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M. Yaac Newtons Anfwer to fome Confiderations upon bis Do-
Grine of Light and Colors 5 which Dollrine was printed in
Numb. 8o. of thefe Traéls.

IR, 1 have already told you, that at the perufal of the con-
fideratiobs, you fent mey on my Letter concerning Refras-
tions and Colors, 1found nothing, thaty as1 conceived,might
not without difficulty be anfwer'd. And though 1 fiud the

Confiderer fomewhat more concern’d for an Hypothefisy than 1

expeted ;s yet I doubt not, but we have one common defign 3

I mean, afincere endeavour after knowledge, without valuing

uncertain {peculatious for their fubtleties, or defpifing cer-

rainties for their plainnefs : And on confidence of thisit s,

that I make this return to his difcourfe.™

The firff thing that offers it felf
¥ Which Difcourle wa¢ thought . y i 5 : e
weedlefs 1o be beve printed at lonth, is lefs agr:eab!e tome, and [ bt‘gt.u

becanfe in the boly of tbi} “nfwer with it becaufe it is {o. The COE)(!-
are to be met with the chief particn- : R
lars, wherein the An{werer was derer is pleafed to reprchend me

concern’ da for laying afide the thoughts of im-
, - ,,. Proving Optiques by Refragions.
,iﬂ,‘,’,g f she Braligus pars of 0p- 1p he had obliged me by a private

Letter on this occafion, 1 would
have acquainted him with my fuccefles onthe Tryals 1 have
made of that kind, which 1{hall now fay have been lefs than
1 fometimes expected, and perhapsthan he at prefent hopes
for. But fince he is pleafed to take it for granted, that I have
let this fubje&t pafs without due examination, I fhall refer him
¥ Printed in Numb. 8o. of ibefe to my fDr-mer LC[t.Cr, * by which
Thrads, that conjeture will appearto be

un-grounded,  For, what 1 faid
there, was inrefpett of Telefcopes of the ordinary conftru@is
on, fignifying, that theirimprovement is not to be expected
from the well.figuring of Glafles, as Opticians have imagin'd 5
but I defpaired not of their improvement by other conftru-
¢tions 5 which made me cautious to infert nothing that might
intimate the contrary. For, although fucceflive refra@ions
thatare all made the fame way, do neceflarily more and more
augment theerrors of the firft refraction 5 yet it feem’d not
impoflible for contrary refrattions fo to corre@ each others
inequalities, as to make their difference regular 5 and, if that

could
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could be conveniently effe@ed, there would be no further dif..
ficulty. Now to this end I examin’d, what may be done nat
only by Glaffés alone, but more efpecially by a Complication of
divers fucceflive Mediums, as by two or more Glafles or Cry-
ftals with Water or fome other fluid between them; all which
together may perform the office of one Glafs, efpecially of the
Obje@-glafs, on whofe confruion the perfection of the in-
ftrument chiefly depends.  But what the refules in Theory or
by Tryals have been, 1 may potlibly find a more proper-occa-
fion to declare,

Tothe Affertion, that Rays are lefs true reflected to a point
by a Concave, thanrefracted by a Convex, I cannot affent 5 nor
do runderftand, that the focas of the latter is lefs a line than
that of the former., The truth of the contrary you will rather
perceive by this following Table, computed for fuch a Reflec
ting Concave, and Refracting convexy on fuppofition that they
have equal Apertures, and colle@ parallel rays atan equal di-
ftance trom their vertex ; which diftance being divided into
15000 parts, the Diameter of the Concave Sphere will be
60000 of thofe parts, and of the Convex, 10000 3 fuppofing
the sines of Incidence and Refraion to be, in round num-
bers, as 2 to 3. And this Table thews, how much the exterior
rays, at feveral Apertures, fall fhort of their principal foens.

The parss of the Awis intercepted

The Diameter between the vertex and the rays. The Error by

of the Aperisire.  Reflelled, Refracted. . Reflovion. | Refraition.
2000 | 14991} l 14865 |7 8§ 135 .
4000 | 14966 14449 | 33 $ST .
6000 I 14924 13699 I 26 1301 .
8oco | 14865 12475 135 25:8 2
10000 | 14787 9472 U213 §5528 .

By this you may perccive, that the Ervors of the Refracting
¢onvex are {o farfrom being /e/s, that they are more than fix-
teen times greater than the like errors of the ReflectingConcave,
efpecially in great Apertures 5 and that without refpe@ to the
Heterogeneous confticution of light.  So thaty however the
contrary fuppofition might make the Author of thefe Animad-
verfionsreje@ Reflections as ufelels for the promating of Op-
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tiques ; yet I muft for this as well as other confideratio ns pre
fer them inthe Theory before Refractions,

Whether the Parabola be more difficult to defcribe than the
Hyperbola or Ellipfis,may bea Quere: But I fce noabfolute
neceflity of endeavouring after any of their defcriptions, For,
if Metals can be ground truly Spherical, they will bear as great
Apertures, as 1 believe men will be wellable to communicate
an exact polith to.  And for Dioptrique Telefeopes, 1 told
you, that the dificulty confifted notin the Figure of the glafs,
butin the Difformity of Refractions : Which if it did ror, I
could tell ycua better and more eafie remedy than the ufe
of the Conic Sedions.

