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AD V E ~R T 'I SE M ENT. 

PArt of the enfuing Dijcourfe ahout Light was written 
at t};e dejire of Jome Gentlemen of the Royal Society, 

in the Tear I 67 5· and then Jent to their k~ecretary, and 
read at tbe-ir Meetings, and the re.ft was added about 
Twelve Tears a._fter to complete the. Theory; except the 
·Thi1·d Book, and the laji Proprfition of the Second, whicl1 
were jince put together out of Jcattered Papers. To avoid 
being engaged in Dijputes ahout theft Matters, I have 
hitherto delayed the Printing, and jhould fliU have de
layed it, had not the importunity of Friends prevailed upon 
me. If any oth·er Papers ·writ on this Subje[f are got out 
of my Hands they are imperfeff, and were per baps written 
before I had tried all the Experiments here ~fet do7JJn, 
and fully Jatisfied my Jelf about the Laws of R,efraEfions 
and·Comprfition of Colours. I have here Puhlijhed what 
I think proper to come abroad, wifoing that it may not he 
Tranjlated into another Language without my Confent. 

TheCro(-~nsof Colours, which fometimes appear about 
the Sun and Moon, I have endeavoured to give an Ac
count of; hut~for want of Jujficient Ohfer·vations leave that 
Matter to he further examined. The Sukjec1 of the Third 
Book I have alfo left i1f!perfefl, not having tried all the 

E~\(pe-



Eyvperinzents which I int nded when I was ahout theft 
1\l]atters, nor repeater[ fome qf thofe which I did try, until 
I had Jati{fied my Jelf ahout all their Circumflances. To 
communicate wl;at I have tried, _ and leave the rest to 
others ~for ~further Encjuiry, is all my Dejign in puhlijhing 
thefe Paj;ers. · __ 

In a Letter rzJJritten to Mr.Leib11itz in the Year r 676. 
anrl publifh~d hy Dr. VV allis, I mentioned a .Method hy 
'ZP)bich I had.foundfome general Theorems ahout Jquaring 
Cur·vilinear Figures, or comparing them with the Conic 
Sec~~orts, o,r otherthejimples1 Figures with which they may 
he compa,red. And forlle Years ago I lent out a Manufcript 
c(Jntainingfuch Tbeoi~ems, and having jince rnet with fome 
Things copietl out Q[ it, I ha·ve on tbis Occajion made it 
jJU:blick, pr~fixing to it an Introdt1Clio11 and Juhjoyning a 
Scholi-um concerning that Method. And I ha·ve joinetl 
ruJith it anotb.er Jmall Trac1 concerning the Curvilinear-
Figures ~f the S'yecond Kind, tz-vhich was alfo written 
/:;!ljany Tears ago, and made known to Jorne Friends, Who 
ht1V'! fr.licited the making it publick. 

I. N. 
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The FIRST BOO.K 
' 

0 F~ 

0 PT I C K S. 
PART I. 

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

ln order to which , I, !hall premife the following Defini-
dons and Axioms. · 

DEFINITIOJ\T£ 
·o E FIN. I. 

B·y the ~ays of Light I underjland its leaft Parts, and thofe 
M well Succef!ive in the fame Lines as Contemporary in fe

ver,tf Lines. For it is 1nanifefi that Light confifl:s of parts 
'both Succeffive and Contemporary ; becaufe in tbe fame 
place you may fl:op that which comes one moment, and 
let pafs that which comes prefently after; and in the fame 
time you may fl:op it in any one place, and let it pafs in 
any other. For that part of Light which is fi:opt cannot 
be the fame with that which is let pafs. · The leafl: Light 
or part of Light , which may be fl:opt alone without the 
xefl: of the Light, or propagated alone, or do or fuffer any 

- A - thing 
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tliing alone, ~hich the re~ o/ the Light doth not or fuf:
ers no!i f ca11'· a R-a~ of Ltglit. -

DE FIN. IL" 

fR.!frangihilitj. of· the fJ{ays of. Light, is their Vifpojition to he 
refratled or turned- out of their. Way in paffing out of one tranf- · 
parent 13odj or· Medium into another. And a greater or le/s ~
frangibility of rf(ays, is their 1Jifpojition to be turned. more. or le.fo ·: 
out of their Way in.. li~e ·l1!cidences on the fame Medium. Mathe
maticians_ ufually conJide_r the Rays of Light to be Lines .. 
reacliin·g from the lufninoTis Bo-dy fo fhe ooay illuniina
ted, and the ~efraCl:ion of thofe Rays to lx the bending .. 
of breaking· C:)f thofe· Linles in their paillng ou~ ~f one. Me~ 
iliiun intb another. And rhus, may Rays and Refraccions. 
Be confidered, if Light be prop·agated in· an infl:ant. But. 
by an Argument taken from the lEq~a.tions of t~e times. 
of the Eclipfes of Jupiter's Satellite.r it feems ·that Light is .. 
propagated in tim.e, fpending in its paffage from ... ~he Sun, 
to us about Seven Minutes of time : And therefore I have 
chofen to define Rays and Refraetions in fuch gene.raL 
terms as .. may agree . to Light in. both cafes·o ~ -

D E F I N. . lit , 

. ·~flexihility of {](trys, is their 'J)i(pofition to 1(t~~fback.._ into · 
the_(arife Medium from a1ry otker Me~ium upon whoje,Surface they 
fall~ .And'·rf(ays are rizore or, lep rejlexible-, which are returned< 
~ac/z more or le/s eafily. ·As if Light pafs out of Glafs into .. 
1\.ir , _and by being ·_inclined more and more. to the. Go m
m on Surface. of the Glafs and ~ir, begins· at length to be. 
t·~tally refle.Ct:ed by tha·t Surfac·e; thofe forts ofR:ays which 
at. l~ke lhcidences-are. refle~ed mofl: copioufly , or by in~ 
cltntng the Rays beg!n fooneft to be totally refleCl:ed, are .. 
m oil. reflexible., . D E~-



p~·E F rN. fV. 

The Angle of Incidence, is that Angle which the Line defcriheil 
hy the .incident a(_ay contains 'With th-e Perpendicular to the refle-. 
fling Qr . rejr4£#~zg Su~face 4t the 'Point of Incidence. 

D -E FIN. V. 

The Angle of a(_eflexion or fR!!JraElion, is ihe Angle ·which -the 
Line defcribed by the rejleEted or rifraEleq 'a(_ay containeth -with 
:the Perpendicular to the refteEling or refraEling Surface at the 
Point of Incidence. 

·o ~ F 1 :N. vr 
The Sines of Incidence, fR!!flexion, .. and fJV!frl(lBion, are the 

Sines -of the Angles of Incidence, fR!!flexion, and (](efraEtion. 

·o E FIN. VII. 

Tbe Light ·whoje a(_ay~ ~re all ali~e fl(efrafl:f,ible, I call $im;;, 
:ple, Homogeneal and Stmtlar; and that whoje (](ays are /o,me 
more a(_efrangible than others, I call Co!'lpound, Heterogeneal and 
1Jij]imilar. The former ~ight I call Homogeneal , not 
becaufe I would affirm it fo in all refpects ; but beca,ufe 
the Rays which agree in Refrangibility, agree at leafl: in 
all thofe their other Properties, wW.hich I confider in the 
follo,ving D\fcourfe. 

D E F I N. VIII. 

The Colours of Homogeneal Lights , 1 call Prinzary, Homo· 
geneal and Simple; and thoje of Heterogeneal Lights, Heterc;ge· 
neal and Compound. For thefe are always compounded of 
the colours of Homogeneal Lights; as will appear in the 
following Difcourfe. A 2 A X~-

.. 
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A.. X 1· 0 M s.-~ 

A· X .. _ I.( . 
• 

T J-! ·E·. Angles of 'Incidence, ~flexion, and (j{efraflion; lje _. 
tll one _. andJhe fame PJaneQ ·. 

A .. X! IL. · 

The Angle .of ~fllxi.on is eqf!al to the A11g~e ·of 'Incidence_ •. 
' . . 

A X. II:t· 

Ift the rifraaed (](ay ·he ret'Urned direElly back_ · to the Point r 
of{Incidence ; it · jhall he refraEled .into the. Line . before defc.ri~· - 
lied.: hj_: the. incident 1\. ay~, 

fJtefraEtjon out of. the rarer Medium into the derz/e.r, is made· .. 
towards the Perp~'!di~J~lar ; that i.r, /o that the . .Angle. of 1\_efra-
fJ.ion. be l efl than the Ang!_e of ;- Incidence~ · 

A X. Ve· .. 
J 

The Sine .. of-r lncidbzce, is either -accurately .or ·1Jery._,near/y· in_ a ..... 
gi1J£1Lfl\.4tio to .. the :Sine of; 1\_ef~aEtion. 

Whence if that Proportion be known in· any one Incli--
nation of the incident Ray, "tis known in all the .Inclina-. 
tions, and thereby the RefraClion in all cafes of Incidence 
on th·e fame refracting Body ·may be-. detern1ined.- Thus 
if the Refra6tion be, made out· of Air .into Wate-r, the Sine 
oflncidence of the red Light is to the Sine of its Refra
ction as . 4 .. to ·l" . If out of Air. into Glafs, . the Sines are. 

as· 



[ 5 J 
as · t 7 -to 1-.: In Light of other Colours the Sines have · 
ether Proportions : but the difference is fo little that it 
need feldom be confidered. 

Sup~ofe therefore, . th~t ~ S· repref~nts the S~rface ?f Fig. 1 ~ -
fiagnaung Water , and -; C ts the potnt of Inctdence tnt 
which any Ray coming- in the Air from A in the Line 
A·C is reflected or refraCted, and I would know· whether 
this Ray fhall go after Reflexion or RefraCtion : I erect 
upon the· Surface of the Water from the p-oint of Inci- ·· · 
dence the Perpendicular C P. and produce it downwards .-
to Q, and conclude by the ·fidl Axiom, that the Ray af-
ter Reflexion and Refraction, iliall be found fomewhere in · 
the Plane of the · ·Angle_ <?f Incidence A. C P produced~ r ~: 
let fall therefore~. upon ~he · Perpendicular C P the Sine of · · 
Incidence ·AD, and if the refleCted R.ay be.d-efired .i I pro~ 
duce . AD to · B' fo that DB .be .. equal to · AD; and draw -
CB~ .. For this ·Line c· B fhall be the refleCl:ed Ray; the 
Angle of Pxeflexion B C P and its Sine B D being equal ·: 
to the : .Angle . and Sine of Incidence, as they ought to be 
by the fecond Axiom. But if the refraCl:eJ ·Ray be de• . 
fired, I produce A D to H, fa tha:t. D H may be to A D 
as the. Sine of ·RefraCt:ion to the Sine -of.Jncidence·, that is 
as 3 to· 4 ;· and about the Center C and .in the Plan€ A .. C P .:; 
w-ith the Radius CA defcribing a Circle A-B/E ·- ,1 draw 
Parallei to the Perpendicular C . P ~ Q, the Line H E cutting 
the circumference in E, and . joyning C E, this Line C ·E .. 
fhall be the Line of the~ refracted Ray. For if.E F be let --
fall perpendicularly 'On the Line P Q, this Line .-E ·F 'ih'all : 
be-.the Sine of RefraCtion of the Ray C .E, the Angle of . · 
Refraet:ion being -E C ._Q; and this Sine E F is equal to : 

D H, ~ and confec:Juently in .Proportion to the. Sine of lnoi .... . ,. 
dence A D. as 3 to 4o- .. 

In: .. : 



-In like :manner, lifxher:e be a Prifm of GlatS _(chat is .a, 
::Glafs ·bounded with two Equal and Parallel Triangula:r 
,ends, and three plane and well p . .olifbed .Sides, w·hich meet 

in thr.ee _Par.allel Liaes :running from , the three Angles of 
one end to the three Angles. of the :other end) and if the 
'Refraction of the Light in -paffing -<:rofs -this Prifm be defi-

JF,ig. 2. red : Let A CB reprefent ~ Plane cutting this Prifm tranf
·verfly to its three Parallel lines o:r ~edges there . \\here the 
,Light -paffeth through it, .and ·let l>E be the Ray inci
.;dent upon the firfr fide of the Prifm A C where the Li-ght 
:_goes into the ,Glafs ; And hy putting the Proportion of 
.-the Sine of Incidence to the Sine of Refraetion a-s 1 7 to 
-t 1 find E F the firfl refraCted :Ray. Then taking this Ray 

'for the Incident ·Ray up-on the fecond fide of the Glafs B C 
where the Light goes out, find the next refracted Ray F G 
:by ·puttin.g the Proportion of the Sine of Incidence to the 
::Sine .of Refraction as 1 1 to 17. For if the Sine of lnci-
.. dence out of Air -into Glafs be to the Sine of RefraB:ion 
as 17 to 1 1, the Sine of Incidence out of Glafs into Air 
mufl on the contrary be to the Sine of ·Refracrion as 1 t 
tto t 7, by the third .Axiom . 

. Fig. 3. - Much after the fame manner , .if A ·c B D reprefent a 
· .Glafs fpherically Convex on both fides (ufually ca:lled a 

Lens, fuch as is a Burning-glafs, or Spectacle-glafs, or an 
Dbje:Cl::--glafs .of a Telefcope) and it be required to know 
:bow Light falling upon it from any lucid point Q fhall 
be .refracted? let QM ~eprefent a Ray falling upon any 
:_point M of Its firfl: fpher1cal Surface A·C B, and by ereeting 
_a Perpendicular to the Glafs at .the ·point M, find the fitfl: 
'fefi-acted Ray . M N by the 'Prqportion of the Sines 17 
to 1 :~-. Let that .Ray in going out of the Glafs be inci-

·,dent upon N, and then find the fecond refracted Ray N q 
.;by the Proportion of the Sines 1 t to 1 7. And after the 

fame 
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(%Me iiianifier·· m~y the Refraction be f{)und when the ·~ 
Len·s is Convex on one fi·de and Plane or Concave on ... 
the other, . or Con<:ave on borli Sides. 

A: X. VI. 

. Hotnogeneal ~~.!!'fisk ft~~ from fel!eral 'POint~ of a7ry Ob
] eEl, and· fwz: almo]l Perfleliaicularly on any refleEltng or refra. , 
Eling Plane or s~~heric1tl Surface, foalr afterwards di1Jerge from :
{o many other Points, ~araO-el o f-<J-m~tther-Lines-., or ·. 

£ oY ge r-~..JO(.i1 1-<1 /P .-~ A~- h , . 
eon1Jttge to 1 o many other 'rotnts, ~ etther accuratery or wtthout any: 
fenfible Error. And th·e: fame thing will happen, if the ~ays he ·· 
refleEted or refraEled fucc~f!i"Vely hy two or three or · mor.e Plane · 
o,:_ JPherical Surfaces. 

The Point from which Rays diverge· or to wnich· they ·~. 
-converge may be called their Focus. And the Focus of 
~~e incident Rays being giv~1n, that ?f . the refleCted .or re
fracted ones may be found · by findtng the Refraction-of· 
any two., Rays, as above; or more readily thus. . 

Caf 1. Let A CB be a reflecting or r.efracting P1ane, Fig.- 4~ . 
a~d Q the Focus of the incident Rays, and.Qq c · a per
pendicular to - that Plane. And if this perpen~icular be 
pro·duced to q, fo that q C be equal to ~ QC, the point q.; 
thall be the Focus of the reflected Rays~ . Or if q C be . 
taken on the fame fide of the Plane with QC and in Pro-· 
portion to Q c · as- the Sine of Incidence to the Sine of. 
R.efraCl:ion, the point q fhall be the Focus of-the refrac---
te.d Rays. 
. eaj. 2 ·. Let A C ~ be ~he reflecting. Surface of -any F{g~ .. )'? . 
Sphere wh~fe Center 1~ ~· Btfect any Radtus thereof (fup
pofe E C) _ tn T, and tf tn that Radtus on the fame fide the· 
point T you take the Points Q and q, fo that T Q, T E, 
and T q be continual . ProRortionals, " and the .p~oint Q be·~· 

th.e . .-
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the Focus of the incident Rays , the point q fhall ~be the 
Focus of the refleded ones. 

·~F:ig. 6. Caf ~. Let A C B ·be the refracting Surface .of any 
l.phere whofe Center is E. In any Radius there~~ E C r kt ~ ~ :produce~ both ways ta~e ET and C t i@¥eralry-_ ~n fuch 

Proportion to that · Radtus_ as th~ leffer of the Stnes of 
Incidence and Refradion ·hath to the difference of thofe 
Sines. And then if in the fame Line you find any two 
·Points Q and q , fo that T Q be to E T as E t to t q, 
taking t _q the contrary way from t which T Q lieth from 
'T, al}_d if the Point Q be the Focus of any incident Rays, 
the Point q fhall be the Focus of the refraCl:ed ones. 

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

,::F~ .. 7 · Caf 4· Let A C B D be any refracting Lens , fpheri-
cally Convex or Concave or Plane on either fide, and let 
C D be its Axis (that is the .Line which cuts both its Sur
faces perpendicularly, and paffes through the Centers of 
the Spheres,) and in this Axis let F and fbe ih~e Foci of t'he 
refracted Rays found as above~ when the incident Rays 

· -~ - on both fi<Ies the Lens .are Parallel to the fame Axis ; and 
upon the .Diame.ter F_f bifected in .E, defcribe .a :Circle. 
Suppofe ·now that _any Point q_ ·be the Focus of any jnci-. 
,de.nt _Rays. Draw Q .. E cutting the faid Circle in T and t, 
··and therein take t q in fuch Proportion to t E as t E or T E 
_bath toT Q Let t q lye the contrary way fro1n t which 
T Q doth from T, and ,q £hall be the Focus of the refrac
ted Rays without any fenfible Error , provided the Point 
Q be not fo remote from the Axis, nor the Lens fo broad 
as to .tnake any of the ·R~ys fall too obliquely on the 
refracting Surfaces. 

And ·by the like (~perat'ions may the reflecting or re
_fra.cting Surfaces ··be found w'hen the two Foci · are given, 

and 
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and thereby a Lens ·he formed, \vhich iliall make the Rays 
flow towards or from what place you pleafe. 

So then the meaning of this Axiom is , that if Rays 
.fall upo·n any Plane or .Spherical Surface or Lens, and 
before their Incidence flow from or towards any Point Q, 
they iball after Reflexion or Refraction flow from or to
wards the Point q found by the foregoing Rules. And if 
the incident Rays flow from or towards feveral points Q, 
the reflected or refracted Rays fball flow from or towards 
fo mavy other _Points q found by the fame Rules. Whe
ther the reflected and refracted Rays flow from or towards 
the Point q is eafily known by the fituation of that Point. 
For if that Point be on the fame fide of the reflecting or 
refrac-ing Surface or Lens v1ith the Point Q, and the in
cident Rays flow from the Point Q, the refletted flow to
wards the Point q and the refracted from it ; and if the 
incide.1 ays flow towards Q, the reflected flovv from q, 
and the refracted towards it. And the contrary happens 
when -q is on the other fide of that Surface. 

A X. VII. 

Wherever t77e 1\_ays which come from all the Points of a1ry Ob
jell nteet again in Jo marry Points after they have been made to 
conve':rse by rJ{_eftexion or rJ(efraElion, there they will n1a~e a Pic
ture of tl?e Object upon any white 73ody on which they fdl. 

. "'· .. ' 

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

B and 
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. ·nd Colours-. For as the Light which comes from the 
Point Q goes tO the P'oint q, fo the Light which comes 
from other Points P and R of the Object, will go to fo 
many other correfpondent Poi!)tS p and r (as is manifefr 
by the fixth Axiom ; ) fn that every Point of the Object 
£hall illuminate a correfpondent Point of the Picture, and 
thereby make: .. a- Picture like the Object in Shape and Co- · 
lour, this only· e~cepted that the Picture fhall be inverted . . 
And· this is the reafon of that V nlgar Experiment of cafl-

- ing the Sp·ecies of Objects from abroad upon a Wall or· 
Sheet of white Pap·er in a .dark Roan,. _ 

In like manner when a M·an views any Object P QR,:,. 
the Light which comes from the feveral Points ot the Oh-~· 
ject is fo refracted by the tranfparent skins and. humours .. 
of the Eye, (that is by the outward coat EFG "·called the ·, 
Tunica Cornea, and by the cryffalline hu1nour AB which is, 
beyond the Pupil ;n k._) · as to converge-and meet again at · 
fo many Points in the bottom of the Eye, and there to paint · 
the Picture of the Object upon that skin (called the Tu .. 
nica (j{_etina) · with which the bottom of the Eye is coveredo-.. 
For Anatomifl:s when they~ have taken off from the bot-.. 
tom of the Eye that outward and mofl: thick Coat called· 
the 1Jura·· Mater, can then fee through the thinner Coats 
the· Pictures-of Objects lively painted thereon. And thefe 
Pictures propagated by Motion along the Fibres of the Op
tick Nerves into the Brain, are the caufe of Vifion. For 
accordingly. as thefe Pictures are perfect or imperfect, the 
Object is feen . perfectly or imperfectly. I£ the. Eye he tin-· 
g·ed w-ith any colour (as in the Difeafe of the Jaundife) [o 
as to tinge the Pictures in.the bottom of the Eye with that 
Colour, then all Objects appear tinged with the fame Co
lour. If the htnnours of the Eye by old Acre decay fo 
as by fhrinking to tnal~e_ the Cornea .. and Coatb of the Cry-

ft,tlline 
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flalline bunzour grow flatter than before, the Light will not 'be 
refracted enough, and for want of a fuflicient Refractibrt 
will not converge to the bottom of the Eye but to fome 
place beyond it , and by confequence paint in the bottom 
of the Eye aconfufed Pi:Cl:ure1and according to the indifrinct
·nefs of this Pieture the ObjeCt will appear confufed. This 
is the reafon of the decay of Sight in old Men, and !hews 
~hy their Sight is mended by Spectacles. For thofe Con
vex-glaifes fupply the defeCt: ·of plum-pnefs in the Eye, and
by encreafingtheRefrattion make theRays converge fooner 
fo as to convene di.ftinetly at the bottom of the. Eye if the 
Glafs have a ·due degree of convexity. And the contrary. 
happens in fhort-fighted Men whofe Eyes are too plutnp.
.For_ the R-efraction being now too grear1d1e Rays converge 
and convfn.e in the £yes before rhey come· at the bottom;
and therefore thePiCt:ure tnade in the bot:t:om and the Vifion 
caufed rhereby~ will nor be difrinet, unlefs the Obje6t be 
brought fo near th~- Eye as thar the place where the con
verging Rays corl."V''ene may be removed to the bottom, or 
that the plumpnefs of the Eye be raken off and the Refra
.ctions diminifhed' by a Concav~glafs of a due degree of 
Concavity, or lailiy' that by Age the Eye grovJ flatter till it 
.come ro a due Figure : For fhorr-fighted Men fee remote 
ObjeCts befl: in Old Age, and therefore. they are accounted 
.to have rhe · mofi lafl:ing Eyes. 

A X. VIII. 

. An ObjeR feen by ~ftexion or rf(efraElion, appears in that place 
_fr01n tvhence the 1(ays' after their !aft rf\!ftexion or rf?..!fraftir;n di
verle in falling on the SpeElator' s Eye. 

If the Object A be feen by Reflexion of a Looking- Fig~ 9: 
glafs m n, it fball appear, not in it's proper place A, but 

B 2 behind 
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behind the Glafs at a, from whence any Rays AB, AC~ 
AD, which flow from one and the fame P'oint of the Ob
j-ect, do after their Reflexion made in the Points B, C, D, 
diverge in going from the Glafs to E,. F, G, where they ' 
are incident 011 the SpeCtator's Eyes. For thefe Rays dO
make the fam€ Picture in the bottom of the Eyes as if 
they had come from the Object real-ly placed at a without 
the interpofition of the Looking..;.glafs ; and all Vifion is. 
made according to the place and fbape of that Picture. 

In like manner the Object D feen through a Prifm ap
p·ears not in its proper place D, but is thence tranflated to 
fome other place d fituated in the laft refracted Ray F G 
drawn backward from F to d~. _ 

And fo the Object Q feen through the L.ens AB, appears 
at the place q-- fron1 whence the Rays diverge in palftng. 
from the L.ens to the Eye. Now it is to be noted, that the_ 
lmage of the Object at· q is fo mucb bigger or leffer than 
the Object it felf at Q, as the difl:ance of the Image at 
q from the Lens AB is-bigger or lefs than the difrance of 
the Object at Q fro1n _the fame Lens. And if the Object 
be feen through two or more fuch Convex or Concave· · 
glaffes, every Glafs fhall make a new Image, and the Ob
ject fhall appear in the place and of the bignefs of the laft. 
Image.. Which confideration unfolds the Theory of Mi
crofcopes and Telefcopes. For that Theory confifis in al ... 
moft nothing elfe than the defcribing fi1ch Glaffes as iliall 
make the lafl Image of any Obj'eet as diftinct: and large~ 
and luminous as. it can conveniently be n1ade .. 

