam cujus
crura in partes contrarias convexa funt & in plagas
contrarias infinita, Conchoidalem que vertice concavo
& cruribus divergentibus ad afymptoton applicatur,
anguineam que flexibus contrariis afymptoton fecat

&
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& utring; in crura contraria producitur, cruciformem
wz conjugatam decuflat, wodatam que feipfam de-
cuffat in orbem redeundo, cufpidatam cujus partes
duz in angulo contactus concurrunt & ibi terminan-
tur, Pum’iamf}t qua conjugatam habet Ovalem infi-
pite parviia id eft }‘)um‘:hun.7 & puram que per im-
offibititatem duarum radicum Ovali, Nodo, Cuf-
ide & Punéto conjugato privatur. Hodem fenfu
Parabolam quoq; convergentem, divergeniem, cruri-
bus conbyaris ]num’it:mz, cruciformen, nodatam, cuf-
pidaiam, puiclatam & puram nominabimus.

In cafu primo i terminus ax3 afirmativus eft Fi-
gura erit Hyperbola triplex cum fex cruribus Hy-
perbolicis qua juxta tres Alymptotos quarum nulle
funt parallele 1 infinitum progrediuntur,bine juxta
unamquamg; in plagas contrarias.  Et he Afymp-
toti fi terminus bxx non deeft fe mutuo fecabunt
in tribus punctis triangulum (Dde) inter {e con-
tinentes, fin terminus bxx deeft convergent omnes
ad idem puné¢tum. In priori cafu cape AD=:
2% Ad=Ad- s, ac junge Dd, Dey & erunt
AD, Dd, Datres Afymptoti.  In pofteriori duc
ordinatam quamvis BC, & in ea utring; produlta
~aape hine inde BF & Bf fibi mutuo mquales &

in ea ratione ad A B quam habet //d ad a, jangeq;
AF, Af, & crunt AB, AF, Af tres Alympoti.
Hanc autem Hyperbolam vocamus redundantem
- quig numero crurum Hyperbolicorum Seétiones Co-
nicas {uperat,

In Hyperbola omni redundante fi neq; terminus

X111
De Hyberboln

redundante ¢
ejus tribus A-
[ymptotis.

XIv.
De, bujus Fy~

ey defit neq; fit bb- 4. caquale Haes/a curva nul-prbole daetris

fam hubebit dimmetrum, fin corum alterutrum ac-
Uu cidat

G~ fitn crurune
mfinitarunt.
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cidat curva habebit unicam diametrum, & tres fi
utrumque. Diameter autem {emper tranfit per in-
ter{feGionem duarum Afymptoton & bifecat rectas
omnes qua ad Afymptotos illas utring; terminantur
& parallelz funt & Afymptoto tertie. Eftq; abfcifla
A B diameter Figure quoties terminus ey deeft.
Diametrum vero abfolute diftam hic & in fequen-
tibus in vulgari fignificatu ufurpo, nempe pro ab-
fciffa quee paflim habet ordinatas binas xquales ad

idem punétum hinc inde infiftentes.
XV. Si Hyperbola redundans nullam habet diametrum
Hyperbole no- . s : 4 3 .
vem redundmres GUETANtur Aquationis hujus ax*+bx*+-cxx-4-dx
gue diametro de- |- =0 radices quatuor feu valores ipfius x. Ewm

Situuntuy @ tres D - ] e . - y
wtbent <tfympree S0 APy Ay Aw, Ap.  Erigantu ordinate

cos trimglum P Ty wry # pt, & he tangent Curvamin punctis

capientes. totidem T, +,7, t, & tangendo dabunt limites Cur-
v per quos {pecies ejus innotefcet.
Fig. 1,2, Nam fi radices omnes AP, A=, A=, Ap funt

reales, ejufdem figni & inequales, Curva conftat ex
tribus Hyperbolis,, (inferipta circumferipta & am-
bigena ) cum QOuali. Hyperbolarum una jacet ver-
{us D, altera verfus d, tertia verfus ¢, & Owalis
{femper jacet intra triangulam Dd ¢, atq; etiam in-
ter medios limites 7& -, in quibus utiq; tangitur
ab ordipatis 1 & =r. Et hec eft fpecies prima.

Fig. 3, 4 Si e radicibus duz maxime A, A p, vel duz mi-
nimz AP, A= zquantur inter fe, & ejufdem funt
figni cum alteris duobus, Ovalis & Hyperbola cir-
cumfcripta fibi inxicem junguntur coeuntibus earum
punétis contactus? & t vel T & r, & crura Hyper-
bolz fefe decuflando in Ovalem continuantur, hgu-
ram nodatam efficientia. Que {pecies eft fecunda. .

i
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i e radicibus tres maxime Ap, A7 Aw, vel tres &y s,
minime A7 A @ AP equentur inter fe, Nodus in
Cu[?idem acu"c%ﬂimurgl convertetur. Nam crura duo
Hyperbole circumfcripte ibi in angulo contaétus
concurrent & non ultra producentur.  Et hec eft
fpecies tertid. . .

Si‘e radicibus duz mediz A= & A7 equentur in- Fg. 7.
ter fe, puncta contaltus ~ & 7 coincidunt, & propte-
rea Qvalis interjecta in punftum evanuit, & conftat
figura ex tribus Hyperbolis, infcripta, circumfcripta
& ambigena cum punclo conjugato. Que eft fpecies
quarta.

" Si duz ex radicibus funt impoffibiles & reliqua Fig- 7,8:13:14-
duz inzquales & ejufdem figni ?nam figna contraria

habere nequeunt,) pure habebuntur Hyperbole tres

fine Ovali vel Nodo vel cufpide vel punéto conju-

gato, & he Hyperbolz vel ad latera trianguli ab
Afymptotis comprehenfi vel ad angulos ejus jacebunt

& perinde {peciem vel quintam vel fextam confti-

tuent.

Si e radicibus due funt equales & altere duw Fi. s,10,15,16.
vel impoffibiles funt vel reales cum-fignis qua a fig- i
nis-equalium radicum diverfa {unt, figura crucifor-
mis habebitur, nempe dua ex Hyperbolis feinvicem
_decuflabunt idq; vel ad verticem trianguli ab A-
fymptotis comprehenfi, velad ejus balem. Que
due {pecies funt feptima & o&ava.

Si deniq; radices omnes funt impoffibiles vel fiFig. 11,12
omnes funt reales & inequales & earum dugz funt N
affitmative-& altere due negativee, tuncdue habe-
buntur Hyperbole -ad angulos ‘oppofitos ' duarum

Uu 2 Afymp-
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Afymptotén cum Hyperbola anguied Circa Afym p-
toton tertiam.  Que tpectes cft nona,
Ft hifunt omnes radicum cafus poflibiles.  Nam
11 du radices {unt equales inter fvy & alie due funt
etiam inter {e equales, Figura evadet Suttio Conica
cum linca recta.
VI St Hyperbola redundans habet unicam tantum

W ”)’1{)"{{‘[;’:”; J:)izunctﬁ.lrn fit cjus Diameter Abfcifla A B, & wqua-
sescnmnaicaror CioNis hujus axi-|-bx x| cx--d=o0o quare tres ra-
tom Diametio. djees feu valores x.

Fip. 17, Si radices ille funt omnes reales & cjufdem figni,
Figura conftabit ex Quale intra triangulum Dd » ja-
cente & tribus Hyperbolis ad angulos cjus, nempe
circumfcripta ad angulum D S inferiptis duabus ad
angulos d & . kKt hwe eft {pecies decima.

Fig, 18, S radices duwe majores funt wquales & tertin cjuf=
dem figniy crura Hyperbolae jacentis verfus D fefe
decuflubunt in forma Noede propter contactum Ova-
lis. Que fpecies et undecima,

Fig. 19, St tres radices funt aquales, Hyperbola ifta fie
cufprdate fine Ovali. Que {pecies eft duodecima.
Fig. 20, St radices due minores funt equales & terti cjuf-

dem figniy, Ovalis in penclum cvanuit.  Qua fpecies
eft decima tertia,  In {pecicbus quatuor novifhimis
Hyperbola quae jacet verfus D Afymptotos in finu
{uo amplectitury reliqua dux in finu Alymptotén

jucent. |
j‘?,‘f‘- 20 51 due ex radicibus funt impofhbiles habebuntur tres
.20, Tore . ok TRUTYS A ST
ey Hyperbolwe pure fine Ovali decuflatione vel cutpide,
g, 23. it hujus cafus fpecies funt quatuor, nempe decima

quarta {1 Hyperbolu circumlberipta jacet verfus D &
decinn



(149 ]
decima quinta fi Hyperbola inferipta jacet ver{us D,
decima fexta fi Hyperbola circumferipta jacet {ub
pafi d¢ trianguli Dd 4, & decima feptima fi Hyper-
bola inferipta jacet fub eadem bafi. »

Si duz radices ‘funt equales & tertia figni diverfi Fig. 24
figura_erit cruciformis. Nempe duz ex tribus Hy- Fg. 25
perbolis feinvicem decuffabunt idg; vel ad verticem
trianguli ab Afymptotis comprehenfi vel ad ejus ba-
fem. Que due {pecies funt decima oftava & decima
nond. |

Si duz radices funt inequales & ejufdem figni &
tertia eft figni diverfi, due habebuntur Hyperbole
in oppofitis angulis duarum afymptotén cum Con-
choidals intermedia.  Conchoidalis autem vel jace. Fig- 27
bit ad eafdem partes afymptoti fuz cum triangulo P 2
ab afymptotis conftituto, vel ad partes contrarias ;

& hi duo cafus conftituunt {peciem vigefimam & vi-
gefimam primam.

Hyperbola redundans quaz habet tres diametros , XVIL
conftat ex tribus Hyperbolis in finubus afymptoton edudames cun
jacentibus, idq; vel ad angulos trianguli ab afympto- f7ibu Dismetris
tis comprehenfi vel ad ejus latera. ~ Cafus prior dat ng: 25,
fpeciem vigefimam fecundam,& pofterior {peciem vi-
gefimam tertiam.

Si tres afymptoti in punéto communi {e mutuo  XVII.
decuffant, vertuntur {pecies quinta & fexta in vige- , perbole no-
fimam quartam , feptima & oftava in vigefimam cum Afymproris
quintam, & nona in vigefimam fextam ubi Anguinea j;’bf’j; e comi
- non tranfit per concurfum afymptoton, & in vigefli- vergensibus,
mam {eptimam ubi tranfit per concurfum illum, quo 7% 3>
cafu termini b ac d defunt, & concurfus afympto- F 32
ton eft centrum figure ab omnibus ejus partibus . 33:
g | oppofitis
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oppofitis qualiter diftans.  Et hee quatuor {pecies
Diametrum non habent.

Vertuntur etiam {pecies decima quarta ac decim
{oxta in vigefimum oétavam, decima quinta ac de-
cima feptima in vigefimam nonam, decima octavi
& decima nona in tricefimam, & vigefima cum vige-
fima prima in triceimam primam.  Et ha {pecic-
unicam habent diametrum.

Ac derig; ipecies vigefima fecunda & vigefin:
tertia vertuntur in {peciem tricefimam fecundam cu-
jus tres funt Diametri per concurlum afymptoto:
rranfeuntes.  Que omnes; converfiones tacillime -
telliguntur faciendo ut triangulum ab afymptoti-
comprehenfum diminuatur donec in punttum eva-
nefcat.

Siin primo ®quationum cafu terminus ax’ ne-
aativus eft, Figura erit Hyberbola defetiva unican:
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
deeft fisura nullam habebit Diametrum, fideeft ha-
Lebit unicam. In priori cafu {pecies fic enume-
rantur. ‘

Si equationis hujus axt=bx}fcxx-dxiiee,
radices omnes Aw, AP, Ap, Aw, funt reales & in-
zquales, Figura erit Hyperbola anguinea afympto-

ton flexu contrario amplexa, cum Ovalz conjugata.

Que {pecies et tricelima tertia.
Si radices duze mediz AP & A ¢ ®quentur inter
{e, Ovalis & Anguinea junguntur fefe decuffantes

in-forma Node. Que eft ipecies triceima quarty.