Thus much concerning the Prastique
part of Opriques. 1 fhallnow takea view
cf the Coufiderations onmyTheorses. Aud
thofe confift in afcribing an Myporhefrs to me,which is not mine;
in Afferting an Hypothefis, which, as to the privcipal parts, is
not againft me ; in Granting the greateft part of my difcousfe
ifexplicated by that Hypethe/is 5 and in Denying {ome things,
the truth of which would have appear'd by an experimental
examination,

2. Of the Theorigne.
part,

Of'thefe Particulars I fhall difcourfe in
order. Aud firft of the Hypethefis, which
is afcribed to me inthefe words : But grant
his firft fuppofitton, that light is a body, and that as many colours or
degrees as there may bey fo many bodies there may be 5 all which com.
ponnded together wenld make Fhite, &c. This, it {eems, is taken
for my Fyporbefis. Tis true, that frommy Theory Largue the
Corporesty of Light s butI do it without any abfolute pofitive-
nefs, as the word perbaps intimates 5 and make it at moft but a
very plaufible confequence of the Doé&rine, and not a funda-
mental Ssppofition, nor fo much as any part of it 5 which was
wholly comprehended i the precedent Propofitions,  And I
fomewhat wonder, how the Olyector could imagine, that,when
I had afferted the Theory with the greateft rigour, I fhould
be fo forgetful asafterwards to affert the fundamental fuppo-
fition it felf with no more than a perbaps. Had 1 intended any
fuch Hypotlefis, 1 fhould fomewhere have explain’d it.  But 1
knew, that the Propertics, which 1 declar’d of Light, were in

fome

3.0f an Hypothefis mi-
Stakeos s be mine.
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fome meafure €apable of being explicated not only by that,
but by many other Mechanical Aypothefes, And therefore I
chofe to decline them all, and to fpeak of Light in general
terms, confidering itabftra&ly, as fomething or other propa.

gated every way in ftreight lines frons luminous bodies, withi.

out determining, what that Thing is; whether a confufed

Mixture of difform qualities, or Modes of bodies, or of Bod
ies themfelves, or ofany Virtues, Powers, or Beings what-

foever. And for the fame reafon I chofe to fpeak of Colours

agcording to the information of our Senfes, as if they were

Quualities of Light without. us.  Whereas by that Hypothefis L

muft have confidered them rather as Asodes of Senfation, exs

cited in the mind by various motions, figures, or fizes of the

corpufcles of Light, making various Mechanical impreflions

onthe Organ.of Senfe; as I exprefled it in that place, where I

fpake of the Corporeity of Light,

But fuppofing I had propounded that Aypothefis, 1 under-
ftand not, why the Objector thould fo much endeavour to op-
pofeir. For certainly it has a much greater afinity with his
own Hypothefis, than he feems to be aware of; the Vibrations
of the Zther being as ufeful and neceflary in this, asin bis.For,
affuming the Rays of Light to be fmall bodies, emitted every
way from Shining f{ubftances, thofe, when they fmpinge on
any Refracting or RefleCting fuperficies, muft as nece{arily
excite Vibrations in the ether, as Stones do in water when
thrownintoit, Andfuppofing thefe Vibrations to be of fe-
veral depths or thicknefles, accordingly as they are excited by
the faid corpufCular rays of various fizes and velocitiesyof what
ufe they will be for explicating the manner of Refloction and
Refraction, the production of Heat by the Sun-bearus, the ii-
miffion of Light from burning putrifying, or other {ubitarces,
whofe parts are vehemently agitated, the Phanomena of thin
tranfparent Plates and Bubles, and of all Natural bodiee, the
Manner.of Vifion, and the Difference of Colors, as al{o thei;
Harmony and Difcord ; 1 fhall leave to their confid:ration,
who may think it worth their endeavor toapply this Hyparlefir.
to the folution of phenomena,

{Ct
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Tathe fecond place, I told you,that the Objectors Hypothefis,
b obeflors Hynothefioand 33 5° the fundamental part of it, is
‘f»‘gf;”"*%,{’ﬁ:: and sensins e DOTagainft me. That fundamental
Sbisution of that and all ather Mecha- Suppoﬁnon iss That the parts Of
'l’)‘:;i ’.”HfP”’”f“ isconformablesomy  bodies, when briskly agitated, do ex-
' cite Vibrations inthe Asthery which are
propagated every way fromhafe bodses in [freight lines, and caufe a
Senjation of Light by beating and dafhing againf the bottom of the
Eye, [omething after the manner that Vibrations in the Air canfe a
Senfation of Sound by beating againft the Organs of Hearing. Now,
the moft frecand natural Application of this Hypothefis to the
Solution of phenomena 1 take to be this : That the agitated parts
of bodies, according totheir feveral fizes, figures, and mo-
tions, doexcite Vibrations in the ether of various depths or
bigneffes,which being promifcuoufly propagated through that
Medium to our Eyes,effe in us a Senfation of Light of a i#ite
colour; butif by any means thofe of unequal bignefies be fe-
parated from one another, the largeft beget a Senfation of a
‘Redcolour, theleaft or thortefty of adecp Violet, and the in-
termediat ones, of intermediat colors; much after the man-
ner that bodies, according to their feveral fizes, fhapes, and
motions, excite vibratious in the Air of various bignefles,
which, according to thofe bignefles, make feveral Tones in
Sound: That the largeft Vibrations are beft able to over-
come the refiftance of a Refracting fuperficies, and {o break
through it with leaft Refra@ion ; whence the Vibrations of
feveral bignefles, that is, the Rays of feveral Colors, which
are blended together in Light, muft be parted from one ano-
ther by Refraction, and fo caufe the Phenomena of Prifmes and
other refracting fubftances : And ¢hat it depends on the thick-
nefs of a thin tranfparent Plate or Buble, whether a Vibration
thall be refleéted atits further fuperficies,or tranfmitted ; {o that,
according to the number of vibrations, interceding the two
fuperficies,they may be refleéed or tranfmitted for many fuc-
ceflive thickneffes. And fince the Vibrations which make
Blew and Vzolet, are fuppofed thorter than thofe which make
Red and Yellow, they muft be reflected at a lefs thicknefs of the
Plate : Which is fufficient to explicate all the ordinary phen:
mena of thofe Plates or Bubles, and alfo of all natural bodies,

whofe
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whofe parts are Jlike fo many fragments of fuch Plates,