1 .have now given in Axioms and their Explications the 
fumm of what hath hitherto been treated of in Opticks __ 
For \vb..at hath been genera.~ly agree~ ~n I content my 
-felf to atfume-under the notion of Prtnctples, in order tO· 
what I have further to \Nrite ... And this may fuffice for an 

Iurro.~ 
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lntroducrion to Readers of quick Wit and good Under• 
fl:anding not yet verfed in Opticks : ~ Although thofe who 
are already acquainted with this Science , and have 
handled Glaffes, will more readily apprehend what fol
loweth. 

PROPOSITIONS., 

P (j( 0 P. I. Theor. I. 

LI G HT S which ruffer in Colour, differ alfo in De
grees of Refrangibility .. 

"-------

The Proof hy E ·xperiments: 

Exper. t. I took a black oblong fbff Paper terminated 
by Parallel Sides, and with a Perpendicular right Line 
drawn crofs from one Side to the other , difiinguirned it 
into two equal Parts. One of thefe Parts I painted with 
a red Colour and the other with a blew. The Paper was 
very black, and the Colours intenfe and thickly laid on·, 
that the Ph~nomenon might be more confpicuous.. This 
Paper I viewed through a Prifm of folid Glafs, whofe t\vo 
Sides through which the Light pa!fed to the Eye were 
plane and well polifhed, and contained an Angle of about 
Sixty Degrees : which Angle I call the refracting Angle of 
the Prifm. And v;nilft I viewed it, I held it before a 
Window in fuch manner that the Sides of the Paper were 
parallel t6 the Prifm, and both thofe Sides a~~hj Prif~ 
parallel to the Horizon, and the crofs Line 

0 ~~ 
to it ; and that. the Light. which . felL from the Windo\v 

URO~. 
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·{rpo th~Pa;\?er made an.Angle with the Paper,. equal t 
that .Angle which \Vas nude with the fame Paper by th 
Light reiected from it to the Eye. Beyond the Prifln wa 
the \V/ ~u of che Chamber. under the· Window covered over 
with black Cloth, and the Cloth was involved in Dark-
·nefs that no Light might be refleeted from thence, which 
in paffing by tne edges of the Paper to the Eye , might 
tningle it felf with the Light of the Paper and obfcure the 
Phxnon1enon thereof. Thefe things being thus ordered, 

'~I found that if the refracting Angle of the Prifm be turned 
upwards, fo that trhe Paper may fee1n to be lifted upwards 
·by the Refraction, its blew half will be lifted higher by 
the Refraction than its red half. But if the refracting 
.. Angle of .the ·'Prifm be turned downward, fo that the P~ 
per may feetn to be carried lower by the Refracrion, its 

':blew half \Vill be cJtrried fomething lower thereby than 
its red hal£ ·wherefore in both cafes the Light which 

1·C0mes· £ro1n the blew half of the P"aper through ~he Prifm 
. ro the Eye, d~es in lik.e ~circutnftances fuffer a greater Re

'fraction than the Lig"ht which co.m.es from the red half, 
and by confequence is more refrangible. 

1 1 • · Illuflratian. In the Eleventh Figt1re:, M N reprefents the 
'\Vindow,and DE the Pape·r terminate.d with pa.rallel Sides 
·o J and H. E, and by the trmfverfe Line F G difringuifhed 
into two halfs, the' one D G 0f an inrenfely blew Colour, 
rhe other FE of an intenfely red. And B AC.cab repre.
fents the Prifin wh0fe refra-Cting Pla..nes AB.b a and A Cc a 
meet in the edge of the refraCting_ Angle A a. This edge 
A a being u.pward, is parallel both to rhe Horizon and to 
the parallel edges of the Pa:per DJ and H. E. And de re
prefents the Image of the Paper feen by Refra.tl:ion up
\vards in fuch manner that the blew half D G is carried 
-higher to d g than the red half F E is to fe, and therefore 

fuffers 



[ I;·J ···· 
fuffers a ·greater RefraCtion. If the edge of the refracring : .. 
Angle be turned downward, the Image of the Paper will . 
be refraCted downward fuppofe to ~6, and the blew half .. 
will be refraaed lower to ~ /' than the r~d half is ·to· ~€. 

Exper. 2. About the aforefaid Paper, whofe two halfs 
were painted over with red and blew, and which was fl:iff 
like thin Pafl:board, I lapped feveral times a flender thred 
of very black Silk, in fuch manner that the feveral parts 
of the thred might appear upon the Colours like [Q many · 
black Lines drawn over them, or like long and flender 
dark Shadows cafl: upon them. I might have drawn black 
Lines with a Pen, hut the threds were fmaller and bette-r 
defined. This Paper thus coloured and lined I fet againfi: -
a Wall perpendic~ularly to the I-Iorizon, fo that one of the ,_ 
Colours might fland to the right hand ancl the other to ·" 
the left. Clofe before the Paper at the confine of the Co- -
lours below · I placed a Candle to illuminate the Paper -
ttrongly : For the Experi1nent was tried in the Night. 
The flatne of the Candle reached up to the lo\ver edge of 
the Paper, or a very little higher. Then at the diftance of -
Six Feet and one or two Inches from the Paper upon the · 
Floor I erected a glafs Lens four Inches and a quarter 
broad, which might collect the Rays coming from the · 
feveral Points of the Paper, and make them converge to
wards fo tnany other Points at the fatue diftance of fix . 
Feet and one or two Inches on the other fide of the Lens, .. , 
and fo form the Image of the coloured Paper upon a white 
Paper placed there ; after the fame manner that a Lens at 
a hole in a Window cafl:s the hnages of ObjeCts abroad 
upon a Sheet of white Paper in a dark Room. The afore-- . 
faid white Paper, erected perpendicular to the Horizon . 

·_ and to the Rays which fell upon it from the Lens, I moved . 
fometimes towards the Lens , fometimes fro1n it, to find : 

the : 
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·the places where the Images of the blew and red parts of 
the coloured Paper appeared mofl: difl:inct. ~hofe p~aces 
I eafil y knew by the Images of the black Ltnes w htch I 
had made by winding the Silk about the Paper. For the 
Images of thofe fine and £lender Lines (which by reafon of 
their blacknefs were like Shadows on the Colours) were 
confufed and fcarce vifible~ unlefs when the Colours on ei
ther fide of each Line were terminated m oft difl:inc1:1 y. 
Noting therefore, as diligently as I could, the places where 
.the lmao-es of the red and blew halfs of the coloured Pa-
- 0 

per appeared mofl diflinet, I found that where the red 
half of the Paper appeared difl:intt, the blew half appeared 
~9nfufed, fo that the black Lines drawn upon it could 
fcarce be feen ; and on the contrary vJhere the blew half 
appeared mofl diilinet the red half appeared confufed, fo 
that the black .Lines upon it \V ere fcarce vi fib le. And be
tween the two places where thefe Images appeared diil:inCl: 
there w.as the difl:anc.e of an Inch and a half : the difl:ance 
\of the white Paper from the Lens, when the I1n age of the 
red half of the coloured Paper appeared 'mofl: difl:inct, be
ing greater by an Inch and an half than the diilance of the 
-fame white Paper from the Lens when the Image of the 
blew half appeared mofl: diflinet. In like Incidences there
fore of the blew and red upon the Lens, the blew was re
fracted more by the Lens than the red) fo as to converge 
fooner_ by an Inch and an half, and therefore is more refran
gible. 

J:lg. 1 2 . Illuftration. In the Twelfth Figure, DE fignifi.es the co-
loured Paper, D G the blew half, FE the red half, M N 
the Lens, HJ the white Paper in that place where the red 
lulf with its black Lines appeared difl:inet, and hi the fame 
Paper in that place where the blew half appeared di!l:inet. 
The place hi was nearer to the Lens M N than the place 

-- H] by an Inch and an half. Scholium. 
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Scholiunz. The fame things fucceed notwithfl:anding that 

fome of the Circumfl:an.ces be varied : a·s in the fidl: Ex
periment when the Prifm and Paper are any 'Aays inclined 
to the Horizon , and in both '"'hen coloured Lines ·are 
drawn upon very black Paper. But in the Defcription of 
thefe Experi1nents, I have fet down fu~h Circumfl:ances 
by which either the Phcrnomenon might be rendred more 
confpicuous, or a Novice might more eafily try them, or 
by which I did try them only. The fame thing I have 
ofcen done in the following Experiments : Concerning all 
which this one Admonition may fuffice. Now from thefe 
~xperirnents it follows not that all the Light of the blew 
is more R.efrangihle than all the Light of the red ; For 
both Lights are mixed of Rays differently Refrangible, 

~ So that in the red there are fome Rays not lefs Refrangible 
than thofe of the blew ' and in the blew there are .fome 
Rays not more Refrangible than thofe of the red ; But 
thefe Rays in Proportion to the whole Light are but few, 
and ferve to diminifh the Event of the Experiment, but 
are not able to deilroy it. For if the red and blew Co
lours were more dilute and weak, the difl:ance of the Ima
ges would be lefs than an Inch and an half; and if they 
were more intenfe and full, that difl:ance would be greater, 
as will appear hereafter. Thefe Experiments may fuffice 
for the Colours of Natural Bodies. For in the Colours 
made by the RefraCtion of Prifms this Propofition will 
appear by the Experiments which are no\v to follow in the 
next Prooofition. 

. .C 
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P R 0 P·~ 11. Theor. 11. 

T!Je Ligl?t of the St"'n cvnfiftj of ~ays differently· rJ{_efrangihle. 

The Proof. by Exp·eriments. 

Exper. 3. IN a very dark Chamber at a round hole about-
one third p,art of an Inch broad made in the 

Shut of a Window , I placed. a GlaJs Prifn1, whereby the
beam of the Sut}"s Light which came in at that hole might 
be refraCted upwards toward the oppofite Wall of the· 
Chamber , and there form a coloured Image of the 
Sun. The Axis of the Prifm (that is the Line paffing 
through the middle of the Prifm from one end of it to 
the other end Parallel to the edge of the Refracting Angle) 
was in this and the following Experiments perpendicular 
to the ineident Rays. About this Axis I turned the Prifm. 
ftowly , and faw the refraCted · Light on the Wall or co
loured Image of the Sun fidl: to defcend and then to af
cend.. B-etween the Defcent and Afcent when the Image 
feetned Stationary , I flopt the Prifm, and fixt it in that 
Po!l:ure, that it iliould be moved no-more. For in that 
pofl:ute the Refraetions of the Light at the two. fides of 
the Refracring Angle, that is at t4e entrance of the Rays 
into the Prifm and at their going out of it, were equal to 
one another... So alfo in other Experiments as often as I 
would have the Refract:ions on bnth fides the Prifm to be 
equal to one another, I noted the place where the Image 
of the Sun formed by the refracred Light il:ood fl:ill be
tween its two contrary Motions, in the con1mon Period 
of its progrefs and ~egrefs; and when the Image fell upon 
that place,_ I ma9e fait ~he Pr~fm. And in this pofl:ure, as 

the 
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dte ·moit comvenient,it is to b·e underflood tha:t all the Prifms 
i1lr.f placed in the following Experiments, unlefs :w-.hete fome 
other polture is d.ef~ribed. The Prifm therefore being pla
ced in this pofl:ure, 1 let the refracred Light fall per_pendi
c.ularly npon a Sheet of white Paper at the oppofite i.W a:ll 
of the Chamber, and obferved the Figure and Dimenfiens 
nf the SQlar Image formed on the Paper .by that Light. 
This Image was Oblong and not Oval, but terminated 
wdth two ReCtilinear and Parallel :Sides , and two Semi
circular Ends. On its .Sides it was bounded pretty diftinetly ~ 
hut .on its Ends very C(i)nfufedly and indifl:inetly, the .Ligh~ 
there decaying_ and vanilliing by degrees. The breadth .of 
this Image anfwered to the Sun's Diameter, and w.as abou..t 
xwo Inches and the eighth :part of an Inch ~ includinrg the 
'Penumbra. For the llnage was .eighteen Feet and an half 
tlillant from the Prifm, and at this difl:ance that ·breadth if 
diminifhed by the Diameter-of the hole in the Window .. fhu~, 
·rhat is by a C]uarter of ,an Inch, fubtended an Angle _at xhe 
(Prifm of about half a Degree, which is the Sun's _apparent 
Diameter. But ·the length of the Image .was about ten.Jnche~ 
and a quarter, and the 'length of the ReCtilinear Sides about 
.eight Inches ; And the refraCting Angl,e· of the Prifm v;here
by fo great a length ·was made, ·was --64 degr. With a ~lefs 
Arrgle the length of :the 'Image w·as lefs, the breadth re
maining the fame. J fcthe P.rifm,was turned .about its Axis 
that way which _m-a-de 1:'4e Rays emerge~more . obliguely out 
,of the fecond xefralfting :Surface of the1P.rifm, . the Image foop. 
became an Inch ·or tw.u longer, or ·more; and -. if the Prifm 
·was turned about t he contrary way, fo as to · make the Rays 
fall more obliquely on the fidl: refracting Surfac.e, the Image 
foon became an Inch or two fhorter. And therefore in try-
-ing this Experiment, 1 was as curious as I could be in pla
cing the Prifm by . the . _above-mention~d Rule exa&ly in 

C 2 fuch 
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fuch a pofl:ure that the Refratl:ions of the Rays at their_ e~e~
gence out of the Prifm 1night be equal to that at ~hetr tnct
dence- on it. This Prifm had fotne Veins running along 
within the Glafs frotn one end to the other , which feat• 
tere-d ~ome of the Sun's Light irregularly, but had no fen
fible effect in encreafing the length of the .coloured S~ec
trum. For I tried the fame Experin1ent wtth other Pn~ms 
' vith the fame Succefs. And particularly with a Pn_fm 
which feemed free from fuch Veins, and whofe refracttng 
Angle was 62; Degrees, I found the length of the hnage 9! 
or 1 o Inches at the diflance . of 1 8! Feet from the Prifrn, 

2 

the breadth of the hole in rhe Window.fhut being..! of an 
4 ' 

Inch as before. And becaufe it is .. eafie to commit a: mi-
fiake in placing the Prifin in its due pofl:ure, I repeated 
the Experiment four or five times, and always found the 
length of the I1nage that which is fet down above. With 
another Prifm of clearer Glafs and better Pollifh, which 
feemed free from Veins and . whofe refracring Angle was 
6 3 ; Degrees, the length of this Image at the fa1ne difl:ance 

of 1 8; Feet was alfo about 1 o Inches, or 1 o ~· Beyond 
thefe Meafures for about ! or ! of an Inch at either end of 

4 l 
the Spectrum the Light of the Clouds fcemed to be a little 
tinged with red and violet, but fo very faintly that I fufpe
ll:ed t~at tinCture might either wholly or in great meafure 
arife from fom·e Rays of the Specrrum fcattered irre• 
gularly by forrie inequalities in the Subfl:ance and Poliib 
of the Glafs, and therefore I did not include it in thefe 
Meafures. Now the different Magnitude of the hole in 
the Window-iliut, and different thicknefs of the Prifm where 
the Rays paffed through it, and different inclinations of the 
Prifm to the Horizon, made no fenfible changes in the 
length of the Image. Neither did the different matter of 

/ the 
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the Prifms make any : for in a V elfel ·made of polifhed 
Plates of Glafs cemented together in the fhape of a Prifm 
-and filled with Water, there is the like Succefs of the Ex .. 
periment according to the <:JUantity of the Refraction. It 
is further to be obferved, that the Rays went on in right 
Lines from the Prifm to the Image, and · therefore at· their 
very going out of the Prifin . had all that Inclination to 
one another from which the length of the Image pro
ceeded, that is the Inclination of more than two Degrees 
_and an half. And yet according to the Laws of Opticks 
vulgarly received, they could not poffibly be fo much in-
clined to one another. F~r let E G repre~ent the Window- rig,.- I -3 ; ~ 
fhut, F the hole made therein through whtch a beam of the 
Sun's Light was tranfmitted into the darkned Chamber, and 
AB C-a Triangular Imaginary Plane whereby the Prifm ·is 
feigned· to be cut tranfvedly through the middle of the 
Light. Or if you pleafe, let AB 'C repreknt the Prifm-it 
felf, looking directly towards- the SpeCtator's Eye with its 
nearer end : And let X Y be the Sun, M N th.e Paper upon 
which the Solar Image. or Spectrum is c-afr, and P T the 
I~age it felf whofe fides tovvards ¥ and W are Rectili- v 1V 

near and Parallel, and ends tovvards P and T Semicir-
cular. Y K HP and XL J T are -two Rays, the flrfr 
of-wllich-comes from the lower part of the Sun to the 
higher part of the Image, and· is refratted in the· Prifm at 
K and H, and the latter comes from the h-igher part of 
the Sun to the lower part of the Image, and is refraCted 
at L and J. Since the · Refrattions on both fides the Prifm 
are e<:Jual to one another, that is the RefraCtion at K equal 
to the RefraCtion at J, and- the Refraction at L equal to 
the RefraCtion at H,_ fo that the. Refraetions of the inci-
dent Rays at K and L. taken together are equal . .to the 
Refractions of the emergent Rays at H and: J taken togef"' 

ther : . 
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ther -: it foltews ·by ·~rdJing :equal things 'to !fqua:l nhings,' 
·that the .Refrattions at K a:ncl )H taken together, .a;re equ~l 
-to the Refratl:ions at J .21Jmd L t~ken together , and .there
fore the two R.ays b~ill:g •equally re£rafted have the fame 
Inclination to .oae .an0.iher after Refra:tbion which ·they haG! 
he£ore, that is the Incli.n{1t:i~n of half .a Degree anfwering 
-1::0 -tbe .Sun's Diameter. 1For fo great wAs 'the lnclinatrDn 
-of fthe Ray~ ::tb one .anot~er loefo-re ·Refraction. So then, 
~the Jetlgth of =the Image iP T would by the Rules of Vul
~g~r iO.pri~cks fu.b>tend ~n -A~gl-e of .h-alf a Degree at the 
Prifm., -lnd :by -confequence he -equal to th.e ·breadth v w ; 
ancl .therefore ~the Jmage --would 'be r.ound. Thus it ·would 
~be ·were the two Ra:ys XI~ J T -and Y K ·H P and .all .the 
-~B: ·which -for-m the Image ~p w T v, -alike Refrangible • 
.An.J therefor-e Jeeihg .. by · Experien:ce it is founa . that the 
Image is :n-ot ·r-ound but about lfi.ve times longer . than 
broad, t~he' ~R.a:y·s whiCh -g~ing ro .the ur-1,-er end P of the 
:Im:age rfuffer the g~e~t~fl: R·efr~ttio~n, . rnuft ·be more Refran
·gible·than thofe 'wliich ,go l !<D ',the 1~wer end T , unlefs . the 
-ihequality of ~Refracni·on ·be --t:afual. 

!his ~~m~ge or Speaa~utn ,p ,T c~~s :col?ured, being .red 
.at 'Us 1eail: reftatted end T, and -~-violet ; at 1ts moft_·refracted 
.end P., .and yellow g-reen and Blew .in .the intermediute 
'fp:aces. Which ag-rees -with)th-elfirft Pr~opufition, ~that Ligms 
·-which differ ~n ·Colour do -~alfo rliffer 'in R.efrangibility. 
·The teng~ of the 1Image ; in :·ehe ·fot:egoing Experiments 11 
meafu·t:ed ftom the 1 faint eft an cl oucnroft -red -at one :end, :to 
·the faintet-l: and -outrtrotl: :blew ~t ~the .other end. 

E'D<:per. 4· -In the .-~un> =beam which wxs -prnpagaredjn
~to the Roon1 -through ~the ~ hole in the Window..:ihut, :at 
the .dHtance -of .fome Feet ,.from the .hole, ~I r helJ the Prifm 
in fuch .a _pofture ·-rh at its Ax-is might .be -p'erpendicular ~to 
_.that •oeam. Then 1 look,ed -through the ~Prifm upon the 

hole, 
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h-ole, and turning the Prifm to and fro about its Axis to· 
make the Image of the hole afcef)d and defcend, when be
tween its two contrary Motions it feem~d ftationary, I 
fi:opt the Prifm that the Refractions on both fides of the · 
refraCting Angle tnight be equal to @ach other ~s in the 
forn1er Experiment. In this Situation of the Prifm view
ing through it the faid hole, I obferved the l~ngth of its 
refraCted Image to be many times greater than its breadth, 
and that the mofl: refraCt:ed part thereof appeared violet, 
the leafi refracted red, the middle parts blew" green and. 
yellow in order. The fame thing happened when I re
moved the Prifm out of the Sun;>s Light, and looked. 
through it upon the hole iliining by the Light of the
Clouds beyond it. And yet if the RefraCtion were done -
regularly according to one certain Proportion 0f the Sines-. 
t>f Incidence and RefraCt:io'n as is vulgarly fuppofed, the 
refraCted Image ought to have appeared round. 

So then, by thefe two Experiments it appears that in; 
equal Incidences there is a confiderable inequality of Re
fraCl:ions : But whence this inequality arifes, whether it be 
that fome of the incident Rays are refracted more and 
others lefs~ confl:antly or by chance, or that one and the 
fame Ray is by Refraction diflurbed, fhattered, dilated, 
and as it were fplit and fpread into many diverging Rays, 
as Grimaldo fuppofes, does not yet appear by thefe Experi-

. ments) but will appear by thofe that follow. 
Exper. 5. Confidering therefore, that if in the third Ex

periment the Image of the Sun fh~uld be drawn out into 
an oblong form, either by a Dilatation of every Ray, or 
by any other cafual inequ,ality of the Refraetions, the fame 
oblong Image would by a fecond Refracrion made Side
ways be drawn out as rr1uch in breadth by the like Dila
tatiQn Df the Rays or other cafual inequality of the Re-

fractions 

' 



[ 24] 
fraCl:i-ons Sideways, "'I tried what would . be the Effect~ of 
[uch a fecond RefraCtion. For this end I ordered all thtngs 
as in the third Experiment, and then placed a fecond Prifin 
in1mediarely after the fidt in a crofs Pofirion to it, that it 
1night again refract the beam of the Sun's Light which 
came to it through the fidl: Prifm. In the fidl: Prifm this 
beam was r~fracred upwards·, and in the fecond Sideways. 
And I found that by the Refraction of the fecond Prifin 
the breadth of the Image was not increafed, but its fupe
rior part which in the firfl: Prifm fuffered the greater Re
fraction and appeared violet and blew, did again in the 
· fecond Prifm fuffer ·a greater RefraCtion than its inferior 

part, which appeared red and yellow , and this without 

_ . any Dilation of the Image in breadth. 
F~. 14. Illuflration. Let S reprefent the Sun, F the hole in the 

Window, AB C the firfl: Prifm, D H the fecond Prifm, Y 
the round Image of the Sun made by a direct -bea1n of 
Light when the Prifms are taken ,al;vay, P T the oblong 
ltnage of the Sun made by that bea:m paffing through the 
hrfl: Prifm alone when the fecond Prifm is taken away, and 
pt the -Image made by the crofs Refracrions of both 
Prifms together. Now if the Rays which tend towards 
the feveral Points of the round Image Y were dilated and 
fpread by the Refraction of the fidl: Prifin, fo that they 
£hould not any longer go in fingle Lines to tingle Points, 
but that ~very Ray being fplit, ~attered, and changed 
.from a Ltne~r Ray to a Superficies of Rays diverging 
from the Po1nt of RefraCtion, and lying in the Plane of 
the Angles of Incidence and Refract: ion, they 'fhould 
go in thofe Planes to fo many Lines reaching almofi: 
fro1n one end of the Image P T to the other, and if 
that I~ag~e fhould thence. become oblong : thofe Rays 
and thetr feveral parts tendtng towards the feveral Points of 

the 
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the Image P T ought to be again dilated and fpread Side~ 
·ways by the tranfverfe RefraCtion of the fecond Prifm, fo 
as to compofe a fourf<:]uare Image, fuch as is reprefented 
at "'7. For the better undedlanding of which, let the ltnage 
PT be difiinguiilied into five equal Parts PQK, KQRL, 
LRSM, MSVN, NVT. And by the fame irregularity_ 
that the Orbicular Light Y is by the RefraCtion of the firfi 
Prifm dilated and drawn out into a long Image PT, the 
the Light P QK which takes up a fpace of the fame length 
and breadth with the Light Y ought to be by the Refra
ction .of the fecond Prifm dilated and drawn out into the 
long Image 'if q /zp, and the Light K Q R L into the long 
Image ~ q r l, and the Lights L R S M, MS V N, N V T 
.into fo many other long Images l r s m, 1n s v n, n 1J t 1 ; and 
all thefe long I1nages would compofe the fourfquare Image 
"'7. Thus it ought to be were every Ray dilated by Re
fraCtion, and fpread into a triangular Superficies of Rays 
diverging from the Point of Refracrion. For the fecond 
RefraCtion \vould fpread the Rays one way as much as the 

--firfi doth another, and fo dilate the ln1age in breadth as 
much as the firfl: doth in length. And the fame thing 
ought to happen, were fame Rays cafually refraCted more 
than others. But the Event is otherwife. The Image P T 
was not made broader by the Refracrion of the fecond 
Prifin, but only became oblique, as 'tis reprefented at p t, 
its upper end P being by the RefraCtion tranOated to a 
greater diftance than its lower end T. So then the Lio-ht 
which went towards the upper end P of the Image, :as 
(at equal Incidences) more refraCted in the fecond Prifm 
than the Light which tended towards the lo wer end T, 
that is the blew and violet, than the red and yellow ; and 
.therefore was more Refrangible. The fa1ne Light was by 
t~e RefraClion of the firfi Prifin tranflated further from the 

[) place 
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place Y to which it tended before RefraCtion ; and there.; 
fore fuffered as well in the firfl: Prifm as in th.e fecond a 
greater RefraCtion than the reil: of the Light, and by con
{equence was more Refrangible than the reft, even before 
its incidence on Lhe firfl: Priftn. 