S
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Si tres radices ftixi.f: @quales, INoaus verfetur in b 41
cufpidem acutiflimum In vertice anguinez. Et hec
eft {pecies tricesima quinta,

Si e tribus radicibus ejufdem fignt duz maxime Fiz. 43.
Ap & A= fibi mutuo zquantur, Ovalis in pundum
evanuit. Que {pecies eft tricefima fexta. |

Si- radices due quevis imaginariz funt, {ola ma-
nebit Anguinea pura fine Ovali, decuflatione, cuf-
pide vel punéto conjugato. Si Anguinea illa non Fg. 42: .
tranfit per punctum A fpecies eft tricefima feptima,
fin tranfit- per punctum illud A (id quod contingit Fig. 4...
ubi termini b acd defunt,) pun&tum illud A erit
centrum figure reftas omnes per ipfum duttas &
ad Curvam utring; terminatas bifecans. Et hzc
eft {pecies tricefima otava. | :

In altero cafu ubi terminus ey deeft & propterea  RX.
figura Diametrum habet, fi @quationis hujus ax tenf%i"fi”f‘“@?’."
=bxx-cx-d radices omnes AT, At, A7, {Unt mmerram hotr
reales, inequales-& ejuldem figni, figura erit Hyper- %
bola Conchoidalis cum Owvali ad convexitatem, Quz © *
eft {pecies tricefima nona.

Si duz radices funt inequales & ejufdem figni & Fi. 44
tertia eft figni contrarii, Owals jacebit ad concavi-
tatem Conchoidalis. Eftq; fpecies quadragefima.

Si radices duz minores AT, At, funt =quales Fig. 46.
& tertia A eft ejufdem figni, Ovalis & Conchoi--
dalis jungentur fefe decuflando in modum. Nods.

Que {pecies eft quadragefima prima.

Si tres radices funt equales, Nodus mutabitur in g 37; -
Cufpidem & figura erit Cuffois Peterum. Et hac eft
fpecies quadragefima fecunda. . .

Si
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Tig. 49 Si radices due majores funt equales, & tertia eft
ejuldem figni,Conchoidalis habebit pundfum conju-
gatum ad convexitatem fuam, eftq; fpecies quadra-
gelima tertia,

Fig. 49, St radices due funt quales & tertia eft {igni con-
trarii Conchoidalis habebit pundum conjugatum
ad concavitatem {uam, eftq; {pecics quadragefima
quarta.

Fig. 48,49- Si radices duz funt impofibiles habebitur Con-

- choidulis pure fine Ovali ; Nodo, Culpide vel
puncto conjugato. Que fpecies eft quadragefima
quinta.

XXIL Siquando in primo equationum cafu terminus a x3
mfy,@j;%flfﬁ deeft & terminus bxx non deeft, Figura erit Hy-
Diamerrum non perbola Parabolica duo habens crura Hyperbolica ad
hatberrss. unam Alymptoton SAG & duo Parabolica in pla-

gam unam & eandem convergentia. Si terminus
ey non deeft figura nullam habebit diametrum, fin
deeft habebit unicam. In priori cafu fpecies funt
ha.

Fig. 503 Si tres radices AP, Aw, Ar =quationis hujus
bx3tcx 4 dx-Lee=o funt inzquales & ejufdem

figni, figura conftabit ex Ovals & aliis duabus Curvis

que partim Hyperbolicz {unt & partim Parabolice.

Nempe crura Parabolica continuo ductu junguntur

cruribus Hyperbolicis fibi proximis. Et hzc eft

fpecies quadregefima {exta. :

Si radices duz minores funt equales & tertia eft
ejufdem figni, Ovalis & una Curvarum illarum
Hyperbolo-Parabolicarum junguntur & {e decuffant
in formam Nod:. Que ipecies eft quadragefima
Jeptima.

bl
oy
LA

et

Si



L 153 ]

Si tres radices funt wquales, Nodus. ille in Cuf .

pidem vertitur. Bt fpecies quadragetima otava.

Si radices dure my umm funt lualcs & tertia eft Fi.

«cjufdun iwm, ()‘ulll*» 1 /wmlm conjugatium evi-
quie. Quaxd pu.m c'tqu wdragelima nona.

Qi due radices funt 1mpoilll‘>11c 5, manebunt pare vig.
illee duxe curvae Ilypuholuq arabolice  fine Ovali,
decuffatione, cufpide vel puncto conjugato, & 1pc
clem qmm;tumhmdm conttituent.

ke,

Siradices dne funt wquales & tertia eft figni con-
trarii, Gurve uir hy[mholof}mubolic.L )unwuntur
{efe lt,(,uﬂdndw e morem cructs. il {puuca quin-
quzzgﬂchim PrIImL.

Qi radices due funt inwe ]thlm & ejufdem figni & P
tertia eft figni contrarii, figura cv adet Hyperbola
;mgmn a circe Alymptoton AG, cum Parabola con-
jugata. Et hace eft fpecies ;umquayc ima {ecunda.

In altero cafu ubi terminus ¢y declt & huuu

§7.

§3-

§3,5 4

55

§6.

XXIL

Iyperbole qua-

Diametrum habet, i due radices equationis NUjuSs i’ Parabolice
bxx-|cx-d-o hmt impoffibiles, duwe habentuy Piomerrun ba-

CHtes.

figure hyperbolo-parabolice a Diametro A B hinc gg, 7,

inde aqualiter diftantes. Quae {pecies eft quingua-

gefima tertia.
Siwquationis illius radices dure funt impofhibiles, re-

Figure hyperbolo-parabolice junguntur et de-
cuffantes in morem cructs, & fpeciem quinguagei-
mam quartam conftituunt,

'iue

Si radices ilke tmt inrquales & cjufdem figni, ha- 14 59

betur Hyperbols Conchoidalis cum Parabola ex
eodem latere Atymptoti.  Fitg; fpecies quinguage-
Aima quinta.

‘E

-
o 2

N
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¥ir. 6o, Si radices ille funt figni contrarii, habetur Con-
choidalis cum Parabola ad alteras partes Afymptoti.

Qua {pecies eft quinquagetima fexta. _
XX Siquando 1 primo ejutionum cafu terminus
I,é,“?,,’,';i,’;’”uj ;’ﬂ uterg; axd & bxx decdt, higura crit Hyperbolifimus
bols. {eétionis alicujus Conice.  Hyperbolitmum higure
voco cujus Ordinata proditapplicando contentum fuly
Ordinata figura illius & recta data ad Abfciflam com-
munem.  Face ratione linea recka vertitur inhyper-
bolam Conicam, & feétio omnis Conica vertitur in
aliquam figurarum quas hic Hyperbolitmos fectio-
num Contcarum voco.  Nam wxquatio ad  figuras
de quibus agimus, nempe xyy-p ey ox-|d, feu
etr/ee-) ¢dx v 4 oxx generatur appli-

cando contentum  {ub Ordinata {ectionts Conice
chrree ¢dxbpox x & rectu data moad curvarum
B PR
Abfciffam communem x. - Unde Hquet quod figura
genita Hyperbolifmus crit Hyperbolw, Ellipteos vel
Parabole perinde ut terminus ox aflivmativus cft
vel negativus vel nullus.

Hyperbolifmus Hyperbolie tres habet afymptotos
quarum una ¢ft Ordinata prima & principalis Ad,
altera duw funt parallcle Abfvifle AB X ab cadem

hine inde equaliter diftant, In Orvdinata principali
Adcape Ady A hine ide wquales quantitat /7¢
& per puntta d ac Tage dg, &7 Afymptotos Ab-
{cifle A ii parallelas,

Ubi terminus ¢y non deeft figura nullam ha-
bet diametrum. In hoe cafu ft wquationts hujus
cxx | dx-|jee=oradices dux AP, A pfunt reales
| &




& inzquales (nam =quales effe nequeunt nifi figura ¥ig: 61
fit Conica fettio) figura conftabit ex tribus Hyper-

bolis fibi oppofitis quarum una jacet inter alymp-
totos parallelas & altere du® jacent extra. Et hzc

eft fpecies quinquagefima feptima.

St radices ille due {unt impoffibiles,habentur Hy-
perbolz duz oppofitz extra afymptotos parallelas &
Anguinea hyperbolica intra eafdem. Hzc figura
duarum eft fpecierum. Nam centrum non habet Fg. 623
ubi terminus d non deeft 5 fed fi terminus ille deeft ™" 3
punétum A eft ejus centrum. Prior fpecies eft quin-
quagefima o&tava, pofterior quinquagefima nond.

Quod fi terminus ey deeft, figura conftabit ex Fig. 64!
tribus hyperbolis oppofitis quarum una jacet inter
afymptotos parallelas & alterz duz jacent extra ut
in fpecie quinquagefima quarta, & preterea dizme-
trum habet que eft abfciffa AB. Et hec eft {pecies
{exagefima. | |

Hyperbolifmus Ellipfeos per hanc #quationem de- ~ XXIV.
finitur xyy--ey=cx-d, & unicam habet afymp- Tret Hfgfjf"“ﬁ‘-
toton quz eft Ordinata principalis Ad. Si terminus Fg.65.
ey non deeft, figura eft Hyperbola anguinea fine dia-
~ ametro atq; etiam fine centro f1 terminus d non deeft.

Quz {peeres eft fexagefima prima.

At fi terminus d deeft; figura habet eentrum fine #g. 66
diametro & centrum ejus eft punétum A. Species
vero eft fexagefima fecunda. C

 Et fiterminus ey deeft” & terminus d non deeft, Fg- 67.
figura eft Conchoidalis ad afymptoton A G, habetq;
diametrun: fine centro, & diameter ejus eft Abfcifla
AB.  Que fpecies eft fexagefima tertia, |

Xx g -Hyper-



[ 156 ]
NRV. Hypuholnmm Parabolie 1')«:1‘ hane wquationeny
””1}:1”‘;,’”/{ (](_111‘1!1:1.11 yy ey ody & duas haber alvmptotos,
Abtciflam A B & Ordin H A }'I‘IHHHI oo prineipalem
AG.  Hyperbole vero i hae figura funt duwe, non
in afymptoton anpulis oppotitis ted 1 an: ‘Ulla qui

Fio. 68, {funt (]unu}m jacentes, dg; ad ut rum; Litus ab-
) feifle A B, & vel fine dimetro fi Iumlnm ¢y e
117, 6. betur, vel cum diimetro G terminus e deefts Que
due fpectes funt fexagelima quurta & texageting

“ quinta.
XXV In fecundo wquationum catu habebatur wquatio
Tridens, xy-=axi-pbxx|ox-do e higura inhoe caly

habet quatuor crura infinitw quorum duo funt hy-
perbolica civea afymptoron A Gin contrarias partes
tendentin & duo Parabolica convergentia & cum
prioribus {peciem ridentis teve etlovmantin, kit

Fg. =6, hee Figura Parabola alla per quam Cartatius wqua-
tiones fox dimenfionum conftruxit. e ¢l montar
{pecies fexagefima fexta,
XXVIL In ‘tu‘t‘i() cfu wquatio cratyy cax ¢ bhxw | ex
| ”“!’f‘f’f“"‘? quint= .\ d., & Parabolum dfignat cojus crura divergunt
que dicergented.
ab invicem & i contrarias partes inhiite progre-
diuntur. Abfcifla A B oft cjus dimetor & tpecies cjus
funt quing; feguentes,

Fig. 70,71 Stwquationisa x| x| ox- ‘; oo radices om-
nes Ay, AT, At funt reales & tnquales, figura ot
Purabola dnumm campaniformis cum Coali ad

verticen, ‘Hp(..uu« oft foxagetima feptin.
Fig. 7. o1 radiees due funt wquales, Pac tl ola prodit vel
LA nodata contingendo Ovalen, vel ,fmm i 6b Ovalem

infinite purvam. Quae dwe fpecies fupt fesagetima

octava & {ex; el Lo,
“i
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&i tres radices {unt equales Parabola erit cufpi- g .
date in vertice. Rt hes eft Parabola Neiliana que |
vulgo femicubica dicitur,

&;1 radices du&: {unt unp()ihhllu habetur Parabola #7. -3, 74
;mwcampml Vs Ipeciem h,ptu locfrinam primam
conftituens.