Thefe feem to be the moft plain, genuine-and neceffary
conditions of this Hypothefi.: And they agree fo jultly with my
Theory, that if the #usmaduverfor think fit to apply- them,. he
need not, on thatagcount, .apprehend a divorce fromit, But
yet how he will'defend it from ather difliculties, I koow not,
For, to me, the Fundamental Suppofition it felf {eems impof-
fible ; namely,That the Faves or Vibratioas of any Fluid,can,
Like the Rays of Light, be propagated in Strezght lines,without
a continual and very extravagant {preading and bending every
way into the quiefcent Medium, where they are terminated.
byit. 1miftake, if there be not both Experiment and De-
monftration to the contrary. And as tothe other two or three
Hypothefes, which he mentions, I had rather believe them fub-
ject to the like difficulties,than fofpe@ the Animadverfir fhould
telect the worft for his own,

. What I have faid of this, may be eafily applied to all other
Mechanical Hypothefes, in which Light is fuppofed to be caufed
by any Preflion or Motion whatfoever, excited in the ether by:
the agitated parts of Luminous bodies,For.it feems impoflible,
that any of thofe Motions or Preffions can be propagated in
Streight lines without the like fpreading every way into the
fhadow'd Mcdium, on which they border. . But yet, ifany
man can think it poffible, he muft at Jeaft allow,that thofe Mo-
tions or Endeavors tomotion, caufed in the etter by the feve-
ral parts of any Lucid body that differ in fize, figure, and agi=
tation, muft neceffarily be upequal : Which is enough to de-
nominate Lightan Aggregat ot diffurm rays, according to any
ofthofe Hypothefes, ~ And if thofe Original inequalities may
fuffice to difference the Rays in Colour and Refrangibility, I
fee no reafon, why they, that adhere to any ofthofe bypothe/es,
fhould feek for other Caufes of thefe Effets, unlefs (to ufe the
Objectors argument ) they will muliply entities without ne-
ceflity.

The thirdthing to be confidered is, the Condition of the
.Animaa’ver/or‘.zi Conceflions, wizich of e Animsdverfor's Cocl
is, that I would explicate my Thegs . /26 Animadverior s Lonce/is
ries by his .‘{vpotbeﬁg:And if g could :z:i,‘,a nd thir Vimitation 1o bis Eypo-
comply with him in that point,

there
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there would be littleor no difference between Us. For he
grants, that without any refpect to a different Incidence of
rays there aro different Refractions; but he would have it ex-
plicated, not by che different Refrangibility of feveral Rays,
butby the’ Splitting and Rarefying of athercal pulfes. He
grants my third, fourth and fixth Propofitions ; the fenfe of
which is, That Un:compounded Colors are unchangeable,and
that Compounded ones are changeablz only by refolving thenz
into the colors, of which they are compounded 5 and that all
the Changes, which can be wrought in Colours, are effeéted
only by varioufly mixing or parting them : But he grantsthem
on condition that I will explicate Colors by the two fides of a
fplit pulfe, and fo make but two fpecies of them, accounting
all other Colors in the world to be but various degrees and di-
lutings of thofe two. And he further grants, that whitene[fe is
produced by the Convention of all Colots; butthen I muft al.
low itto be not enly by Mixture of thofe Colors, but by a far-
ther Uniting of the parts of the Ray fuppofed to be formerly
plit.

PI_f I would proceed to examine thefe his Explications, I
think it would be no difficult matter to fhew, that they are not
only #nfufficient,but in fome refpectsto me (at leaft) un-intel:.
gible, For, though it be eafie to conceive, how Motion may be
dilated and fpread, or how parallel motions may become di.
verging; yet Iunderftand not, by what artifice any Linear
motion can by a refracting fuperficies be dnfinitely dilated and
rarefied, fo as to become Superficial: Or, if that be fuppofed,
yetTunderftand as little, why it thould be fplit at fo fmall an
angle only, and not rather {pread and difperfed through the
whole angle of Refraction. And further, though I can eafily
imagine, how Ualike motions may crofs one another 5 yet I
cannot well conceive,how they fhould coalefce into one uniform
motion, and then part again, and recover their former Un-
likenefs 3 notwithftanding that I conjecture the ways,by which
the Animaduerfor may endeavour to explain it. Sothat the Di.
rect, uniform and undifturbed Pulfes thould be fplit and di-
fturbed by Refraction 3 and yet the Oblique and difturbed
Pulfes perfift without plitting or further difturbance by fol-
lowing Refractions, is (to me) as unintelligible, And there is

as
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as great a difficulty in the Number of Coloars; as you will fee
hereafter.

But whatever be the advantages . o
or difadvaatages of this Hypotbefis, f,;;{;‘,-f, oy ‘g:g",z,’;”‘;,;”"';; i}";';:
1 hope I may be excufed from ta- thefis.
king it up, fince Ido notthink it
needfulte explicate my Dolrine by any Hypethefis at all, For
if Light be confider'd abftractedly without refpett to any FHy-
pothefis, I can as eafily conceive, that the feveral parts ot a fhi-
ning body may emit rays of differing colours and other quali
ties, of all which Lightis conftituted, as that the feveral parts
of a falle or uneven ftring, or of uneavenly agitated waterin
a Brook or Catarad, or the feveral Pipes of an Organ infpi:
red all at once, orallthe variety of Sounding bodies in the
world together, fhould produce founds of feveral Tones, and
propagate them through the Air confufedly intermixt. And,
if there were any natural bodies that could reflef? founds of one
tone, and ftifle or zranfmit thofe of another; then, as the Echo
of a confufed Aggregat of all Tones would be that particular
Tone, which the Echoing body is difpofed to refleét ; fo,fince
(cven by the Amimaduver/or's conceflions) there are bodies apt
to reflect rays of one colour, and ftifle or tranfmit thofe of anc-
ther; [ can as eafily conceive, that thofe bedies, when illum’-
nated by a mixture of all colours, muftappear of that colour
only which they refle@.

Bat when the 0fjector would infinuate a difficalty in thef:
things, by alluding to Sounds in the ftring of a Mufical inftru.
ment betore percuflion,or in the Air of an Organ Bellowes be-
fore its arrival at the Pipes; I muft confefs, I underftandic as
little, as if one had fpoken of Light ina piece of Wood before
it be fet on fire, or in the oyl of a Lamp before it afcend up the
match to feed the flame.