Sometirnes I nLaced a th ird Prifm .after the fecond, and 
fometin1es alfo ~ fourth after the third , by all which the 
Im age n1ight be often refracted fideways : but the Rays 
vvhich were 1nore refr.att.ed than the reil: in the firfl: Prifm 
were alfo more refracted jn all the reft, and that without 
.any Dilatation of the Im.age fidevvays : and therefore thofe 
Rays for their confl:ancy of a greater Refraction are de
fervedly reputed more Refrangible. 

Fig. 1 5. But that the meaning of this Experiment may more 
clearly appear, it is to he confidered that the Rays which 
are equally R~fran·gible do fall upon a circle anfwering to 
the Sun's Difque. .For this was proved in the third Experi
ment. By a circle I unolerfl:and not here a perfett 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 mofi Refrangible Rays propagated from the whole 
Dif<jue 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 tnanner illuminate 
and paint if they were alone ; B H, C J, D K, the circles 
which fo many intermediate forts of Rays would fuccef
fively paint u~on the \X' all, if they were fingly propagated 
from the Sun In fucceilive Order, the refl: being always in
tercepted ; And conceive that there are other intermediate 
Circles without nutnber which innumerable other inter
media_te forts of Rays would fucceffively paint upon the 
Wall1f the Sun ihould fucceilively emit every fort aparto 

And 
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And feeing rhe Sun emits all thefe forts at once, they mutt 
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 SpeCl:rum P T is compofed which I defcribed in the 
third Experiment. Now if the Sun., s circular Image Y r(tj. 14-~ If 

which is made by an unrefraCl:ed beatn of Light was by 
any dilatation of the fingle Rays, or by any other irregu-
larity in the RefraCtion of the fidt Prifm, converted into 
the Oblong Spettrum, P T : then ought every circle A G, 
B H, C ], &c. in that Spettrum, by the crofs ~efra-
Cl:ion of the fecond Prifm again dilating or otherwife 
fcattering· the Rays as before, to be in like manner drawn 
out and transformed into an Ob.long Figure, and thereby 
the breadth of the Image P T woulc1 be now as n1uch aug-
mented as the length of th~ Image Y was before by the Re-
frattion of the fidl: Prifm ; and thus by the Refraetions of 
both Prifms together ·would be formed a fourfquare Figure 
p 71' t 1 as I defcribed above. Wherefore fince the breadth of 
the Speetrum 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 Refra.Ction 
tranflated entire into another place, as the circle A G by 
the greatefi Refraction into the place ag, the circle B H by 
a lefs RefraCtion into the place b h, the circle C J by a Re-
fraction £till lefs into the place c i, and fo of the refl:; by 
which means a new Specrrum p t inclined to the former 
P T is in like manner co1npofed of circles lying in a 
right Line ; and thefe circles mufl: be of the fame bignefs 
with the former, becaufe the breadths o( all the Spe-
ctrums Y, P T and p t at equal difl:ances from the Prifms 
are equal. 

D 2 I con-
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I confidered further that by the hreadth of the hole E · 

through which the Light enters into the Dark Chamber, .. 
there is a Penumbra made in the circuit of the SpeCl:rum 
Y, and that Penumbra remains in the reCtilinear Sides of 
the SpeCtrums P ·r and p t~ I placed therefore at that hole 
a Lens or Object: .. glafs of a Telefcope which might caft 
the llnage of the Sun difrinetly on Y without any Penum .... 
bra at all, and found that the Penumbra of t4e Rectili
near Sides of the. oblong Spectrums PT and pt was alfo ·, 
thereby taken away,. fo that thofe Sides ·appeared as di
fl:.inctly defined as d'id the Circumference:of the firfl: .Image-
Y. Thus it happens if the Glafs·· of the. Prifms be . free 
from veins, a~d their Sides be accurately plane and· well 
polifhed without thofe numberlefs waves or curies which 
ufually arife from. Sand~ holes a little fmoothed in polifh- . 
ing with Putty. If the Glafs, be · only well polifhed and. 
free from veins and the Sides not accurately plane but a 
little Convex or Concave, as it frequently happens ;. yet 
may the three Spectrums Y, P T and pt want Penumbras,. 
but not in eq~al difl:ances from· the Prifms... Novv from 
this wafit of Penumbras, I knew more certainly that every, 
one of the circles was refraCted a(;cording to fome moll: 
regular, uniform, and confl:ant law. For if there. were. 
any irregularity in the Refraction, the right Lines A E and 
·G L which all the circles in the SpeCtrum P T do touch,, 
could not by that R.efrafrion be tranflated into the Lines 
a e. and g l as difl:inCl: and firaight as they were before, but 
there would arife in thofe tranllated Lines fome Penumbra_ 
or crookednefs or undulation, or other fenfible Perturba~. 
tion contrary to. what is found by Experience. Whatfo
ever Penumbra or Perturbation fhould be made in the. 
~ircles by the crofS Refraction. of the fecond Prifrrt ., all 
that Penumbra or. Per~urbat~on wo~td be confpicuous in 

the. 
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the right Lines a e and g l which touch thofe circles. And · 
therefore fince there is no fuch Penumbra or Perturbation 
in rhofe 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 Refraetions, the Dia-· 
meters of the circles are·not increafed thereby. Since thofe-~ 
Tang.ents continue to be right ~ines , every circle which 
in the fidl: Prifm is more or lefs refracted , . is exacrly in. 
the fame Proportion more or~ lefs refracted in the fecondo~-
And feeing all thefe things continue to fucceed after the ~ 
fame manner when the Rays are again in a third Prifm, 
and again in a fourth refracred Sideways, it is evident that. 
the Rays of one and the fame circle -as · to· their degree. ot 
Refrangibility continue always Unjform and Homogeneal 
to one another, and that thofe of feveral circles do differ . 
in degree of Refrangibility, and that in fome · certain and 
~Gonflant Prop_ortion. . Which -is the thing. I was -to prove. 

There is yet another Circumfl:ance or· two of this Ex- Fig. -t O~ ·-, 
periment by which , it becomes frill more plain and con-
vincing. Let the fecond Prifm D H be placed not iinme-. 
ately after after the fidt, but at fome difrance from it!.' ;. 
Suppofe in the mid-way between it and the Wall on which· 
the oblong Spectrum P T is call:, fo that the Light from 
the firft Prifm may fall upon it in the form of aa.. oblong-. 
Spectrum.- r;r7 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 Spectrum p t is in
clined to that Spectrum PT, which the fidl: Prifm forms 
alone w-ithout the fecond ; the blew ends P and p being fur-, 
ther difiant from one another than the red ones T and t,, 
and by confequence that the Rays which go to the blew 
end '7f of the Image '7f7 and which therefore fuffer the greatefl_ 
Refraction-in the firft Prifm, are again in the fecond Prifm, 
more. refraeted than the reft. The. 
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17-~ The fame thing I try' d alfo by letting, the Sun's Light 

into a dark R~om through two little round ho~es F and qJ 

made in the. Window, and with two P('trallel Prtfms AB C 
and d. (3 Jl placed at thofe holes ( one at each ) refracting 
thofe two beams of · Light to' the oppofite Wall of the 
Chamber, in fuch tnanner that the two colour' d Images 
P T and -~ which they there painted were joyned end to 
end and lay in one flraight Line, the red end T of the 
one touching the blew end In of the other. For if thefe 
two refracted beams were again by a third Prifm D H pla
ced crofl: t-o thelwo fidl:, refracted Sideways, and the Spe- · 
ttrums thereby tranOated to fome other part of the Wall 
of the Chamber , fuppofe the Spectrum P T to p t and 
the Spectrum .. M N to m n, thefe tranOated SpeCtrums p t 
aqd rn n would not lie in one fl:raight Line with their ends 
c,ontiguous as before, but be broken off from one another 
~nd become P atallel, the blew end

1 
of the Image m n being 

by a greater RefraCt:ion tranflated farther from its former 
·place M T, than the red end t of the other Image p t from 
the fa1ne place M T which puts the Propofition pafl: di
fpute. And this happens whether the third Prifm D H be 
placed itnmediately after the two firfl: or at a great difl:ance 
from them , fo that the Light refraCted in the two firfl: 
Prifms be either white and circular, or coloured and ob
long when it falls on the third. 

Exper. 6. In the middle of two thin Boards I made 
round holes a third part of an Inch in D iameter, and in 
the Window-fbut a much broader hole,: being made to let 
into tny darkned Chamber a large beam of the Sun's 
Light ; I placed a Prifm behind the Shut in that beam to 
refraCt it towards the oppofire Wall, and clofe behind the 
Prifi11 I fixed one of the Boards, in fuch manner that the 
middle of the refracred Light might pafs throug 1 the hole 

made 
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made in it, and the refi: be intercepted by the Board. 
Then at the diftance of about twelve Feet from the firft 
Board I fixed rhe other Board,. in fuch manner that the 
middle of the refracted Light which came through the hole 
in the firfl: Board and fell upon the oppofite Wall might 
pafs through the hole in this other Board, and the refl: be
ing intercepted by the Board might paint upon it the co
Io·ured Spectrum of the Sun. And clofe behind this Board 
I fixed another Prifm to refract the Light which came 
through the hole. Then I returned fpeedily to the firfr 
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 
n1ight fucceffively pafs through the hole in that Board and 
fall upon the Prifm behin~ it. And in the mean time, I 
noted the places Oft 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 1nofi refraCted in the fidl: Prifm djd go to the blew _ 
end of the hnage, was again more refracred in the fecond 
Prifm than the Light which went to the red end of that 
Im~ge, which proves as well the firfl 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. 

Illuflration. Let F be the wide hole in the Window-fhut, Fig. 1 g·~· 
through which the Sun fhines upon the firfl: Prifm A BC, · 
and let the refraded 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-
jeeted part of the Light fall again upon the middle of the 
fecond Board d e and uhere paint fuch an oblong coloured 
Image of the Sun as was defcribed in the third Experi1nento. 

By 
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-.. By turning the Prifm A B C flowly to and fro about its. · · 
Axis this Image will be made to move up and down the 
·Board de, and by this means all its parts from one end-to 
the other . tnay be made to pafs fucceffively through the 
hole g which is n1ade in the middle of that Board. In the 
mean while another Prifm a b c is to be fixed next after 
that hole g to refract the trajetted Light a fecond time. 
And thefe things being thus ordered, I marked the :places 
M and N of the oppofite Wall upon which the refraCted 
·Light fell,and found that whilfl: the two Boards and fecond 
Prifm remained unmoved, thofe places by turning the fidl: 
Prifm about its Axis were changed perpetually. For when 
the lower part ?f the Light which fell upon the fecond 
Board d e was cafl: through the hole g it went to a lower 
place M on the Wall , and when the higher part of that 
Light was cafl: through the fame hole g, it went to a higher 
place N on the Wall, and when any intermediate part of 
t:he Light was .. cafl: through that hole it went to fome pla{:e 
on the Wall between M and N. The unchanged Pofitiort 
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 co1nmon 'Incidence fome of the Rays were more 
refracted and others lefs. And thofe were more refraCted 
in this Prifm which by 1 greater RefraCtion in the firfr 
Prifm were more turned out of the way, and therefore for 
their confl:ancy of being more refraCted. are defervedly cal
led more Refrangible. 

Exper. 7· At two holes made near one another in my 
Window-fhut I placed two Prifms , one at each, which 
might cafl: upon the oppofite Wall (after the manner of 
the third Experiment ) two oblong coloured Images of the 
Sun. And at a little difiance from the Wall I placed a 
long flend.er Paper with fl:raight and parallel edges, and 

ordered 
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ordered the Prifms and Paper fo, · that the red Colour of 
orie Image might fall direCl:ly up·on 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 fi.dl: and fecond Experiments. Then 
with a black Cloth I covered the Wall behind the Paper, 
that no Light might be refleeted from it to difl:urb the 
Experiment, and viewing the Paper through a third Prifm 
held parallel to it, I faw that half of- it which was illumi
nated by the Violet-light to be divided from th_e other . 
half by a greater RefraCtion, efpecially when I went a good 
way off from the Paper. For when I viewed .it too near 
at hand, the two halfs of the Paper did not appear fully 
divided from one another , but feemed _contiguous at one 
·of their Angles like the painted Paper in the fir{l Expe
riment. Which alfo happened when the Paper was too 
broad. 

Sometimes infl:ead of the Paper I ufed a white Thred, 
a.nd this appeared through the Prifm divided into two Pa-
rallel Threds as is reprefented in the 19th Figure , where Fig. 1 ?·a 
D G denotes the Thred illuminated with violet Light 
from D to E and with red Light from F to G, and de f g 
2.re the part-s of the Thred feen by RefraCtion.. If one half 
.of the Thred be confl:antl y illuminated with red, and the 
other half be illun1.inated with all the C olours fucceffively, 
(which may be done by caufing one of the Prifms to be 
turned about its Axis whilfl: the other remains unmoved) 
this other half in viewing the Thred through the Prifm, 
will appear in a continued right Line vvith the firfi half 
when illu1ninated with red , and begin to be a little divi
ded from it when illuminated with Orange, and remove 
further -from it when illuminated "'" ith Y.ellow, and frill 
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further when with Green, and further when with Blew, and 
go yet further off when illu1ninated with Indigo, and fur
theft \vhen with deep Violet. Which plainly fhews, that 
the L io-hts of feveral Colours are tnore and more Refran-o 
aible one than another, in this order of their Colours, Red, 
Orange, Yellow, Green, Blew, Indigo, deep Violet ; and 
fo proves as well the fidl: Propofition as the fecond. 

Fig. 17. I caufed alfo the coloured SpeCtrums P T and M N 
made in a dark Chamber by the Refractions of two Prifm 
to lye in a right Line end to end, as was defcribed 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 p t and m n, the violet end m of the 
Speelrun1. m n being by a greater Refraction tranflated 
further fro1n its former place M T than the red end t of the 
other Spectrum p t. · 

Fir:r ~ 2 0 • I further caufed rhofe two SpeCtrums P T and M N to 
o become co-incident in an inverted order of their Colours,. 

the red end · of each falling on the violet end of the other, 
as they are reprefented in the oblong Figure P T M N ; 
and then viewing them through a Prifm D H held Paral
lel to their length, they appeared not co-incident as when 
viewed · with the naked Eye, but in the form of two di
fiinet Spectrums p t and m n crolling one another in the 
middle after the manner of the letter X. Which fhew-s 
that the red of the one Spectnun and violet of the other, 
which were co-incident at P N and M T , being parted 
from one another by ~ greater Refraction of the violet to 
p and nz than of the rtd to n and t, do differ in· degrees of 
Refrangibility. 

I illumi~ated alf~ a little circular .piece of white Paper 
all over with the Ltghts of both Pr1fms inte _ ixed, a 1d 

when 
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when it was illuminated with the red of one Spectrum and 
deep violet of the other , fo as by the mixture of thpfe 
Colours to appear all over purple , I viewed the Paper, 
fidl at a lefs dillance , and tben at a greater , through a 
third Prifm; and as I went from the Paper, the refracred 
Image thereof became more and more divided by the un
eC]ual Refraction of the two mixed Colours, and at length 
parted into two difl:inct Images, a red one and a violet one, 
whereof the violet was furthefl: from the Paper, and there
fore fuffered the greatefl: RefraCtion. And when that Prifm 
at the Window which cafl: the violet on the Paper was ta
ken away,the violet Image difappeared; but when the other 
Prifm was taken away the red vanifhed : which fhews that 
thefe two Images were nothing elfe than the Lights of the 
t\vo Prifms which had been intermixed on the purple Pa
per, but were parted again by their unequal Refracrions 
made in the third Prifm through which the Paper was 
viewed. This alfo was obfervable that if one of the 
Prifrns at the Window, fuppofe that which cafl: . the violet 
on the Paper, was turned about its Axis to make all the 
Colours in this order, Violet, Indigo, Blew, Green, Yel-
low, Orange, Red,afucce{lj.veJx on t~e Pap~r fro1n f~ I'll. m , 

. r: h . 1 I 1 L.,._.~a c~ I ;,:.:;.,J, J1 ~ f. , l--p- ~:£ ..r-v r\.U 
Prnn1, t e vto et m age cnan~e Olour accorai~l)~, ~n ~ (!, , 

. in changing Colour ca~e n~aref.fo the red10fle~ lmtif:f wliei~ ~-' 
it was alfo red t-lte-y botliTecame fully co ... incident. 

I placed alfo two paper circles very near one another, 
the one in the r.ed Light of one Prifm, and the other in 
the violet Light of the other. The circles \vere each of 
them an Inch in Diameter, and behind them the Wall was 
dark that the Experiment might not be difl:urbed by any 
Light coming from thence. Thefe circles thus illuminated, 
I viewed through a Prifm fo held that the Refraction might 
be made towards the red circle , and as I went from them 
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they ca~e nearer and .rtearer together, a.nd at l~.ngth be• 
can1e c6 .. incident ;- ancf afterw·ands when I went fltll further ·· 
off, they parted aga~n in a contrary order, the violet by a 
greater Refraction being carried beyond the red. · 

Exper. ·s. fn Summer when the Sun's Light ufes to 
be fl:rongefl:, I placed~ a p·rifm at the hole of the Window
fhut, as in the third Experiment, yet fo that its Axis might 
be Parallel to· the Axis of the \V orld~ and at the oppo.fite 
Wall in the Sun's refracre'd Light, I placed an open Book. 
Then going Six Feet and tvvo Inches from the Book, I · 
placed there the aboven1entioned Lens, by vvhich the Light 
reflected from the Book might be 1nade . to converge and 
1neet ·again at the ·difl:ance of fix Feet and tvvo Inches be-
hi~d- the Lens , and ther~ paint the Species of the Book 
upon a fheet of vvhite Paper much-after the manner of the:· 
fecond Experiment. The Book and Lens being made fail, 
I noted the place vvhere tne p:aper vvas, vvhen the Letters . 
. of the Book, illu1ninated by the fulleit ~ed Light ·of the· 
Solar Image falling upon it, did call their Species on that 
~a per mofl: difrinct:ly ;- And then I fl:~y' d till ?Y the Mo
tlon. of the Sun and confequent MotJon of h1s linage on· 
the Book, all the Colours from that red to the middle of 
the blew pafs' d over thofe Letters; and \vhen thofe Letters 
were illuminated by that blew, I noted again the place of 
the Paper when they cafl: their Species mofi difl:inttly upon 
it : And · I found that this lafl: place of the Paper was nearer 
to the Lens than its former place by about two Inches and~ 
an half, or two and three quarters. So much fooner there
fore did the Light in the violet end of the Image by a grea
ter RefraCtion converge and meet , than the Light in the : 
red end.. But in; trying this the Chamber was as dark as r 
could make it. ·For if thefe Colours be diluted and weak
n,ed by the mixture of any adventitious Light, the difl:ance_ 
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between the places of the Paper .will not be fo great. This 
dill:ance in the fecond Experiment where the Colours of 
natural Bodies were m-ade ufe of, was but an Inch and a 
half, by reafon of the imperfeCtion of thofe Colours. Here 
in the Colours of the Prifm , vJhich are manifefrly more~: 
full, intenfe, and lively than thofe of natural Bodies, the .· 
difl:ance is two Inches and three <]Uarters. And were the :: 
Colours fl:ill more full , I queftion not but that -the di
fl:ancf would be confiderably greater. For the· coloured-:: 
Light--Bf the Prifm, by the interfering of the Circles de
fcribed in the ~ th Figure of the fifth Experiment, and alfo :· 
·by the Light of the very bright Clouds next the Sun~ s . 
Body intermix:ng with thefe Colours, and by the Light _ 
fcattered by the jnequalities in the polifh of the Prifm·, was . 
fo very much compounded, that the Species which thofe.· 
faint -and dark Co1ours, the Indigo and Violet, cafl: upon . 
the Paper were not difiinct enough to be well obferved . . 

Exper. 9· A Prifm, whofe two Angles at its Bafe were : 
equal to one another and half right ones, and the third 
a right one, I placed in a beam of the Sun~ s Light let in
to a dark Chamber through a hole in the Window-fhut 
as in the third Experiment. And turning the Prifm flowly 
about its Axis until all the Light which went through one 
of its Angles and was refraCted by it began to be reflected 
by its Bafe , at which till then it went out of the Glafs, . 
l obferved that thofe Rays , which had fuffered the great eft 
RefraCtion were fooner refleCl:ed than the refr.- I conceived 
therefore that thofe Rays of the refleCted Light, which . 
were mofl: Refrangible, did fuPc of all by a total Reflexion 
becorne more copious in that Light than the reft , and . 
that afterwards the refr alfo, by a total ReRexion, be-
came as copious as thefe. To try this , I 1nade the re
Becte.d Light pafs through another Prifm, and being refra- · 

· tl:ed . 
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Cl:ed by it to fall afterwards upon a fheet of white Paper 
£laced at fome difi:ance behind it, and there by that Re
fraCtion to paint the ufual Colours of the Prt~m. ~nd 
then caufing the firfi: Prifm to be turned about tts Axts as 
above, I obferved that when thofeRays which in this Prifm 
had fuffered the greatefl: Refraction and appeared of a blew 
and violet Colour began to be totally refleCted, the blew 
and violet Light -on the Paper which was mofl refracted 
in the fecond Prifm received a fenfible increafe above that 
of the red and yellow, which was le aft refracted ; and 
afterwards when the refl: of the Light which was green, 
yellow and red began to be totally refleeted in the firfl: 
Prifm, the light of rhofe Colours on the Paper received as 
great an increafe as the violet and blew had done before. 
Whence 'ris manifeil:, that the beam of Light refleeted by 
the Bafe of the Prifm, being augmented firil: 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 Alteration 
in its Modifications and Properties. I do not here take 
notice of any Refraetions made in the Sides of the firfl 
Prifm, becaufe the Light enters it perpendicularly at the 
firil: Side, and goes out perpendicularly at the fecond Side, 
and therefore fuffers none. So then, the Sun's incident 
Light being of the f.a1ne temper and conil:itution with his 
emergent Light, and the lafi being compounded of Rays 
differently · Refrangible , the fidl: mufl: be in like manner 
compounded: 

Fig. 2 1. Illujlration. In the 2 1 t Figure, A B C is the firfi: Prifm, 
B C its Bafe, B and C its equal Angles at the Bafe, each 

of 
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of 4 5 degrees, A its ReCtangular Vertex, F M a beam of 
the Sun's Light let into a dark Roo1n through a hole F 
one third part of an Inch broad, M its Incidence on the Bafe 
of the Prifm,M G a lefs refraCted Ray, M Ha Ill:Ore refraCt
ed Ray, M N the bea1n of Light refletted from the Bafe, 
V X Y the fecond Prifm by which this beam in paffing 
through it is refratl:ed, N t the lefs refracted Light of this 
beam, and N p the more refracted part thereof. When the 
fidl: Prifm A B C is turned about its Axis according to the 
order of the Letters A B C, the Rays M H emerge more 
and more obliquely out of that Prifm, and at length after 
their mofl oblique Emergence are refleCl:ed towards N, 
and going on to p do increafe the number of the Rays N p. 
Aftervvards by continuing the motion of the fidl: Prifll}', the 
Rays M G are alfo reflecred to N and increafe the number of 
the Rays N t. And therefore the Light M N admits into 
its CompoGtion, firfl the more Refrangible Rays, and then 
the lefs Refrangible Rays, and yet after this Compofition 
is of the -fame Nature vvith the Sun's i1nmediate Light FM, 
the Reflexion of the fpecular Bafe BC caufing no Altera
tion therein. 