1;1%;1;{(: cafu a:quam crat yax -|-bxx-4-ex  Xxviw
',\.,d,_, heee wquatio Parabolam illam M/ “alli franam Db cdica.
defignat quae crura habet contraria & eubeca di. T

i folet. Lt fic {pecies omnino funt feptuaginta

due. -

Siin plgmum infimtum a punt ‘to lucido illumina-  XXIX.
tum wmbre figurarum projicdantur, umbre fectio- ,,,,(,,P’:,f';f,,,’{”f
num Conicarum lemper: crunt fuctiones Conica, ca
Curvarum fecundi generts femper erunt Curva fe-
cundi generis, e curvarum tertii generis femper
erunt Curvae tertin generts, & fic dmmeps in infini-
tum. Kt quemadmodum ’Circulus umbram proji-
ciendo generat fectiones omnes conicas, fic Luabolm
quing; divergentes umbris fuis generant & exhi-
bent alias omnes fecundi generts curvas, & i
Corvee quadam | fimpliciores aliorum generum invee
niri poflunt qua alias omnes corundem generum
curvas umbris {uis a punéto luctdo in planum pro-
jectis formabunt.
 Diximus Curvus fecundi generis a linea refta i | XXk
punétis tribus fecari pofle.  Horum duo nonnun- “Z’j}j’}’,?’,:’,’f”"“‘
quam coincidunt. Ut cum recta per Ovalem infi-
nite parvam tranfit vel per concurfum duarum par-
tium Curva fo mutuo fecantium vel in cufpidem

coeuntium ducitur,  Et fiquando reftw omnes in
Pld é_)d m



[ 188 ]

plagam cruris alicujus infiniti tendentes Curvam
in unico tantum punéto fecant (ut fit in ordinatis
Parabolz Cartefianz & Parabole cubice, nec non in
retis Abfcifl2 Hyperbolifmorum Hyberbole & Para-
bole parallelis ) concipiendum eft quod rete ille
per alia duo Curve puntta ad inhnitam diftan.
tiam fita (ut ita dicam ) tranfeunt. Hujufmodi
interfetiones duas coincidentes five ad finitam
fint diftantiam five ad infinitam, vocabimus pun.
Gum duplex. Curve autem que habent pun-
&um duplex defcribi poflunt per fequentia Theo-
remata.
XXXL
m:"f;‘j;;’fzfeﬂ d 1,8 anguliduo magnitudine dati PAD, PBD circa
feriptione orga- polos pofitione dato's A, B rotentur, & eorum crura
i AP, BP concurfu fuo P percurrant lineam rectam ;
o crura duo reliqua AD, BD eoncurfu {uo D deferi-
bent fe&tionem Conicam per polos A, B tranfeun-
tem : preterquam ubi lineailla reéa tranfit per po-
lorum alterutrum Avel B, vel anguli BAD, ABD
fimu] evanefcunt, quibus in cafibus punétum D de-
feribet lineam rectam, |

2. St crura prima AP, BP concurfu fuo P
percurrant f{eftionem Conicam per polum alter-
utrum A tranfeuntem, erura duo reliqua A D, BD
concurfu fuo D-defcribent Curvam feeundr gene-
ris per polum alterum B tranfeuntem & pun-
&um duplex habentem: in polo primo A per quem
{ectio é)oni?ca tranfit : preterquam ubi® anguli
BAD, ABD fimul evanefcunt, quo cafu pun-

&um
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Gum D defcribet aliam {e€tionem Conicam per po-
lum A tranfeuntem.

3. At fi fectio Conica quam pun&um P percur-
rit tranfeat per neutrum polorum A, B, pun&um
D defcribet curvam fecunds vel tertii generis pun-
&Gum duplex habentem. Et punétum illud duplex
in concurfu crurum deferibentium, A D, BD in-
venietur ubi anguli BAP, ABP fimul evanefcunt.
Curva autem deferipta fecundi erit generis fi an-
guli BAD, ABD fimul evanefcunt, aliaserit ter-
tii generis & alia duo habebit puntta duplicia in
polis A & B. |

Jam fe&tio Conica determinatur ex datis ejus XXXIL
pun&tis quing; & per eadem fic deferibi poteft. nicijf;;’”j:ﬁf;:
Dentur ejus puntta quing; A, B, C, D, E. Jun- sie per dara quaa-
gantur eorum tria quzvis A, B, C & trianguli ABC ##
rotentur anguli duo quivis CAB, CBA circa ver-

tices fuos A & B, & ubi crurum A C, BC interfettio

C fucceffive applicatur ad puntta duo reliqua D, E,

incidat interfe¢tio crurum reliquorum AB & BA.

in punéta P & Q. Agatur & infinite producatur

reéta PQ, & anguli mobiles ita rotentur ut inter-

fe@tio crurum A B, BA percurrat reftam PQ, &

crurum reliquorum interfectio G deferibet propofi-

tam fe€tionem Conicam per Theorema primum.
| XXX

i : Curvarum fe<
- Curve omnes fecundi generis punétum duplex cund; generis PZQ,

habentes determinantur ex datis earum punétis &m duplex ha-
feptem u et &um od du lex -bf'ntzum deferip-
| ) quortm tnum punctum 1304, AUPIEXy vjo per dara fepe

tem punéla
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¢ per cadem puneta fic defertbi }w<,>{%i1f1t". Centuy
Curvee deferibendie puncta quelibet feptem Ajls

b, b, G quoruin A cit punctum duplox, jt -
L tur pum’cum A & alia ‘h“’ UV ¢ opunckis puta
B& G o & triangnlt A B rotetur tum mwu]m
CAB Hu verticem {uun A, tum ang U]mum relp-
quorum alteruter ABC circa x_utw o tum B
ubi crurum A CS BG concurtus € fue \_ctmn appli-
catur ad puncta qlutum reliqua 13, l 5 1y Goineidat
concurfus crurum reliquorum A B BA in punctu
quatuor Py Q, Ry S0 Per punatl 1ll1 ratuor &
qumtum A hziutlntm fectio Conica, SCanguli proe-
futt CA DB, CBA 1ta rotentur ut uunum ALy DA
concurius pclumtlt feétionem tlam Conteam | &
concurfus reliquorum crurum A C) B C deteribe
Curvam propolitam per T heorema fecundum.

Stovice 1’>unéﬁ ¢ datur po!it'inm' recta DO que
Curvam deferibendam tangit m By binee AD, AP
s;'omt.l.dum, & vice anguls DA P habebitur linea redta
circa polum A rvotanda.

St punctum duplex A mtinite diftat debebit Redta
ad plagam puncti illius perpetuo divigi & motu pa-
rallelo ferey meerea dunt angulus A BC cirea polun
B rotatur.

Deferibi etiam poffunt hee curvae paulo uliter per
Theoremu tertium, led deferiptionem fimplicioren:
yohuﬂn fufhcit.

Fadem methodo Carvas terti, quarti & fuperio-
rum generum defertbere licer, non omnes quudem
fed quotquot ratione aligua commoda por motun
localem: deferibi poflunt, Nam curvam aliquam

{feeunds
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fecundi vel fuperioris genieris punétum duplex non
habentzm commode deferibere Problema ‘et inter
difficiliora numerandum. '

Curvarunt ulus in Geometria eft ut per carum  XXXIV.
interfeltiones  Problemata folvantur, Proponatur o #rttio o-
2quatio conftruenda (!imunﬁonum novem x9* -~ b y7 /qf“[:ftzﬁz:npgfe
AexSdxi-bextEx sl ik k=0, Wbt %

4 m

b, ¢, 'd, e ‘ﬁg;nit'ix}mtr quantitates qualvis datas
fignis fuis -~ & — aflectus.  Aflumatur equatio ad
Parabolam cubicam x'=vy, & wquatio prior, feri-
bendo y pro "}\“,*{ cvadet y'--bxyy |- cyy-l-dx X'y
+exy--my-} Ix-f gxx-| hx| k=0, @quatio ad
Curvam aliam fecundl generts.  Ubi m vel £ deefle
poteft vel pro lubitu affumi. Bt per harum Curva-
rum deleriptiones & interfeétiones dabuntur radices
gquationis conftruendw.  Parabolum cubicam {emel
deferibere fufhcit.

Si zquatio conftruenda per defectum duorum ter-
minorum ultimorum hix & k reducatur ad feptem
dimenfiones, Gurva altera delendo m, habebit pun-

&um duplex in principio ablcifle, & mde facile des
{eribi poteft ut fupra. : e
Si xquatio  conftruenda per defeétum termino-
rum trium ultimorum gx x--hx--k reducatur ad
fex dimenfiones, CGurva altera delendo t evadet
{e&tio Conica. IR
~Et fi per defeCtum fex ultimorum terminorum
2quatio conftruenda reducatur ad tres dimenfiones,
incidetur in conttruétionem Wallifianan: per Para-
bolam cubicam & lincam reétam. |

Yy Gon-
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Conftrui etiam poffunt equationes per Hyperbo-
lifmum Parabole cum diametro. Ut cqnﬁrueuc‘.a_
fit hee equatio dimenfionum novem termino penul-
timo carens, a- cxx--dxi-ex*Ix g x*-|-hx?

-+ m
kxS 1x2 = o 5 affumatur 2quatio ad Hyperbolif-
mum illum xxy=1, & fcribendo y pro j5» ®quatio
conftruenda verteturin hanc ay*--cyy - dxyy--e y
A Xyt mxxy--g-- hx--kxx- Ixs=o0,que cur-
vam fecundi generis defignat cujus delcriptione
Problema folvetur. Et quantitatum m ac g alter-
utra hic deefle poteft, vel pro lubitu affumi.

Per Parabolam cubicam & Curvas tertil generis
conftruuntur etiam zquationes omunes dimenfionum
non plufquam duodecin, & per ecandem Paral?olam
& curvas quarti generis conftruuntur omnes dimen-
fionum non plufquam quindecim, Et fic deinceps in
infinitum. Et curve ille tertii quarti & fuperiorum
generum defcribi femper poflunt inveniendo eorum
puncta per Geometriam planam. Ut fi conftruenda
fit zquatio x"* * {-ax"°-bx’{-cx°d x7+-e x4 fxs
+oxt--htixx-kx+1=0, & deferipta
habeatur Parabola Cubica ; fit equatioc ad Pa-
rabolam illam cubicam x3 =y, & {fcribendo y
pro x* mquatio conftruenda vertetur in hanc
yt Faxy? -cxxyy --fxxy A-ixx=o0, que eft

4b Adx egx Akx

| e --h -1
zquatio ad Curvam tertii generis cujus defcriptione
Problema folvetur. Defcribi autem poteft heec Curva
inveniendo ejus punéta per Geometriam planam,prop-
terea quod indeterminata quantitas x non nifi ad
duas dimenfiones afcendit.
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INTRODUCTIO.

Uantitates Mathematicas non ut ex partibus.
Q quam minimis conftantes, fed ut motu conti-
nuo deferiptas hic confidero.  Linewr deferi-
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 continuwm, & fic in ce-
teris, Ha Genefes in rerum natura locuny vere ha-
bent & in motu corporum quotidie cernuntur. Kt
ad hunc modum Veteres ducendo re€tas mobiles in
longitudinem reétarum immobilium genefin docue-
runt re¢tangulorum.

Confiderando igitur quod quantitates aqualibus
temporibus crefcentes & crefeendo genita, pro velo-
citate majori vel minori qua crefcunt ac generantur,
evadunt majores vel minores ; methodum qua:ge‘bam

- eter-
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Jeterminandi quantitates ex velocitalibus motuum

vel incrementorum quibus generantur 3 & has me.
tuum vel incrementorum velocitates nominando Fly/-
stones & quantitates g gemt&% nominando Fluentes, in-
cidi paulatim Amus 166 65& 1666 in Methodum Fly.
xionum qua hic ufus fum in Quadratura Curvarum.
Fluxiones funt quam proxime ut Fluentium aug-
menta zqualibus termporis particulis quam minimis
genita, & ut accurate loquar, {unt in prima ratione
augmentorum nafcentium ; exponi autem pofiunt por
lineas quafcung; que funt 1phb pr opomm ales. Ut
fiaree ABC, ABDG Ourdinatis BC, BD fuper
bafi A B uniformi cum motu pwgreduntlbuq deferi-
bantur, harum arearum fluxiones erunt inter fe ut
Ordinatz defcribentes BC & BD, & per Ordinatas
illas exponi pofiunt, propterea quod Ordinate illa
funt ut arearum augmenta nafcentia. Progre-

diatur Ordinata BC de loco fuo BC in locum

~quemvis novum b c. Compleatur parallelogram-
.mum BGEDb, ac ducatur re¢ta VI H quae Cur-

vam mngat inC 1pfifg; be & BA produdtis occur-
rat in T & V: & Abfeifile AB, Ordinate BC, &

Linez Curve ACc augmenta modo genita uunt‘r

Bb, Ec& Cc; &in horum wgmcntomm nafcen-
‘tium ratione punu funt latera trianguli CET 1deoq,

fluxiories ipfarum AB, BC& AC funt ut trianguli

illius CE'T latera LL ET & CT & per eadem
Jatera exponi poflunt, vel quod peunde eft per la-
'.te1a trianguli confimilis VBC.