You fece therefore, how much e )
it is befides the bufivefs in hand, ;or:bj,‘;ﬁc}tf':’;}i:?;5’?:?:%;;?
to di{pute about H)’Pﬂf’itﬁl For po_thcfés, and comfider’'d more gence
which reafon I fhall now in the ™.
laft place,prcceed to abftract the
difficulties in the Animadverfor's difcourfe, and,without having
regard to any Hypothefis, confider them in generalterm®. And
they may be reduced to thele 3 Queres: L1111 1.Whe-
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1. Whether the unequal Refradions, made without refpe&®
to any inequality of incidence, be caufed by the different Re-
frangibility of feveral Rays; or by the fplitting, breaking or
diffipating the fame Ray into diverging parts ?

2. Whether there be more than two {orts of Colours 2

3. Whether Whitene!s be a mixtore of all Colours ¢

The Firff of thefe  Queres you
may find already determin'd- by
an Experiment in my former Let-
ter; the defigu of which was to fhew,” That the length of the
colour'd Image proceeded not from any unevennefs in the
Glafs, or any other contingent Irregularity in the Refracions,
Amongft other Irregularities I know not, what is more obvi-
ous to fufped, than a fortuitous dilating and fpreading of
Light after fome {uch manner, as Des-Cartes hath defcribed in
his Z:hereal Refracions for explicating the Tayle of a Comet;
or as the Animadverfor now fuppofes to be effeéted by the
Splitting and Rarifyingof his Zthereal [pulfes. And to pre:
vent the fufpicion of any fuch Irregularities, 1told you, thae
1 refrated the Light contrary ways with two Prifmes fuccef-
fively, to deftroy thereby the Regular effe@s of the firf Prifme
by the [econd, and to difcovet the Irregular effelts by augment-
ing them with iterated refra@ions. Now, amongftother Ir:
regularities, if the fr/# Prifme had fpread and diffipated every
ray into an indefinic number of diverging parts, the fecond
fhould in like manner have fpread and diffipated every one of
thofe parts into a further indefinite number, whereby the L.
mage would have been ftill more dilated, contrary to the e-
vent, And this ought to have hapned, becaufe thofe Linear
diverging parts depend not on one another for the manner of
their Refraction, but are every one ofthem as truly and com-
pleatly Rays as the whole was before its Incidence; as may ap-
pear by intercepting them feverally.

The reafonablenefs of this proceeding will perhaps better
appear by acquainting you with this further circumftance, I
fometimes placed the fecond Prifme in a pofition Tranfverfe to
the firff, on defign to try, if it would make the long Image be-
come four-fquare by refraltions croffing thofe that had drawn
the round Image into a longone. For, ifamongft othcr Ir-
regularities the RefraQien of the frff Prifme, did by Splitting

dilate

3, That the Reyisnor [plit, cr any
atherwie dilated,
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dilate a Linear ray into a Superficial, the Crofs refradtions of
that fecond Prifme ought by further {plitting to dilate and draw
that Superficial ray into a Pyramidal (olid.  But, upon tryal,
I found it otherwife ; the Image being as regularly Ob-
long as before, and inclin’d to both the Prifmes at an angic of
45. degrees.

1tryed alfo all other Pofitions of the fecond Prifme, by tur-
ning the Ends about its middle part; and in no cafe could ob-
ferve any fuch Irregularity. The Image was ever alike incii-
ned toboth Prifmes, its Breadthan{wering to the Suns Dia.
meter, and its length being greater or lefs accordingly as the
Refrations more or lefs agreed, or contradiGted one ano-
ther,

And by thefe Obfervations, fince the Breadth of the Image
was not augmented by theCrofs refraion of the fecondPrifme,
that refration muft have been perform’d muchout any fplitting
or dilating of the ray ; and therefore at leaft the Light inci-
dent on that Prifme muft be granted an A ggregat of Rays un-
equally refrangible inmy fenfe. And fince the Image was e-
qually inclin’d to both Prifmes, and confequently the Refrae
{tiops alike in both, it argues,that they were perform*d accor-
ding to fome Conflant Law without any irregularity,

To determine the fecond Quze- .

re,the Animadverfor referrs to an ?,;,ﬁ;‘,,’,ib”’ are mare. than o Orisi
Experiment made with two '
Wedge-ltke boxes, recited in the Micragraphy of the Ingenious
Mr. Hoog Obferv. 10, pag. 73. the defign of which was to
produce al/ Colours out of a mixture of rwo,  But there is, i
conceive, a double defec in this inftance, For, it appears
not, that by this Experiment all colours can be produced out
;)f two 5 and, if they could, yet the Inference would not fol-
ow-

That all Colours cannot by that Experiment be procuced
out of two, will appear by confidering, that the Tincare of
Aloesy which afforded one of thofe Colours, was not all over
of one uniform colour, but appeard yellow near the edge of
the Box,and redat other places where it was thicker: affordin
all varicty of colours fromapale yellow to a deep red orscarler,
according to the various thicknefs of the liquor. And {5 the

L1l 2 {oluiion
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folutionof €apper, which afforded the other colour, was of
various Blews and Indige's. So that inftead of /ms colours,
hereis a great variety made ufe of for the production of all o-
thers. Thus, for inflance,to produce all forts of Greens,the fe-
veral degrees of Tellow and pale Blew muft be mixed 3 but to
compouud Purples, the Scarlet and deep Blew are to be the In=
gredients,