Exper. 1 o. Two Prifms, which were alike in fhape, I 
tied fo ·together, th~t their Axes and oppofite Sides being 
Parallel, they compofed a Parallelopiped. And, the Sun 
fhining into my dark Chamber through a little hole in the 
Window .. fhut, I placed that Parallelopiped in his beam at 
fome difl:ance from the hole, in fuch a poil:ure that the Axes 
of the Prifms might be perpendicular to the incidenr Rays, 
and that thofe Rays being incident upon the fidl: Side of 
one Prifrn, might go on through the two contiguous Sid~s 
of both Prifms, and emerge out of the lafi Side of the fe
cond Prifm. This Side being Parallel to the firfl: Side of 
the firfi: Prifm , caufed the emerging Light to be Parallel 

to 
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·to ~the Incident. Theri, beyond thefe two Prifms I placed 
. a third, which might refract that emergent Light., and by 
that RefraCtion cafr the ufual Colours of the Prtfin upon 
·the oppofite Wall, or upon a fheet of white Paper held at 
.a · convenient difrance behind the Prifm for that refracted 
Light to fall upon it. After this I turned the Parallelopiped 
about its Axis, and found that \vhen the contiguous Sides 

.·.of the two Prifms beeame fo oblique to the incident Rays 
that thofe .Rays began all -of them to be refleCted, thofe 

~Rays which in the third Prifm ,·~ad fuffered the greatefl: Re~ 
fraction and painted the Paper with violet and blew, were 
.Jir-fl: of all by a total Reflexion taken out of the tranfmitted 
Light, the .re£1: remaining and on the Paper painting their 

~::Colours of Green, Yellow, Orange, and Red as before ; 
. and afterwards by continuing the motion of the two Prifms, 
the reft of the Rays alfo by a total Reflexion vanifhed in 
order, according to their degrees of Refrangibility. The 
Light therefore which emerged out of the two Prifms is 
-compounded of Rays differently Refrangible , feeing the 
more Refrangible Rays may be taken out of it while the 
lefs Refrangible ·remain. But this Light being trajeCl:ed 
only through the Parallel Superficies of the two Prifins, if 
it 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 prlftine .con.
fl:itution became of the fa1ne nature and condition as at 6rft 
before its Incidence on thofe Prifms ; and therefore, before 
its Incidence, ""as as much co1npounded of Rays differently 
Refrangible as afterwards. .. 

llluflration. In the 22th Figure A B C and B C D are the 
the two Prifms tied together in the form of a Parallelo
pip~d '· their Sides B C and C B being contiguous, and · 
thetr.Stdes _AB and CD Parallel. And HJ K is the third 

Prifm, 
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Prifm, by-which the Sun's Light propagated through the 
hole F into the dark Chamber, and there palling through 
thofe fides of the Prifms AB, BC, CB and CD, is refra
Cted at 0 to the white Paper PT, falling there partly upon 
P by a greater RefraCl:ion, partly upon T by a lefs Refra
ction, and partly upon R and other intermediate places by 
interrnediate Refraetions. By turning the Parallelopiped 
A CB D about its Axis, according to the order of the Let
ters A, C, D, B, at length when the contiguous Planes BC 
and CB become fufficiently oblique to the Rays F M, 
which are incident upon them at M, there will vaniih to
tally out of the refraCted Light 0 PT, firfi of all the mofl: 
refracted Itays 0 P, (the refl: 0 R and 0 T remaining as 
before) then the Rays 0 R and other intermediate ones, 
and laftly, the leafl: refracted Rays 0 T. For when the 
Plane B C becomes- fufficiently oblique to the Rays inci
dent upon it, thofe Rays will begin to be totally reflect
ed by it towards N ; and firfi the mofl: Refrangible Rays 
will be totally reflected (as was explaine~ in the preceding 
experiment) and by confequence mufi firfl: difappear at P, 
and afterwards the refi as they are in order totally reflett
ed to N, they mufi difappear in· the fame order at R and 
T. So then the Rays which at 0 fuffer the greateft Re
fraCtion, may be taken out of the Light M 0 whilfi the reil: 
of the Rays remain in it, and therefore that Light M 0 is 
Compounded of Rays differently Refrangible. And be
caufe the · Planes A B and C D are parallel, and therefore 
by equal and contrary R.efractions defl:roy one anothers 
EffeCl:s, the incident Light F M mufl: be of the fame kind 
and nature with the emergent Light M 0, and the_refore 
dorh alfo confifi of Rays differently Refrangible. Thefe 
iwo L ights FM and MO, before the inofl: refrangible R·ays 
are feparated out of the emergent Light M 0 agree in Co-

F · · lour, 
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foor, and in a.lf .othe:r ·properties fo far as my ()bfervat"on: 
reaches, and therefore are defervedly reputed of the fame 
Nature and Confritution, and by coofequence the one is . 
compounded as well as the other. But after the moft Re-~ 
frangible Ray-s begin to be totally refte8:ed, and therc.by 
feparated out of the emergent;LightMO,that Light changes 
its Colour from w bite to a dilute and faint yellow, a pretty 
good orange,~a. very full red fucceffi~ely and the_~ tot~ly 
vanifhes. For after the m.oft Refrangtble Rays whtch patnt 
the Paper at P with a Purple Colour, are by a total re
flexion taken out of the Bea.m of light M 0, the reft of 
the Colours which appear on the Paper at R and T being 
mixed in the light M 0 c<;>m.pound there a. faint yellow~ 
and after' the blue an_d pm of the green which appear on_, 
the P'aper between P and R. are taken away, the refr which 
appear hetw·een Rand T (tha,t is the Yellow,. Orange, Red 
and a little Green} being mixed in the Beam M 0 corn. 
pound there a.n-·o-range; and wh·en all the Rays are by re
Hexion.taken out of die Beam-M 0, except the leafl: Refran
gible, wh~ch at T aJppear of a full Re.d, __ their Colour is 
the fame· tn that Beam M 0 as afterwards--at T, the Re
fraCtion of che Prifm HJ K_ ferving only to feparate the· 
ditferentlyRefrangibleR_ays, without· making _any alteration .. 
in their Colours, as fhal1 be more fully proved hereafter;. 
All which confirms as w-ell the firfl: Propofition as the fe. 
con d. 

St:JWlium. If this Experiment and the former be conjoyntd· 
F~~ 11,.. and made one, ~y applying a fourth Prifm V X Y to re. 

- fr-act the re~Be&.ed, Beam M N towards t p, the conclufion. 
will. be ~leuer., For then the 'light Np which in the 4thi 
Prifrt1 is me>re refra,tl:ed, will become fuller and fl:rongerr 
\vhen the Ligfit OP, which in the .third Prifm HJ K i~ 
more refraCted,_ vani!hes at P ; . a~d afterwards.·when the lefs. -- --- - -·· -.. -- · --- - -- . , - --- - - ~ - ---· -·- · · tefraeted:. 
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refrad:ed Light 0 T vanifhes at T, the lefs refra~edLight 
N t will become encreafed whiHl: the more refracted Light 
at p receives no further encreafe. And as the trajeCl:ed. 
Beam M 0 in vani!hing is always of fuch a Colour a.S 
ought to refult from the mixture of the Colours which 
fall ·upon the Paper PT, fo is the reflected Beam MN al
ways of fuch a Colour as ought to refult from the mix-· 
cure of the Colours which fall upon the Paper p t. For 
when the mofl refrangible Rays are by a total Reflexion 
taken out of the Beam M 0, and leave that Beam of an 
Orange Colour, the excefs of thofe Rays in the retlett·ed 
Light, does not only make the Violet, Indigo and Blue at 
p more full, but alfo makes th~ Beam M N change from · 
the yellowifh Colour of rhe Snn'sLight, to a pale white in .... 
clining to blue, and afterward recover its yellowifh Co~ 
lour again, fo foon as all the . reft of the tranfmitted light 
M 0 T is reHecred. 

Now feeing that in all this variety of .Experiments,· 
whether the trial be made in Light reflected, and that either 
from natural Bodies, as in the firfl and fecond Experiment,· 
or Specular, as in the Ninth ; . or in Light refracted, a~d 
that either before the unequally refraCl:ed Rays are by di
verging feparate.d from one another, and lofing their \vhite• 
n-efs which they have altogether, appear feverally of feve
ra.l Colours, as in rhe ·fifth E'xperiment; or after they are 
feparated from one another, and appear Coloured as in tht~ 
fiXth, feventh, and eighth Experiments ; or in Light tra~ 
jetl:ed through Parallel fuperficies, deilroying each others 

.:Effetts as in the 1oth Experiment; there are alv;ays found 
R_ays, which at equal Incidences on the fame Medium fuf- . 
fer unequal Refratl:ions, and that without any fplitting or 
dilating of fingle Rays, -or contingence in the inequality 
of the Refraetions, ~s is proved in the fifth and fixth Ex-

F 2 periments 5 
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perimen.ts; A~d feeing the Rays which differ 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 une<]ual Refraetions, and thofe forts 
are more refracted than others after feparation, which were 
more refracred before it, as in the fixrh and following Ex
periments, and if the Sun's Light be trajecred through three 
or more crofs Prifms fucceffively, thofe Rays which in the 
firlt: Prifm are refratled more than others are in all the fol
lowing Prifms, refracted more then others in the fame rate 
and proportion, as appears by the fifth Experiment; it's 
manifefr that the Sun's Light is an Heterogeneous mixture. of 
Rays, fom·e of which ar·e c.onfl:antly more Refrangible then 
others, as was eel3i propofed-. 

PR 0 P. Ill. Theor. Ill. 

The Sun's Light confifts of 1\_ays differing in (]{_eflexibility, ancf 
thofe (]{_ ays are more ~flexible than others which are more ~-
frangible~ 

T. HIS is manife£1: by the ninth and· tentn 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 refletl:ed 
thereby ; thofe Rays became :hrfl: of all totally reflected, 

_ which before at eC]ual Incidences with the re£1: had fuffered 
the greate~ RefraCtion. And the fame thing happens in 
the Reflexton · made by the common Bafe of the two .. Prifms 
·in the tenth Experiment,_ 



( 45 ]'• 

.P R.· 0 P. IV. Pro b. I; 

To feparate from one another the Heterogeneous Qt ays of 
Compound Light. 

T HE Heterogeneous Rays are in fome m€afure fepa
rated from one another- by the Refrattion of the 

Prifm..in the third Experiment, and in the fifth Experiment 
by taking away the Penumbra from the Rettilinear fides of 
the Coloured Image, that feparation in thofe very Rectili
near fides or flraight edges of the Image becomes perfect. 
But in all places between thofe rectilinear edges, thofe in
numerable Circles there deftribed, which are feverally illu
minated by Homogeneral Rays, by interfering with one 
another, and being every where commixt, do render the 
Light fufficiendy Compound. But if thefe Circles, w hilfl 
their Centers keep their difi:anc;es and pofitions, could be 
made lefs in Diameter, their interfering one with another 
and by confequence the mixture of the Heterogeneous 
Rays would be proportionally diminifhed. In the 23th Fig. 2 3 •· 
Figure let A G, B H, CJ, D K, EL, FM be the Circles 
which fo many forts ofRays flowing from the fan1eDi(que 
of the Sun, do in the third Experiment illuminate ; of all 
which and innumerable other intermediate ones lying in a 
continual Series between the two Rettilinear and Parallel 
edges of the Sun"s oblong Image PT, that Image is com-
pofed as was explained in the Iifth Experiment. And let 
ag; b h, c i, d ~' el, f m be fo many lefs Circles lying in 
a like continual Series between two Parallel right Lines a f 
and g rn with the fame difl:ances between their Centers, 
and illuminated by the fame forts of Rays, that is the 
Circle a g w~th ~he fame f<?r~ by ~~!c~, the correfponding 

-- - - - · Circle 
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Circle AG was illuminated and theCircle-bh with i:heJarne 
fort by which the correfponding Circle l3 H was illumi~ated, 
and the refl: of the Circles c i, d /z, e l, f m refpecbvely, 
''With the fame forts of Rays· by w~ich the fe~eral. corre
fponding Circles CJ, D K, EL, FM were I.llumtnated. 

~-In the Figure P T compofed of the greater Ctrcl~, three 
~ of thofe Circles A G, B H, CJ, are fo e-xpanded Into one 
anothe-r, that the three forts -of.Rays by which thofe Cir

.. cles are illuminated, together with ot\ler innumerable forts 
of intermediate Rays, are mixed at QR in the middle of 

- the ·Circle B H. And the like ·mixture happens through-
';.Out almofl: the whole_ length of the Figure P T. But in 
the Figure p t compofed of the lefs Circles, the three lefs 
·Circles ag, b h, c i, which anfwer to thofe three greater, do 
·not e~tend into one another; nor are there any where 
··mingled fo much as any two of the three forts of Rays 
by which thofe Circles are illuminated, and which iri the 
Figure P T are all of them intermingled at B H. 

Now he that fball thus confider it, will eafily underll:and 
that the mixture is diminifhed in the fame Proportion 
with the Diameters of the. Circles. If the Diameters of 
the Circles whilfl: their Centers remain the fame, be made 
three times lefs than before, the mixture will be alfo three 
times lefs; if ten times lefs, the mixture will be ten times 

~;, . ~ lefs, and fo of other Proportions. That is, t~e mixture 
·of the Rays in the greater Figure P T will be to their mix
ture in the lefs p t, as the Latitude of the greater Figure is 
to the Latitude of the lefs. For the Latitudes of thefe Fi
gures are eC]ual to the Diameters of their Circles. And 
hence it eafily follows, that the mixture of the Rays in the 
refracted Spectrum p t is to the mixture of the Rays in the 
direCt and im1nediate Light of the Sun, as the breadth of 
that Spetlrum is to the difference between the length and 
.breadth of the fame Spectrum. · So 
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So then; if we woold diminifit the mixt1lre of the Rays,, 

we are to diminifh the Diameters of the Circles. Now 
thefe would be diminifhed if the Sun's Diameter to which 
they anfwer could be made lefs than it is, or (which comes 
to the fame purpofe) if without Doors, at a great difiance 
from the Prifm towards the Sun, fome opake body were 
placed, with a round hole in the middle of it, to intercept 
all the~ Sun''s Light, excepting fa much as c.oming from .: 
tne middle of his Body could pafs through that hole to~
the Prifm. For fo the Circles A G, B H and the reft, 
would not any longer anfwer to the whole Difque of the· 
Sun , but only to that part of it which could be feen 
from the Prifm through that hole, that is to the apparent 
magnitude of that hole viewed from the Prifm. But that 
thefe Circles may anfwer more diftinCl:ly to that hole a 
Lens is to be placed by the Prifm to cafr the Image of the .
hole, (that is, every one of the Circles A G, B H, &c.) di~ 
fiinttly upon the _Paper at PT, after fuch a manner as by
a Lens placed at a Window t·he Species of Objecrs abroad _ 
are cafl: diil:inttly upon a Paper within th~ Room, and the 
Retl:ilinear Sides of the oblong fqlar Image in the fifth 
experiment became difiinct without any Penumbia. lf 
this be done it will not he neceffary to place that hole 
very far off, no not beyond the ~indow. And therefore 
intl:eatl of that hole, I ufed the hole in the Window-fhut 
as follows. 

Exper .. t r .. In the Sun's Light let into my darkned 
Chamber through a fmall round hole in my Window. 
fhut, ·at about 1 o or 1 2 Feet from the Window, I placed 
a Lens. , by which the Image of the hole might be di
B:intl:ly caft upon a fheet of white Paper, placed at the 
difl:ance of fix, eight, ten or twelve Feet from the Lens. 
Eor acco-rding to the difference of the Lenfes I ufed various -- --. - - d. Jl. 

tnaru:es, 

\ 
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diilaiices - ··which ·I think not worth the while to defcribe: 
Then im'mediately after the Lens . I placed a Prifm, by 
which the trajeCl:ed Light might be refraCted either ',·up
wards or fideways, and thereby the round Image which 
the Lens alone did cafl: upon the Paper might be drawn 
out · into a long one \vith Parallel Sides , as in the third 
Experiment. This oblong Image I let . fall upon another-
Paper at ~bout the fame difl:ance from the Prifm as be
fore, moving the Paper either towards the Prifm or from 
it, until I found the jufl: difl:a~ce where the Recrilinear 
Sides of the Image became mofl: difl:inct. For in this cafe 
the circular Images of the hole which compofe that Image 
1-tfter the fame ·;manner that the Circles ag, b h, c i, &c. do 

, _-·Fig. 2 ~. the . Figure p t, were terminated mofl: diftinctly without any 
Pen.utnbra, and therefore extended into one another the 
leafl: that they could, and 'by confequence the mixture ·of 
the Heterogeneous Rays was now the leafi: of all. By this 

Fig. 2 ~, means I ufed to form an oblong Image (fuch as is p t) of ' 
t~nd 24• circular Images of the hole (fuch as are ag, bh, ci,"&c.) 

: and by ufing a greater or lefs hole in the Window-fhut, I 
made the ·circular Images a g, . b h, c i, &c. of which it was 
formed, to becom·e greater or lefs at pleafure, and thereby 
the mixture of the R~ys in the Image p t to be as much 
or as little as I defired. 

Fig. 24. Illuftration. In the 24th ~igure, · F reprefents the circular 
hole in the Window-fhut, M N the Lens whereby the 
Image or Species of tha~ hole is cafl: difl:inetl y u.pon a 
P:aper at J, AB C the Pnfm whereby the Rays are at their 
emerging out of the Lens refracted from J ·towards ano
ther Paper at p t, and the round Image at J is turned into 
an oblong hnage p t fa~ling on that other Paper. This 
lm.a_ge p t confifl:s of Ctrcles placed one after another in a 
Rectilinear order, as was fufficiently explained in the fifth 

Experiment ; 
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·Experiment 5 and thefe Circles are equal to the Circle "I, 
and confequently anfwer in Magnitude to the hole F ; ·and 
therefore by diminifhing that hole they may -be at pleafure 
diminiibed , whil'fl: their Centers remain in their places. 
By this means I made the breadth of tq~ Image .p t to be 
forty times, and fometimes fixry or fevehty times lefs than 
its length. As for infl:ance, if the breadth of the ·hole F 
be ~~ of an Inch, and M F the difl:ance of the Lens from 
the hole be -, 2 Feet ; and if p B or p M the difl:ance of 
the Image p t from the Prifm or Lens be 1 o Feet, and the 
refrat!ing Angle of the Prifm be 6 2 degr~~s, the breadth 
ofthe Image p t will be h of an Inch and the length about 
·fix Inches, and therefore the length to the breadth as 7·2 
to 1 , and by confequence the Light of this linage 7 t times 
lefs compound than the Sun's direCt Light. And Light 
t'hus far Simple and Homogeneal, is fufficient for trying 
all the Experiments in this Book about fimple Light. For 
the compofition of Heterogeneal Rays is in this Light fo 
little that it is fcarce to be difcovered and perceived by 
fenfe,_ except perhaps in the Indigo and Violet ; for thefe 
being dark Colours, do eafily fuffer a fenfible allay by ~hat 
little fcattering Light which ufes to be refracred irregularly 
by the inequaliteis of the Prilin. 

Yet infl:ead of the -circular hole F, 'tis better to fubfl:i
tute an oblong hole fhaped like a long Parallelogram 
with its length Parallel to the Prifm A B C. For if this 
hole be an Inch or two long, and but a tenth or twentieth 
part of an Inch broad or narrower : the Light of the I1nage 
p t will be as Simple as before or fimpler, and the Image 
will become much broader, and therefore more fit to have 
Experiments tried in its Light than before. 

Infl:ead of this Parallelogram .. hole may be fubftituted a 
Triangular one of equal Sides, whofe Bafe for infl:ance is 

· G about 
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about the tenth part of an Inch, and its height an l~ch or 
more. For by this means , if the Axis .of the Prtfm be· 
Parallel to the Perpendicular of the Triangle , the Imag~ 

Fig. 2;. p twill now b~ formed ofEC]uicrural Triangles a g, b h, et, 
J.k_, e l, f 1n, &c. and innumerable other intermediate ones 
anfwering to the Triangular hole in fhape and bignefs, and 
lying one after another in a continual Series between two 
Parallel Lines a f and g m. Thefe Triangles are a little 
.interm ingled at their Ba[es but not at their Vertices, and 
therefore the Light on the brighter fide a f of the Image 
where the Bafes of the Triangles are is a little compounded, 
but on the darker fide g m is altogether uncompounded, 
arid in all places between the fides the Compofition is 
Proportional to the difl:ances of the places from that oh. 
fcurer fide g m. And having a SpeCl:rum p t of fuch a.. 
Compofition, we may try Experiments either in its ftronger 
and lefs fimple Light near the fide a f, or" in its weaker 
and fimpler Lig~t near the other fide gm, as it £hall feem 
mofl: convenient. 

But in making Experiments of this kind the Chamber 
ought to be made as dark as can be, leafl: any forreign 
Light mingle it felf with the Light of the Spectrum p t,. 
and render it compound ; efpecially if we would try Ex
periments in the more fimple Light next the fide g 'ffl of 
the Spectrum; which being fainter, will have a lefs Pro
portion to · the forreign Light, and fo by the mixture of 
that ;,Li-ght . be 1:nore troubled and made more compound .. 
The Lens alfo ought to be good, fuch as may ferve for 
Optical Ufes, and the Prifm ought to have a large Angle, 
fuppofe of 70 degrees, and to be well wrought, being 
made of Glafs free from Bubbles and Veins with its fides 
not a little Co1_1vex o~ Concave as ufuallY, happens but 
truly Plane,and ItS eolltfh elaborate, as in working Optick-

glaffes, 
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glatfes , and not fuch as is ufttally wrought with Putty, 
whereby the edges of the Sand-holes being worn away, 
there are left all over the Glafs a numberlefs company of 
very little Convex polite rifings like Waves. The edges 
a.lfo of the Prifm and Lens fo far as they may make any · 
irregular Refraction, mufl: be . covered with a black Paper 
glewed on. And all the Light of the Sun's beam let into 
the Chamber which is ufelefs and unprofitable to the Ex
perilnent, ought to be intercepted with black Paper or other 
black Obfl:acles. For otherwife the ufelefs Light being 
refletted every way in the Chamber , wiil mix with the 
oblong Speetrum and help to difl:urb it. In trying thefe 
things fo much Diligence is not altogether neceffary, but 
it will promote the fuccefs of the Experiments, and by a 
very fcrupulous Examiner of things deferves to be applied. 
It's difficult to get glafs Prifms fit for this purpofe, and 
and therefore I ufed fornetimes Prifmatick V effels made 
with pieces of broken Looking-glaffes, and filled with rain 
Water. And to increafe the Refraction, I fo1net i1nes im
pregnated the ·Water fl:rongly with Saccharum Saturni. 

P R 0 P. V. Theor. IV. 

Homogeneal Light is refralled regularly tvitbout any Dilatation 
fpl ittiJ!g or fo.attering of the (j(ays , and the COl~(ufed Vifion 
of ObjeEts jeen through {j(efralling 13odies by Heterogeneal 
Light arifes from the different rf(efrang·ibility of feveral forts 
of rf(ays. 

T H E fidl: Part of this Propofition has been already 
fufficiently proved in the fift h Experiment, and will 

further appear by the Experiments which follow. 