Fodem vecidit 1 fumantur fluxiones in ultima
ratione pdl’tlum evanelc tfmium Asmtur reéta Co

& ])10dULJLIU“ eadem ad K. Redeat Ordinata be
in
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in locun {uum p}‘ior?m‘ B C, & coeuntibus punétis
C&ec, retta CK ‘L‘()IIICI.(J‘CE cam tangente GH, &
triangulum cvancleens CHein ultma fun forma
evadet fimile trungulo CET, & cjus latera evane(-
centin CF, fl'"ﬁ'c & ( ¢ crunt uli:i\‘nﬁm inter e ut funt
erianguli il‘“,'kj‘l'lll%:\ G Lutera G, L SCT, &
ropterci i fite ratione fine dusiones Hinearuny A B,
;}B,C& AC. Stpuntta G & e parve quovis inter-
vallo ab invicem diftant recta GK parvo intervallo a
tangente G diftabit. Ueredts CK cum angente
CH coineidat & vattones ultimee lincarum CH, e &
Ce inveniuntur, debent puntta G & ¢ coive & om-
gino coincidvre,  Frroves quum minimi in rebus
mathematicis non funt contemnendi,

~Simili argumento fi circulus centro B oradio BC
defcriptus in longitudinem Abfcifle A B ad angulos
reftos uniformi cum motu ducatur, fluxio folidi ge.
piti ABC eritut circulus ille generans, & fluxio {u-
perficicl tljll‘:% erit ut perimeter Cireuli illios &
fluxio linca curvae A Cconjunctim. - Nam quo ten-
sore folidum A BC genervatur ducendo circulum
lum in longitudinem Abicitle A B, codem fuper-
ficies ejus generatur ducendo perimetrum civeuli il
fius in longitudinem Curvae AC,

Reda'P Beirca polun dotom P vevalveas [ecer aliom ]

fmﬁtzmz:: duatam vedlam AL : ?Hiﬁ}}‘f i ]:af;"ﬁ(wﬁﬁf) j;éumm
numw redloruwm tarien A B & P B, Progrediatur
reta PB de loco fuo PB in locum novum Pb,
Ph capiacur PG iph P B wqualis, & ad A B ducatur
PD fic, utangulus b P D wqualis (it anvulo b B
& ob funilitudinem tngulorum BEC, bPD crit
augmentum Bb ad aupmentum Gb ut Phad Db,

Redeat
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Redeat jam P b in focum fuum priorem P B vt aug-
menta tla evanefcant, & evancfeentium vatio ulti-
ma, id cft ratio ultima Pbad Db, ca erit que eft
PBadD B, exiftente angulo PDB rect 0, & prop-
terea in hac ratione cft fluxio iplius A BB 2 fluxionem
ipfius P I3

Redla ‘P B covea datum Polwm ‘P yevolvens [eeet
alias duas ;m/mmz« datas vedas A B A F in B9
Fo quaeriar pi ()pmlm /lnwmzzmz ryedarom z//zf)mn
AB Y AE. Progrediatur retta 1cx olvens P I de
loco fuo P B inlocum novum Pbrectas AB, AE in
punétis b & ¢ fecantem, & recte A [ puJH Tla BC
ducatur ipi Pb oceurrens in C,& erie Bhad BC ue
Abad Ac, & BCuad Feut P Bad P I, & conjunctis
rattonibus Bb ad Fe ut AbyP B dd AP L.
Redeat jam linea Pbin locum fuum priorem P l‘), &
augmentum evancfeens Bb erit ad augmentum Cv
ncfeens Be ut ABPB ad Al ulmq, in
hae ratione eft fluxio recte A B ad fuxionem recta
A K,

Fline fi reéta revolvens P B lincas quatvis Curvas
pohtione datas {ecetin pundtis B & F, & recte Jam
mobiles AB) AR Curvasillus tangant in Seétionum
punthis B & Iz erit | fluxio Curvar lmm recta, A B
tangit ad tluxionem Curvar quam resta A K Jnmt
ut ABPB ad AEPE, Id qtmci me cventet
fi recta P B Curvam aliquam pofitione datam perpe-
tuo tangat in puntto mobili P.

Fluat quaitetas s wformeter & sveatenda fit fluxcio
grantibatis . Quo tempore quantitus N Hlu x*c!

evadit x | o, quuntitas % cvadet x § ofv, id of
per methodum ferierum  infinitarum, x*. uu'x‘*‘“‘*

i
-

)

i
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attoox™2Fe. Et augmenta o & nox™H Likigoxi-?

. Z

Ve funt ad invicem ut 1 & nx™t|-2nox2 gy,
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 poffunt 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 evanelcentium rationes primas vel ultimas
inveftigare, confonum eft Geometriz Veterum : &
voluioftendere quod in Methodo Fluxionum non
opus fit figuras infinite parvas in Geometriam intro-
ducere. Peragitamen poteft Analyfis in figuris qui-
bufcung; feu finitis feu infinite parvis qua figuris
evanefcentibus finguntur fimiles, ut & in figuris que
pro infinite parvis haberi {olent, modo caute pro-
cedas.

Ex Fluxionibus invenire Fluentes Problema dif-
ficilius eft, & folutionis primus gradus wequipollet
Quadrature Curvarum ; de qua fequentia olim
feripfi. .
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DL

Quadracura Curvarum.

Uantitates indeterminatas ut motu perpetuo
7 crefeentes vel ¢ decrefcentes, 1d eft ut Huen-
tes vel defluentes m fequentibus confidero def‘cnoq,
ficeris z, v, %, vy & carum fluxiones {eu (.elemtat&

crefeendi noto tifdem literis punétatis z, y, x, V.
Sunt & harum fluxionum fluxiones feu mutationes
magis aut minus celeres quas ipfarum z, y, x, v
ﬂuxmnu {ecundas nominare licet & fic dignare

7 y, X, v, & harum ﬂuxumef-; pmmd {eu ipfarum
Z ¥y %V fluxiones tertias fic f., V ) x, vq & quarms fic
7 y, X, v. Kt qucmttdmodum z, y, X, v funt flu-
®IONCs quanhtatum 7, Y, X, Vo, & hee funt fluxiones

qu&nhtatuxn Zoy Yy Xy V & he {unt fluxiones qudnt;tv
tum primaruim z, y, %, v = fic hae quantitates confide-
rari pofiunt ut fluxiones aliaram quas fic defi g,ndbo?

Z;
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td ! , '), P . .y s . ‘. - ,/ ' , ‘” .
7y Yy %y Vy & hee ut fluxiones aliarum 7, Yy X, vy &

he ut ﬂL’lxl()ﬂ.L”S“:ll1":11‘L1m Zy ¥y Xy Vo Difignant igitur
Ly By Ty Ty T % 2y 2T, fLriem quantitatum quarum
qumlibct pofterior et fluxio pracedentis & quielibet
prior eft Huens quantitas fluxionem habens {ubfe-

quentem. Similis oft Aeries paz—zz, a2z,

Framn———————

Vaz—id y 1782tz g 0k gz Jan--27, ut &
V2 O AR VA EPA N VA B A zmn\-’z‘ﬂ Az |-t
ferie g . . w

1 ¥ ? b ?

i

Ry Y 4 i R H —— e,
’ 9
A2 e L e ol
. Bt notandum eft quod quantitas quaelibet
a—2
prior in his fericbus eft ut arca figurae curvilinie
cujus ordinutim applicata re€tangula et quantitas

e Pt i

poﬂcerior &ablciflu et v utt fag 27 arca curve

~cujus ordinata oft #uz - -zz &abfciflu z. Quo au-
tem fpectant hwe omnia patebit in Propolitionibus
qua {equuntur.

N
1 %
™~y
L ¥
Rl
et
o
P
S’
P
. et
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PROP.I. PROB. L

Data wquatione quotcung fluentes quantitates wmvol-
vente, mvenire fluxones.

Solutio.

Multiplicetur omnis @quationis terminus per in-
dicem dignitatis quantitatis cujufq; fluentis quam
involvit, & in fingulis multiplicationibus mutetur
dignitatis latus in fluxionem fuam, & aggrega-
tum faCtorum omnium f{ub propriis fignis erit
@quatio nova.

- Explicatzo.

Sunto a, b, ¢, d Yc. quantitates determinate &
immutabiles, & proponatur zquatio quavis guan-
titates fluentes z, y, x ¥e. invelvens, uti x* —xyy
4aaz—bi=o0. Multiplicentur termini primo per
indices dignitatum x, & in fingulis multiplicationt-
bus pro dignitatis latere, feu x unius dimenfionis,

{cribatur }E,& fumma fatorum erit 3 X X—x yy.ldem
fiat in y & prodibit—xyy. Idem fiat in z & pro-
dibit a az Ponatur fumma fa&orum =zqualis ni-
.ﬁilo, & habebitur equatio 3 XX — X yy— “xy}mr

--aaz=o. Dico quod 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 {ynchrona. Et fi quantita-
tes fluentes jam funt z, y & X, he po& momentum

tempons incrementis {uis oz, oy, ox auttz, evadent
.z-\—oz, »\«oy, ,_\eox, que in equatione prima pro
z, 7 & X fcuptae dant xquationem X3 |- gXXO)‘Q
+gxooxx \ o3x3 —Xyy moxyyw——zxoyywaxoovy
-—-xooyy»«xo’yy A-aaz-|- azoz—b3 =o. SubducatuL

xquatio prior, & refiduum dm{um per o eut 3XX2

-3xx0x- \«xgoo — XYy~ :zxyy —-m:oyy —-xoyy —X00yy

-|-aaz=o. Minuatur quantitas o in infi mtum,m neg-
le&tis terminis evanefcentibus reftabit gxx »--«-xyy'
———xyy—;—aaz*o Q. E.D.

Explicatio plenior.

'Ad eundem modum fi quatio effet x‘»—~-}~.}y

- } aa ;/ ax~yy-——bg =0, produceretur 3X*X—Xyy

sy gt i —

—-2xyy -+ a2 ax- ax—yy=o. U.b1 fi fluxionem s/ a%—yy

mllere vehs, pone // mmyy =z, & erit ax—yy = z°
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& (pu hanc Pmpoﬁmonem) ax—" yy %7 feu

A o JEN— ‘
x yy::z “hoc eft f_ Yy o v ax—yy . Fr
7 2i/c1X~~—yy
« . a’x—24da
inde Q"XZXW'xyy'»———Zny. “F — y Y_»s
s ‘dX«Myy

Et per operationem repetitum pergitur ad Huxio-
nes lecundas, tertias & fequentes.  Sit zquatio
"'yl——wm{ a=o, & fiet per operationem primam

zy {ﬂgzyy -—4zzw.:o > per fecundam ;;'y3+67“;}°1y=’-'

\ 3zyy2\ by ym_}??)-—ﬂ—l 2zt =0, per tertiam
2y 92yy" 4 92yys -1 182y.y I~ 3zyy*-|- 18zyyy
- 6zy w:}zz“—»—-'gézzzzwwrm o.

"Ubi vero fic pergiturad fluxiones fecundas, ter-
tias & fequentes, convenit quantitatem ahquqm ut
uniformiter fluentem confiderare,& pro ejus fluxione
prima_unitatem {cribere, pro fecunda vero & fe-

-quentibus nihil.  Sit &quﬂmo 7y} —12* - ae=o, ut
fupra ; & fluat z uniformiter, fitq; ejus fluxio umtds?

& fiet per operationem primam y3 |-32yy—4zs =0,
per fecondam é))'/y2 - 3z§y2 - 67;.}./2}/-—- 122 = o,
per tertiam gyy?--18ysy--32yy°*|-182yyy--6ay3

~—24Z =0,

In
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Tn hujus autem generis =quationibus concipicen-
dum eft quod fluxiones in fingulis terminis fint ejut-
dem ordinis, id eft vel omnes primi ordinis v, Z,
vel omnes fecundiy, y% yz, 22, vel omnes tertii

Vs VY2 V2> V35 V72, y2* 23 &e. Et ubi res aliter f
habet complendus eft ordo per fubintelletas fluxio-
nes quantitatis uniformiter fluentis. Sic @quatio

noviffima complendo ordinem tertium fit gzyy*

J-18zy*y-32yy*-F 182y yy by —a4uzi =o.

PROP. II. PROB. II.

Invensre Curvas quee quadrars poffunt.

