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PROP. 1I. Theor: IL
The Light of the Sun confifts of Rays differently Refrangible.

The Proof by Experiments.

Exper, 3. W N a very dark Chamber at 2 round hole about
one third part of an Inch broad made in the

Shut of a Window I placed a Glafs Prifm, whereby the
beam of the Sun’s Light which came in at that hole mighe
be refracted upwards toward the oppofice Wall of the
Chamber, and there form a coloured Image of the
Sun. The Axis of the Prifm (that is the Line paffing
through the middle of the Prifm from one end of it to
the other end Parallel to the edge of the Refracting Angle)
was in this and the following Experiments perpendicular
to the incident Rays. About this Axis I turned the Prifm.
flowly , and {aw the refracted Light on the Wall or co-
loured Image of the Sun firft to defcend and then to af-
cend. Berween the Deflcent and Afcent when the Image
feemed Stationary , I ftopt the Prifm, and fixt it in . that
Pofture, that it thould be moved no more. For in that
pofture the Refractions of the Light at the two fides of
the Refradting Angle, that is at the entrance of the Rays
into the Prifm and at their going out of it, were equal to
onc another. So alfo in other Experiments as often as I
would have the Refractions 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 fill 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 che*Prifm. 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, unlels where fome
other pofture is deferibed.  The Prifm therefore being pla-
ced in this pofture, I let the refracted Light fall perpendi-
cularly upon a Sheet of white Paper at the oppofite Wall
of the Chamber, and obferved the Figure and Dimenfions

of the Solar Image formed on the Paper by that Light.

This Image was Oblong and not Oval, but terminated

wich two Re&ilinear and Parallel Sides, and two Semi~

circular Ends. On its Sides it was bounded pretty diftinctly,

but on its Ends very confufedly and indiftinétly, the Light

there decaying and vanifhing by degrees. The breadth of

this Image anfwered to the Sun’s Diameter, and was about

two Inches and the eighth pare of an Inch, including the

Penumbra. For the Image was eighteen Feet and an half

diftant from the Prifm, and at this diftance that breadth if

diminifhed by the Diameter of the hole in the Window-{hut,

that is by a quarter of an Inch, fubtended an Angle at the

Prifm of about half a Degree, which is the Sun’s apparent

Diameter. But che length of the Image was about ten Inches

and a quarter, and the length of the Rectilinear Sides about

eight Inches ; And the refracting Angle of the Prifm where-

by 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 Inch or two longer, or more; and if the Prifm

- was turned about che conttary 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 mighe be equal to that at their inci-
dence on it.  This Prifm had fome Veins running along
within the Glafs from one end to the other, which fcat-
tered fome of the Sun’s Lighe irregularly, but had no fen-
fible cffect 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 Priflm
which feemed free from fuch Veins, and whofe refrading
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 breadch of the hole in the Window-{hut beingi of an

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

63 ! Degrees, the length of this Image at the fame diftance
of 18f Feet was allo about 10 Inches, or 10f. Beyond
thefe Meafures for about for I ofanlnch at cither end of
the Spetrum the Light of the Clouds feemed to be 2 lictle
tinged with red and violet, but fo very faintly that I fufpc-
cted that tincture might either wholly or in great meafure
arife from fome Rays of the Speétrum fcatrered irre-
gularly by fome inequalities in the Subftance and Poliflr .
of the Glafs , and therefore I did not include it in chefe
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 Prifms make any : for in a Veffel made of polifhed
Plates of Glafs cemented together in the fhape of a Prifim
and filled with Water, there is the like Succels of the Fx-
periment according to the quantity of the Refraction. It
is further to be obferved, that the Rays went on in righe
Lines from the Prifm to the Image, and therefore at cheir
very going out of the Prifm had all that Inclination to
one another from which the length of the Image pro-
ceeded, that is the Inclination of more than two Degrees
and an half. And yet according to the Laws of Opricks
vulgarly received, they could not poflibly be fo much in-

clined to one another. For let E G reprefent the Window- Fig. 1.