Now, if the Anzmadverfir contend, thart all the Reds and 2l-
lows of the one Liquor, or Blews and Indigo's of the other, are
only various degrees and dilutings of the fame Colour, and not
divers colours, that is a Begging of the Queftion : Aud [
thould as foon grant, that the two Thirds or Sixths in Mufick
are but feveral degrees of the fame found, and not divers
founds, Certainly it is much better to believe our Senfes, in-
forming us, that Red and yellow.are divers colours, and to make
ita Philofophical Quere, Why the fame Liquor doth, accor-
ding to its various thicknefs, appear of thofe divers colours,
than to {uppofe them to be the fame colour becaufe exhibited
by the farge liquor ? For, if that were a fufficient reafon, then
Blew and Yellow muft alfo be the fame colour, fince they are
both exhibited by the fame Tincture of Nepbritick Wood. But
that they are divers colours, you will more fully underftand by
the reafon, which, inmy Judgment, is this - The Tin&ure of
Aloes is qualified to tranfmit moff eaffly the rays indued with red,
mof# difficultly the raysindued with vio/es, and with intermed;:
at degrees of facility the rays indued with intermsdiat colours,So
that where the liquor is very thin, it may fuffice to intercept
moft of the violes, and yet tranfmit moft of the other colours 4
21l which together muft compound a middle Colour, thatis, a
faint yellow.  And where it is fo much thicker as alfo to inter-
cept moft of the Blew and Creen, the remaining Green, Tellow,
and Red,it muft compoundan Orenge. And where the thick-
nefs is {o great, that {carce any rays can pafs through itbe-
fides thofe indued with R## ) muft appear of that colour,and
that fo much the deeper and ob{curer, by how the liquor is
thicker. And the fame may be underftood of the various de-
grees of Blew, exhibited by the Solution of Copper, by reafon of
1ts difpofition to intercept Red moft eafily, and tranfinit a deep
Blew ox. Indizo-Colour moft freely.

But -
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But, fuppofing that a/l Colours might,according to this ex
periment,be produced out of two by mizture 5 yet it follow’
pot, that thofe two are the only Original coleurs, and that fof
adouble reafon.  Firff, becaufe thofe two are not them{elyes
Original colours, but compounded ofothers ; there being no
liquor nor any other body in nature,whefe colcur in Day.lighe
is wholly uo-compounded. And then, becaufe, though thofe
two were Original,and all others might be compounded of
them, yet it follows not, that they canaot be otherwife predus
ced, Forl faid, that they had a double Origin, the fame Cec-
lours to fenfe beingin fome cafes compounded and in others
un-compounded 5 and fofficiently declar’d in my third and
fourth Propofitions, and in the Conclufion, by what Properties
the one might be known and diftinguifh’t from the other. Bur,
becaufe I fufpe& by fome Cireumf{tances, that the Diflinétion
might not be rightly apprehended, 1 fhall once more declare
it, and further explainit by Examples.

That Colouris Primary or Original, which cannot by any
Art be changed, and whofe Rays are nct alzde refrangible :
And that Compounded, which is changeable into other colours,
and whofe Rays are not alitke refrangible.  For inflance, to
know, whether the colour of any Green objet be compouns
ded or not, view it through a Prime, and ifit appear confufed,
and the edges tinged with Blew, Yellow, or any variety of o-
ther colours, then is that Green compounded of fuch colours
as at its edges emerge cutofit : Butifit appear 4ffinff, and
well defin’d, and entirely Greentothe very edges, without
any other colours emerging, it is of an Origival aod un-com-
pounded Green. Inlike manner, ifa refracted beam cf lighr,
being caft on awhite wall, exhibit a Green colour, to know
whether that be compounded, refraétthe beaws with au in-
terpofed Prifme ;5 and if you find any Difformity io the refra-
&ions, and the Green be transform’d into Blew, Yellow or avy
variety,of other colours, you may conclude, ‘that it was com~
pounded of thofe which emerge: Butif the Refra&ions be
uniform, and the Green perfift without any change of colour,
then isit Originaland un compounded, Andthe reafon why
1 callit{o, is, becaufe a Green indued with fuch properties can-
rot be produced by any mixing of other colours,

*»7 .
AYSW -



( 5097)

Now,if two Green Objects may to the naked eye appear of
the fame colour, and yet one of them throngh a prifme feem
confufed and variegated -with other colours at the edges, and
the other d:ffinff and entirely Green ; or, if there may be two
Beamsof Light, which falling on a white walldo to the na-
ked eye exhibit the fame Green colour, and yet one of them,
when tranfmitted through a Prifime, be uniformly and rega-
larly refraed,and retainvg'ts,gg_oleur unchanged, and the other
be irregularly refracted and;to divaricate into a multitude of
ather colours ; I fuppofc, thefe two greens willinboth cafes be
granted of adifferent Origin and conftitution. And if by
mixing colours, a green cannot be ccmpounded ‘with the pro-
perties of the Unchangeable Green, I think, I may call zbat an
Vn-compounded colour,efpecially fince its rays are alike refran.
gible,and uniform in all refpects. ,

- Thefamerule isto be obferv’d in examining, whether Red,
Orenge, Yellow,Blew, or any other colour be compounded or
not. And, by the way, finceall White obje&s through the
Prifme appear confus’d and terminated with coleurs, Whitene/s
muft, according to this diftin¢tion, be ever eompounded, and
that the moft of all colours, becaufe it is the moft confus’d and
changed by Refractions: .

From hence I may take occafion to communicate a way for
the'improvement of Microfespes by Refraction. The way is,
by illuminating the Objectina darkned room with Light of
any convenient colour not too much compounded: for by that
meauns the Microfcape will with diftinénefs bear a deeper
Charge and larger Aperture, efpecially if its conftru@ion be
fuch, as I may hereafter defcribe ; for, the advantage in Or-
dinary Microfcopes will not be fo fenfible.

o There remains now the #lird

1o Teat Whitenefs i mixtive of - yugere to be confider’d, which is,
Whether Bhitenes be an Uniform