Sit ABC figura invenienda, BC Ordimatim ap- Fg. 4..
plicata reftangula, & AB abfciffa.  Producatur
CB ad E ut fit BE=1, & compleatur parallelo-
grammum ABED : & arearum ABC, ABED
fluxiones erunt ut BC & BE. Affumatur igitur -
zquatio quzvis qua relatio arearum definiatur, &
- inde dabitur relatio ordinatarum BC & BE per

| Pxop‘.‘I.w QL L

 Hujus rei exempla habentur in Propofitionibius
- duabus fequentibus.

PROP..
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PROP.III. THEOR. L

Si pro abfcifla AB & area AE feu ABx1 pro-
mifcue {cribaturz, & fipro e -|-fz" 4-gz* --hzin-{-&c.
{cribatur R: fit autem area Curve zeR* erit.
ordinatim applicata BC=

foo =0 £ =0 5,27 48 34 - 1 -1 A-l
e o fat T gam 1O hz 4 &eoinz® R

Demonflratio.

Nam fi {it ziR*="v, erit per Prop. 1, 822Ra

J-az'RR*=v. Pro Ra in primo @quationis ter-
mino & zin fecundo fcribe RR* & zz%, & fiet

2zR-azR in 287R* =v,  Erat autem R=e -~ fu
geA-hzn &e. & inde per Prop. 1. fit R =]
ufz2r - awgzzar - whzzin - &e. quibus fubftitu-
tis & feripta BE feu 1 pro z, fiet

404 0 \Foutf  opom- 34 | - 1 1 Warl = —
el bt opm il hzw - &e. in 2 R =v=DBC.
Q. E. D

PROP.
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PROP.IV. THEOR. 1L

g; Curva abfciffa A B fitz, & fi pro e fzn |-gz
A& feribatur R, & pro k-|-lze-}-mz2-- &c. feri-
batur S ; fit autem area Curve 20 RSK © erit or-
dinatim 1pphmm BC=

ek, Fle 2279, gl KRR

E
4 (,]. AN ?\n flzm :M'An gll oE i{’ 1 i”“R"“%l

-1~
R A

}g emz o fmz-1 8 gmaut
“ \ by l luu

‘Demonfiratur ad modum Propofitionis firperioris.

PROP. V. THEOR. I

Si Curve abfciffa AB fit z, & pro e-|-fz1-|-ga™
Jrhzan - &e. feribatur R @ fit autem ordinatim ap-
plicata zHR¥* ina |- bz - ezt 4 dan| - &e & po-
natur . gm rorelams, seea bt am v &ee enit area

,,d, sb-sfA e fB-tpA IW“wa!pﬁmV] A

ZORA ‘ hhhhh — K” \4.. - , ‘/"?ﬁ , \,4 'ZBE)
T 'L“f ¥ -»J(» 1, 1.;.-."3, £ 5 e e
=D = C ) h B
\_ 5 T & Ubi AL B, C) D, &e.

¥ e *h
Aaa denotant
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denotant totas coefficientes datas terminorum hingu-
Jorum in ferie cum fignis fuis-|-&—,nempe A primi
termini coefficientermn & , B {fecundi  coefficientem
re’ .
. . e B —tgA
ertii coefficientem ) &
Tt 1, € ¥t 2,¢

fic deinceps.

Demonflratio.

Sunto juxta Propofitionem tertiam,

Curvarum Ordinate

i, BeA :};g”fAZ" ~|-0

=21

sz AR
= -1 3

2

& ecarundem arex,

Az R™,

‘ — e ¢ v
a0 gTmeBy ’{‘“ﬂfB 2318 g Bysn &el 4 Bzot" Ra.

=il . ~\-2An ZG»I R}\»I .

e ol TP S N o SN -2 R A
3 5 ¢ b 9 6 v o 8 @ +6+2]’,€CZ2”—\~3\”\ 2”f(JZ‘)ﬂ &(. (JZA \ 1 R. ]
oo cAbmeDz3nge. ) Dzt RA,

Bt i {umma ordinatarum ponatur equalis ordi-
nate a-|-bzr-|-ez?-|-dz?-- &e. in 7 R, fumma
arearum 2R in A -|-Bz»-Cz2-|- Dz3-{- &¢. @qua-
lis crit arez Curve cujusifta eft ordinata. Aquen-
tur igitur Ordinatarum termini correfpondentes, &

. o LA -1 8-} -
Cfet a=ted, b=_0 fFATleB, c= . gAll" B
b A

et e AR o

| ™% » a
LeiTaeC & & inde g = A.

s e (ST
¢ =i, gA-FTiTnfB
T, BA-IT D

&1 e |
=, Et.fic deinceps in infi-
niturmn
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- ° . ) _.L_. , )
nitum. Pone jam b =r. rla=s sa=t &eo &
in area z'RAX A-|-Bz-Ca2--Dzd e Leribe  1p-
forum A, B, C, &c. valores inventos & prodibit
feries propofita. Q. E. D.

Et notandum eft quod Ordinata omnis duobus
modis iu feriem refolvitur. Nam index " vel affir-
mativus eft poteft vel negativus. Proponatur Ordi-

kemlz z it
FE P Hac vel fic foribi poteft

nata Z—;ﬁz;i z3-{mzg4 "

z=ix3k—lzzxk—lzz--mz3l+, vel fic zx —1-|-3ka®
¥m—lz""--kz=> —i. In cafu priore eft a= 3k.b=o.
C::—l. e::;k. f:().' g= ~]. h=m. A=l o],
' 5 3

f—I1==—"1. 9':"—5:1'0 S==—1, t:::—-ui. v=0. In

pofteriore eft a==—1. b=0. c=3k. e=m. f= -1,
é:o: h=1. A= =], T T 022, P,
g=—=—I!. t=—=-1I.v==-" Tentandus eft calus uter-
que. Et fi ferierum alterutra ob terminos tandem
deficientes abrumpitur ac terminatur, habebitur area
Curve in terminis finitis, Sic in exempli hujus
priore cafu {cribendo in ferie valores ipforum a, b,
c, 6 f,g,hy a0, 1, 5, t, v, termini omnes poft pri-,
mum evanefcunt in infinitum & area Curve prodit
L = hac area ob fignum negativum
adjacet abfciffee ultra ordinatam produéte.. Wam
area omnis affirmativa adjacet tam abftifle quam
ordinate, negativa vero cadit ad contrarins par-
‘tes ordinate & adjacet abfcifle producte, manente
feilicet fisno Ordinate.  Hoc modo feries altor.
utra & nonnunquam utraque f{emper tecminati
& finita evadit fi Curva geometrice quadruri po-
teft. At i Curva talem quadraturam non adioit.
tity feries utraq; continuabitur in infinitum, & e

aa 2 (RVHY
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rum altera converget & arcam dabit approximando,

pwtuquam ubt r ( pmpru arcam mhntram ) w,}
nihil eft vel numerus integer & negativus, vel uln ..

equalis eft unitati.  Si 7 minor ¢ft unitate, LC)I]VL}L-—
get feries in qua index , affirmativus eft @ fin 7 unity
te major ¢ft, converget furies altera. In uno catu
arca Luljaul ableife ad uly; ordinatam dutte, in
altero adjacet abfeifla ultra ordinutam productu.

Nota infuper quod (i Ordinata contentum  oft fuls
tactore rationali Q & factore furdo rrreducibili R7,

ﬁlé"cori‘s furdi latus R non dividit factorem ratio-
nalem Q; erit a—t==r & R**== R~ Sin faltoris fur-
di latus R dividit fiftorem rationalem femel, crit
Al -l 1 & R =R o f1 dividie bisy o erit
A o= \ 2 X R"” ;:'t*f:R"’l SRR b tL‘I‘., Crit a—1i 1::::‘"._\“%'ﬁ
& Rrr==R*13: & fic deimneeps.

Si Ordinata eft fractio rationalis trreducibilis cum
Denominatore ex duobus vel plurtbus terminis com-
pofito : refolvendus ¢t denominator in divifores
{uos emnes primos. Lt (i divifor it aliquis cu
nullus alivs et @qualis, Curva quadrart nequit :
Sin duo vel plures fint divifores wquales, rejicien-
dus cft corum unus, & fiadhuc alit duo vel plures
fint fib1 mutuo a*qualu & priovibus inequales, re-
jiciendus eft etiam corum unus, & fic in ahis omni-
bus aqualibus i adhuc I]“““‘ fint : demde divifor
qui relinquitur vel contentum fub diviforibus omni-
bus qui relinquuntur, i plures funt, ponendum cft
pro K, & cjus quadrats uupmcum R pro R+ pree-
tuquam ubi contentum illud eft quadratum vel e
bus vel quadrato quadratum e, quo catu cjus latus

ponen-
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ponendum cft pro R & poteftatis index 2 vel 3 vel 4
negative hlmp}tus pro a. & Ordinata ad denomina-
torem R* vel R7 vel R7 vel RS &e. reducenda,

Ut {1 ordinata {it —z5| 24—823 . ; ”

l:lt | e s s—ae, > quoniam hec
fractio trreducibilis eft &  denominatoris divifores
{unt pares, nempe z—I1, z—I, z—1 & z-4-2,
z-\-2, repcto s magmtudinis utriufque  diviforem
unum & reliquorum z—1, 7z—1, z4-2 conten-
tum 2’—-37{-2 pono pro R & ejus quadrati re-
ciprocum > feu R—2 pro R**, Dein Ordina-
tam ad denominatorem R* {feu R*™* reduco, & fit
rcs,___, y opif w‘%"ﬂ .
1‘ 9‘/’ ‘\ ¢ /‘ M - 4 =2
el e eft 23X 8 =92z 2 — 322
73— 37+ -2 quad. ‘
Et inde cft u==8 bs=—9. ¢==o0. d=-1, &c.
¢=a. fo —3. =0 h=1. aI=-2. \="Ts
GWIT:’.‘H%. :—_—:4'$r_ S"—:g, t:g.V:I. Ethis

terminis om-

=1
1 -
° w% ’i . "t . " . . PN Z+ )

in feric feriptis prodit area =, term
nibus in tota ferie poft primum evaneftentibus.

Si deniq; Ordinata cft fraétio irreducibilis & ejus
denominator contentum eft fub factore rationali Q.
& faxore furdo irreducibili R7, invcj:'m.endL funt la-
teris R divifores omnes primi, & reycxendus'efc di-
vifor unus magnitudinis cujuigy & per d1V1fo;e§
qui reftant , fiqui fint, multiplicandus eft faltor
l‘ig"lti()llliliS (l: & ﬁ fu&junl scqual.e eft laterl RVE].
lateris illius poteftati alicui cujus index eft numerus

e L} 11 . <, ~. e T
integer, efto index ille m, & erit ATI = gmg(l wfrc
Rat = Rer-m Yol iqa g A0 O 9UIXRTAAE,
Rt = Rewm ]t fi Ordinata fiv e
quonian.

3
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quonium fuctorts furdi latus R fea q3 4-qqx—gxx-x3
divifores habet q-[-x, %, g—xqui duarum funt
magnitudinum, rejicio diviforem unum magnitudi-
11s umuiq, S per diviforem q-+x qui relinquitur
multiplico faftorem rationalem qq—xx.  Et quo-
niam tactum 3 »«,-qq\quxw——-xﬂ cequale eft L1-=

3
tert Rypono m==1. & inde, cum = fit §, fit =1 =

Ordinatam igitur reduco  ad dummnmtoxem R’*

é\wﬂtho % 3q% 2g X Kq? xx 8] -:-7qq\ —méqxr’

l’“‘ qqx—qxx—x{~LUnde efta= 39" b=2q" &,
=@ f=qq&c. 0—1=0. g=I=" == I=1,
. t=' v=o0. Et his in ferie {criptis prodit

’ 369 x-{-2x?
areq terminis omnibus i {erie tora

&u e d , (lv—-—-l‘\\-m‘ .)

woﬁ rertium e xu,mefu,nubl,ls

[
A RN

PROP. VL. THEOR. IV.