- fhut, F the hole made therein through which a beam of the
Sun’s Light was tranfmicted 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 Spectrum is caft, and P T the
Image ic {elf whofe fides tovvards V and W are Redili-
near and Parallel, and ends tovvards P and T Semicir-
cular. YKHP and X LJT are - two Rays, the firft
of which comes from the lower part of the Sun to the
higher past of the Image, and is refrated in the Prifm at
K and H, and the latter comes from the higher part of
the Sun to the lower part of the Image, and is refracted
at L and J. Since the Refra&ions on both fides the Prifm
are equal to one another, that is the Refraction at K equal
to the Refradtion at J, and the Refraction at L. equal to
the Refraction at H, fo that the Refractions of the inci-
dent Rays at K and L taken rogether are equal to-the

Refra@ions of the emergent Rays at Hand J raken t‘?ge-
ther :
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duer : it follows by adding equal things to equal things,
that the Refradtions at K and H taken together, are equal
to the Refrattions 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, thatis the Inclination of half a Degree an{wering
to the Sun’s Diameter. For {o great was the Inclination
of the Rays to one another before Refraction.  So then,
the length of the Image P T would by the Rules of Vul.
gar Opticks fubtend an Angle of half a Degree at the
Prifin, and by confequence be equal to the breadth » »;
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
relt 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 Refraction be cafual. |
This Image or Specrum 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, thac Lights
which differ in Colour do alfo differ in Refmngibi%ty;
The length of che Image in the foregoing Experiments I -
meafured from the fainteft and outmoft red at one end, to
the fainteft and ourmoft blew at the other end.. 5
Exper. 4. In the Sun’s beam which was propagated in-
to the Room through the hole in the Window-{hut, at

the diftance of fome Feet fiom the hole, I held the Prifm

in {uch a pofture char its Axis might be perpendicular vo
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 Refractions on both fides of the
refratting Angle might be equal to each other as in the
former Lxperiment. In this Situation of the Prifm view-
ing through it the faid hole, I obferved the length of its
refracted Image to be many times greater than its breadth,
and that the moft refracted part thereof appeared violer,
the leaft refracted red, the middle parts blew green and

ellow in order. The fame thing happened when I re-
moved the Prifm out of the Sun’s Light, and looked
through it upon the hole fhining by the Light of the
Clouds beyond it.  And yet if the Refradtion were done
regularly according to one certain Proportion of the Sines
of Incidence and Refraction as is vulgarly fuppofed, the
refraéted Image ought to have appeared round.

So then, by thele two Experiments it appears that in
equal Incidences there is a confiderable inequaliry of Re-
fractions : But whence this inequality arifes, whether it be
that fome of the incident Rays are refrated more and
others lefs, conftantly or by chance, or that one and the
fame Ray is by Refraction difturbed, fhattered, 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 fhould be drawn out into-

an oblong form, either by a Dilatation of every Ray, or

by any other cafnal ineqtlalg?y of the Refracions, the fame:

oblong Image would by a fecond Refradtion made Side-
ways be drawn out as much in breadth by the like Dila-
tation of the Rays or other cafual inequality of the Re-

fraltions.

Fig. 14.
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Fea®ions Sideways, I tried what would be the Effe@s of
fuch a fecond Refraction. For this end I ordered all thingg
as in the third Experiment, and then placed a fecond Prifm
immediately after the firft in a crofs Pofition to it, thatit
might again refract the beam of the Sun’s Light which
came to it through the firfk Prifm. In the fir Prifm chis
beam was refracted upwards, and in the fecond Sideways;
And I found that by the Refraction of the fecond Prifm
the breadth of the Image was not increafed, but its fupe-
rior part which in the firft Prifm fuffered the greater Re-
fraction and appeared violet and blew, did again in the
fecond Prifm fuffer a greater Refraion than its inferior
part, which appeared red and yellow , and this without
any Dilation of the Image in breadth. .

Hluftration. Let S reprelent the Sun, F the hole in the
Window, ABC the firlt Prifm, D H the fecond Prifm, Y
the round Image of the Sun made by a dire&t beam of
Light when the Prifms are taken away, P T the oblong
Image of the Sun made by that beam pafling through the
firfk Prifm alone when the fecond Prifm is taken away, and
pt the Image made by the crofs Refractions of both
Prifms together. Now if the Rays which tend towards -
the feveral Points of the round Image Y were dilated and
%read by the Refra&tion of the firft Prifm, fo that they