G 2 Exper. 1 2. 
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Exper.- 1·2. In the middle of a bla£k Paper I made - ~ 

round hole about a fifrh or fixth part of an Inch in Dia
tneter. Upon this Paper I caufed the SpeCtrum .ofHomo
geneal Light defcribed in the former Propofinon , fo to 
fall, that fo1ne part of the Light tnight pafs throug~ the 
hole of the Paper. This tranfmitted part of the Ltght I· 
r.efracred with a Prifn placed b_ehind the Paper, and l~t
ting this refraCted Light fall perpendicularly upon a white 
Paper two or three Feet difiant frotn the Prifm, I found 
that the SpeCtrum! formed on the Paper by this Light was 
not oblong,. as when ;Jtis J.!lade (in the third Experiment) 
by Refracting the Sun's compound Light, but was (.fo far 
as I could judge by my Eye) perfeetly circular, the length 
being no greater than the breadth. Which iliews that this 
Light is refraCl:ed regularly without any Dilatation of the 
Rays. · . _ f'_41ft.V!: 

Ex per. 1 j. In the Homogeneal Ltght I placed , a" Cuclc 
of {of an Inch in Diameter, and in the Sun's unrefraeted 
Heterogeneal \vhite Light I placed another Paper Circle of 
the fame bignefs. And goingfrom the Papers to the difl:ance 
of fome Feet, I viewed both Circles through a Prifm. The 
Ci_rcle_ illuminated by the Sun;) s Heterogeneal Light appear
ed very oblong as 'in the fourth Experiment , the length 
being many titnes -greater than the breadth : but the_ other 
Circle illuminated; with Homogeneal Light appeared · Cir
cular and difbnttly defined as when 'tis viewed with the 
naked Eye. Which proves the whole Propofition. 

Exper. t 4· In the Homogeneal Light I placed Flies-·and 
fuch like Minute Ob jeers, and viewing them through a . 
Prifm , I fa w their Parts as qifiinetly defined as if I had 
vie~ed them with the naked Eye. The fame Objeets pla
ced. In th~ Sun's unrefracted Hete~ogeneal Light which was 
wh1te I viewed alfo through a Pnfm, and faw them mofl-. 

- . confufedly 



confufedly defined,fo ·rhat I could not difl:inguirn -their frnal~ 
ler ·Parts fro1n one~ another. I placed alfo the L-etters of a 
fmall Print one \V hiie in the Homogeneal Light and then 

__Nl the Hererogeneal, and viewing them through a Prifin, 
they appeared in the latter cafe fo confufed and indifl:inc:t 
that I could not read. them ; but in the former they ap.
peared fo difl:incr that I could read readily, and thought 
I favv them as difbncr as when I viewed them with my · 
naked Eye. In both cafes I viewed the fame ObjeCts 
through the fatne Prifi11 at the fame diflance from me and 
in the fame Situation. There was no difference but in the 
~ight by which the Objetts were illuminated, and which 
in one cafe was Simple and in the other Compound, and :, 
therefore the difiinct Vifion in the former cafe and confu
fed in the latter could arife from nothing elfe than from ·. 
that djtfe~nce of the Lights. Which proves the whole ._
Propofition . . 

Pind in thefe three Experiments· it is further very remar
kable, that the Colour of Homogeneal Lig~t was never _. 
changed by the Refracrion. 

) 

PR 0 P. VI. Theor. V~-

The Sine of Incidence of every fi\_ay conjidered apart, is to its Sine .· 
of fi\.efra£lion in a given (j{_qtio. 

T H A T every Ray confidered apart -is conffant to·: 

it felf in fome certain degree of Refrangibility, is · 
fufficiently manifeft out of what has been faid. T4ofe 
Rays which in the firft RefraCtion are at equal Incidences 
m oft.· refraCted, are alfo in the following Refraetions at 
equal lncidences moft refracted ; and fo of the leafl: Re .. 
frangible., and .the . reil: which have . any mean deg!ee of 

· . Re&an~ 
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Refrangibility; ·as is manifefl: by the 5 tn, 6th, 7t~, 8th, 
and 9th Experi1nents. And thofe which the_ fir£1: t!me at 
like lncidences are egually refracted, are again at bke ln
cidences eq___ually and uniformly refracted, and that whe
t~-rhey -oe refracted b~fore they be feparated from one 
another as in the 5th Experiment, or whet her they_ be re
fraCted apart, as in the 1 2 th, 1 j th and 14th Expenments. 
The Refr~etion therefore of every Ray apart is regular, 
and what Rule t'hat Refraction obferves we are now 
to fhew. 

Th€ late ·writers in Opticks teach, that the Sines of In
cidence are in a given Proportion to the Sines of Refra
ction, as \vas explained in the 5th Axio111: ; and fome by 
Infiruments fitted for meafuring Refractions, or otherwife 
experimentally examining this Proportion, do acguaint us 
that they have found it accurate. But whilfi: they, not 
underfianding the different Refrangibility of feveral Rays, 
conceived them all to be refracted according to one and 
the fame Proportion, 'tis to be prefumed that they adapted 
their Meafures only to the middle of the refracted Light; 
fo that from their Meafures we may conclude only that 
the Rays which have a mean degree of R·efrangibility , 
that is thofe which when feparated from the refl: appear 
green, are refi·acted according to a g iven Proportion of 
their Sines. And therefore we are novv to fhew that the 
like given Proportions obtain in all the refl:. That it 
fhould be fo is very reafonable, Nature being ever confor
mable to her felf : but an experimental Proof is deftred. 
And fuch a Proof will be had if we can fhew that the 
Sines of Refra~ion ?f Rays dif!erently Refrangible are 
one to another In a gtven Proportion when their Sines of 
Incidence are egual. For if the Sines of Refraction of all 
the Rays are in given Proportions to the Sine ofRefracbon 

of 
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of a Ray which has a mean degree of Refrangibility, and 
this Sine is in a given Proportion to the e'lual Sines of 
Incidence, thofe other Sines of Refraction will alfo be in 
given Proportions to the equal Sines of Incidence. Now 
when the Sines of Incidence are equal, it will appear by 
the following Experiment that the Sines- of RefraCtion are 
in a given Proportion to one another. 

Ex per. t 5. The Sun fhining into a dark Chamber . 
through a little round hole ip. the Window-fhut, let S r~-Ftg. 26 .. 
prefent his round white Image painted on the oppofite 
Wall by his direct Light, P T his oblong coloured Image 
made by refracting that Light with a Prifm placed at the 
Window; and p t, or 2 p 2 t, or 3 p 3 t, his oblong coloured 
Image made by refracting again the fame Light fideways 
with a fecond Prifm plac~d immediately after the firfl: in 
a crofs Pofition to it, as was explained in ·the fifth Experi-
ment : that is to fay, p t when the Refraction of the fecond 
Prifm is frnall, 2 p 2 t when its Refraction is greater, and· 
3 p s t V~' hen it is great eft. For fuch will be the diverfity 
of the Refractions if the refracting Angle of the fecond 
Prifm be of various Magnitudes ; fuppofe of fifteen or 
twenty degrees to make the Image p t, of thirty or 
forty to make the Image 2 p 2 t, and of fixty to make 
the Image 3 p 3 t. But for want of folid Glafs Prifms with 
Angles of convenient bigneffes, there 1nay be V eifels, 
made of polifhed Plates of Glafs cemented together in the 
form of Prifms and filled with Water. Thefe things being 
thus ordered, I obferved that all the folar Images or co-
loured Spectrums P T, p t, 2 p 2 t, 3 p 3 t did v~ry nearly 
converge to the place S on which the direct Light of the 
Sun fell and painted his white round Image when the 
Prifms were taken away. The Axis of the Spefrrum PT, 
that is the Line drawn through the middle of it Parallel to 

. 
ItS 
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·its Rectilinear Sides, did when produced pafs exaetly through 
the middle of that white round Image S- And when the 
RefraCl:ion of the fecond Prifm was equal to the Refraction 
of the fir£!, the refraCting Angles of them both being about 
-<S.o degrees, the Axis of the Specrrum 3 p 3 t made by that 
·RefraCl:ion, did when produced pafs alfo through the .mid
dle of the fame white round Image S. But when the Re
fraction of the fecond Prifm was lefs than that of the firfi, 
the produced Axes of the SpeCtrums t p or 2 t 2 p -made 

~by that Refracrion did cut the produced Axis of the Spe
:Ctrurn TP in the Point,s m and n, a little beyond the Cen
·ter of that white round Image S. Whence the Proportion 
:of the Line 3 t T to the Line 3 p P was a little greater than 
.the Proportion of 2 t T to 2 pP, and this Proportion a little 
.rgreater than that of t T top P. Now when the Light of 
the SpeCtrum P T falls perpendicularly upon theW all, thofe 

'-Lin~s 3 tT, 3P P, and 2t T, 2p P and tT,pP,are theTan
_.gents of the Refraetions ; -.and therefore by this Experiment 
·the ~roportions of the Tangents of the Refraetions are ob
:tained, fro1n whence the Proportions of the Sines being deriv
·.ed, they come out equal, fo far as by viewing the Spectrums · 
and ufing fome Mathematical reafoning I could Efl:imate . 

. For I did not 1nake an A.ccurate Computation. So then 
the Propofition holds true in every Ray apart, fo far as ap
pears by Experiment. And that it is accurately true may 
be demonfl:rated upon this Suppofition, That !Bodies refraEl 
Light by aEling upon its · ~ays in Lines Perpendicular to their 
Surfaces. But in order to this Demonfl:ration, I mull: di-

_flinguifh the Motion of every Ray into two Motions, the 
.one Perpendicular to the refracting Surface, the other Pa
-rallel to it, and concerning the Perpendicular Motion lay 
.down the following Propofition. · 

If 
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.If any Motion o.r moving thing whatfoever be incident 

with any velocity on any broad and thin Space termina
ted on both fides by two Parallel Planes, and in its paffage 
through that fpace be urged perpendicularly towards th~ 
further Plane by any force which at given di!tances fro1n 
the Plane is of giv~n quantities ; the perpendicular V elo
city of that Motion or Thing, at its e1nerging out of that 

. fpace, fhall be always egual to the Square Root of the 
Summ of the Square of the perpendicular Velocity of 
that Motion or T ing at its Incidence . on that fpace ; 
and of the SC]uare of . the perpendicular Velocity which 
that Motion or Thing would have at its Emergence, if 
at its Incidence its perpendicular Velocity was infinitely 
little. 

And the fame Propofition holds true of any•Motion or 
Thing perpendicularly retarded. in its paffage through that 
fpace, if infread of the Summ of the two Squares you take 
their difference. The Demonfl:ration Mathematicians will 
eafily find out, and therefore I !hall not trouble the Rea-
der with it. · 

. Suppofe now that a Ray coming moA: ob~iquely in ~he Fig. 1• 

Line MC be refraCted at C by the Plane RS Into the L tne 
CN, and if it be required to find the Line CE into which 
any other Ray AC ihall be refratted ; let MC, AD, be 
the .Sines of incidence of the two Rd:ys, and N G, EF, their 
Sines of Refraction, and let the equal Motion~ of the In-
cident Rays be reprefented by the ·equal Lines 1\1 C and 
A C, and the_ Motion ·MC being confidered as parallel to 
the refracting Plane, let the other Motion A C be difiin
guiilied into two Motions AD and DC, one of wh~ch 
AD is parallel, and the other DC perpendicular to the re
fracting Surface. In like m nner, let the Motions of the 
e~eljng Rays be difiing ifh'd into two, whereof the per-

. H pendicular 
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ptrpCndkulM onCS ':i.re tg CG and~~ CF. And if the 
force of the refracting Plane begins to aet upota tile :Rays 
eithet in that Plane or at a certain diftance from it on the 
one fide, -an.d ends at a certain diflance fJ!0ffi it an tll·~ 
other fide, and in all places between thofe two Limits. atls 
upon the Rays in Lines perpendicular te that rafracting 
Plane, and the Aetions upon the Rays at equal diltances 
from the refraCting Plane be e9.uai, and at uneejual ones ei
ther egual or unequal according to. any rate wha.tever ; 
that motion of the :Ray wl1ich is Parallel to the refrae\ing 
Plane will fuffer no alteration· by that force ; and that mQ

tion which is perpendicula! to. it wi-l~ be altered ac~ording 
to the rule of the foregoing Propoflitton.. If therefore foE 
the perpendicular Velocity of the emerging Ray CN you 

write :.~ CG. as ahovce, then the petpetldiculai V <tlocity 

Q.[ aoy other ernerging Ray CE which. was -:~ CF; will be 

f MCq 
equal to the fquare Root o CDq + NGq CGq. .And 

by fquaring thefe eguals, and adding to them the Equals 
ADq and MCq-~~CDq, and di-viding the· Summs by the 
Equals C F q -\- E F q and C G q -~- N G·q,_ you will h~ve 

~~~equal to ~~;. Whence AD, the Sine of Incidence, 

is-to EF the Sine of RefraCtion, as MC to N G, that is,. 
in a given ratio. And this Demonflration being general',
without determining what Light is, - or by what - kind' of 
force it is refraeted, or affuming any thing further than 
that the refracting B-ody acts upon the Rays in Lines per-
. pendicular to its Surface ; I take- it to &e a very convincin&· 
Argument of the fu.ll ~!~~h ~f~~!~ ~~opoftt!on~ 
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SO daeri~ if ·rile ratio .of the Sines of Incidence aad Re..: 

fraCtion of ~ny fort of Rays 6e found in any one Cafe, ~tis 
given iq. all Cafes; aad this may be readily found by the 
Metho.d in the _faliowing Propofition. 

P R 0 P. VII. Theor. VI. 
The Perfeilion of Tele/copes is impeded by the different ~[ran~ 

gihility of the rJ(ays of Light. 

T H E imperfeet:ion of Tclefcopes is vulgarly '"attri-· 
bmted to the fpherical Figures of the Gla{fe.s, al)d 

theref@rt= Mathematicians have propoundC+l to Figure tfl.e,m. 
by th_e Co.n_i~al Se.4io.p.s.. To fhew that th~y _are mifl:a~ 
k€n~ I hav~e infe~ted .this ~!P£-Ofition; the trpth of which 
wjll aFp.ear by t~e paeafures pf the Refractions of the feve
ral forts of R.a ys ; ,4ad the(e meafures I thus determint;. _ 

In ~he tbi_ni _e_~.eriment of the fidl Book, where the re-. 
fra&ing Angle efth~ }?rifm was 6 2: degrees, the half of 
that Ang~ · 3 1 deg~ l ~ min .. is .the Angle of Incidence of 
the Ra.ys at their going .ci>Ut of the Glafs into the Air ; and 
the Sine of this Angl~ is 51 8 8, thS! R~dju~ being 1 oooo,. 
When the Axis of this Pri(m was p~.raJtel tP the Horizon, 
and the Refra~ion of tQe 1\.ays at ~heir l_n~idence on .. his 
Prifm e~ual to that a~ th&ir Em~rgen~e out of it, I obferved 
with a q_,qadr~nt theAngl~wh-i.ch the tpean r.efrang.ble Rays 
(that is, thofe whi.ch w_en.tto the mid,.dle .of the Sun, s colour-

~ed Image_) made wit.h tbe H_orizon and by this Angl~ an4 
the Sun) s altitude obfe_ry~d .a.t the fame. ti1ne, I found the 
Angle which the ,emergentRai}'S contained with the incident 
t<:> fie 44 deg. and 40 ~in. aad the half of this Angle ad
·ded to th.e Angle of Inctdence 3 1 deg. 1 5 min. makes the 

H 2 An~e 
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Angle of Refraction, which is therefore 5 ~ d~g. l5 min. and 
its Sine 8 047. Thefe are the Sines of Inctoence and Re
fraction of the mean refrangible Rays,. and their proportion 
in roundnPrnbersis 20 to 3 1. This Glafswas of a colour in
clining to green. The lall oft he Prifms mentioned in the 
third Experiment was of clear white Glafs. Its refracting 
Angle 6 3 ~ degrees. The Angle which the emergent Rays 
contained, with the incident 4 5 de g . . 5o min. !he Sine of 
half the fir Pc Angle 52 6 2·. The Sine Of half the Sum m 
of the Angles 81 57· And their proportion in round num
bers 20 to 3 t as before. 

Frotn the Length of the Image, which was about 9'! or 
to Inches, fubdua its Breadth, which was 2 -i Inches, and 
rhe Remainder 7 ·! Inches would be the length of the Imag~ 
were the Sun but a point, and therefore fubtends the An
gle which_ the mofl: and leafl: refrangible Rays, when inci
dent on the Prifm in the fame Lines,. do contain. with one 
aQother after their Emergence. Whence thi-s Angle is 
2 de g. o.'· 7 .'' For the di£lance between the Image and the. 
Prifm where this Angle is made, was t8; Feet, and at that 
t!ifl:ance the Chord 7~ Inches fubtends an Angle of 2 deg .. 
o.' 7 .'' Now half this Angle is the Angle which thefe e
mergent Rays contain with the eme~gent I m~~n refrangible 
Rays, and a ']Barter thereof, that Is 3 o. 2. may be ac
counted the Angle which they would contain w}fith the 
fame em.ergent mean refrangible Rays, we·r~ they co-inci~ 
dent to them within the Glafs and fuffered no· other Re
fraCl:ion. then that at their Er:ner.gence. For if two equaf' 
Refractions, the one ~t the tnctdence of the Rays on the 
Prifm, th~ o,~her at their Emergence:, make half the Angle 
2 deg. o. 7. then one of thofe Refrattions will make 
about a q.uart.e.r of that Angle, and this ~_uarter added to· 

aruf 



[ 61] 
and fubdutted from the Angle of Refrad:ion of the mean 
refrangible Rays, which was 5 ~ deg. ~ 5 ', gives the An
gles oF RefraCtion of the m oft: and leafl: refrangible Rays 
54 deg. 5' t", and 53 deg. 4' 58", whofe Sines are 8099 
and 799 5, the common Angle of Incidence being ~ 1 deg. 
1 5' and its Sine 5 1 8 8 ; and thefe Sines in the leaft round 
numbers are in proportion to one another as 7 8 and 77 
to 50. 

Now if you fubdutl: the common Sine of Incidence 50 · 
from the Sines of RefraCtion 77 and 78, the remainders 
2 7 and 2 8 fhew that in fmall Refrattions the Refraction 

-of the le aft refrangible Rays is to the RefraCtion of the mofr 
refrangible ones as 2 7 to 2 8 very nearly·, and that the dif
ference of the Refract ions of the leafi refrangible and moft 
refrangible Rays is about the 27-ith part of the whole Re-
fraction of the mean refrangible Rays. -· 

Whence they that are skilled in Opticks will eafily un
d~rfland, that the breadth of the leafl circular fpace into 
which Objecr~ Glaffes ofTelefcopes can collect all forts of 
Parallel Rays, is about the 27;th part of half the aperture 
of the Glafs, or 55th part of the whole aperture; and 
that the Focus of the mofl: refrangible R ays is ne·arer to the 
Object-Glafs than the Focus of the leafl refrangible ones, by 
about the 2 7~ th part of the difl:ance between the Object-
Gla& and the Fecus of the mean refrangible ones. 

And if Rays of all forts,flo\ving from any one lucid point 
in the Axis of any convex Lens, be made by the R efraction 
of· the Lens to converge to points not too remote from the 
Lens , the Focus of the mofr refrangible Rays fhall be 
nearer to the Lens than the Focus of the leafi refrangible 
ones, by a difl:ance . which is to the 2 7~th part of the di-
llance of the Focus of the mean refrangible Rays from the 
Lens as the difiance between that Focus and the lucid 

po1nt 
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·poiltt. :'fi:mm \vhetice ~Rays flow is to the dillance .be: 
.. c,ween 'that tucid po~t .and the Lens yery f}e.arly. 

~.. I ow to examine whether the· djjfer;enct betw~e.ea. tke R.e-
,· fraCtions which the moll refrangible aRe the le~fi refran..
·-- gihle Rays ,flow~g from the fame ~oiat fuffer in the Ob
jetl: ... GWf:es of Telefcopes and .~eh like Gl~ffes? be fo gre~t 
as is here .otefcrilhed, I contrived the followmg Expen
ment. 

ExpBr. 1 6. Trhe Leas wl?lch ·1 u(ed in the [ecoad and 
- ~ig;lnnh Experiments, being placed fix feet and an Inch dif
.ta.nt from ano/ ObJect, colle&ed the Species of .that Object 
&>y tthe meaw1. t~fra.ngible Rays at the difl:ance of fix Feet 

- ~rid ~n :Inch from the Lens on the other fide. And there-
- ·'l£ore b¥ the fo.negoing tllule it ought to colleCt the Species of 

mat Oh~ ea: :by the le;afr refrangible Rays at the difl:ance of 
·fix Feet and 3 ~ Inche.s from th~ Lens, and by the moll: re~ 

.. ~~~a;ngible @nes at the .diftance of .five Feet and 1 0 ~ Inches 
fvom it : ·So t~hat betwe-en the t\\·0 Places where thefe leaft 
and lmo£1: refrasgible Rays colleCt the Species, there may 
l~e vhe ditlaace of about 5 { Inches. For by that Rule, as 
iftx Feet and an Inch ( ~he di£l:ance of the Lens from the 
Jl»cia ·obj·ect ~ is t?G> twe1¥e feet a:ad _two Inches ( the di-
~~~lanoe of t<he lucid ebject ft@ffi the Focus of the mean re
:frangible R.ays) that is, -as one is to t\vo, fo is the t 7 ~th 
·:part of fix F.eet al1P an Inch (the difl:ance b_etw~een .the Lens 
.& ,tb.e fame FG>aus ~ to ~the ditl:anc.e between the F0c11s of 
the ntoil: ifefra~gible Ra:rs .and ~he fecus }of the leaft Fet

·fra~ilile one:S, which is theJ;ef0:re ; H InGhes, that is very 
nearly 5 i Inches. ·N0w to know w·hether this meafure 
·was true, I repeated the fecond an4 eighth Experiment of 
t~is.Book with coloured Light, which ·was lefs compound
>cd ~han that 1 thei~ ·ma.d.e .ufe .of~ : for I now fe.Parated the 

· · ·.hetero-
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heterogeneous Rays from one an ether by the Method I _de: 
fcribed in the 1 tth Experiment, fo as t:o make a coloured 
Spearum about twelve or fifteen times longer than broad. 
This Speetrum I cafl: on a print::ed book, and placing the 
abovt-mentioned Lens at the dif!tance of fix Feet· and an 
Inch from this SpeCl:rum to collect the Species of the illu
minated Letters at the fame diGance 0n the other fide, I 
found that the Species of the Letters illuminated with Blue 
were nctarer to t\Ie Lrns· than thofe illuminated with deep 
Red by about thtree Inches or three and a quarter : but the 
Species of the Letters illuminated with Indigo and Viofei: 
appeared f0 confufed and indi£l:ind, that F ccould not read 
them : Whereupon viewing the Prifm,. I fomnd it wa:s full 
of Veins running from one end of the Glafs to the other ; 
fo that the RefraCtion could not be regnl1ar. I took ano
ther rifm therefore vv·h~ch was free from V eirrs, and· irr
fl:ead of the Letters I ufed t:wo or three l?aral1el black Lines 
a- little broader than die ftroakes of the Letters, and cafl:
ing the Coloors upon thefe Lines inr fuch manner that the 
Lines ran along the Colours from one end of the Speetum 
to the other, I found that the Focus where the In·digo, or 
conhne of this colour and Violet cafl: the Spe~es of the 
black Lines m oft diftinetly ,to be about 4 Inches or 4: near:
er to the Lens than the F_ocus where the deepeft Red caft 
the Species of the fame black Lines moft diftinCl:ly.· 
The violet was fo faint and dark, that I c0uld ·nor 
difcern the Species of the Lines diftinctly, by th.at Co
lour ; and therefore confidering tha the Prifm was made 
ef a dark coloured Glafs inclining eo Green, I took another 
Pifm 0f clear white Glafs ; but the Spearum of Coiours. 
which this Prifm made had long white Screams of fa1n~ 
Light £hooting out from both ends of the Colours, which 
made me c0n.clude that fomething wa-s: amifs ; a~ view--

In~ 
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ing the Prifn1, I found two or three little Bubbles in the 
Glafs which refraCted the Light irregularly. Wherefore I 
·covered that part of the Glafs with black Par er, ~nd let- . 
ting the Light pafs through another part of It whtch was 
free from fuch Bubles, the SpeCl:rum of Colours became 
.free from thofe irregular Streams of Light, and was now 
fuch as I deGred. But frill I found the Violet fo dark and 
faint, that I .could fcarce fee the Species of the Lines by the 
Violet, and not at all by the deep eft part of it, which was 
next the end of the Spectrutn. I fufpeCl:ed therefore that 
this faint and dark Colour might be allayed by that feat
cering Light which was refracted, and refletted irregularly 
partly by fome very fmall Bubbles in tht Glaffes and 
partly by the inequalities of their Polifh: which Light, 
rho' it was but little, ye.t it being of a White Colour, 
might fuffice to affeCt: the Senfe fo ftrongly as to diflurb 
the Ph~nomena of that weak and dark Colour the Violet, 
and therefore I tried, as in the 12th, 13th, ~14th Experi. 
ments, whether the Light of this Colour did not confift of 
a fenfible mixture of heterogeneous Rays, but found it did 
not. Nor did the Refractions caufe any other fenfible 
Colour than Violet to emerge out of this Light, as they 
would have done out of White Light, and by con
fequence .out of this Violet Light had it been fenfi
bly compounded with White Light. And therefore I con-
. eluded, that the reafon why I could not fee the Species of 
the L~nes diftinttly by this Colour, was only the darknefs 
of this . _Colour and Thinnefs of its Light, and its dif· 
_tance from the Axis of the Lens; I divided therefore rhofe 
.Parallel Black Lines into equal Parts, by :which I might 
readily know the difi:ances of the Colours in the Spectrum 
from one another, and noted the .difi:ances of the Lens 
.from the Foci of fuch C~lours .as cafr the Sp_ecies of the 

Lines 
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~L. nes difl:inetly; and then --confidered wheth·er the · diffe.; 
rence of thofe diflances bear fuch proportion -to 5 ; .. Inches, 

·the ·greatefl: difference of the difl:ances which the Foci of 
·the deep·~fl: Red and ·Violet ought to have from the LensJ. 
as the difrance of the obferv~JiA·~,olours from one another 
in the Spetl:rum . bear to the ~difl:ance of the deepefl Red 
and ·Violet -meafured in the rectilinear fides of the SpeCl:
·rum, that is, to the length of thofe fides or excefs of the 
length of the Spectrum above its ,breadth.. .And my Ob
fervations were as follows. 