St Curve abfeiffa AB fit z, & feribantur R pro
fzn A-gzn -|-hz-- &e. & % pro k -1z mz
\ w30 &c. fit autem ordinatim apphmta 71 Roer S

in 1 b/w \«CZ‘ZH A-dzo &e. & fi terminorum, e,
Sc. & k, 1 m, n. &c. rectangula fint.

ek fk gk hk &
el. fl gl hl &
em fm gm hm &c
en fn gn hn &

-m
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Ee b "3“&'{"‘."155:,‘",!()1’171111 ilorum coefficientes nume-
rales fint refpective

AL ThaEss sast o tha=v &

P e T

o
M
—e

=

i pm e B ey vlesw wde= g &e
i Hi n i 1 .m

%\M*’“ V., G‘-K«M W W—\F::x X"i“[«c’—:y. &e.

area Curve crit hae
—talk

1, Ay, s T .,._..'12"" k't et F1. -
IR A o @ b ”"“‘A w€ m:'~\‘*11,’ cf p --t"é inA‘
#ARA8k 1n .\\ —z0 70
tek ek T ek "
—y ke A

, U gk v g
L1 wiw) ity fk(: ] 1, F B —y"f i

",

B e oy ¢ T e eeyen

A+ 23 &e.

ek

JrUbi A denotat termini primi coefficientem datan:
!’”}rz cum figno {uo -| - vel —, B coefficientem datam:
re

{ecundi, C coefficientem datam tertii, & fie deinceps..
Terminorum vero, a, by ¢, &e. k, I my &e. unus

vel plures deefle poffunt.  Demonttratur Propofitio

ad modum precedentis; & que ibi notantur hic ob--
tinent. Pergit autem feries talium Propofitionum in;

infinitum, & Progreffio feriel manifefta cft.

-

PROP.
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PROP VII. THEOR. V.

Siopro e ] gam s &e, {unl)atm R ut fupra, &
i Curve JIILU]LIH ()Ldmam 7000 Ralr mancant
quantitates date o, ny 2y ¢y 4 g, Koo & pro s ac « feni-
bantur fucceflive numert quicung; integrt @ & i
detur arca unius ox Curvis quae per Ordinatas in-
numeras fic pmdcuntu defignantur fi Oldllmt.L {unt
duorum nominum in vmuxlo radicts, vel {1 dentur
arce duarum ex Curvis 1 Ordinate 1unt trivm no-
minum in vinculo radicts, vel arex trium ex Curvis
{1 Ordinatxe funt quatuor nomnum in vinculo radi-
cis, & ficdeineeps moinfinitum ;- dico quod dabun.
tur aree curvarum omnium.  Pro nominibus hic
habeo terminos omnes i vinculo radicis tam de-
ficientes quam  plenos quorum indices dignitatum
funt 1 progrel flone  artthmetica. Sic ordinaty

S — mm "

Vat—axt - xtob terminos duos inter a4 & —nx:
Huuntu pro qumqumomm Imbuu debet. Ar

War) s binomium cft & Vat. \

cum progreflio jam per majores chﬂ'cxcntm proce-
dat.  Propolitio vero fic demonftratur.

: 11 momum

4S5 L

Sunto Curvarum duarum Ordinate pzb Ry &
g et Rt Scarea pA & g By exittente R quanti-
fate trium nominum ¢ A - ge Bt cum per

Prop.
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Prop. HI. fit '/.O_R" arca curve cujus Ocdinata eft
fe f},}fﬂ,fZ"f“,gmgz""” 11'1”/‘0‘11{""', fubduc Ordinatas & areas
yriores de area i\ Ordinata pofteriori, & manebit
s e 1 g2z R Ordinata nova Curvee,&
M‘(lZ"

AR pA =g B cjufdem area.  Pone se=p &
o f =q & Ordinata evadet ~}~gM gz in 2R &
area 2 Rr-—geA-—of B--mf B, Divide utramg; per
ig-|-mg, & arcam prodeuntem dic G & aflumpta
utcunq; ry erit rC area Curve cujus Ordinata eft
e R, Be qua ratione exoarcis pA & gB
aream rC Ordinatwe 792 R congruentem inve-
pimus, licebit ex arels qB & rCoarcam quartam
puta sD, ordinata sz81 s RA* congruentem invenire,
& fic deinceps in infinitum.  Ft par cft ratio pro-
greffionts ab arcis B & A in partem contrariam
sergentis. Siterminorum o,6-|-an & 0-|-aa aliquis de-
ficit & feriem abrumpit, aflumatur arca pA in prin-
cipio progreflionis unius & area B in principio al-
terius, & ex his duabus arcis dabuntur arce omnes
in progreffione utraque. Kt contra, ex aliis duabus
areis aflumptis fit regreflus per analyfin ad arcas A
& B, advo ut ex duabus datis cetere omnes den-
tur, Q. E. O, Hic eft cafus Carvarum ubi ipfius z
indexsaugetur vel diminuitur perpetua additione vel
fubduttione quantitatis v Cafus alter el Curva.
rum ubi index # augetur vel diminuitur unitatibus.

Bbh C ol Su
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c 45 1L

Ordinate pz+'R* & qz8+R*, quibus aree pA
& qB jam refpondeant, fi in Rdeu e-{-fz24-gz* du-
cantur ac deinde ad R viciflim applicentur, eva-
dunt pe -|-pfzr - pgzr x ZHR & qezr |- qfz
J-qgzx zMR>. Et per Prop. IIL. eft azfRr

-

area Curve cujus Ordinata eft sae 70 afan]? agzs

in 2R, & bz*R* area Curve cujus ordinata

eft _ Sbezr [0bfz :\'_gbgz% in z2R**. Et harum qua-
Aan “Im2A

U]
tuor arearum fumma eft pA-1-qB-|- az8R*-|-bz*1Rx
& fumma refpondentium ordinatarum

b0 0 afz ag22” :%3 bgz% in 2R,

an ~I2an
.}- e '\—2)\”
B b gabe
e 98
t_
Tt
P
tge F qf

Si terminus primus tertius & quartus ponantur fe-
orfim zquales nihilo, per primum fiet fie-|-pe=o
{cu—a=p, per quartum mig)g—- ib—2mb=q, & per
tertium (eliminando p & q)F=Db. Unde fecundus
i -
fit = 2deoq; fumma quatuor Ordinatarumeft
L ff—-v -}~ - ) . .

e g R & fumma totidem refpondentium
arearum eft azdR*- 8 RweaA,-ffm}ﬂ—“i’—agB,

Divi-



[187]

aaff—qamge

Dividantur he fumme per =——, & fi Quotum
ofterius dicatur D, erit D area curve cujus ordi-
nata eft Quotum prius 25 R>1, Et eadem ratione
onendo omnes Ordinate terminos preter primum
zquales nihilo poteft area Curve inveniri cujus Or-
dinata eft 2 R**. Dicatur area ifta C, & qua ra-
tione ex areis A & B inventz funt aree CacD, ex
his areis C ac D inveniri poflunt alie due E & ¥
ordinatis 2 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; quee in progreffione fe-
quuntur. Igitur fi_index ™ perpetua unitatum ad-
ditione vel fubduétione augeatur vel minuatur, &
ex areis que Ordinatis fic prodeuntibus refpondent
duz fimpliciffime habentur ; dantur aliz omnes in
infinitum. Q. E. O. ‘ |

48 L

Et per cafus hofce duos conjunétos, fi tam in-
dex ¢ perpetua additione vel fubduétione ipfius»,
quam index » perpetua additione vel fubductione
unitatis, utcunq; augeatur vel minuatur, dabuntur
geaﬁ %ﬂgulis prodeuntibus Ordinatis refpondentes.

Bbba - CAS.
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C A8 1V

Et fimili augmento {1 ordimnata conftat ex (Uit -

tuor n()mmlbuw in vinculo radicalt & dantur tres
arearum. vel 1 oconftar ex (nmm nominibus &

R S ¥ Lll]l’ ------

dantur quatuor arcarum, & (u dumcps « dabun-
tur arce omnes (ua dddmdo vel fubducendo nume-
rum » indici ¢ vel unitatem indict 2 generart poflunt,
bt par eft ratio Curvarunm ubt ordinatze cx binomiis
(O!]ﬂdﬂtill & dred 1N eartm (ux non {unt geome-
frice qx.,mdmlnl_ua datur. Q. E. O,

PROP. VIII. THEOR. VI

Si pro e-far-|-gam -} &e. & k- Lo -[-mize )&,
{cribuntur R & S ut fupra, & in Curve alicujus Or-
dmam 1.“‘"" Rxd7 Setv mancant quantztatm date o,

r oy e £y g ko1 my Se & proe, T, & wy feri-
bantm fuceclive numeri quicung; mtwn &N
dentur arca duarum ex curvis que per ordinatas
fic prodeuntes defignantur fi quantitates R & § {unt
binomia, vel fi dcntm arce trium ox curvis i R
& S conjunétim ex qumq, nominibus conftant, vel
aree quatuor ex curvis {1 R i\ S mn]um’um ex fex
nominibus conftant, & fic deinceps 1 infinitum :
dico quod dubuntur aree curvarum omnium.

Demonftratur ad modum Propofitionis fuperioris.

PROPD.
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PROP. IX. THEOR. VIL

Equantur Curvarum arex inter {e quarum Or-
dinate funt reciproce ut fluxiones Abfciflarum.

Nam contenta {ub Ordinatis & fluxionibus Ab-
{ciffarum erunt equalia, & fluxiones arearum funt
ut hac contenta.

COROL. 1

Si affumatur relatio quavis inter Abfciffas dua-
yum Curvarum, & inde per Prop. 1. queratur
velatio fluxionum Abfciffarum, & ponantur Ordi=
natz reciproce proportionales fluxionibus, inveniri
poffunt innumerz Curve quarum are fibi mutua

~quales erunt.
COROL. 1.

Sic enim Curva omnis cujus hec eft Ordinata:
2 in e[z J-ge? |- &el* affumendo quantitatem
quamvis pro » & ponendo =5 & z=X, migrat i
aliam fibi equalem cujus ordinata eft Lyt in

e+ £ |- gx &

C0-
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CORO L. 1IN

Et Curva omnis cujus Ordinata eft z** in

q - bar ez &e. % e fagz? &etaflumen-

do quantitatem quamvis pro* & ponendo t=s &
» . . . - v .

7= x, migrat in aliam fibi ®qualem cujus ordinata

eft ! “x~—~ in a-- bx’-- cx¥ - &e.xe+ fx'--gx¥ - &c

COROL. 1IV.

Et Curva omnis cujus Ordinata eft 2z in
a0~ bz' - cz7 - &e x e fz - gz I &t
xK + 127 - mz* 4 &c.J, aflumendo  quantitatem

M - 'e H oo Sz i 1
quamvis pros & pogendo ; s & z*=x, migrat in
aliam fibi zqualem cujus ordinata eft EX"—@—;;" in a--bxv

:’\_ szyj_t__ &c.Xe __\_ fxv,j\_ gX2vﬂﬂ &C_JAX k +1X"+H’1X”: _l_ &C,\M

COROL. V.

Et Curva omnis cujus Ordinata eft 7% in
e--far - gzt &C‘ ponendo z=x migrat in

aliam fibi zqualem cujus ordmata eft iT-FY y € Tx
% E-exi? fiduo funt

T ex™ 4 &e B id eft XET

2q) H
nomina in vinculo radicis vel fo-!-k-nAX g --fxn--ex

fi tria funt nomina ; & fic deinceps. co
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COROL. VL

Et Curva omnis cujus Ordinata eft z** in
e -fz -~ gz |- &c.[" %k - 1z 4 mzo- &l
ponendo ;=x migrat in aliam fibi zqualem cu-

e . N T -
jus ordinata eft - % S fx " T &

) PP ae s 1 Y
xk—rlx. \-mx#-- & 1d eft mxf\ ex’|

e 1 . . 3 .

xl4-kx ] fi bina funt nomina in vinculis radicum,
vel 3oFTiemln X g -4 fxr - CXZ"I" %14~ kx"]l‘ i tria
funt nomina in vinculo radicis prioris ac duo in
vinculo pofterioris: & fic in aliis. Et nota quod
arez duz =quales in noviflimis hifce duobus Co-
rollariis jacent ad contrarias partes ordinatarum.
Si area in alterutra curva adjacet abfcifle, area
huic equalis in altera curva adjacet abfciffe pro-
duéta. |

COROL. VIL

 Si relatio inter Curve alicujus Ordinatamy &
Abfciflam 2z definiatur per @quationem quamvis
fe€tam hujus forme,y*in e fyrd-|-gyz2 1 hy»z*
+ &c. = zf in k- lyrzd - my#z*® 4 & hac
figura affumendo s =227, x=& & 72":23‘%35 migrat
in aliam fibi wqualem cujus Abfeifla x, ex data

| Ordinata
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Ordinata v, determinatur per thmtloncm nort
affectam ver e fur-) gy - hye - & T L

Smyv - &t =x.