hould not any longer go in fingle Lines to fingle Points,
but that every Ray being fplic, fhattered, and changed
from a Linear Ray to a Superficies of Rays diverging
from the Point of Refration, and lying in the Plane of
the Angles of Incidence and Refra&ion, 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 gecome oblong : thofe Rays
and their feveral 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 diftinguithed into five equal Parts PQK, KQRL,
LRSM, MSVN, NVT. And by the {ame irregularicy
that the Orbicular Light Y is by the Refracion 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 = q kp, and the Light K Q R L into the long
Image & g » 1, and the Lights LR SM, MSVN,NV T
into fo many other long Images [ 7 s m, msyn, nvt1; and
all thefe long Images would compofe the fourlquare 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 Refraction. For the {econd
Refraction would fpread the Rays one way as much as the
firft doth another, and fo dilate the Image in breadch 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. The Image P'T
was not made broader by the Refradtion of the {econd
Prifm, but only became oblique, as 'tis reprefented atp ¢,
its upper end P being by the Refraction tranflated to a
greater diftance chan its lower end T.  So then the Light
which went towards the upper end P of the Image, was
(at equal Incidences) muore refracted in the fecond Prifm
than the Light which tended towards the lower end T,
that is the blew and violet, than the red and yellow ; and
therefore was more Refrangible. The fame Light was by
the Refradtion of the frft Prifm tranflated further from che
D place
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place Y to which it tended before Refraétion s and there:
fore [uffered as well in the firft Prifm as in the fecond :
greater Refradtion than the reft of the Light, and by con.
fequence was more Refrangible than the reft, even before
its incidence on the firft Prifm. , SR
Sometimes [ placed a third Prifm after the fecond, and
fometimes alfo a fourth after the third , by all which the
Image might be often refracted fideways : but the Rays
which were more refracted than the reft in the firft Prifm
were alfo more refracted in all the reft, and that without
any Dilatation of the Image fideways : and therefore thofe
Rays for their conftancy of a greater Refraction are de-
fervedly reputed more Refrangible. '
But that the meaning of this Experiment may more
clearly appear, it isto be confidered that the Rays which
are cqually Refrangible do fall upon a circle anfwering to
the Sun’s Difque. For this was proved in the third Experi-
ment. By a circle I underftand not here a perfet 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 Refmngible Rays propagated from the whole
Difque of the Sun, would illuminate and paint upon the
oppofite Wall if they were alone ; E L the circle which all
the leaft Refrangible Rays would in like manner illuminate
and paint if they were alone; BH, CJ, DK, the circles
Eyhxi:h fo many int}frmediate forts of Rays would fuceef-
wely paint upon the Wall, if chey wer : ~ ed
from the Sun in fucceffive Otrder, ythe r:ﬁﬁggilyg?allovgj gsari:ff
tercepted 5 And conceive that there are other intermzdiate
Circles without number which innumerable other inter-
@f‘ﬁa? fores of Rays would fuccefively paint upon the
all it che Sun fhould fucceflively emit every fort apart.

And
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And feeing the Sun emits all thefe forts at once, they muft
all together illuminate and paint innumerable equal cir-
cles, of all which, being according to their degrees of Re-
frangibility placed in order in a continual feries, that ob-
long Speétrum 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 firft Prifm, converted into
the Oblong Spe¢trum, P T' : then ought every circle A G,
BH, C J, & in that Spectrum, 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 Refractions of
both Prifms together would be formed a fourfquare Figure
prt1as Ideferibed above.  Wherefore fince the breadth of
the Spetrum P T is not increafed by the Refraction fide-
ways, it is certain that the Rays are not fplit or dilated, or
otherways irregularly fcattered by that Refraction, but
that every circle is by a regular and uniform Refraction
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 6b, the circle CJ by a Re-
fraction fill le(s into the place i, and fo of the reflt; by
which means a new Speétrum p ¢ inclined to the former
P T isin 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-
&rums Y, PT and pt at equal diftances from the Prifms

are cqual.
D2 I con-

Fi.

e
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T confidered further that by the breadth of the hole B
through which the Light enters into the Dark Chamber,
there is 2 Penumbra made in the circuit of the Spectrum
Y, and that Penumbra remains. in the rectilinear Sides of
the Spe@rums P-T and pt. I placed therefore at that hole
a Lens or Object-glals of a Telefcope which might caft
the Image of the Sun diftinétly on Y without any Penum.
bra at all, and found that the Penumbra of the Recétili-
near Sides of. the oblong Speétrums P T' and p¢ 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 Prifims be free:
from veins, atd their Sides be accurately plane and well.
polifhed without thofe numberlefs waves or curles which-
ufually arife from Sand-holes a lictle fmoothed in polifh«
ing with Pucty.  If the Glafs be only well polifhed and’
free from veins and the Sides not accurately planc but a
lile Convex or Concave, as it frequently happens 5 yet
may the three Spedrums Y, P T and pt want Penumbras,
but not in equal diftances from the Prifms. Now from
this wasit of Penumbras, I knew. more certainly that cver:
one of the circles was refraced according to fome mof{
regular, uniform, and conftant law. For if there were
any irregularity in theRefraion, the right Lines A I and
G L whichall the circles in the Spe@rum P T' do touch
could not by that Refraction be tranflaced inco the Lines
a.cand g/ as diftin& and fraight as they were before, but
there would arife in thofe tranflated Lines fome Pcm;mbm
or crookednefs or.undulation, or other {enfible Percurba-
ton contrary to. what is- found by Experience.  Whatfo-
ever. Penumbra or Perturbation {hould be. made in che.
c}l;cks by the crofs' Refraction of the fecond Prifin , all
that Penumbra or. Perturbation would be confpicuous in.