Colour, or a diffimilar Mixture of all colours ? The Experiment
which I brought to decide ity the Animadverfor thinks may be
otherwife explain’d, and fo concludes nothing. But he might
eafily have fatisfied himfelf by trying, what would be the re.
fult of aMixture of all colours. And that very Experiment
might have fatisfied him, if he had pleafedto examine it by

the
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the various circamftances, One circumftance I there décla-
red; of whichI fee nonotice taken; anditis, That ifany co-
Jour at the Lens be intercepted, the I¥hitene(s willbe changed
into the other colours ¢ If all the colours but red be intercep-
ted, that Red alone in the concourfe or croffing of the Rays
will not conftituze Whitenefs, but continues as much Red as
before ; and foof the other colours. So that the bufinefs is
not only to fhew, how rays, which before the concourfe exlii.
bit colours, do inthe concourfe exhibit White 5 but to fhew,
How in the fame place, where the feveral forts of rays apart
exhibit feveral colours,a Confufion of all together make White,
For inftance, if red alone be firft tranfmitted to the paper at
the place of concourfe, and then the other colours be let fali
onthat Red, the Queffion will be, Whether tlrzy convert it ins
t> White, by mixing with it only, as Blew falling on Yellow
light is fuppos'd to compound Green 5 or, Whether there be
fome further change wroughtin the colours by their mutual
aQing on one another, untilly like contrary Peripatetic qualis
ties, they become affim:lated. And he that fhall explicate this
laft Cafc meckanically, muft conquer a double impoffibil ty.
He muft 7/ fhew, that many unlike motions in a Fluid can by
clathing foalt on one another, and change each other, asto
become one Uniform motion ; and ¢ken, that an Uniform mo-
tion can of itfelf, without any new unequal impreflions, de-
partinto agreat variety of motions reguiarly un-equal. And
after this he muft forther tell me, Why all Obje@s appear
not of the fame colour, that is, why their colours in the Air,
where the rays that convey them every way are confufediy
mizt, do not aflimilate one another and become Uniform bs-
fore they arrive at the Specators eye ¢

But if there be yet any doubting,’tis better to put the Evens
on further Circumftances of the Experiment, than to acquiefce
in the poflibility of any Hypothetical Egplication. As, for in-
ftance, by trying,What will be the apparition of thefe colour:
in avery quick Confecation of cne another. And this may bz
eafily pertorm’d by the rapid gyration of -a Wheel with {inany
Spoaks or coggs in its perimeter, whofe Tnterftices and thick:
pefles may be equal and of fucha largenefs, that, ifthe Wheet
beinterpofed between the Prifme and the white concourfe
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of the colours, one halfof the Colours may be intercepted by
a fpoake or cogg, and the other half pafs through an iater-
ftice. Th=Wheel being in this pofture, you may firft tarn it
flowly about, to fee all the colours fall fuccefiively on the
{ame place of the paper, held at their aforefaid concourfe 4
and if you then accelerate its gyration, until the Confecution
of thofe colcurs be fo quick, that you cannot diftinguith
them feverally, the refulting colour will be a Whitene(s per-
feé&ly like that, which an ®n-refracted beam of Light exhibits,
when in like manner fucceffively interrupted by the fpoaks or
coggs of that circulating Wheel. And that this Whitenefs is
produced by a fucceflive Intermixture of the Colours, with.
cut their being affimilated , or reduc’d to any Unifcr.
mity, is certainly beyond all doubr, unlefs things that exift
pot at the {ame time may notwithftanding a& oa one a:
nother.

There are yet other Circumftances, by which the Truth
might have been decided; as by viewing the White concourfe
of the Colours through another Prifme plac’d clofe to the eye,
by whofe Refraction that whitenefs may appear again tranf-
form’d into Colours : And then, to examine their Origin, if an
Affiftant intercept any of the colours atthe Lens before their
arrival at the Whitenefs, the fame colours will vanith from a-
mongft thofe, into which that Whitenefs is converted by the
fecond Prifme. Now, if the rays which difappear be the fame
with thofethat are intercepted, then it muft be acknowled:
ged, that the fecond Prifme makes no new colours in any rays,
which were not in them before their concourfe at the paper.
Which isa plain indication, that the rays of feveral colours re-
miin diftic¢t from one another io the Whitenefs, and that from
their previous difpolitions are deriv’d the Colours of the fecond
Prifme. Aud,by the way, what is faid of their Colors may be
applied to their Refrangibility.

The aforefaid Wheel may be alfo here made ufe of 5 and, if
its gyration be neither too quick nor two flow, the fuc-
cefsion of the colours may be difcern’d through the Prifme,
whillt to the naked eye of a Byftander they exhibit white.
nefs.

Ttere is fomething ftiil remaining to be faid of this Experi.

meng
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ment. But this, I conceive, is enough to enforce it, and foto de2
cide the controverly. How-ever, I fhall now proceed o lhew fome
other ways of producing whitene[s by mixtiares, iince T pertwade my
felf, that this Affertion above the relt appears Paradoxical, and is
with moft difficuley admitted.  And becaufe the Auimadverfir delives
an inftance of it in Bodies of divers cofours, 1 fhall beginwich that.
Butinorder thereto itmuft be confider’d, that fuch colour'd Bodies
refle& but fome part of the Light incident on them ; as is cvident
by the 13 Propofition - And therefore the Light refle@ed froman Age
gregat of them will be much weakned by the lofs of many rays!
Whence a perfe® and sntenfe Whitenefs is not to be expeited, but
rather a Colour between thofe of Light and Shadow, or fucha
‘Gray or Dirty colour asmay bemade by mixing White and Black
together.

And that fuch a Colour will refule, may be colle@ed from the
colour of Duf found in every corner of anhoufe, which hathbeen
obferv’d to conlift of many colour’d particles, There may be alfo
produced the like Dircy colour by mixing feveral Puinters colonrs
together. And the fame may be effe®ed by Painting a Zop ((uch
as Boys play with) of divers colours. For, when it s made
;o circulate by whipping it, it will appear of fuch a dirty co<
our.