COROL. VIL

bt relatio inter Curve alicujus Ordinatam y &
Abfciffam z definitur per  @quationem quamvis

affe¢tam hujus forme, y* in e-| fy""-|- (xy‘"/z‘“ &%,
=zpoin k- lyzd o) my 2@ &l | 27 in p | qy"e

RN ALFASE &'C‘;‘ haee figura affumendo s= "% x = A
S| P , .
e a“,,‘:}r" & o t?', migrat in aliam fibi @qualem

cujus Ablcifla x ex dam Ordinata v determinatur
per mqu&txomm minus allectam ve i e | fvr-| gy

A &es o= st in ko) dvr e mv s &el S} #xtin

pgur - ev® s &e.

COROL. [X.

Curvzx omnis cujus Ordimata  cft =8 ip

4 - ~ -

¢ j1 En a,‘/.‘” A &es ) e B e g &«
A~ - -

\ b\c/. Ve gt e} A fite <o &

affumantur x =z’ -~ 20 gzt &l , 7=,
& # = xzr omigrat in aliam (bt wqualem cujus_ordi-

nata elt X2 < --bxe e Bt nota quod ordinata prior
in



[193 ]
in hoc Corollario evadit fimplicior ponendo x==1
vel ponendo 7= 1 & efficiendo ut radix dignitati;
extrahi poflit cujus index eft «, vel etiam ponendo
bo=—1&r=1=r=7=y  ut alios cafus prate-
ream. |

COROL. X

Pro em A~ fzr1n Ao gz 4o &e. ez M fzrwr
At gt &eo kA 1z |- mz - &e. & nlz
- anmz2rt|-&e. feribantur R, 1, S& s refpedtive, &
Curva omnis cujus ordinata eft »Sr --¢ Rs in Rt e

GBI, fiftsr =1 =2, 7=

AT e
el e %

9
& RrSe = %, migrat in aliam fibi ®qualem cujus or-

dinata eft x¥ x a-I-bx7. Et nota quod Ordinata
prior evadit fimplicior, ponendo unitates pro =, v,
& avel u, & faciendo ut radix dignitatis extrahi
poffit cujus index eft «, vel ponendo~ = =1 vel
u== 0,

PROP X. PROB. IIL

Invenire figuras fimplicifiimas cum quibus Curva
quevis geometrice compari poteft, cujus ordinatim
applicata y per ®quationem non affeftam ex data ab-
{ciffa 2 determinatur.

Ccc C .48
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C A8 L

Sit Ordinata az%*, & area erit gazé, ut ex Prop.V.
ponendob=o0=c=d=f=g=h & e=1, facile col.
ligttur.

c 48 1L

Sit Ordinata azt x e |- fzr - gz?*" - &e. & fi
curva cum figuris reftilinels geometrice comparari
poteft, quadrabitur per Prop. V. ponendo b=o=c
=d. Sin minus convertetur in aliam curvam {ibi
zqualem cujus Ordinata eft i:‘,xe,,“" % e fx--gx*&ce M
per Corol. 2. Prop. IX. Deinde fi de dignitatum
indicibus 2 & a—1 per Prop. VIL. rejiciantur uni-
tates donec dignitates ille fiant quam minime, de-
venietur ad figuras fimpliciffimas que hac ratione
colligi poffunt. Dein harum unaquazq; per Corol.5.
Prop.IX. dat aliam quz nonnunquam fimplicior
eft. Et ex his per Prop. IlI. & Corol. 9 & 10,
Prop. IX. inter fe collatis, figurx adhuc fimpliciores
quandoq; prodeunt. Deniq; ex figuris fimplicif-
fimis aflumptis fatto regreflu computabitur area
quafita,

CAS
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c 4S8 1L

Sit Ordinata 2% % a 4= bz 4-cz» - &c.

w e--fzr - gz - &cl', & hac figura fi quadrari
poteft, quadrabitur per Prop. V. Sin minus, di-
ftinguenda eft ordinata in partes z0* x axe--fz
Trgz - &, 2w b e fan gz &ef,
&e. & per Caf. 2. inveniende funt fignre fimpli-
ciffime cum quibus figure partibus illis refpon-
dentes comparari poffunt. Nam arez figurarum
partibus illis refpondentium fub fignis fuis -~ &—
conjunétz component aream totam quefitam.

C A48 IV

Sit Ordinata z% % a 4 bz cz2 - &c =
e far - gz 4 &ept x k- 12t -mz” A& et
& fi Curva quadrari poreft,quadrabitur per Prop.VI.
Sin minus, convertetur in fimpliciorem per Corol.4-
Prop. IX. ‘ac deinde comparabitur cum figuris fim-
pliciffimis per Prop. VIIL & Corol. 6, 9 & 10.
Prop. IX. utfitin Cafu2 & 3. :

c48 V.

© Si Ordinata ex variis partibus conftat , partes.
fingule pro ordinatis curvarum totidem habendz

funt,& curve ille quotquot quadrari poffunt,figilla-
R Ccca | tiny
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tim quadrandz {unt, earumgq; ordinatz de ordinata
tota demende. Dein Curva quam ordinate pars
refidua defignat {eorfim ((ut in Cafu 2, 3 & 4,)
cum figuris fimpliciffimis comparanda eft cum qui-
bus comparari potelt. Lt fumma arcarum omniuns

pro area Curve propoﬁtzn habenda eft.
CORO[. L

Hine etiam Curva .omnis cujus Ordmata cft ra-
dix quadratica affet¢ta equationis fux, cum figuris
fimpliciffimis few reétilineis feu curvilineis  com-
pari poteft. Nam radix illa ex duabus partibus
femper conftat quee feorlim fpedtute non funt wqua-
num radices affecte.  Proponatur wequatio aayy
A zzyy = awly -cwy =ty Soextradta radixe erit

_ab |2t aV/ar-|-azi—z cujus pars rationalis
an |- 7t e e
a3-\-23 vt et
s & pars irrationalis TR funt
ordinate curvarum que per hanc Propofitionem
vel quadrari poffunt vel cum figuris fimpliciflimis
comparari cum quibus collationem geometricant ad-
mittunt.

COROL. 1L

Et curva omnis cujus Ordinata per equationem
quamvis affe€tam definitur qua per Corol. 7. Prop.
[X. inzquationem non affeétam migrat, vel qua-

dratur
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dratur per hanc Propofitionem fi quadrari poteft vel
comparatur cum figuris fimpliciffimis cum quibus
compari poteft. Ethac ratione Curva omnis quadra-
tur cujus ®quatio eft trium terminorum. Nam equa-
fio illa f1 affetta fic tranfmutatur in non affeCam per
Corol.7. Prop.IX. ac deinde per Corol. 2 & s. Prop.
IX. in fimplicflimam migrando, dat vel quadratu-
ram figure i quadrart poteft, vel curvam fimplicif=
{fimam quacwm comparatur.

COROL. I

Et Curva omunis cujus Ordinata per zquationem
quamvis atfettam definitur que per Corol. 8. Prop.
IX. in equationem quadraticam affetam migrat ;
vel quadratur per hanc Propofitionem & hujus Co-
rol. 1. fi quadrari poteft, vel comparatur cam figu-
ris fimplieiffimis cum quibus collationem geometri-
cam admittit.

SCHOLIUM.

Ubi quadrande funt figure ; ad Regulas hafce
generales femper recurrere nimis moleftum effet :
preeftat Figuras que 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 duz fequentes, in

quibus z denotat Abfciffam, y Ordinatam reCtan-
- gulam
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gulam & t Aream Curvee quadrande, & d, ¢, f; g,
g. h, " funt quantitates date cum fignis fuis-{- &—-.

TABULA

Curvarum fimpliciorum que quadrari poffuns.

Curvarum forme. Curvarum area,

Forma prima.
dzri=y.
Forma fecunda.

dz*
cereizyfze T NE

Forma tertid.
1.dzy \/e.\-,t'zn:: ¥e
2., dz ‘\/6--\—1':Zn =Y.
3. dzene-tm=y.
4. dz¥ etz =y,

Forma quarta.

dzm
I. = y.
Je Tz
dz2art
-0 Je’-l'fzn — y [}

M=t

dz, —d

nfC-['nﬁEZn = t) Ve]‘ nef-l'nfon

2d o | ec——
Ri=t, exiftente R=1/e|-fzr
—je-{-6fzy

—a - AR3 =t

16ee—2qefzy-|-30f{z2y

1054f3 ng =t.

~=pbe3-\-14466f2y—180effz2y-|-210f323y

945ut* dRs =t.
2d
*R=t.
g e-|-2fzy
SHiF d R, = t.



[ 199 ]

dZB"‘d . 16ee—-8efz"-\v6ffzzu
== o ¢
dz4,,-1 _ --96&3»\-4868&,,-»36@{2'12"-[»3ct‘gz;.,
' «/e"—'i—'fi':?‘r Y 105ufy ARt
TABUL A

Curvarym fompliciorum que cum Elipfi &
Hyperbola compar: poffunt.

Sit jam aGD vel PGD vel GDS Se&tio
Conica cujus area ad Quadraturam Curvae pro- Fig. 5,6,7:¢
pofitz requiritur, fitq; ejus centrum A, Axis Ka,
Vertex a, Semiaxis conjugatus AP, datum Abfciflze
principium A vel a vela, Abfcifla AB vel aB vel
2B=x, Ordinata reftangula BD=v, & Area
ABDP vel aBDG vel'«BDG =s5, exiftente ¢ G Or-
dinata ad punétum . Jungantur KD, AD, aD. Du--
catur Tangens DT occurrens Abfciffie AB in T,
& compleatur parallelogrammum ABDO. Et
fiquando ad quadraturam Curve propofite requi-
runtur aree duarum Setionem Conicarum, dica-
tur pofterioris Abfciffa £, Ordinata 7, & Area o.
Sit autem - differentia duarum quantitatum ubi in-
certum eft utrum pofterior de priori an prior de po-
fterjori fubduci debeat. .,

Curva-



Curvarum Formz. Se&ionis Conicz. Curvarum Arez.
W.'
Forma prima. Abfciffa.  Ordinata,

dz=*

dz?*

. 4 4 d e
A, =Y. =% ——=v. S f—sST t,
e'rt!ﬁ < X - H
d23”'1 . d a d= . ee
— = Y' =1, v Fi‘_zzﬂ___-;.?zﬁ,l_;jg:: T.
3 VA ¢ et © I ISR

Forma fecunda.

00% |

o

]

= =7 Vi ox Vi txx=v. Ti¥=r=-ADGx
Ter iz ¥ Ve =x Vi =y, -

dzirr ,

—— — k"

-

i

| 2EEXVemtEC — +
T s

(33
eIt

S

Forma



Forma tertia.

d /‘e.b I’ﬁ — e e - L. 4aé 173 e ot de - -
Fig6,7.8. 1.3 =Y., -—xx AV rresx =1, =10 = S—-t——'—-m aGDT,velin APDB+TDB.
1 .i._-— ?T'—»i@f' c = ﬂii-r':MﬁE R
-s% 31 i lﬁ - X‘ X; i i X = 1 - ;ﬁ? 1}.} .;"—zxﬁ -}-t’,“_é Zc—e:i _ t _— f! m GDA ‘CDX
2. ‘f ey iy — ¥. 2—2— = XN. "s;i—»;-exx = V._‘; s = A?DB ieu S.G DB.
7"
o : ’ Ty e
Vel ﬁ”;‘? ;; =X. *‘{;itx—i,-exx =V ©in §— ""{V — =t= 4& ol HGDTX
3 xfertim Soexx -d. 4 174
3. o Ao :y.-zf =x./FTe =y, Ts=t=: x —aGDB vel BDPK.
} . Z—._ﬁi # H B
4 /e—»—tz _ . e — sdfs—2dvy
47 Voo y i=x. yiresx=V. T = 1.
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Forma quarta.