the..
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the right Lines « e and g! which touch thofe circles. And’
therefore {ince there is no {uch Penumbra or Perturbation
in thofe right Lines there muft be none in the circles.
Since the diftance between thofe Tangents or breadth of
the Spectrum is not increafed by the Refractions, the Dia-
meters of the circles are not increafed thereby.  Since thole
Tangents continue to be right Lines, every circle which
in the firlt Prifm is more or lefs refra&ted , is exaétly in
the fame Proportion more or lefs refracted in the fecond.
~ And fecing all thefe things continue to fucceed after the

fame manner when the Rays are again in a third Prifm;
and again in a fourth refracted Sideways, it is 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 che firft, but ac fome diftance from it ;

Suppofe in the mid-way between it-and the Wall on which -

the oblong Specrum 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 Spectrum p t upon the Wall.

And you will find as before, that this Spectram p¢ is in=

clined tothat Sperum P T, which the firft Prifm forms -
alone without the {econd ; 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.

Fig. 17,
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The fame thing I ery’d allo by letting the Sun’s Lighe
into a dark Room through two little round holes F and g
made in the Window, and with two Parallel Prifms ABC
and «g> placed at thofe holes (one at each ) refraéting
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 end to
end and lay in one ftraight Line, the red end T of the
one touching the blew endMN 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 Spe¢trum P T to p ¢t and
the Spe@trum M N to m #, thefe tranflated Speétrums pt
and mn wonld not lie in one ftraight Line with their ends
contiguous as before, but be broken off from one another
and become Parallel, the blew end of the Image m # being
by a greater Refraction tranflated farther from its former
place M T, than the red end ¢ of the other Image p ¢ from
the fame place M'T' which puts the Propofition paft di-
fpute.  And this happens whether the third Prifm D Hbe
placed immediately after the two firft or at a great diftance
from them , fo that the Light refracted in the two firft
Prifms be either white and circular, or coloured and ob-
long when it falls on the third. G

Exper. 6. In the middle of two thin Boards I made
round‘holcs a third part of an Inch in" Diameter, and in
the Window-fhut a much broader hole, being madeto let
into my darkned Chamber a large beam of the Sums
Light 5 I placed a Prifm behind the Shut in that beam to
refraé’t it towards the oppofite 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 ir, and the reft be intercepted by the Board.
Then at the diftance of about twelve Feet from the frlt
Board I fixed the other Board, in fuch manner thar the
middle of the refracted Light which came through the hole
in the firft Board and fell upon the oppofite Wall mighe
pafs through the hole in this other Board, and the reft be-
ng intercepred by the Board mighe paint upon it the co-
loured Spectrum of the Sun. And clofe behind chis Board
I fixed another Prifm to refraét the Light which came
through the hole. Then I returned {peedily 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 fucceffively pafs through the hole in that Board and
fall upon the Prifm behind it.  And in the mean time, I
noted the places on the oppofite Wall to which that Light
after its Refraction in the fecond Prifm did pafs; and by
the difference of the places I found that the Light which
being moft 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 that
Image, which proves as well the firt 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.

Hlnftration. Let F be the wide hole in the Window-fhut, f;

through which the Sun fhines upon che firft Prifm A B C,
and let the refracted Light fall upon the middle of the
‘Board D E, and the middle part of that Light upon the
hole G made in the middle of that Board. Let this tra-
jected pare of the Light fall again upon che middle of the
fecond Board d ¢ and there paint fuch an oblong col‘oure&
Image of the Sun as was defcribed in the third Experxmegt.

| y
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By turning the Prifm AB C {lowly to and fro about i

Axis this Image will be made to move up and down the
Board d e, and by this means all its parts from one end to
the other may be made to pafs fucceflively through the
hole ¢ which is made in the middle of that Board. ~In the
mean while another Prifm a6 c¢ is to be fixed next after
that hole ¢ to refra the trajected Light a fecond time,
And thefe things being thus ordered, T marked the places
M and N of the oppofite Wall upon which the refracted
Light fell,and found that whilft the ewo 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 e was caft through the hole g it went to a lower
place M on the Wall, and when the higher part of that
Light was caft through the fame hole g, it went to a higher
place N on the Wall, and when any intermediate part of
the Light was caft through that hole it went to fome place
on the Wall between M and N.  The unchanged Pofition
of the holes in the Boards, made the Incidence of the Rays
upon the fecond Prifm to be the fame in all cafes. And
yet in that common Incidence fome of the Rays were more
refracted and others lefs. And thofe were more 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. o
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 ac a litele diftance from the Wall I placed a
long flender Paper with ftraight and parallel edges, and
ordered
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ordered the Prifms and Paper {o, that the red Colour of
one Image might fall direétly 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 firlt and fecond Experiments. Then
with a black Cloth I covered the Wall behind the Paper,
that no Light might be refleéted from it to difturb the
Experiment, and viewing the Paper through a third Prifm
held parallel to ic, I faw that half of it which was illumi-
nated by the Violetsight to be divided from the other
half by a greater Refraction, efpecially when T went a good
way off from the Paper. For when I viewed it too near
at hand, the two halfs of the Paper did not appear fully
divided from one another, but {eemed contiguous at one
of their Angles like the painted Paper in the fuft Expe-
riment. Which alfo happened when the Paper was too
broad.