When I obferved and compared the deepefl: fen fib le Red, 
and the Colour in the confine of Green and Blue, which 
at th~ reetilinear·fides of the Spectrum was difl:ant from it 
half the length of thofe fides, the Focus· where the corifine 
of Green and Blue cafl the Species of the Lines diflinCl:ly 
on the Paper, was nearer to the Lens then the Focus where 
the ,Red call thofe Lines -dicrinctly on it by about 2 ~ 0r 

'2 ;{ In·ches. ·For fometimes the Meafures were a little grea
ter, fometimes a little lefs, but feldom varied from one 
.another above 1 of an 'Inch. For it was very difficult to 
define the Place's of the Foci, \vithout fome little Errors. 
-Now if the Colours difl:ant half the length of the Im2ge, 
( ·meafured at its reCtilinear fides ) give 2; or 2 { difference 

~of the difl:ances -of their Foci from the Lens, then the Co
lours diflant the whole length ought to giv.e .5 .or 5{ Inches 
difference of thofe difl:ances. 

But here it's to be noted, that I could -not fee the Red 
eo the full End of the Spectrutn, but only to the Center 
·of the Semicircle which bounded that End, or a little fa-r
ther ; and therefore I compared this Red· not with that CQ-

. lour which was exatl:ly in the middle of the SpeCl:rum, or 
confine of Green and Blue, but with that which verged a 
little cm ore to . the Blue than to the Green : -And as I reck-

1 oned 
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6netl the whole length of the Colours not t~ bt the ~nofe 
lehgth of the Spettrum, but the length_ of ·tr~ redthnear 
fide,, fo completing the Semieirlar Ends _tnto Oucl~s, when. 
either df the obferved Cdlours fell withtn th.ofe~cles, I 
meafured the Ji£l:ance of that Golpnr frofnthe~ End of the 
Speclru!lT, arid ~ubd~CJ:ing half th~ difl:artce from _the mea
fured d1llance of the,. Colours, I took the rematnder for 
their correCl:ed cliflante ; and in thefe Obfervations fet 
dow th. s corretted dH1:ahce for the difference of thet di
fl:arlces~fr~~ the Lens. For as the length of the reCtilinear 
fides of the SpeCtrum would be the whole length of all the· 
Colours, were the Circles of which ( as we £hewed) that 
Speetrurn confifls contraCted and reduced to Phyfical 
Points_, fo in that <i-fe this corrette.d diflance would be the· 
real dtfrance of the Aobferved Colours. · 

When therefore I further obferved the deepeft fenfible Red, 
a.nd that Blue whofe correCted diftance from it was /

2
• parts:. 

ef the length of the rectilinear fides of the Speetrum, the ·· 
difference of the difl:ances of their Foci from th.e Lens was . 

. __ about _ ~ ~ Inches, and as 7 to 1 2 fo is 3 ~ to· 5 ~· . 
when l obferved th~ deepeR: fenfible Red, and that Indi ... 

go whofe corrected difl:ance was ~~ or j of the length of the_ 
rectilinear fides of the Sp-ectrum, the difference. of the di
flantes of their Foci from the Lens, was about 3 ~ . Inches, 
~nd as 2 to 3 fo is 3 ~-. to 5~. 

:When I obferved the deepefl fenfihle Red, and that deep ·; 
Indigo whofe corrected diflance from one another was ..2 or 

12. !. of the·· length of the reCl:ilinear ftdes of the Speetum, the-· 
difference of the difrances of their Foci from· the Lens was . 
about 4· Inc~es ; and as 3 to 4 fo is 4 to 5 ;. 

When I obferved the deepefl: fenfible Red, and that part
ef the Violet next the ·Indigo whofe corrected tiiftance fr6m. 
nhe. Red was :: or ~ ·of the length of the reetiliaear~ fides ~f 

the: 
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tbe Sped:rum; the dUFerence of the diflances .of their foci 
from the Lens was about 4i Inches ; and as 5 to 6, fo .i~ 
4~ to 5 ;. For fom€times when the Lens was advantagi
oully placed, fo that its Axis refpected the Blue, and all 
things elfe were well ordered, and the Sun !hone clear, ·And 
I held my Eye very near to the Paper on which the Lens 
cafi: the Species of the Lines, I could fee pretty difl:inctly 
the Species of thofe Lines by that part of the Violet whie:h 
was next the Indigo ; and fometimes I c0uld fee them by 
~hove half the Violet. For in making thefe Experiments 

. I had obferved, that the Species of thofe Colours only ap-
peared difbnct which were in or near the Axis of the Le~s : 
So that if the Blue or Indigo were in the Axis, I could fe~ 
their Species difl:inctly ; and then the Red appeared much 
lefs difl:inct than before. Wherefore I contrived to make 

' ' 
the Spectrum of Colours iliorter than before, fo that ~both 
its Ends might be nearer to the Axis of the Lens. And. 
now its length \vas about 2! Inches and breadth about !.or 

2 5 

k of an Inch. Alfo infl:ead of the black Lines on which th~ 
Spectrum was cafr, I made one black Line broader thart 
thofe, that I might (ee its Species more eafily ; and ~his 
Line I divid~~d by fhort crofs Lines Linto equal Parts, f~r 
meafuring the diftances of the obferved Colours. And nqw 
I could fometimes fee the Species of this Line with its divi
fions almofl as far as the Centert of the Semicircular Violet 
End of the Spectrum, and mad_e thefe further Obfervations. 

When I obferved the deepefl: fenfible Red, and that p.art 
of the Violet whofe correCted diftance from it .was about 
~ Parts of the rec:tilinear fides of the Specrrum the difference 
of the difl:ances of the Foci of thofe Colours from the Lens, 
was one ti1ne 4f, ~nother time 4~, another time 4il Inches, 
-and as 8 to 9 ~ fo wre 4! 4)1 4 l to 5 .! · 5 !..I 5 t! reflpeetively. 

~ . 3' . 4' 8' +' 32 6+ 
· · I 2 · When 
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When I obferved · the deepeft fenfihle R 'ed, and· deepeA:~ 
· fenfible Violet, (the corrected difl:ance of which Colour& 
when all' things were ordered to the .befl: .advantage, and th~ 
Sun fhone very clear, was about :.:or ;~ parts of the lengtli 
of the rectilinear fides of the coloured Spectrum, ) I found. 
the difference of the di£tanees of their Foci from the Lens~ A 

fometimes 41 fom-etin1es 5!, and fo·r the mofl: part 5 Inches. 
+ 4 . 

or thereabouts·: : and as 1 1 to 1 2 or 1 5 to ~ 6, fo ts five. 
Inches, to 5 ·~ or 5 ~Inches. 

A·nd by this progreffion of _Experiments t' fatished my· 
fe1f, ~hat had the light at the-very Ends of the Spectrum been 
ftrong enough to make the ·Species of ·the black Lines ap~ 
pear plainly on · the Paper, th.e Focus of the Je·epefl: Vio
let would have been found nearer to the Lens, than the Fo
cus 9f the· deepefl: Red, by. about 5 }"Inches at leafl:. ~nd' 
this is a further Evidence, that the Sines of Incidence and~ 
Refraction of the feveral forts of Rays, hold the fame pro
portion to · one another in the. fmalleft RefraCl:ions · ~hi cl¥ 
they do in;the greateft. 

My progrefs in-making this nice ,and troublefome Expe-. 
riment I have fet down more ·at large, that they that fhall 
try it' after me may be aware of the. CircumfpeCl:ion-. re~ 
q~ifite to make it fucceed well. And if they cannot make 
it fuc~eed fo well as I did, they may · notwithfranding col
lect: by· the Proportion of the difl:ance of the Colours in the 
Spectrum, to -the difference of the difl:ances of their Foci 
from the Lens, what: would be the fuccefs in the more di
R:ant Colours by a better Trial. And yet if they ufe a 
broader L·ens than I did, and fix it to a long fl:reight Staff 
by means of which it may be readily and truly dir.ecr«l to 
the Colour ·whofe Focus is defired, I ,qpefl:ion~ not but the 

. Experiment will fucce_ed-better , with .them. than it did with 
me~- . For . ~ ~ir~~~d ~~e Ax!s- a~ nearly __ a~ .I could to. · tdhle . 

. m1d .e .. 
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middle of the Colours, and then the faint Ends of the · 
Spectrum being remote from the Axis, cafl: their Species leG 
difl:inctly on the Paper than they would . have done had the 
Axis been fucce$vely diretfed to them~ 

Now by what has been faid ' its certain, that the Rays 
which differ in refran·gibility· do· not converge to the fame 
Focus, but if they flow from a lucid po1nt, as · far from 
the Lens on one fide as their Foci are one the other, the 
Focus of the mofi refrangible Rays fhall be nearer to the 
Lens than that of rhe leafl: refrangible, by above the four
teenth part· of the whole difl:ance: and if they flow from a lu
cid point, fo very remote from the Lens that before their 
Incidence they may be accounted Plrallel, the ·Focus ~f the 
moft, refrang~ble Rays fhall be nearer to the-· Lens than -the 
Focus of the leatl refrangible, by abrout the 27th or 28th pa-rt 
of their whol~ diflance from. it~ And the Diam·eter of. the 
~ircle in the middle fpace b.etween thofe .two Foci which 
they illuminate when th~y fall there on any Plane, perp.en
dicular to the Axis (which CiPcl·e _is · tne ' leafi into which 
they can all be gathered) is about the 55th p.art of the Bia
meter of the aperture of the Glafs. So that ~tis a wonder 
that Telefcopes reprefent Objetl:s fo difi:intt as they do. But 
were all -the Rays of Light equally refrangible, the Error 
arifing only from_-the fp.hericalnefs of the Figures of Glaffes 
would be many hundred times lefs. For if the .ObjeCl:
Glafs of a Telefcope be Plano~convex, and the ,Plane .fide 
be turned towards the Object, and the Diam.eter of . the 
Sphere whereof this Glafs is a fegment,be. called D, aqd the 
Semi diameter of the aperture of the Glafs be called _S', and 
the Sine of Incidence out of Glafs into Air, be. to the Sine ,of · 
RefraCl:ion as I to R: the Rays which ·come Parallel to the · 
Axis of the Glafs, iliall in the Place where .the Image . of~the ·· 
Obj~ct is moll: diflinttly made,. be fcat~ere~ all ~v.er a little -

Circle ..: 

- ' ' 
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. Cirde Wbofe Diameter is ] " ~c;:~a. very ii.early; as I · ga.= 

ther by computing the 'f:rro:s of the Rays by the meth~ 
of infinite Series, and rejeettng _the Term.s who~e quantt
tities are inconfiderable. As for tnfl:ance, tf the Stne ofln

.-cidence i, be to the Sine of RefraCtion R, as 2 ·0 to j 1, and 
if D the Diameter of the Sphere to which the Convex fide 
.of the Glafs is ,ground, be 1 ·oo Feet or 1 200 Inches, and 
S the Semidiam·eter of the aperture be two Inches, the 

· 1 · 1 h . R '>< S cub. ·11 b ~Diam·et:er of fhe htr e Ctrc e ( t at ts 1 x D quad. ) wt e 

~ 1 
->< 

8 ( or 360~:00 ) parts of an Inch. . . But the 
20 '>< 1200 ~ 1200 . ' 

-.Diameter of the little Circle through which thefe Rays are 
'fcattered by unequal refrangibility, will be about the 55th 
~art -of t:he aperture of the ObjeCl:-Glafs which here is four 
l'nches. And therefore the Error arifing from the fpherical 
.. Figure of the Glafs, is to the Error arifing from the diffe
·:rent Refrangibility of the Rays, as 30;~ooo to 5

4
5 that is as t 

'to _ 8 1 5 1 : and therefore being in Gomparifon fo very little, 
~deferves not to be confidered. 

·But you will fay, if the Errors caufed by the different re-
·:frangibility be fo very great, how comes it to pafs that Ob
jeets appear through Telefcopes fo difl:inCl: as they do ? I an
fwer, ~tis becaufe the erring Rays are not fcattered uniform
ly over all that circular fpac·e, but collected infinitely more 
denfely in the Center than in any other part of the Circle, 
and ~n the way from the Center to the Circumference grow 
continually rarer and rarer, fo as at the Circumference to 
·become infinitely rare; and by reafon of their rarity are 

p· not fl:rong enough to bevifible, unlefs in the Center and ve-
~ • 2 7 · ry near it. Let AD E reprefent one of thofe Circles de

fcribed with the Center C and Semidiameter AC and let 
SFG be a flnaller Circle concentric to the forme;, cutting 

with 
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with its Circumference the Diameter AC in B, an~ btfect 
AC in N; and· by my reckoning the denfity of the Light 
in any place B will be to its denftty inN, as AB to . BC; ... 
and the whole Light within the leifer Circle BFG, will be 
to the whole Light within the greater AED, as the Excefs of 
the Square of AC above the Square of AB, is to the Squar~· 
of AC. As if BC he the fifth part of AC, the Light will be
four times denfer in B than inN, and the whole Lightw.ith
in the lefs Circle, will be to the whole Light within the gr~aw 
ter, as nine to twenty five. . Whence it's evident that the. 
~ight within the lefs Circle, mufl:frrike the fenfe much tnore , 
fl:rongl y, than that faint and dilated light round about be~ 
tween it and the Circumference of the greater~.-

But its further· to be noted, that the moft luminous of 
the prifmatick Colours are the Yellow and Orange. Thefe
affect the Senfes more fl:rongl y than all the reil: tog.ether, and 
next to thefe in fl:rength are the Red and Green~ The Blue,~ 
eo m pared with thefe is a faint and darK Colour> and the In
digo and Violet are 1nuch darker and fainter, fo that thef~--
Gompared with the fironger Colours. a.re little to be regard- 
ed. . The Images of Objects are therefore to be placed, not 
in the Focus of the mean .refrangible Rays which-, are in the · 
confine of Green. and Blue, but in_ the Focus of thofe ~ays·" 
which are in the middle of the Orange and Yellow ; . ther~ , 
where the. Colour is mofl: luminous and fulgent, that is in · 
the brightefl: Yellow, that Yellow which inclines more tO ::> 
Orange than to Green. And by the Refraction of thefe ·· 
Rays ( whofe Sines of lnciden(:e and RefraCtion in· Glafs; 
are as 17· and 1 1 ) the Refraction of Glafs and Cryfra1 for:· 
optjcal ufes is to be meaftLred. Let us therefo,r:.e pla.ce the 
Image of the Obj.ect in the Focus of thefe Rays, and aU .the: 
Yellow and Orange will f.all within a. Circle, whofe Dja..- · 
~eter is _about th.e; .2.5 oth p_a!ft. of. the. Dj~m,eter ., of the ~por-

. tur.e; 
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'-tu re of the Glafs. And if you add the brighter ·half ?f the 
Red, ( that half which is next the Orange, and the bnghter 
·half of the Green, (that half which is next the Yellow,) a
. .bout three fifth parts of the Light of thefe two ~olonrs ~ill 
-fall within the fame Circle,and two fifth parts wtll fall Wtth-
G?Ut it round about _; and that which falls without will be 
fpread through almoit as much more fpace as that which 
>falls within, and fo in the-grofs be almofl: three times ra
·· rer. Of the other ·half of the Red and Green, ( that is of 
the deep dark Red and Willow Green ) about one quarter 

.:will fall within this Circle, and three quarters without, and 
that which falls without will be fpread through about fo~r 

,_or five times <more fpace than that which fal1swithin; and fo 
in the grofs be rarer, and if compared with the whole Light 

-·within it, will be about 2 5 times rarer than all that taken in 
the grofs ; .. or rather more than 3 o or 40 times rarer, be

.. -caufe the d·eep red in the end of the Spetl:rum of Colours 
·:made by a Prifm is very thin and rar~, and the \Villow Green 
is·· ·rom~thing rarer than the Orange and' -Yellow. The Light 
ef thefe Colours therefore bring fo very much rarer than that 
within the .Circle, will fcarce affect the Sertfe efpecially fince 
the deep Red and Willow -Green of this Light, are much 
dar er-Colours then the refr. And for the fame reafon the 
Blue and Violet being much darker Colours than thefe, and 
much more rarified, may be neglected. For the denfe and 
bright Light of the Circle, will obfcure the rare and weak 
Light of thefe dark Colours round about ir, and render them 
almoft infenfible. The fenfible Image of a lucid point is 
therefore fcarce broader than a Circle whofe Diameter is 
the 2 5oth part of the diameter of rhe aperture of the ·object 

,- Glafs of a good ·Telefcope, or not much ·broader, if you 
-except a faint and dark mifl:y light round about it, which 
~a ~_p.eCl:ator will fcarce regard. And therefore in a T elefcope 

whofe 
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_ ·who(e aperture is fotir .Inches, and length an hundred .. Fee:t; 
-it exceeds not 2'' 4 5'', or 3 ". And in a Telefcope whofe 
·aperture is tw0 ~Inches, and length 20 or 3 o Feet, it may 
·be 5'' or 6'' and fcarce above. And this Anfwers well to 
·Experience : F"or fome Ail:ronomers have found the Dia
meters of the fixt Stars, in Telefcopes of between twenty 
and fixty :feet in length, to ·be a: bout 4" ·or 5" or at m oft // 
·6')in Diameter. But if the Eye-Glafs be tinet~d faintly S~ ~ 1~ 
with the fmoke of a Lamp or Torch, to obfcure the Light 
of the Star, the fainter Light in the circumference of the 
Star ceafes to be vifible, and the Star (if the Glafs be fuffici-

-ently foiled with fmoke) appears fomething more like a Ma~ 
.. thematical Point. And for the fame reafon, the enormous 
part of the Light in the Circumference of every lucid Point 
ought to be lefs difcernable in fhorter Telefcopes than in 
long·er, bec~ufe ~he tborter tranfmit lefs Light to the Eye. . 

. No~ if we fuppofe the .fenfible Image of a lucid point, 
. ,,.o be .. ~2~0 times.t£arrqwe.r~e;an. th~ .aperture of .the , ,_ j'rfJ /) -ca..P ~ ~J t~ ·.-a.~ ~"'""'-~ J~,._ ~,,. ,.., • ........., J'a"' IK<At .. ~ ~I'~ "~ tnr"' uc.._ r~ -~ 

, vlafs: were it not or the di erent re rangioility of the rlk'~ (!··--,. aY' 

.. Rays, its breadth in an 1 eo Foot Telefc;ope whofe aperture 
is 4 Inches would be but 36

3
0

1

0000 
parts of an Inch, as is ma-

nifeft by the foregoing Computation. And therefore in 
this .Cafe the greateft Errors arifing from the fpherical Figure 
of the Glafs, would be to the greateR: fenfible Errors ari
fing from the .-different refrangibility of the Rays as 6 ; 

1 

. 3 00000 

to ,_;
0 

at m oft, that is only as 1 to 1 8 2 6. And this ftlfli-
ciently fhews that it is not the fphedcal Figures of Gla£fes 
but the. different ·refrangibility of the R ays whtch hinders the 

--perfeCtion ofTelefc?pes. 
There is another Argument by which it n1ay appear that 

the different refrangibility of Rays, is the true C aufe of the 
imperfeCtion of Telefcopes. For the Errors of the Rays 
.arifing from the fpherical Figures of Objett~Glaffes, are as 

K the 
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~he Cubes· oft he apertures of the Objed~Gla~s; an~d tlrertee· 
t{) make r elefcopes of Various lengths, magntfy With ~ual 
cliftinctnefs, the apertures of the Objeet-Glaffes, and the 
Charges or magnifying Powe.rs, ought to be as-the Cubes of · 
the [quare Roots of their lengths ; which doth n?t anfwer 
r-o Experience. But the errors of tne Rays anfing from. 
the.·different ·refrangibility, are as the apertures of the Ob.~ 
jett-Glaifes, and thence to make Telefcopes of various 
·lengths, magnify with eq~1al difl:inetnefs, their apertures and 
eharges ou·ght to be as tne . fquare Roots of their lengths r 
arid this anf wers to experience as is well known. For in_. 
fiance, a Telefcope of 64 Feet in length, with an aperture 
·of 21 Inches, magnifies about 120 tim€s, with as much dif .. 
tinCl:nefs as .. one ef a Foo~ in> length, with r (9f an Inch a per• 
ture·, magnifies I r times~ · ' 

Now were it n~t for this_ different refrangibility of Rays; 
Telefcopes might be brought to· a greate.r PerfeCl:ion than 
w,e have .. y~t ·defcribed, by compofing tl1e··Ohjed:-Glafs uf· 
two Glaffes with Water between them. · Let ADFC repre-

l.·S··fent the O~jeCl:-Glafs compofed of two Gla£fes ABED and . 
and BEFC, alike convex on the outfides AGD and CHF, 
:tnd alike concave on the infid~s BME, BNE, with Water 
in the concavity BMEN.. Let the Sine of lhcidence out of' 
eilafs into Air be as I to R and out of Water into Air as K 
to R, and by confequence out of Glafs into Water, as I to 
1{. :. and let the Diameter of the Sphere to which the cenfeJc. 
fides AGO and CHF are ground be D, and the Diamettr · 
ef the Sphere to which the concave fides BME and BNE. 
are ground be to D, as the Cube Root of KK-KI 'to the 
Guoe Root of RK- RI: and the Reftactions on che con• 
q.ave {ldes of the Glaffes, will very much: corr-ea the Brrors.:: 
af the RefraC!ions Qn the ~eonvex fides,. fo far_ as they arifeh 
from .. the. f£~eric.alnefs ()f ~he . F.ig~re.··. An by .cll·s means .. 