Fig. 6. - 4 = y'if,,:XX- VSR =V, ‘Ein XV Ls=t= % in PAD velin aGDA.
Zéi » Z’\/eﬁ_fzn . R
- fy=_ " &de :
: -Vﬁl ﬁC ;t}: ‘\/ fxexx = Sde 111 G —\(V—-—i"' t= L}f i aGDA

=7, z = XK. ’\/H—exx"‘v X in XV = =t=2 inPOD,vel in AODGa,

hd

"z 1\/~- - fzy

Vel i,

pPd

=X, \/n; :n.-—V, ;t.m Xy o si =- m aDGa,

&"!w

; . ‘A . : :yk. ’ 2



d 1
“"“"—"“'-““"""y"" o, \/ft+cxx—v
32y >

€+f1”
4 . S
Z—?‘”l e-{-fzy

Forma quinta.

dZn -1 .
1. e fz”"i""llﬂ y

Vel fic, v/

dzag-1

2. e fzu-gz2y =¥

10d{xX Va1 gdfse2dexxv

=x. Ve =V. A =t
ﬁ-—-4 o _ Ly
\/e e|-fzy rczzn’—_ X. \/ + 4": =V. " =1,

(12251

eirfﬂél 2

t——+L a 24XV

—_— —_ s T
XX =V, "

d
X Vet i
YRl
\/ _\__ i 4;::: X} = ‘r'%ds"%‘:fi—_{‘i‘l

243

\/C—l rzu ! gzz"

fzy-lgzay =&

——

e; =T A

Forma fexta, ubi {cribitur p pro « ft — 4eg-

dziy-1
e frufgrzy

2
* C-l on

gZZn

\/f———p"\—zgzn X. ‘\/d "LN XX=V.

2dg Al -——f——p;:___ R uj?
2\IY\P\2“ZH —‘f- Vd \ -2;% 5:-—'].
2d\.2n

fzn—-pzn-ir 2e

S ZdCZ” —
2\/&"—1 PZo t’ZL =

vd =g = § "

2XV—g5—3EY |40 t

4s—2xv—qq |25V __ t

in 33+ 2xv=t= Lin3aDGa+ 2aDB.

Forma



Forma feptima.

= 1.

dueg—pit

zr=x.A e4-fx ~gEX= v% : )

gdeeEy-{-adefr—adffv—S8dees--4dfgs
I — e~ o
;=& VgrfEireg=r

1= \/ e tr g = =y- %

; R P - — Ao 1 o — .
Fig.6;. 2 dzWetfogem=y. or=x vel{fxfgxx=v. d5-¢=1 i .GDB,
= . : d .
3-dZ e Tt gam=y. 2= VeI gRx=V. jzV3—3s=t.

4 d2nelfrtgrr=y. z=x. Vet fxfgxx=v. Loy | sdfizedeg, o

24‘”‘-\‘-) 16)}60
Forma oltava. | —
: o)
dz* '
. -— Sdoges lgxv—2dfv O
Fiz. 6 1 =y.2"= x4/ e-f f\wgﬁ;}& v, EHIeXT R 8dg
7. 6. ) e -——1n «GDBADBA. Y
. '\/ e forig2s s g ,,ff L
~ dz2rt
a , — =X, i gy —AdB-2dfxv-l4dev
. —-———————-\/ y- ‘\/e m—j gxx V. g =t
e--fzy-tgzoy _
e doors 3dff g —2dff xv—2defv _
2 3y amx ETRT gy, T = ,
B Vetfmigzzy : : : esTIE
? dZ4n—I 36defz {-8degg —28defg__-fiodeeg .-
= o . efs
deffs ———2dlf‘3 XXV ~j- IQdethV_..lécieer = t

4

S —
e — # _ ;__ “‘15
Vﬁ‘fzﬁ-GZQH y £ X )\/ej fk GXX—-

241¢ g 3rptig

Forma



Forma nona.

] dZ_’; A 6—\—fzﬁ

¥
 gthaz
5. dz? \/—€T~t:2ﬂ
gthe

Forma decima.

dzr®

Hmap—

gt-hzy fefzy

dz2s

2. —

Omr— ——————

g-1hzy ez

= /_d aU Ty Ch-—w ___V
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In Tabulis hifce, feries Curvarum cujuly; forma
utring; in infnitum continuari poteft.  Scilices
in Tabula prima, in numeratoribus arearum for-
me tertie & quartz, numert coeflicientes initialium
terminorum (2,—4, 16,-—96, 868, &c.) generan-
tur multiplicando numeros—2,—4, —6, —r10,%c.
in fe continuo, & f{ubfequentium terminorum coef-
ficientes ex  initialibus derivantur multiplicande
iplos oradatim, in For}na quidem tertia, per —%
oty =ty — &eoin quarta vero per —f,—3
S e Tyt &e. Bt Denominatorum coefficientes
2, 155 105, &e. p‘roc}cunt .1‘11‘t11_t1})1i_cando numeros
1, 34 5 7y 9 K€ infe continuo. |

In fecunda vero Tabula, feries Curvarum forme
prime, {ecundee, quinta, {exte, nong & decima ope
folius divifionis, & forme relique ope Propofitio-
nis tertie & quarte, utring; producuntur in in-
finitum. S ‘ -

Quinetiam he {eries mutando fignum numeri ,
variari folent.  Sic enim, e. g. Curva S/ Fai=y,
evadit = A/ f-[-czn. o |

MY AR
PROP IX. THEOR. VIH.

Sit ADIC Curva  quavis Abftiflam habens mg. g0
AB==z & Ordinatam BD=y, & fit AEKC Curva
alia cujus Ordinata BE equalis cft pmomsAaéef
A Dbl
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ADB ad unitatem applicatz, & AFL C Curva
tertia cujus Ordinata BF zqualis eft fecundz arex
AEB ad unitatem applicate, & AGMC Curva
quarta cujus Ordinata BG ®qualis eft tertiz dree
AFB ad unitatem applicate, & AHNC Curva
quinta cujus Ordinata BH =qualis eft quart® arez
AGB ad unitatem applicate, & fic deinceps in
infinitum.  Et funto A, B, C, D, E, &c. Arez Cur-
varum Ordinatas habentium vy, zy, 2%y, 2y, z'y,
& Abfcflam communem z. |

Detur Abftiffa quevis A C=t, fitq; BC=t—2z
=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 Abfciflam
totam datam A C, nec non ad Ordinatam pofitione
datam & infinite produ&am CI: & erit arearum
{ub initio pofitarum prima A DIC=A=P, fecunda
AEKC=tA—B=Q.Tertia AFLC =*2=221= =1R.
Quarta AGMC = f*A”S“i’WC—'D —1 Quinta

6v °

e A4 3B - 6t CamgtD 4 E . 1
AHNC= L4 + B ], T.
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COROL.

~ Unde fi Curve quarum Ordinata funt y, zy,
2y, 2y, &ec. vel y, xy, X'y, ¥y, &c. quadran
poflunt, quadrabuntur etiam Curva ADIC, AEKC,

AFLC, AGMC, &c. & habebuntur Ordinate BE,
BF, BG, BH areis Curvarum proportionales.

SCHOLIU M.

Quantitatum fluentium fluxiones effe primas.,
{fecundas, tertias, quartas, aliafq; diximus fupra.
He fluxiones funt ut termini ferierum infinita-
rum convergentium, Ut fi z» fit quantitas fluens &

fluendo evadat z--of, deinde refolvatur in feriem

convergentem z'-}- 10zt 1% ooy, 2 - 3k Hosgws

"}~ &e. terminus primus hujus feriei z¢ erit quan-
otitas illa fluens, fecundus woz** erit ejus incremen-
tum primum feu differentia prima cui nafcenti pro-
portionalis eft ejus fluxio prima, tertius 25 oz
erit ejus incrementum fecundum feu differentia fe-
cunda cui nafcenti proportionalis eft ejus fluxio
fecunda, quartus =22 03703 erit ejus incremen-
tum tertium feu differentia tertia cui nafcenti
fluxio tertia proportionalis eft, & fic deinceps in
infinitum. | - S

" Expont



[ 208 ]
~_ Expont autem poflunt he fluxiones per Curvarum
‘Ordinatas BD, BE, BF, BG, BH, &c. Ut §
‘Ordinata BE (::M%) fit quantitas tluens, erit
ejus fluxio prima ut ordinata BD.  8i BF (==AL%
fit quantitas fluens, erit ejus fluxio prima ut Or-
dinata BE & fluxio fecunda ut Ordinata BD. S
BH ( =222} fit quantitas fluens, erunt ejus fluxio-

1
nes, prima, fecunda, tertin & quarta, ut Ordinate
BG, BF, BE, BD refpettive. !

Et hinc in zquationibus que quantitates tantum
Jduas incognitas involvunt, quarum una eft quan-
titas uniformiter fluens & altera eft fluxio quelibet
quantitatis alterius fluentis, inveniri poteft fluens
illa altera per quadraturam Curvarum. Exponatur
enim fluxio ejus per Ordinatam BD, & {1 hec fit
Auxio prima, queratur aree ADB=BEx1, fi
fluxio fecunda, queratur area AEB=BFx1, fi
fluxio tertia, queratur area A FB=BGx1,&c.
# area inventa erit exponens fluentis quefite.

Sed & in =quationibus que fluentem & -ejus
fluxionem primam fine altera fluente,, vel duas
ejufdem fluentis fluxiones, primam & fecundam,
vel fecundam & tertiam, vel tertiam & quartam,
&e. fine alterutra fluente involvunt : inveniri pof-
tunt fluentes  per quadraturam Corvarum.  Sit
®quatio aav = av - vv, exiftente v==BE,
v =BD, z=AB & z =1, & =quatio illa com-
plendo dimenfiones fluxionum, evadet aav == avz

,”‘ZA feu sy =z, Jam fluat v uniformiter &

i fit
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fit ejus fluxio v=1 & erit ;75=2z, & quadrando
Curvam cujus Ordinata c.ﬁ av,l_w & Abfcdfa v, ha-
bebitur fluens z.  Adhzc fit _zquatio aav=av Vv

exiftente v=BF, v_._BE v=BD & z=AB &
per relationem inter v & v feu BD & BE invenie-
tur relatio inter A B& BE ut in exemplo fupermle
Deinde per hanc relationem invenietur relatio in-
ter AB & BF quadmndo Curvam AEB. |
Equationes que tres incognitas quantltates invol-
vunt aliquando reduci poflunt ad ®quationes que
duas tantum involvunt, & in his cafibus fluentes
invenientur ex ﬂuxmmbus ut fupra. Sit aequatio
a—-wbxmwcxyny |-dy=yy. Ponatur yry=v & erit
a—-—bxmcxv\ dvv. Hac zquatio quadrando Cur-
vam cujus Abfcifla eft x & Ordinata v dat aream
v, & wquatio altera yry=v regrediendo ad ﬂuentes
dat V™ ==v. Tlnde habetur fluens y.
Qu111et1am in wquatmmbub qua tres mcognitas

involvunt & ad wmquationes quz duas tantum in-
volvunt reduci non poffunt, fluentes quandog;

prodeunt per quadraturam Curvarum. Sit quatio
raxm—lﬁbx"ll =rex™ ys- sexryy“ --fyy , exiftente
;xw 1. Et pars pofterior r ex’-’“y + sexryy mfyy )
regrediendo ad fluentes, fit exry’— o y*, que
- proinde eft utarea Curva cujus Abfcha eft x &
Ordinata ax® -bxpe, & indedatur fluensy.
Ece Sit
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Sit equatio x % ax™ - bx1P =Y Bt fluens
. . . | vl tyn '
cujus fluxio eft x x ax™ - bxY’ crit it area Curve
cujus Abfciffa et x & Ordinata eft g{Eﬁ?f'E;{nlp°
YYu -1

e-|-fyy

cujus Abfcifla eft y & Ordinata dw, id eft

v/ e\ tyy

{ lper Cafum 1. Formz quartz Tab. 1.) ut area

/ety Pone ergo “WeTfy" equalem aree
Curve cujus Abfciffa eft x & Ordinata ax™ - bxip
& habebitur fluens y. | R

Item fluens cujus fluxio eft —2*= erit ut area Curve

Bt nota quod fluens omnis que ex fluxione prima
colligitur augeri poteft.vel minui quantitate quavis
non fluente. Qua ex fluxione fecunda colligitur
augem potePc vel. minui q_uanmtate quavis cujus
fuxio fecunda nulla eft. Qua ex fluxione tertia
colligitur augen poteft vel minui quantitate quavm
cujus fluxio teltm nulla eft. Et fic deinceps in ine

ﬁmtum

Poftquam. vero. ﬂuentes ex ﬂuxxombus colle&ae
funt, fi de veritate Conclufionis dubitatur, fluxio-
nes ﬂuentlum inventarum viciffim colligend= f{unt
& cum fluxionibus {ub initio propofitis comparandz.
Nam fi prodeunt zquales Conclufio recte fe ha-

bet.
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bet : fin minus, corrigende funt fluentes fic, ut
earum {luxiones fluxionibus fub initio propofitis
equentur, Nam & Fluens pro lubitu affumi po-
teft & aflumptio corrigi ponendo fluxionem flu-
entis aflumpte equalem floxioni propofite, & ter--
minos homologos inter {e comparando.

Et his principiis via ad majora fternitur.

FINITS
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