Sometimes inftead of the Paper I ufed 2 white Thred,
and this appeared through the Prifm divided into two Pa-

tallel Threds as is reprefented in che 1gth Figure, where Fiz. 19.

D G denotes the Thred illuminated with violer Light
from D to F and with red Light from F to G, and de¢ fe
are the parts of the Thred feen by Refraction. If one half
of the Thred be conffantly illuminated with red, and the
other half be illuminated with all the Colours fucceffively,
(which may be done by caufing one of the Prifms to be
turned about its Axis whilft the other remains nnmoved)
this other half in viewing the Thred through che Prifm,
will appear in a continued right Line with the firft half
" when illuminated with red , and begin to be a lictle divi-
ded from it when illuminated with Orange, and remove
further from it when illuminated with Yellow, and fkill

E furcher
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farther when with Green, and furcher when with Blew, and:
o yet further off when illuminated with Indigo, and fur.

theft when with deep Violet.  Which plainly {hews, that

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

Fig. 17.

Fig. 20.

gible one than another, in this order of their Colours, Red,
Orange, Yellow, Green, Blew, Indigo, deep Violet 5 and
fo proves as well the firlt Propofition as the fecond.

I caufed alfo the coloured Spectrums PT° and MN
made in a dark Chamber by the Refractions of two Prifms
to lyein a right Line end to end, as was deleribed above
in the fifth 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, che violet end m of the
Spe&trum mn being by a greater Refraction cranflated
further from its former place M T than the red end ¢ of the:
other Spec¢trum p ¢,

I further caufed thofe two Speétrums P T'and M N te
become co-incident in an inverted order of their Colours

. - "7
the red end of each falling on the violet end of the other,
as they are reprefented in the oblong Figure P T'M N)
and then viewing them through a Prifim 1) 11 held I"nrali
lel to their length, they appeared not co-incident as when
viewed with the naked Eye, but in the form of two di-
ftinct Spectrums ptand mu 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 at PN and M T, being parted
from one another by a greater Refraction of the violet to
pandm tl}gn of the red.to nand ¢, do differ in degrees of
Refrangibility. ©

I illuminated alfo a little circular piece of whice P

| _ _ > aper
all over with the Lights of both Prifins incei ajxed :

, and
when



[ 35 ]

when ic was illuminated wich che red of one Speétrum and
deep violet of the other, fo as by the mixture of thofe
Colours to appear all over purple, 1 viewed the Paper,
firft at a lefs diftance, and thenat a greater, through a
third Prifm 5 and as I went from the Paper, the refracted
Image thercof became more and more divided by the un-
cqual Refraction of the ewo mixed Colours, and at lengeh
pareed into two diftinét Images, a red one and a violer one,
whereof the violer was furcheft from che Paper, and there-
tore futkered che greateft Refraction. And when that Prifm
at the Window which caft the violet on the Paper was ta-
ken aveay,the violer Image dilappeared; bue when che other
Prifin was taken away the red vamithed @ which thews chae
thele tvo Imuges were nothing clle than the Lights of the
ewo Prifms which had been incermixed on the parple Pa-
per, but were parted agan by dheir unequal Refractions
made in the thod Prifme dhrough which the Paper was
viewed.,  This alto was oblervable dhar if one of the
Prifias ac the Wandow, fuppole thac which caft the violet
on the Paper, was tumed abour ies Axis to make all the
Colours in this order, Violer, Tndigo, Blew, Green, Yel-
low, Orange, Red, tdl fnccetinely on the Paper from thar
Prifm, the violer Tnge changed Colour accordingly, and
in changing, Colour came nearer o the red one, unal when
icwas alfo ved diey boih became fully co-incident,