Now, the Compounding of thele colours is proper tomy pur-
pofe, becaufe they differ not from Whitenefs inthe Species of co-
lour, but only in degree of Luminoufnefs : which (did not the An-
imadverfor concede1t) Imighe thus evince. A beam of the Suns
Light being tranfmitted into a darkned room, if you illuminate a
fheet of White Paper by that Light, refleted from abody of a-
ny colour, the paper will alwaysappear of the colour of that bo-
dy, by whofe reflected light it is illuminated. If itbe ared boa
dy, the paper will bereds if a green body, it will be green; and fo
of the other colours. The reafon is, that the fibers or threds, of
which the paper confifts, are all tranfparent and fpecular 5 and fuch
fubltances are known to refle® colours without changing them. To
know therefore, to what Species of colour a Grey belongs, place a-
ny Gray body(fuppofe a Mixture of Puinters colonrs,)in the faid Lighe,
and the paper, being illuminaced by its reflexion, thall appear White.
And the fame thing will happen, if it be illuminated by reflexion
from a black fubftance,

Thefe cherefore areall of one Species 5 but yet they fecm diftin~
guiftht not only by degrees of Luminoufnefs, but allo by fome other
Incqualities, whereby they become morce harfh or pleafant, And the
diftin&ion feems to be, that Greys and perhaps Blacks are made by an
uneven defe@ of Light, conlifting asit were of muny lictle veins
or ftreams, which differ either in Luminoufnefs or inthe Unequal di-

Mmmmm firibution
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firibution of diver(ly colour’d rays; fuch as ought tobe caus’,
Reflexion from a Mixeure of why}tc and blvack,'bor of div?:r‘flls;r'j CE)’Y
lour'd corpufcles, But when fuch imperfectly mixt Light is by a fe-
cond Reflexion from the paper more evenly and uniformly "blended
it becomes more pleafant, and exhibits a fainr or thadow’d White-
nefs, And that fuch litele irregularities as thefe may caufe thefe dif-
fereaces, is not improbable, if we conflider, how much variety may
be caufed in Sosnds of the fame tone by irregular and uneven jar-
rings. And befides, thefe differences are {o little, that T have fome-
times doubred, whether they be any ac all, when I have confider’d
that a Black and White Body being plac’d together, the one in a
ftrong light, and the other in a very faint light, fo proporti-
on’d that they might appear equally luminous 3 it has been dif-
ficult to diftinguifh them, when view’d atdiftance, unjefs when the
Black feem’d more blewifh 5 and the Whitebody ina light fill
falinter, hath, in comparifon of the Black body, it felf appeard
Black.

This leads me to another way of Compounding 1hitenefs ; which
is, That, if four or five Bodies of the more eminent colours, or a
Paper painted all over, in feveral parts of it, with thofe feveral
colours ina due proportion, be placed inthe faid Beam of Light ;
the Lighe, reflic@ed from thofe Colours to another White paper,
held at a convenient diftance, fhall make that paper appear White.
Ific be held coo near the Colours, its parts will feem of thofe colours
thac are neareft them ; but by removingit further, that all its parts
may be equally illuminated by.all the colours, they will be more and
more diluted, until they become perfectly White. And you may
further obferve, thatifany of the colours beintercepted, the Paper
will ne longer appear White, but of the other colours which are not
inrercepted. Now, that this #Whitenefs is a Mixture of the feverally

lour’d rays, fallin confuledly on the paper, I fee no reafon to
fig‘ﬁ;rog . l?ecaufe, ifg the Light became Uniform and Similar before
icfell confufedly on the paper, it muft much more be Uniform, when
son the Spe&aters eye, and fo the rays,

ata greater diltance icfall ¢ and fo
which come from feveral colours, would in no qualities differ from
one another, but all of them exhibic the fame colour to the Spea=

tor, contrary to what he [ees.

Not much unlikethis Inftanceit is, That,if a polifht piece of Metal
be {o placed, that the colours appear in it as ina Looking-glafs,
and then the Metal be made rough, that by a confusd reflege
jon thofe apparent colours miy be blended together, they fhall
difappear, and by their mixtuce caufe the Metall to look

‘White. But
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But further to enforce this Experiment ; if, inftead of the Paper,
any White Froth, confifting of fmall bubles, beilluminated by re-
flexion from the aforefaid Colours, it fhall to the naked eye feem
‘White, and yet through a good Microfcope the feveral Colours will
appear diftin on the bubles, as if feen by reflexion from fo many
fpherical Murfaces, With my naked éye, being very near, I have al.
fo difcern’d the feveral colours on eachbuble 3 and yetat a greatee
diftance, whereI could not diftinguifh them apart, the Froth hath
appear’d entirely White, Andacthe fame diftance, when I look’d
intently, I have fcen the colours diftin&ly on each buble ; and yet,
by fraining my eyes as if I would ook at fomething far off beyond
shem, thercby to render the Vifion confus'd, the Froth has appear’d
without any other colour than Whitenefs. And what is here faid
of Froths,may eafily be underftood of cthe Paper or Metal in the fore-
going Experiments. For, their parts are fpecular bodies, like thefe
Bubles : And perhaps with an excellent Micrefcope the Colours may
be alfo feen intermixedly refle®ed from them,

In proportioning the feverally Colour’d bodies to produce thefe

effeds,there may befome nicenefs 5 andit will be more convenient,
to make ufe of the colours of the Prifme, caft on a Wull, by whofe
reflexion the Paper, Metal, Froth, and other White fubftances may.
be illuminated. And Iufually made my Tryals this way, becaufe
I could better exclude any [cattering Light from mixing with the
colours to dilate them,
& To this way of Compounding Whitenels may be referr’d thato.
ther, by Mixing light after it hath been trajected through tranfpa-
rently colour’d fubftances. Forsuftance, if no Light be admicted in-
to a room but only through Colour’d glafs; whofe feveral parts
are of feveral coloursin a pretty equal proportion; all White things
in the room thall appear White, if they be not held too near the
Glafs. And yet this lighe, wich which they are illuminated, can-
not poffibly be uniform, becaufe, if the Rays, which at their entrance
are of diverscolours, do in their progrefs through the room fuffer
any alteration to be reduced to an Uniformity ; the Glafs would nog
in the remoteft parts of the room appear of the very fame colour,
which it doth when the Spectators eye is very near it : Nor would
the rays, when tranfmitted inco another dark room through a little
hole in an oppolite door or partition-wall, proje® ona Paper the
Species or reprefentation of the glafsinits proper colours,