- _,. ~ mig_\lt. 
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might Telef,oj)es be brought to fufficient perfection~ were i~ 
not for the different refrangibility offeveralforsofRays. But 
by reafon of this different refrangibility, I do not yet fee any· 
other means of improving T elefcopes by Refractions alone 
than that of increaiing their lengths, for which end the late 
.contrivance of Hugenius feems well accommodated. : For 
very long Tubes are curnberfome, and fcarce to be readily 
managed, and by reafon of their length are very apt t6 

bend, and lliake by bending fo as to caufe a continual 
trembling_ in the Objects, whereby it becomes difficult tO\ 
fee them difl:inetly-: ·whereas by his contrivance the Glaffe:s 
are readily manageable, and the ·Object-Glafs bei~ fi.xt up• 
on a flrong ·upright Pole -becom~s more freddy. · 

Seeing therefore_ the improvement ofTelefcopes of given 
lengths by Refrad:ions is defperate ; I contrived heretofore 3 

~Perfpective by reflexion, ufing inftea·d of an Object Glafi 
a concave Metal. The. diameter of the Sphere to which 
the Metal was ground concave was about 2 5 Engli£h Inches, 
and by confequence the length of the Inftrument about _ fix 
Inches and_ a quarter. The Eye-Gla.fs was plana-convex;_ 
and the Diameter of ~He Sphere to which the convex fide was 
ground was about ;. ~ of an Inch, or a little lefs, and by cort~ 
fequence it magfti6ed between ~ o and 40 times. By ·ano~ 
ther way of meafuring I found that . it · magnified about 
J-5 times·. The Concave -Metal borean aperture of an Inch 
and a. third part ; bnt the aperture was limited not by aa 
op-ake Circle, covering the Limb of the Metal round about;
but by an opa:ke circle ptaced between the Eye-Glafs ·and the 
Eye, and perforated in the middle with _a little round hol~. 
for rhe Rays ro· pafs through to the Eye. For this Circle 
by being placed here, ftopt much of the ·erroneous Light) 
which otherwife would have difturbed the Vifion. By com
paring it- with a· pretty good · Perfpeetive of four Feet in· 

- K z .length, 
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len·gth, made-- 'with a concave Eye-Glafs, . I . could re~d : at a.~ 
greater difl:an.ce with my own ~nfl:rument _th~n · Wit~· _the·: 
Glafs. . Yet Objects appeared n1uch darke-r 1n It than In the·, 

. Clafs, and that partly becaufe more Light was loft ; by re
flexion in the Metal, then by refraCl:ion in · the Glafs, and 
partly .becaufe my .Infl:rument was overcharged. Had it 
magnified hut ~ ;oor 2 5 times itwould have made the Obje&
appear tnore brisk and .pleafant. Two of thefeimade about 
t6 Years ago, and have one of the.m fl:ill by me by which 
l , can prove the truth of what I 'write. Yet it is no~ fo good· 

, _ as- ~ at rhe:. firft. · For the concave has been divers times tar
·_n-ifhed and cleared again, by rubbing it with very foft Lea
ther . .. When -I made thefe, an .Artifl: in London ·undertook 
to · imitate _ it ;--·but· ukng · another way of p_olifhing them 

~ tha_n I did,· he fell n1uch · fhort of what I had atta>ined-to, 
-as I afterwards underfl:ood by difcourfing. the ·unde.r ... Work~ 
1nan he ·had imployed. The Polifh I ufed was on this man• 
ner. . I ··had two round ·Copper Plates each fix . Inches in 
Diameter, the one conv·e~ the other con ea ve, ground ve-
_ry; true to ·one another. .. On-- the: convex I ground the Ob

-- jeet-Metal or conc;ave which was to be polifh'd, till it had 
taken the Fig:ure of the convex and was ready for a Polifb. 
T-~en· I ·pitc;hed ·over the convex very thinly, by dropp.ing 

·melted pitch _upon it and warming ., it . fo keep , the pitch, 
. foft, whilfi: .I ground it with ~the concave Copper wetted to 
~nake .. it fpread. evenly alLover the ·convex. - Thus by work-
ing--. it well .I ,made it as thin ·as a Groat, and after the con-. 
vex was cold I ground. it again .to give it as true a Figure as 

_ ~ -~ could. Then I -took Putty which I had made.very fine 
By wafhing -jt from all its -grof.fer Particles, and· lay;ing a lit ... 
tle, of this upon the pitch, .I gro.und it upon the Pitch with 
the. coneave Copper till it had-. done making a noife; and 

. then U£_on theJ>itp~ 1 groiUld ~~e Qbj~Cl:Meta~ with ... at b~isk 
-.. · · - J.VJ.OtlO.tL 
...... 
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Motion, for about -two or three Minutes· of time; leaning 
hard up.on i~. Then I put frefh Put~y upon the Pitch· a~d 
ground ir- again till it had· done making· a noife, and· afte'r~ 
wards ground the Object Metal upon it as before. Arid 
this. .W ork I repeated till the. Metal was poliilied, g_rinding 
it ·the lafl: time with all my fl:rength for a good while toge
tliel!, and frequently breathing upon the Pitch to keep · it 
moifl: without laying on. any more frefh Putty. The Ob
.ject:-Me.tal was two Inches broad . an~ about one third· part 
of an Inch thick, to keep it from bending. . I· had · two of 
thefe Metals, and when I had polifhed them both I tried 
which was befl:, and ground the other again to fee if I could 
make it better than that which I kept.. And thus by many 
Trials I learnt the way of polifhing, till I made thofe two 
refletting Pefpect:ives I fpake of above. . For this Art of 
polifhing will be better learnt· by repeated Pratl:ice. than by 
my defcription. Before I ground the . Objetl: Metal. on the 
Pirc.h, I always ground the Putty on it with· the concave 
Copper rill it .had ·done making. a noife~ be.caufe if the Par
ticles of the Putty were · not by this means made to fl:ick 
fafl: in the Pitch, they would by rolling up··and down grate 
and fret the ObjeCt Metal and fill it full of little holes. 

. But becaufe . Metal is more difficult to polilli than Glafs 
and is ·afterwards very apt to be fpoiled by tarnifbing~ and 
re Beets not fo much Light as Glafs quick-fil vere.d over does_: 

-I would p_ropound to ufe.infl:ead of. the Metal, a Glafs ground 
concave on the forefide, and as much convex on the back
fide, and C]Uick-filvered over on the convex fide. The Glafs 
mufl: be.every where of the fame thicknefs exactly. Other
wife_ it. will ~ake Objects look coloured and ind1fl:inct. By 
foch a Glafs I tried about fiv~ or fix Years ag_o . to make 
a refleCting Telefcope of four Feet in length to . magnify a
liout 1 ;_o times, and I fatisfied my felf that there wants no• .. -- · - - ------ - ~ ·- · · - - ---- -- -- · · - thin~ , 
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.:thing ·bn.~ ··a good Artifl to ·bring the :defign to PerfeCl:i~n: 
·For the Glaf~ being wrought by one of our London Arttfl:s 
after fuch a 1nanner as they grind G'l~ffes for Telefcopes_, 
tho it feerned as "'·ell wrought ' as the ObjeCt Glaffes ufe to 
be, yet when it was quick-filvered, the reflexion difcovered 
innumerable ln.equalities all ·over che -Glafs. And by reafon 
of ·thefe Inequalities, ObjeCts appeared indifrinet in this In-
·ftrument. For the Errors of reflected Rays caufed by any 
'Jnequality .of the Glafs, are abo1:1t fix times greater than the 
·Errors of refracted Ra.ys caufed by the like Inequalities. Yet 
···by this Exp~riment I fatisfied . my felf that the reflexion on 
the cone a ve fide of the Glafs, which l feared would difl:urb 
·the vifion,did no fenfible pr.ejudice to it, and by confequence 

-~that nothing is wanting · to perfect thefe Telefcopes, but 
.g.ood W orkm~n who can grind and polifh Glaffes truly fphe
·rtcal. An ObJeCt.·G~afs. of a fourteen Foot Telefcope, made 
•

7by one of our London Artificers, I once mended confidera
::bly, by grinding it on Pitch with Putty, and leaning ve
.. ry eaftly on it in the grinding, left the Putty fhould fcratch 
it. Whether this way may not do well enough for polifh
.j ng. thefe refleCting Gl~ffes, I have not yet tried. But he 
that £hall t~y either thi$ or, any other way o( p~lifhing_ which 
~he may thtnk bet~e.r, ma:y· do well to make hts Glaffes rea· 
dy for polifhing by grinqing them without that violence, 
where-with our Landan W orkmeq prefs th~ir Glaffes in grind
ing. For by fuch violent preffure, Glaffes are apt to bend 
. a li_~tle. iq the grinding, an~ fuch bending. will certainly fpoil 
thetr Ftgure. T Q recommenq therefore the confideration 
of thefe refleeting Glaffes, to fuch .Artif!s as are curio-us in 

~ figuring Glaffes, I ffiall defcribe this -qptical Jhfrrumenr in 
. .the followin_g Pr~pofition. · · · 

.. · . 

'PROP. 
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PR 0 P. VII. Prob. II. 
To jhonen Tile/copeS-. 

I ET ABDC ~eprefent a Glafs fpherically cot:l~ave on· Fig. 29. 
-J the forefide AB, and as much convex_ on the back-

fide CD, fo that it be every where of an equal thicknefs. Let 
it not be thicker on one fide than on the other, left it make· 
Objetl:s appear coloured' and: indiftfnfr, and .let it . oe very 
truly wrought artd CJUick-filvered over on the backfide ; and-
fet in the Tube VXYZ·-which mu~_·, b~ very .black withiru 
~et EFG reprefent a ·Prifm ·of Glafs or CryfraJ placed near 
the other end of the :Tube, ~n the middle of it, by means of 
a handl(! 0f Bfaf{ or Iron FGK·, to the end of which made 
fiat it is cemented .. . _ Let thi~ Prifm be rettangular at E, and 
let the other two Angles at F and .G _be accurcltely egual to· 
each .other, and by confequenct equal to half right ones, and· 
let · the plane· fides F-E. ana .GE be fquare, - ~nd by confe-
~nce the third fide FG. ~ · r-ed:angulJ:rparallelogtam, w.hofe 
length is to its breath in a fuhdupHcat~ prnporrion of t\VO 

t() one. Let it be fo placed in the T ·ube, th~t the Axis of 
t~ Speculum may pafs -thr-ough· :tile mrddle of the fquare 
ftrdt EF ·perpefl:dicularly, and by c~nfeqtten:ee through the 
midd1e {}f the fide F G -at an An~l~ t;;[ :4; degrees, and let the 
bJe Ef be turned towara'S· the. Si?evn~a.rn, ·and the diflance 
eftllis Priftn fr'()fll the Sp_e{:ubu~ -6~ fnoh that the Ra·y:s of the 
light~ RS, &c. which .~re incid-ent npon the Speculum in. / 
Lines Parallel to the A:x.is thtereti, m~y enter the Prifm, -at 
the fide EF, 1nd be d~~d, by the tide F G, and thenxce 
go out of it through the fide · GE,_ to .. the point ' T which 
muft be the common Focus of th~Speculnm ABDC, and of 
a Piano-convex Eye-Glafs H, through which thofe Rays 
mufr pafs to the Eye:. And let the Rays at their coming 

out 
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out of the Glafs~pafs through a fmall round ho.le,' or aper
ture made in a little Plate ofLead, Brafs, or S1lver, where·
with the Glafs is to be· covered, which hole mufl: be no 

.. bigger than is neceffary for light en'Ough to pafs ~hrougb. 
~ For fo it will render the ObjeCt: difl:inet, the Plate tn ,which 

:J tis tnade intercepting all . the erroneous part ··of the Light 
which comes from the Verges of the Speculum AB. Such 
an Infl:rument ·well made if it be 6 Foot long, ( reckon~ng 
the length from the Speculum to the Prifm, and thence to 

· rihe Focus T) will hear an, ap·erture of 6 Inches at the Spe
. culum, and magnify 'between two and three ·hundred times. 
But the hole H here limits the aperture with more advan
·tage, then if the aperture was placed at the Speculum. --If 
rhe Infirument be made longer or fhorter, the aperture J;nufl 
m·e in proportion as the Cube of tlit"_:iquare Root of the 
length, and the -_magnifying as the aperture. But its con-· 
venient that the Speculum· be an Inch or two broader than 
the aperture at the leafl:, and that rhe ·clafs of the Speculum 
be thick, that it bend not in the working. The Prifm EFG 
mufl: be __ no bigger than is neceffary, and its back fide FG 

· mufl: not be -·quick--filv~red over. For without ·quick-filver 
it will reflect all the ,Light incident on it from the Speculum. 

In this Infl:rument the Object will be inverted, but may 
be -erected by making · the fquare fides EF and EG of the 
Prifm EFG not plane but fpherically convex, that the Rays 
·may crofs a,s well before ·they ·come at it as afterwards be
tween it and the Eye-Glafs. If it be defired that the-Infl:ru
·ment bear a larger aperture, that may be alfo done by corn-

-~pofing th~ Specu_!um of two Glaffes with Water between 
.fthemo . 
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THE 

FIRST BOOK 
0 F 

0 PT I C 'K s. 
PART II. 

. .d 

P R 0 P. I. T H E 0 R. IQ 

The 'P-h£nomena ~f Colours in refra{led or refleirted Lig·ht 
are not caufed by new modifications of the Lig·ht variouJ~ 
ly impreft, according· to the various terminations of the 
Light and /)rhado'ZPJ.. . , 

The Proof by Experiments. 

EX PER . . le 

F O _R if the Sun fhine into a very dark Chamber Fig·. 1 .. 

through an oblong Hole F, whofe _breadth is the 
fixth or eighth part of an Inch, or fom~thing lefs; and. · 
his Beam F·H do afterwards pafs firfl: through a very 
large Prifm AB C, diftant about 'J o ~F~eet from the 

·L · Hole~ 
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Hole, and parallef to it, and then (with its white part) 
through an oblong Hole H, \Vhofe breadth is .abo~t 
the fortieth or fixtieth part of an Inch, and which IS 

tnade in a black opake Body G I, and placed at the 
diftance of t\VO or three Feet frotn the Priiin, in a pa
rallel fituation both to the Prifm and to the fortner 
Hole, and if this \vhite Light thus tranfmitted through· 
the Hole H, fall afterwards upon a white Paper pt,. 
placed after that Hole H, at the diftance of three or 
four Feet from it, and there paint the ufual Colours ot 
the Pri£.~, fuppofe red at t, yellow at . s, green at r, 
blue at q, and violet at p ; you may \Vith an iron Wire., 
or any ftich like Gender opake Body, whofe breadth is 
about the tenth part of an Inch, by intercepting the rays· 
at k, 1, tn, nor o, take away any one of the Colours· 
at t, s, r, q or p, whilft the other Colours remain up
on the Paper as before ; or with an obftacle fc>1nething·. 
bigger you tnay take a way any two, or three, ~four Co ... . 
lours together, the refi retnaining: So that an~~=ef 
the Colours as well as violet may beco1ne ,.outtno!t in· 
the confine of the fhadow to\va-rds p, an~ any one of 
them as \vell as red may becotne out1noft In the confine 
of the fhadow towatds t, and any one of them n1a y alfo ,. 
border upon the fhadow made within the. Colours· by 
the ob~acle R inter~epting fotne intertnediate part of 
the Light j , and, . laitly,; any one of thein by 4 being. 
left alone may border upon the fhadow on either hand .. 
All r"the Colours have themfelves- indifferently to any 
connnes of fhadow, and therefore. the differences· of thefe_ 
Colours from one another,; do. not a.rife frotn the diffe-· 
rent. confines of fhadoMr, : whereby Light is. varioufly. 
mod1fied as has hitherto been: the Opinion.-of Philofo,. 

\ phers. 
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phers. In trying thefe things 'tis to be obferved, that 
by how much the Holes F and H are narrower, and the 
intervals be~\veen them, and the Priiin greater, and the 
Chatnber darker, by fo tnuch the better doth the Ex ... 
periment fucceed ; provided the Light be not fo far 

- diminiihed, but that the Colours at p t be fufficiently 
vifible. To procure a Prifm of folid Glafs large enough 
for this Experiment will be difficult, and therefore a 
priftnatick Veffel mufr be made of polifhed Glafs ... plates· 
cetnented together, and filled with Water. 

EX PER. I I. 

The Sun's Light let into a dark Chatnber through Fig. -~ ~ 
the round Hole F, half an Inch wide, paffed firft through 
the Prifin AB C placed at the Hole, and then through 
a Lens PT fomething more than four Inches broad, and 
about eight Feet diftant from the Prifm,and thence con.., 
verged to 0 the Focus of the Lens diftant from it about 
three Feet, and there fell upon a white Paper DE. If 
that Paper was perpendicular to that Light incident upoc 
on _it, as ~tis reprefented in the pofture DE, all the Co ... 
lours upon it at 0 appeared \Vhite. But if the Paper 
being turned about an Axis parallel to the Priii11, be-
came very tnuch inclined to the Light as 'tis reprefen.-
~ed in the pofitions de and eh ; the fame Light in the 
one cafe appeared yellov; and red, in the other blue-.. 
Here one and the fame part of the Light in one and the 
fame place, according to the various inclinations of the 
Paper, appeared in one cafe white, in another yello~ 
.or reel, in a third blue, whilft th-e confine of Light and 

.L ~ Shadow, 
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Shadow, and the refra£l:ions of the Prifin in all, thefe 
afes rcn1ained the fame. 

E X P E R. -I I r. 
·Fig·. 3. Such another Experhnent rna y be 1nore eafily tried· 

--- as follows. Let a broad bea1n of the Sun's Light coming 
into a dark Chamber through a H-ole in the Window 
fhut be refracted by a large Prifrr1 AB C, \Vhoie re~ 
fratlino- Angle· C is more than 6o degrees, . and fo foon 
as it c~1nes out of the Prifm let it fall upon the white 
Paper DE glewed upon a ftiff plane, and this Light," 
when the Paper is ·perpendicular to it, as 'tis reprefen-

( . · ted in DE, will apHe11; perfeecly white upon the Paper, 
but W;hen the Pa pei1 ·is very n~uch inclined to it in fuch 
·a manner as to keep ·always para_llel to tne Axis of the 
P'rifrn, the whitenefs of ·the whole ·Light upon the 
·Paper will according to the inclination of the Paper 
this \Vay, or that v;ay, change either into yellow and 
red, as in the pofture de, or into blue and violet, as 
in the pofiure d'£. A·nd if the Light· before it fall upon 
the Pa I er be t\Nice· refraCTed the nune vvay by t\VO pa;. 
rallel Prifins, thefe Colours will become-the tnDre con; 
ipicuous. Here aH the· middle parts-- of. the hroad bea1n 
of white I.Jight which fell upon the Paper, did v1ithout 
any confine of fhado\v to Inodify it, becorne coloured 
a·ll over with one unifortn Colour, the Colour being al~ 
\Va ys the i1·Ine in the rniddlc of the: Paper as at the 
eJges, and this Colour changed · according the vJrious 
·-obliquity of the rerle(ting faper, , \Vithou~t any chancre 
in the refraclions or fhado\v1 or in the Light vvhi~h 
~11 upon the l?a per. i\nd therefore thefc Colours are 

to 
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to be derived from fome other caufe than· the new -ino~ ·· 
difications of Light by refraetions and iliadows. . 

If it be asked, What then is their caufe? I anfwer, 
That the Paper _in the pofture de, being more ob
lique to the n1ore refrangible rays than to the lefs re-

. frangible ones, is 1nore ftrongly illuminated by the lat
ter than by the former, and therefore the lefs refran
o·ible rays are predominant in the refletted Light. And 
v;herever they are predon1inant in any Light they tinge 
't with red ot yello\V, as may in fame 1neafure appear by 
the fir it Propofition of the firft Book,and will more· fully 
appear hereafter. And the contrary happens in the 
pofture of the Paper a"t, the more refrangible rays be
ing then predominant which .. a.lways tinge Light . witl1. 
b-lues. and -violets ., .. 

"fhe Colours of Bubbles \Vith which Children play · 
are various, and change their fituation variouf1y, with ... 
out any refpeB:- to any confine of fhadow. If fuEh :a 
Bubble be covered with a concave ·Glafs1 to keep it from 
being agitated by any wind or tnotion of the Air, the 

·Colours \Vill f1o\vly and.-regularly, change their fitua·
tion; even vvhilft the Eye, and the Bubble, _ and all Bo~ 
dies· whi\:h e1nit any Light, or cafi , any ihadow, re,.. 
1nain unmoved. And therefore their Colours arife frorn 
forne regular caufc which depends not -on any confine. of 
fhadaw.·.. What-this -caufe is \¥ill be .fhewed in.the .next 
B0ok. -

To 
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·· T o thefe~Experitnents may be added the tenth Ex .. · 

· perin1ent of the firft Book, where the Sun's Light in a 
dark Roorn being trajetled through the parallel fuperfi
cies 9.f t w Prifms tied together in the form of a Paral
lelopi~e, became totally of one uniform yellow or red 
Colour, at its emerging out of the Prifms. Here, in 

·the production of thefe Colours, the confine of fhadow 
can have nothing to do. For the Light changes frotn 
w hite toyellow,orange and redfucceffively,withoutany 
alteration of the confine of fhadow: A.nd at both edges of 
the emerging Light \V here the contrary confines of fha
dow ought to produce different etfetts, the Colour is 
·one and the fame, \vhether it be white, yellow, orange 
or red ; And in the middle of the emerging Light, 
where there is no confine of fhadow at all, the Colour 
:is the very fame as at the edges, the whole Light at its 
·very firft emergence being of one uniform Colour' whe .. 
ther white, yello\v, orange or red, and going on thence 
_perpetually without any change of Colour, fuch as the 
.confine of fhadow is vulgarly fuppofed to ·work in re .. 
~fratl:ed Light after its emergence. Neither can thcfe 
.Colours arife from any new modifications of the Light 
by refratlions, becaufe they change fucceffivel y from 
·;Nhitc to yellow, orange and red, while the refraClions 
~remain the fame, and alfo becaufe the refratlions are 
.. 1nade contrary \vays by parallel fuperficie~ which de-
ftroy one anothers effeCts. They arife not therefore 
from any modifications of Light tnade by refracrions 
-and fuado\vs, but have fame other caufe. What that 
.caufe is we fhewed above in this tenth Experitnent, · 
.and need not here r~peat i t. 

There 
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There is yet another tnaterial circun1fianc€ of this 

Experirnent. For this ernerging Light being by a third Fig·. ~ 1·~. 
Prifm HI K refracted towards the Paper PT, and there 'Part 1 9 ' 

painting the uf ual Colours of the Prifm, red, yello\v, 
gree11, blue, violet : If thefe Colours arofe from the 
refraCl:ions of that Pcifin tnodifying the Light, they 

· wonld not be in the Light before its incidence on that 
Prifm. And yet in that Experiment we found that 
when by turning the two firft Prifins about ~heir com ... -
nlon Axis all the Colours were tnade to vanifh-but the 
red ; the Light which makes that red being left alone,. 
appeared of the very fa1ne red Colour before its inci
dence on the third Prifin. And in general we find by
other Experiments that \vhen the rays which differ in 
refrangibility are feparated from one another, and any 
one fort of them is conildered apart, the Colour of the 
Light which they cornpofe cannot be changed by any 
refraction or reflexion whq.tever, as it ought to be were 
Colours nothing elfe than modifications of Light cauied~ 
by refraCtion?, and refl.exions, and fhadows.. This un- 
changeablenefs of Colour 1 am . .- now to defcribe in . the: 
following Propofition . 

.All homogeneal L .ig·ht haJj its pr·op_er Colour anfwering· t() ;' 

its degree of refrangibility, an{l that Colour cannot /;e 
chang·~d by_. refiexions and refra,rlions .. 

In the Experiments of the 4th Propofition ,of the firft 
Eook,_ ,w,hen I had feparated the heterogeneous rays 
from one another, the Speclrutn pt formed by the fepa ... 

rated 
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·rated rays, did in the progrefs from its end p, on \Vhich 
the tnoft refrangible rays fell, unto its other end. t, on 
which the leaft refrangible rays fell) appear tinged with 
this Series of Colours, violet, indico, blue, green, yel ... 
low, orange, red, together with all their intermediate 
degrees in a continual fucceffion perpetually varying: 
So that there appeared as many degrees of Colours, as 
there w.ere forts of rays differi~g in refrangibility. 

'EX PE 'R. V. . 

·Now that thefe Colours could not be changed by re .. 
fraction) I kne\V by refraCTing with a Prifin fometitnes 
ene very little part of this Light, fornetirnes another 
very little part, as is defcribed in the I 2th Experiment 
of the firft Book. For by this refraCtion the Colot1r of 
the Light was never changed in the leaft. If any part 
of the red Light was refracted, it · re1nained totally of 
the fame· red Colour as before. No orange, no yel
low, no green, or blue, no other ne\ V Colour \vas pro~ 
duced by that refraCtion. ·Neither did the Colour any 
ways change by repeated rcfracrions, but continued al~ 
,ways the fan1e red entirely as at firfi. The like con

_.fiancy and immutability l found alfo in the blue, green, 
and other Colours. So alia if I looked through a Prifm 
11pon any body itlun1inated with any part of this homo
geneal Light, as in the I 4th Experiment of the firft 
Book is defcribed; I could not .perceive any ne\V Co ... 
lour generated this way. All Bodies illu1ninated \Vith 
con1pound Light a_p_pear through Pr~iiins confufed (as 
was Jaid above.) and tinged with vari0us new Colours' 
.but thofe illuminated with hoinQgeneal Light ~ppeared 

· through 
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tll'ough Prifms neither lefs diftincr, nor otherwife eo~ 
loured, than when viewed with the naked Eyes. Their 
Colours were not in the leaft -changed by the refraction 
of the interpofed Prifin. I fpeak here of a ienfible 
change of Colour : For the Light which I here call ho
tnogeneal, being not abfolutel y hornogeneal, there ought 
to a rife fon1e little change of Colour from its heteroge
neity. But i f that heterogeneity was fo little as it rnight 
be madei by the faid Experin1ents of the fourth Propo-
Htion, that change \Vas not feniible, and therefore, in 
Experiments where fenfe is judge, ought to be accoun~ 
ted none at all. 