[ placed alto two paper aurcles very near one another,
the one m e red Taght of one Prifim, and the other in
the violer Light of the ather. “The cireles ware cach of
them an Inchin Diamcrer, and belund dhiem dhie Wall was
dark that the Experiment might not be diftusbed by any
Light coming from thenee. "Thele circles thus illuminated,
I viewed dhrough a Prifim {o held thae the Refraétion might
be made towards the red circle, and as I wenr from xh{:m

Iz they
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they came nearer and nearer together, and at length be-
came co-incident 5 -and afterwards when T-went ftill furcher

off, they parted again in a contrary order, the violet by.a
reater Refration being carried beyond the red.
Exper. 8. In Summer when the Sun’s Light ufes to
be ftrongeft, I placed a Prifm at the hole of the Windew-
{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 refracted Light, I placed an open Book.
Then going Six Feet and tvvo Inches from the Book,, ¥
placed there the abovementioned Lens,by vvhich the Light -
refleted from the Book might be made to converge and
meet again at the diftance of fix Feet and tvvo Inches be-
hind the Lens , and there paint the Species of the Book
upon a 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 Lettets
were illuminated by thae blew, I noted again the place
the Paper when they caft their Species moft diftinétly upo
it : And I found that this laft place of the Paper was nea
to the Lens than its former place by about two Inches an
an half, or two and three quarters. ~ So much fooner ther
fore did the Light in the violet end of the Image by a grea-
ter Refraction converge and meet , than the ‘Light‘ in the
ted end.  But in trying this the Chamber was as dark asT
cculd make it..  For if thefe Colours be diluted and weaks
ned by the mixture of any adventitious Light, the diftance
: between.
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beeween the places of the Paper will not be fo great. This
diftance in the fecond Experiment where the Colours of
natural Bodies were made ufe of, was but anlInch and a
half, by reafon of the imperfection of thofe Colours. Here
in the Colours of dhe Prifin, which are manifeftly more
full, inrenfe, and lively chan thofe of natural Bodies, the

diftance is two Inches and chree quarters.  And were the.

Colours bl more full, T queftion not but that the di-
ftance would be confiderably greater. For the coloured
Light of the Prifm, by the interfering of the Circles de-
feribed in the vadh Pigure of the fifth Experiment, and alfo
by the Light of the very bright Clouds next the Sun’s
Body intermiving with thele Colours, and by the Light
featrercd by the mequihities in the polith of the Prifm, was
fo very much compounded, thae the Species which chofe
faine and dark Colours, the Indigo and Violet, caft upon
the Papir were not diflinet enough o be well obferved.
Pxpoco. A Priin, whote two Angles ar its Bafe were
equal o ene anothor and halt righe unc.«;,qnlnnv’l the th}td
a pight one, I phiced in abeam of the Sun’s Lighe let in-
to a dark Chamber thronoh a hole in the Window-{hue
as in the thnd lir\;}wx‘imm“&“.‘ And rurning the Prifm {lowly
abour s Axis unad oI the Liphe which wene throngh one
of its Angles and wan reinacted by ic began to be reflected
by its Bale, ar which wil then it wene out of the Glafs,
I oblerved thar thote Ravs which had [uffered the greateft
Refraction were fooner reflected chan the reft. T coneeived
cherefore that thole Ravs of the reflected Lighe, wh'ich
were moft Refrangible, did firft of all by a toral Reflexion
become more copious in thar Lighe than the n.:f‘t, and
that afierwards the veft alfo, by a toral Reflexion, be-
came as copious as thefe. To try c_iiis , Tmade the re-
flected Light pafs through another Prifin, and being 1(:6535
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&ed by it to fall afterwards upon a fheet of white Paper

Fig. 21,

placed at fome diftance behind i, and there by that Re-
fraion to paint the ufual Colours of the Prifm. And
then canfing the firft Prifm to be turned about its Axis as
above, T obferved that when thofeRays which in this Prifm
had fuffered the greateft Refraction and appeared of a blew
and violer Colour began to be totally refleéted, the blew
and violet Light on the Paper which was moft refracted
in the fecond Prifm received a fenfible increafe above that
-of the red and yellow, which was leaft refracted ;5 and
afterwards when the reft of the Light which was green,
yellow and red began to be totally reflected in the firft
Pri(m, 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 Bale of the Prifm, being augmented firlk by the more
Refrangible Rays and afterwards by the lefs Refrangible
-ones, is compounded of Rays differently Refrangible.
And that all fuch reflected Light is of the fame Nature

with the Sun’s Light, before its Incidence on the Bafe of
the Prifm, no Man ever doubted : it being generally al-

lowed, that Light by fuch Reflexions fuffers no Alceration

in its Modifications and Propertics. I do not here take
notice of any Refradtions made in the Sides of the firft