And, by the by, this feems a very fit and cogent Inftance of fome
other parts of my Theory, and particularly of che 13 Propofivion. For,
in thisroom all natural Bodies whatever appear in their proper co-
lours, And all the Phenomcna of colours in nature, made either b
Refra®ion or without it, are here the fame as in the Open Air.
‘Now, the Lightinthis room being fuch a Diffimilar mixtue, as

Mmmmm2 1
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Y have deferib'd in my 7keory, the ‘Caufes of all thefe Pheromena
muit be the fame that Y have there aflign’d.  And I fee no reafon to
fufpe®, that the fame Phenomena thould have other caufes in the O-
en Air.
d The fuccefs of this Experiment may be ealily conjectur’d by the ap-
pearances of things in a Church or Chappel, whofe windores are of
colour’d glafs 5 or in the Open Ar, whenic is illultrated with Clouds
of various colours.

There are yet other ways, by which Thave produced ##bitesefs ; as
sy calting feveral Colours from two or more Prifmes upon the fame
piace ; by Refrading aBcanof Light with two or three Prifmes fuc-
ceflively, to make the diverging colours converge again ; 4y Refle-
&ing one colour to another ; and by looking through a Prifme onan
Obje@ of many colours ; and, (which is equivalent to the above men.
tion’d way of mising colours by concave #edges hll’d with colour’d
liquors,) T have obfervd the fhadows of a painted Glafs-wiodow to
become White, where thofe of many colours have at a greae diftance
interfered.  But yet, for further {atisfaction, the Animadverfor ma
try, it he pleafe, the cffecs of four or five of fuch wedges tilled with
liquors of as many feveral colours.

Befides all thefe, the Colours of i#urer-bubbles and other thin pellu-
cid fubftances afford feveral inftances of Whitenefs produced by
their mixture ; withoze of which T fhall conclude this particular. Let
fome Water, in which a convenient quantity of Soap or wath.ball is
diflolv’d, be agitatedinto Froth, and, after that troth has {tood a
while without further agitation, till you fee the bubbles, of which
it confifts,begin to break, there will appear a great variety of colours
alf over the top of evexy bubble, if you view them near at hand ; bue,
if you view them at fo greatadiftance that you cannot diftinguilh the
colours one from another,che Froth will appear perfectly White,

Thus much concerning the defign
11. That the Experimentum crucis and  fubftance of the  Animadverfor’s
is fsch, Confiderations, There are yet fome
particulars to be taken notice of, be-
fore I conclude ; as the denyal of the Experimentum Cracis.  On this
1 chofe to lay the whole ftrefs of my difcourfe; which therefore was
the principal thing to have been objeted againft. But 1 cannot be
convinced ot its infufficiency by a bare denyal without afligning a
Reafon forit. Iam apt to believe, it has been mifunderftood ; for
otherwife it would have prevented the difcourfes about Raritying
and Splitting of rays 3 becaufe the delign of it is, to fhew, that Rays
of divers colours, conlider’d a part, do at Equal Incidences fuffer Up-
sqal Refraltions, without{being fplir, rarified, or any ways dig
lated,

in
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In the Conlideratidns of my firft and
fecond Propofitions, the Animadverfor:
bath rendred my Doctrine of Un-equal
Refrangibiliry very imperfect and maim-
ed, by explicating it wholly by the Splitting of rays; whereas I chiefly
intended it in thofe Refractions that are perform’d without that fup-
pos’d Irregularity ; fuch as the Experimentam Craucis might bave in-
form’d him of, And, in general I find, that, whilit he hath endea-
vour’d to explicate my Propofitions Hypothetically, the more material
fuggeftions, by which I defign’d to recommend them, have efcap’d
bis confideration ; fuch asare, The Unchangeablenefs of the degree
of Refrangibility paculiar to any fort of rays; the ftrit Analogy be-
tween the degrees of Refrangibility and Colours 3 the Diftindtion
between compounded and un-compounded colours 5 the Ulnchangeas
blenefs of un- compounded colours; and the Affertion, thatifany one
of the Prifmatique colours be wholly intercepted, that colour cannot
be new produced out of the remaining Light by any further P sfrac-
tionor Reflexion whatfoever. And of what ftrength and efficacy
thefe Particulars are for enforcing the Tbeery, 1delite therefore may
be now confider’d.

12. Some particulars recommended o
furiher confidivation.

An Accompt of two Books,

1. Ottowis de Guericke EXPERIMENT A NOVA MAGDEBURG -
CA,deVACTVO SPATIO, &<, Amftelodami A. 1672, in fol.

Frer that the famous Author of this Book hath made a Narrative
"1 of the chief Hypotbefes and Opinions of both Antient and Recent
Aftronomers concerning the Syfteme of the world, and reprefenzed
the great difficulties in the Prolemaique.and Tychonique, and repeated
the Anfwers to the Obje&ions againft the Copernican 3 be at large
givesus his own Thoughts of the Frame and Conftitution of the
world ; By which Woréd he underftands in this Treatife the Complex
of the Planets, difpofed -and order’d much after the Copernican way..
the Sus being feated in the midft, having his Spots about him,
and moving and influencing all the relt of the Plancts according to
their feveral diftances from bhim 3 Saturn making the utmoft of all thie
Planees, and the End of thishis World being there, where the dif..
fulive power and vertue of the Sun; the King and Governor of them
all, terminates s which bounds he conjeéures to extend themfelves,
beyond Saturn, to thofe Fixt Stars that are of the nearer rank to $a-
tarns Otbe..
Concerning the Bodieslodged in thefe Planets, he thinks it con-
fonant to the Power and Wifdom of the Great Creator, that there
fhould be fuch a varicty of them, as to ftock each of the (aid Planess,
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