Prifm, becaufe the Light enters it perpendicularly at the

firlt Side, and goes out perpendicularly at the fecond Side,

and therefore fuffers none. So then, the Sun’s incident

Lighe being of the fame temper and confticution wich his

emergent Light, and the laft being compounded of Rays

differenty Refrangible , the firlt mult be in like manner

compounded. ‘
Illz_tﬁmz‘z’on. In the 21th Figure, A B C is the firft Pri{m,
B Cits Bafe, B and C its equal Angles at the Bale, each

of
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of 45 degrees, A its Rectangular Vertex, FM a beam of
the Sun’s Light let into a dark Room through a hole F
one third part of an Inch broad, M its Incidence on theBale
of the Prifm,M G a lefs refracted Ray, M I a more refraét-
ed Ray, M N the beam of Lighe reflected from the Bafe,
VXY the fecond Potm by which this beam in paffing
through it 15 refracted, Wt the lels refraéted Light of chis
beam, and N pthe more refracted pare thereof. When the
firft Prifim A B C 15 curned about 1es Axis according to the
order of the Letters A B C, the Rays M T emerge more
and more obliguely out of that Prifim, and ac lengeh afeer
their moft oblique Fmergence are velleéted towards N,
and going on to p do increafe the number of the Rays N p.
Aftervvards by continuing the motion of the firft Prifin, the
Rays MG are allo reflected to N oand increafe the number of
the Rays Noo And chercforethe Lighe M N admits into
its C‘Juﬁxpniiaiun, frlt the aore Ii.cﬁ',u_xg:*,ihlc Rays, and then
the lels Refrangible Rays, and yee abrer this Compofition
is of the e Narare vvith the Sun’s immediace Light I' M,
the Reflexion of the Ipecular Bafe B C cauling no Alrera-
tion therein,

Exper. vo. Two Prilms, which were alike in {hape, 1
tied 1o togedher, that ther Axes and oppofite Sides being
Parallel, they compnfed a Parallelopiped.  And, the Sun
fhining into my daik Chamber through a Tiede hole in the
Window-thut, T placed that Parallelopiped in his beam ac
fome diftance from che hole, in fuch a polture thae the Axes
of the Prilms mighe be perpendicular to dhe incidens Rays,
and that chofe Rays bemg incident upon the firft Side of
one Prilm, might go on té\wnug;h the two contiguous Sides
of borh Prims, and cimerge our of the laft Side of the fe-

cond Prifm.  This Sude being Paralle]l to the firft Side of

the fuft Prifm, canfed the emerging Lighe to be Parallel
to

/
Fig. 22,
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to the Tncident. Then, beyond thefe two Prifms T placed
a third, which might refract chat emergent Light, and by
that Refraétion caﬁ the ufual Colousrs of the Prifim upon
the oppofite Wall, or upon a fheer of white Paper held at
4 convenient diftance behind the Prifin for that refradted

‘Light to fall upon it. After this I curned the Parallelopiped

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

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

fraction and painted the Paper with violet and blew, were

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

Lighe, the reft remaining and on the Paper painting their

Colours of Green, Yellow, Orange, and Red as before s

and afterwards by continuing the motion of the two Prifms,
the reft of the Rays alfo by a total Reflexion vanifhed in
order, according to their degrees of Refrangibility. The
Light therefore which emerged out of the two Prifms is

~compounded of Rays differently Refrangible , fecing the

more RefranEible Rays may be taken out of it while the
lefs Refrangible remain.  Buce this Light being trajected
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 Refraction of the
other Superficies, and fo being reftored to its priftine ¢otts
ftitution became of the fame nature and condition as at filk
before its Incidence on thofe Prifims ; and therefore, before
its Incidence, was as much compounded of Rays diszefénély
Refrangible as afterwards.

liftration. In the 22th Figure AB C and B C D are/the
t}}c two P{'iﬁ‘n's tied together in the form of a Pardﬂ”}cloa
piped, their Sides B C and CB bein contiguous,| and
their Sides A B and CD Parallel. Ang HJ K is 'c}re’éhird

. 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 PT, falling there partly upon
P by a greater Refraction, partly upon T by a lefs Refra-
&tion, and partly upon R and other intermediate places by
intermediate Refractions. By turning the Parallelopiped
A CBD about its Axis, according to the order of the Let-~
ters A,C,D,B, at length when the contiguous Planes BC
and CB become fufficiently 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 refracted Rays O T. For when the
Plane B C becomes fufficiently oblique to the Rays inci-
dent upon it, thofe Rays will begin to be torally reflect-
ed by it towards N5 and firft the moft Refrangible Rays
will be totally refleéted (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 the reft
of the Rays remain in it, and therefore that Light MO is
Compounded of Rays differently Refrangible. And be-
caufe the Planes A B and C D are parallel, and. therefore
by equal and contrary Refractions deftroy one anothers
Effecs, the incident Light FM muft be of the fame kind
and nature wich the emergent Light M O, and therefore
doth alfo confift of Rays differencly Refrangible. : Thefe
two Lights FM and MO, before the moft refrangible Rays
are feparated out of the emergent Light M O agree in Co-

, F lour,

Fyg. 22,
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four, and in all other-properties fo far as my obfervation
reaches, and therefore are defervedly reputed of the fame
Nature and Conftitution, and by confec}ucncc the one is
compounded aswell as the other. But after the moft Re.
frangible Rays begin'to be totally reflected, and thereby -
{eparated our of the emergentLight MO, that Light changes
its Colour from white to a dilute and faine yellow, a pretty.
good orange, a very full red fucceflively and then totally
vanifhes. For after the moft Refrangible Rays which paine:
the Paper at P with a Purple Colour, are by a total re-
flexion taken out of the Beam of light M O, the reft of
the Colours which appear on the Paper at R and T being:
mixed in the light M O compound there a faint yellow,,
and after the blue and part o; 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 che Beam M O coms
pound there an Orange ; and when all the Rays are by re-
flexiontaken out of the Beam MO, cxcept the leaft Refrans.
gible, which at T' appear of a full Red, their Colour is
the famein 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 c\{;trhich confirms as well the firt Propofition. as the fe-
cond. '
Scholinm. If this Experiment and the former be conjoyned
and made one, by applying a fourth Prifm VXY to res
fract the reflected Beam M N towards ¢p, the conclufion
will be clearer:  For then the light Np which in the 4th
Prifm is more refradted, will become fuller and fironger
when the Light OP, which in the third Prifm HJK is
mote sefradted, vanifhes at P 5 and afterwards when che lefs
- refradted
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refracted Light O T vanifhes at T, the lefs refracted Lighe
Nt will become encreafed whilft the more refraéted Light
At p receives no further encreafe.  And as the trajected
Beam M O in vanifhing is always of {uch a Colour as
oughe to refule from the mixeure of the Colours which
fall upon the Paper PT, {ois 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 excefs of thofe Rays in the reflected
Light, does not only make the Violet, Indigo and Blue at
p more full, but alfo makes the Beam MN change from
the yellowifli Colourof the Sun’sLight, to a pale white in-
clining to blue, and afrerward recover s yellowifh Co-
lour again, fo foon as all the reft of the tranfmiced lighe
MOT is refleéted.

Now feeing that in all this variety of Experiments,
whether the trial be made in Light refleted, and that either
from natural Bodices, as in the firft and {ccond Lxperiment,
or Specular, as in the Ninth 5 or in Lighe refracted, and
that ¢ither before the unequally refracted Rays are by di-
verging [eparated from one another, and lofing their whice-
nefs which they have altogether, appear feverally of feve-
ral Colours, as in the fith 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 Paralle] fuperhcies, defiroying each others
Effects as in the 10th Experiment ;5 there are alwnjzs found
Rays, which at cqual Incidences on the fame Medium fuf-
fer unequal Refradtions, and that without any [plitting or
dilating of lingle Rays, or contingence in the inequality
of the Refradtions, as is proved in the Afth and fixth Lx-

F oz periments
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periments ; and feeing the Rays whichdiffer in Refrangibi.
lity may be parted and forted from one another, and that
either by Refraction as in the third Experiment, or by Re-
flexion as in the tenth, and then the feveral forts apart at
equal Incidences fuffer unequal Refractions, and thofe forts
are more refracted than others after feparation, which were
more refracted before it, as in the fixth and following Ex-
periments, andif the Sun’s Light be trajected through three
or more crofs Prifms fucceflively, thofe Rays which in the
firft Prifm are refracted more than others are in all che fol-
lowing Prifms, refracted more then others in the fame rate
and proportion, as appears by the fifth Experiment; it’s
manifeft that the Sun’s Light isan Heterogeneous mixture of
Rays, fome of which are conftantly more Refrangible then
others, as was - . . propofed. .

PROP. III. Theor. IIL

The Swi's Light confifts of Rays ‘diﬂ’ering n Rq?éxiéilig/, 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
going out into the Air were refracted by its Bafe, became
fo oblique to that Bafe, as to. begin to be totally reflected
thereby 5 thofe Rays became firft of all totally reflected,
which before at equal Incidences with the reft had fuffered
the greateft Refration. And the fame thing happens in

ic Reflexion made by the commonBafe of the two Prifms
n the tenth Experiment. | |

PROP.
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