EX PER~ VI. 
-

And as there Colours were not changeable by refra ... 
ftions, fo neither were they by reflexions. F'or all 
white, grey, red~ yellow, green, blue, violet Bodies, as 

. Paper, Allies, red Lead, Orpiment, Indico, Biie, Gold, 
Silver, Copper, Graf8, blue F'lowers, Violets_, Bubbles 
of Water tinged with various Colours, Peacock's Fea
thers, the tinCture of Lignum Nephriticum,- and fuch 
like, in red homogeneal L ight appeared totally red, in 
,blue J_Jight totally blue, in green Light totally green, 
and fo of other Colours. In the homogeneal Light of 
of any Colour they all appeared totally of that iame _ 
Colour, with this only difference, that fo1ne of them 
reflected that Light more ftrongly, others more faintly~ 
I never yet found any Body which by reflecting hotno
reneal Light could ienfibly change its Colour. 

M F'rom 
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ron1 all wl1ich it is manifeft, that if the Sun's Light 

confifted of but one fort of rays, there would be but 
one Colour in the \Vhole World, nor would it be poi: 
fible to produce any ne\v Colour by reflexions and re
fraCtions, and by confequence that the variety of Co
lours depends upon the con1pofition of Light. 

TJ·E .FINIT IO.N .,. 

T he hornogeneal light and rays which appear red; ... 
or rather · make Objects appear io,. I call rubrific · 
or red~-tnakng ;. thofe which tnake ObjeCts appear 
yellow, green, blue and-violet, I call yellow ... ma~ 
king, green~n1aking, blue-tnaking, violet-making, . 
and fo of th.e reft.- And if at any time 1 fpeak of 
light and rays as coloured or endued with Co
lours,. I would be und·erftood to f peak not phila ..... 
fophically and properly,. but groily, and accor
ding to fuch conceptions as vulgar People in· fee- . 
ing ·all theie Experitnents would be apt to fraJne.
Eor the rays to fpeak properly are not coloured .. 
In thetn there. is nothing elie than a certain power 
and difpofition to ftir up a iennttion of this or that 
Colour. For as found in a Bell or~ tnufical String, ? 
or. other fo~nding Body, . is nothing- but a trein-
bling Motion, and. in . the Air nothing but that 
Motion pro_Eagated fron1 the Obj~Ct:, . and in the·. 
Senforium 'tis a fenfe of that Motion under the . 
torm of found; fa . Colours in the ObjeCt are no~ 
thing. but a di(pofition to reflect this or that fort 
of rays tnore .. copioufly than the_r.eft; in. the rays. 
they are nothing but their. difpofitions to . propa-

gate 
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gate this or that Motion into the Senforiutn, an 
in the Senforiutn they are fenfations of thofe Mo .. 
tions under the forms of Colours. 

P R 0 P. I I I. PR 0 B. I. 

To define the r~frangi!Jility of the Jeveral forts ~f homo.., 
g·eneal Light an:f"ZPJering· to the feveral Colours. 

For detertnining this Probletn I made the following 
Experiment. 

EX PER. V li. 

r When I had caufed the reCtilinear line fides A F, GM, Fig. 4· 
of the Specrrutn of Colours made by the Prifm to be 
diftinG!ly defined, as in the fifth Experi.tnent of the 
firft g~ is defcribed, there \V ere found in it all the 
homogeneal Colours in the fame order/ and fituation 
one a~onf? another as in th~ ~J>!.tl:rum of fin:?!:le Lig~t, 
defcr1bed 1n the fourth E~~fiment of that ll~~ For 
the Circles of \Vhich the Spe&rutn of compound Light 
PT is compofed, and which in the middle parts of 
the SpeCtrum interfere and are intermixt with one ano
ther, are not intermixt in their outmoft parts where 
they touch thofe rectilinear fides A F and GM. And 
·therefore in thofe reCtilinear fides when diftintlly defi-
11ed, there is no new Colour generated by refraCtion. I 
robferved alfo, that if any where between the two out ... 
moft Circles T M F and PG A a right line, as y cfl, wa 
crofs to the Speetrum, fo as at both ends to fall per ... 
pendicularly upon its reCtilinear fides, there appeared . 

M~ one 
; 

/ 
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ne a d tl e fatne Colour 1nd degtee of Colour rom one 

end of this line to· the other. I delineated therefore in 
a Paper the perimet r of the Speetrurn FA PG M T, 
and in trying the third Experirnent of t~c firft Book, 1 
held the Paper fo that the Sp tl:tu1n m1ght £111 upon 
this delineated Figure, and agree with it exaCtly, whilft 
an~ Affiflant whofe Eyes for diftinguiil1ing Colours were 
n1ore critical than mine, did by right lines "0, rd' t~,&c 
drawn crois the SpeCtrum, note the confines of the Co
lburs that is of the red M a- (3 ·F of the orange ~ r d) a, of 
the yello\V r!! ~ J. , of the green £., G ~ , of the blue n, x e , . 
of .the indico r "-M x , and of the violet 1\ G A tJ. . And 
this operation being· divers ti1nes -repeated both in the · 
f~une and in feveral Papers, I found that the Ob .... 
fervations agreed,· well enough with one another, . and·: 
that the reCtilinear fides M G and FA were by the faid, 
cr.ofs lines· divided after the rnanner of a .mufical Chord, 
Let GM be produced to X, that MX tnay be. equal 
to GM, and conceive G ,X,-,... X, 'X, n X, s X, r X," X; 
M X., to be in ·proportion to one another, as the num.o: 
hers I, } , . ~ , { 1 } , { , ;6 , : , and· fo · to reprefent the. 
Chords of the Key, and of a Tone, ... a. third Minor, .l 

fourth, : a.fifth' a fixth Major, a feventh, .. and an eighth . 
above that I\ey.: And . the intervals M .x, a r, .re, ~ 11, .11', .• 
1 "- , and ."- G, will . be the fpaccs which the. ieveral Co~ · 
lours ( red, orange, yellow, .green, blue, indico, violet ) · 
take upo~ 

Now. thefe <intervals or fp.aces fubtendi~g the qiffe~:- . 
rences of the refraetions of the rays going to the limit; 
c.- thofe Colours, that is-, to .the points M, a, .y, s, 11,1, ""' G, 
1nay vithout any fenfible. Error . be accounted propor~ 
ional to the differences of the fines of refraCtion of thofe 

rays 
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1~ays having one co1nrnon fine of incidence, and there·~· 
fore fin cc the co1nmon fine of incidence of the J.noft and · 
1 aft refrangible rays out of G-1afs into Air was, (by a!" 
method defcribed above ) found in proportion to their ·· 
fines of refraCtion, as 5o to 7 7 and 7 8, d.i.v ide the dif
ference between the fines of refraCtion 77 and 78, as the · 
line G M is divided by thoic intervals, you will have 
77, 77~, 77{' 771, 77~, 77~, 77~, 78, the fines of 
refraction of thofe rays out of Glafs into Air, their · 
comn1on fine of incidence being 5o. So then the fines · 
of the incidences of all the red-1naking rays out of · 
, lafs into Air, were to the fines of their refraCtions, . 

not greater than so to 77, nor lefs than so to 77~, bu.tt.61 
varied fro1n one another according to all interme .... "'· 
diate ProportiOrt$.· And the fines of the incidences. 
of the green-1naking rays :\vere. to , the fines of 
their r.efraCtions in all proportions frorn that of 5o 
to 77j, unto that of ).O to 77~· And by the like limits 
above ... mentioned were the refraCtions of the rays be ... 
longing to the refi of the Colours defined, the fines of . 
the red-n1aking rays extending frorn -·77 to. 77} ,., thofe 
of the o1:1nge-making from 77~ to 77~, thofc of the yel
low ... rnaking from 7.7~ to 77 f, thofe of the green-rnaking 
fro1n 7 7f to 7 7;, thoi.e of the blue-rnaking frorn 7 7f to . 
7.7} ,. thofe of the indico-rnaking from 77~ to 77~, and : 
thofe of the violet fro1n 77~ to 78 o·· 

Thefe are-the_ Laws of the .refraCtions made ··out of · 
G 1~ iq};R Air, arJd thence by the thfwl. Axiom1 of the 
fifft)3"6o'P the .La\vs of th.e refratlions made out of Air 
ii1to Glafs are eafily derived .. 

EXPER . 
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'EX PER. VIII. 

'I foun·d moreover that when Light goes out of Air 
t hrough feveral contiguous refracting Mediums as 
through Water and Glafs, and thence goes out again 
into Air, whether the refracting fuperficies be parallel 

. or inclined to one another, that Light as often as by 
contrary refraetions 'tis fo corrected, that it emcrgeth 
in lines . parallel to thofe in which it was incident, 
continues ever after to be \vhite. But if the etner-
gent rays be inclined -to the incident, the whitenefs of 
the emerging Light will by degrees in palling on from 
the place of emergence, become tinged in its edges \Vith · 
Colours. This I tryed by refraCting Light with Prifins 
ofGlafs within a prifmatick Veffel of Water. Now thofe 
Colour~ argue a diverging and feparation of the hetero
geneous rays frotn one another by means of their un-

. equal refratl:ions, as in \V hat follows will more fully 
appear. And, on the contrary, the permanent white

·.nefs argues; that in like incidences of the rays there is 
no fuch feparation of the etnerging rays, and by confe .. 
quence no inequality of their whole refrattions. Whence 
1 feem to gether the two follo\ving Theorems. 

I.o The Exceffes of the fines of refraction of feveral 
·:forts of rays above their common ·fine of incidence when 
:t he refratlions are tnade out of divers denfer mediums 
:imtnediately into one and the fatne rarer mediu;tf,A'tre 
:to one anoth.er in a _given Proportion. ~ 

2 .• The 
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2. The Proportion ofthe fine of incidence to. the fin eh 

ef refraCtion of one and the farne fort of rays out of one 
rnedium into another, is compofed of the Proportion of 
the fine of incidence to the fine of refraCtion out of the 
firft ·rnedium into any third medium, and of the Pro
portion of the fine of incidence· to the >fine of refraCtion· 
out of that third. mediurn into. the fecond medium. 

By the firft Theorern the refractions of the rays of. 
every fort rnade out of any medium into-Air are known 
by having the refraCtion of the rays· of any one fort. As 
for inftance, if the refratl:ions of the rays of every fort 
out of Rain ... water into Air be defired, . let the. common ~ 
fine of incidence out of Glafs into Air be fubdueted 
from the fines of refracrion, and the Exceffes will be 

T I T 1"\,...,T 1"\ 2 7 8 s r-
~ 7, '1 7 r, ' '1 7 5 ' '1 7 3 ' · _. J-;. ' _. 7 3 ' '1. 7 9 , ~ • up po 1 e now 
that the fine of incidence of the leaft refrangible rays be 
to their fine of refraCtion out of Rain ... water into Air as ·· 
three to four, and fay as I the difference of. thofe .fines : .. 
is to 3 the fine of incidence, . fo is '17 the leaft of. .. the. 
Exceffes above-mentioned to a fourth nurnber . 8 I ; and ~; 
8 I will be the common. fign of incidence out of Rain~ . 
water into Air, to \vhich fine · if you .add all the above- ·
n1entioned Exceffes you .. will have the defired fines of~ 
the refraCtion~- ro8, I o8t, I-o8t, 1 o83, I o8t, I o8t, .j 
lD8'~· , I 09. 

By the latter Theorem.the refraetion-:·out of one me-·~ 
diu m into another is-gathered;~- as often· as you have .. 
the. refraB:ions out of them both .into any third medium ... 
As if the fine of incidence of any ray. out of Glafs into. 
Air be to. its fine of refraCtion as '10 to . 3 1, and the fine 
of incidence of the fame ray out of Air into Water, be 

to 
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·to its fine of refraCtion as four to three ; the fine of 
incidence of that ray out of Glafs into Water will be to 
its fine of refraCtion as ~o to 3 1 and 4 to 3 joyntly, that 
-is, a the Faaum of ~o and 4 to the Facturn of .j 1 and 
3, or as 8o to 93· 

And thefe Theoren1s being adtnitted into Opticks, 
there \Vould be [cope enough of handling that Science 
voluminouily after a new manner; not only by teaching 
thofe things which tend to the perfeCtion of vifion, but 
alfo by determining tna thematically all kinds of Phreno
mena of Colours which could be produced by refra ... 
Cl: ions. For to do this, there is nothing elfe req uifite 
than to find out the . feparations-of heterogeneous rays, 
and their various tnixtures and proportions in every 
mixture. By this way of arguing I invented alrnoft 
all the Phrenomena defcribed in thefe Books, befide fotne 
others lefs neceffary to the Argurnent ; and by the 
fucceffes I met with in the tryals, I dare prornife, that 
to him who fhall argue truly, and then try all things 
with good Glaifes and fufficient circurnfpetlion, the 
expetl:ed event will not be wanting. But he is firft to 
know what Colours will arife from any others mixt in 

.. any affigned Proportion. · 

IPROP.IV. TH~OR.III. 

-.Colours may be produced !Jy t~ompofition which jhall 6e like 
to the Colours ~f ,homogeneal -Ligbt as to .the appearance 
~f Colour, but not-t&s to the imrnutability .of Colour and 
conftitution of Light. And -thofe Colours ./;y !Jow much 
they are more compounded by Jo much are the-y lefs full 

~ and inteufe, and 6y too much .cornpojition they may be 
ditute.l 
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diluted aud ·weakened tilt tbey ~ ceafe. rl ert rnay be 
al [o Colours produced 6y corn pojition, which c~ ( ~ not full 
lihe any of the Colours of bornogeneal Light. 

For a mixture of hotnogeneal red and yellow corn ·" 
pounds an orang(>, like in appearance of Colour to tl at 
orange \Vhich in the feries of unmixed prifma tick Co, 
lours lies between thern; but the Light of one orange 
is hotnogencal as to refrangibility, / that of the other is 
heterogeneal, and the Colour of the one , if vie\ver 
through a Prif!n, rc1nains unchanged, that of the other 
IS changed and refol ved into its component Colours red 
and yello\v. And after the fame rnanner other neigh ... 
bouring hon1ogeneal Colours may compound ne\\r Co .... 
lours, like the in terrnedia te homogeneal ones, as yel
lo\v and green, the Colour between thern both, and af
terwards, if blue be added, there will b~ made ·a green 
the middle Colour of the three which enter the compo ... 
fition. For the yellow and blue on either hand,if they are 
equal in qua tity they draw the intertnediate green equal
ly to\vards thernfelves in cornpofition, and io keep it as 
it \vere in equilibrio, that it verge not more to the 
yellow on the one hand, than to the blue on the other, 
but by their 1nixt attions remain ftill a middle Colour. 
To this mixed green there 1nay be further added 
forne red and violet, and yet the green will not prefent
ly ceafe but only grow leis full and vivid, and by in
creafing the red and violet it \Vill gro\v more and tnore 
dilute, until by the prevalence of the added Colours it 
be overcome and turned into whitenefs, or fotne other 
Colour. So if to the Colour. of any ho1nogeneal Liaht, 
the Sun's white Light compoied of all forts of ray~ be 

N added, 

.. 
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added, that Colour \vill not vanifh or change its fpe 
cies but be diluted, and by adding more and n1ore white 
it will be diluted more and more perpetually.. Laft ... 
1 y, if red and violet be tningled, there will be generated 
according to their various Proportions various Purples, 
fuch as are not like in appearance to the Colour of any 
homogeneal Light, and of thefe Purples tnixt with yel
low and blue ITI'!Y be tnade other new Colours. 

P R 0 P. V. T H E 0 R. I V. 

Whitenefs and all grey Colours 6etrz.veen _white and /;lack
1 

may 6e compounded of Colours, and the whitenefs of the 
Sun's Light 1~ compounded of all the pr·imary Colours 
mixt in a due proportion . 

. The Proof hy Experiment.r,. 

EX PER. IX. 

The Sun fhining into a dark Charnber through a 
little round Hole in the Window fhut, and his Light 
being there refraCted by a Prifm to caft his coloured 
Image PT upon the oppofite Wall : I held a white Pa
per V to that In1age in fuch manner that it might be 
illuminated by the coloured Light rerletled from thence, 

~ and yet not intercept any part of that Light in its paf .. 
fage from the Prifin to the Spettrum. And I found that 
when the Paper was held nearer to any Colour than to 
the reft, it appeared of that Colour to which it ap, 
proached nearcft; but when it \Vas equally or almoft 

equally 
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equally diftant frorn all the olours, fo that it tnig 1 

be equally illu1nir ated by them all it appeared \vhite. 
And in this laft fituation of the Paper, if fome Colours 
vere intercepted, the Paper loft its white Colour, and 

appearedofthe Colour of the reft of the Light \vhich 
was not intercepted. So then the Paper was illutninated. 
\vith Lights of various Colours, na1nely, red, yello\v, 
green, blue and violet, and every part of the Light re ... 
tained its proper Colour, until it was incident on the 
Paper, and becatne refleCted thence to the Eye; _ fo that 
if it had been either alone (the reft of the Light being 
intercepted) or if it had abounded m oft and been pre
dominant in the Light refleeted from thePaper,it would 
have tinged the Paper with its own Colour; and yet be ... 
ing mixed with the reft of the Colours in a due propor# 
tion, it tnade the Paper look white, and therefore by a 
compofition with the reft produced that Colour. The 
feveral parts of the coloured Light refleCted fro1n the 
Speclrun1, \vhilft they are propagated from thence thro' 
the A.ir, do perpetually retain their proper Colours, 
becauie wherever they fall upon the Eyes of any Speaa ... 
tor, they make the fevcral parts of the Spectrum to 
appear under their proper Colours. They retain there~ 
fore their proper Colours when they fall upon the Pa ... 
per V, and fo by the confufion and perfett mixture of 
thofe Colours compound the \vhitenefs of the Light 
refletted from thence. 

EX PER. X. 

Let that Spectrutn or folar Itnagc PT fall now upon _Fig. 68 
the Lens M N above four Inches broad, and about fix 

N 2 . Fect 
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Feet diHant frorn the Prifin AB C, and fo figured that 
it rnay caufe the coloured Light which divergeth from 
the Priftn to converge and rneet again at its .Focus G, 
about fix or eight Feet diftant fron1 th<.: Lens, anc 
there to fall perpendicularly upon a \vhite Paper DE. 
And ifyou move this Paper to and fro, you will per
ceive that near the Lens, as at de, the \\rhole folar Iznage 
( fuppofe at p t) will appear upon it intenfly coloured 
after the tnanner above-explained, and that by receding · 
frotn the Lens thofe Colours will perpetually corne to-
wards one another, and by mixing n1ore and 1nore di
lute one another continually, until at length the Paper 
come to the Focus G, \V here by a per feet tnixture they 
will wholly vanifh and be converted into whitenefs, the 
vhole Light appearing now upon the Paper like a little 

white Circle. And aftervv-ards by receding further fron1 
the Lens, the rays which before convergeP. will novv 
crofs ·one another in the Focus G, and diverge fro1n 
thence, and thereby n1ake the Colours to appear again, 
but yet in a contrary order; fuppofe at eh, where._ the 
red t is now above \Vhich before was below, and the 
violet p is below \Vhich before was above. 

l_Jet us now ftop the Paper at the Focus G \vhere 
the Light appears totally white and circular, and let us 
confider its \vhitenefs. I fay, that this is cornpofed of 
the converging Colours. For if any of thofe Colours 
be intercepted at the Lens;

1 

the vv hitenefs \vill ceaie and 
d generate into that Colour which arifeth from the 
cornpofition of the other Colours \vhich are not inter
cepted. And then if the intercepted Colours be let 
pafs and f.1ll upon that con1pound Colour, they n1ix 
vvith it, and by their 1nixtur€ rcfiore the whiteners. 

So 
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So if the violet, blue and green be intercepted, the re:
Inaining yellow, orange and red will compound upon 
the Paper an orange, and then if the intercepted Co
lours be let pais they \vill fall upon this co1npoundcd 
orange, and together -vvith it deco1npound a \vhite. So 
alfo if the red an:l violet be intercepted, the re1naining 
yello\v, green and blue., will compound a green upon 
the Paper, and then the red and violet being let pafs 
will fall upon this green, and together v;ith it decom ... 
pound a vvhite. And that in this co1npofition of white 
the feveral rays do not iuffer any change in their calori
fic qualities by aCting upon one another, but are only 
tnixed, and by a mixture of their Colours produce 
vhite, may further appear by thefe Argu1ncnts. 

If the Paper be placed beyond the Focus G, fuppofe 
at a"<:, and then the red Colour at the Lens be alternate ... 
ly intercepted, and let pafs again, the violet Colour on 
the Paper \V ill not fuffer any change thereby, as it ought 
.to do if the feveral forts of rays aCted upon orte another 
in the Focus G, where they crofs. Neither will the 
red upon the Paper be changed by any alternate fiop ... 
ping, and letting pafs the violet which crolieth it.. ~ 

And if the Paper be placed at the Focus G, and the 
\vhite round l1nage at G be viewed through the Priim 
HI K, and by the ref aCtion of that Prifin be tr3ni1ated 
o the place r v, and there appear tinged with various 

Colours, n1mely, the violet at v and red at r, and 
others between, and then the red Colour at the Lens be 
often ftopt and let pafs by turns, the red at r will ac
cordingly difappear and return as often, but the violet 
at v \vill not thereby fuifer any change. And fo by 
flopping and letting pafs alternately the blue at the 

Lens, 
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·Lens, tl e blue at f will accordingly diH1ppear and re ... 
turn, without any change 1nade in 4-he red ·at r. The 
red therefore depends on-one fort of rays, and the blu~ 
on another fort, which in the Focus G \vhere they are 
corntnixt do not aCt on one another. And there is the 
fame reafon of the other Colours. 

I confidered further, that \N hen the tnnft refrangible 
rays Pp, and the leaf! refrangible ones T t, arc by con
verging inclined to one another, the Paper J if held very 
oblique to thofe rays in the Focus G, tnight refleCt one 
fort of them more copiouily than the other fort, and by 
that 1neans the reflected Light \Vould be tinged in that 
Focus with the Colour of the predo1ninant rays, pro ... 
vidcd thofe rays feverally retained their Colours or eo ... 
lorific qualities in the compofition of white made by 
then1 in that F'ocus. But if they did not retain them 
in that \vhite, but beca1ne all of them feverally endued 
there with a difpofition to ftrike the fcnfe with the per
ception of \vhite, then they could never lofe their white ... 
neis by fuch reflexions. I inclined therefore the Paper 
o the rays very obliquely, as in the fecond Experitnent 

.o- this Book, that the m oft refrangible rays 1night be 

.tnore copioui1y refletl:ed than the reft, and the white .. 
nefs at length changed iucceffively into blue, indico 
and riolet. Then I inclined it the contrary way, that 
the ~ft refrangibl~ rays might be rnore copious in the 
refletted Light than the reft, and the whitenefs turned 
fucceffively to yellow, orange and red. 

Laftly, I 1nade an Inftrument X Y in faihion of a 
Comb, whofe Teeth being in nurnber fixtecn were 
about an Inch and an half broad, and the intervals of the 
, r eeth about tw·o Inches \Vide. ,-fhen by inte.rpofing 

fuc--
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fucceffively the Teeth of this Inftrurnent near the Len __ , 
I intercept~d part of the Colours by the interpofed 
Tooth, whllft the reft of thetn went on through the in ... -
terval of the Teeth to the Paper DE, and there pain
ted a round folar Image. But the Paper I had firft pla
ced fo, that the Irnage rnight appear white as often 
as the Comb was taken away; and then the Comb be ... 
ing as was faid interpofed, that whitenefs by reafon of 
the intercepted part of the Colours at the Lens did al ... 
ways change into the Colour cotnpounded of thofe 
Colours which were not intercepted, and that Colour 
was by the n1otion of the Cornb perpetually varied fo, 
that in the pa$ng of every Tooth over the Lens all 
thefe Colours red, yellow, green, blue and purple, did 
always fucceed one another. I caufed therefore all the 
1~eeth to pafs fucceffively over the Lens, and when the 
motion was ilo\v, there appeared a perpetual f ucceffion 
of the Colours upon the Paper: But if I fo much acce
lerated the Inotion, that the Colours by reafon of their 
quick [ ucceffion could not be difiingui fhed from one 
another, the a ppearancc of the fingle Colours ceafed. 
There \vas no red, no yellow, no green, no blue, nor 
purple to be feen any longer, but from a confufion of 
thetn all there arofe one uniforn1 white Colour. Of the 
Light which n~w by the 1nixture of all the Colours ap
peared white, there was no part really white. One 
part \Vas red, another yellow, a third green, a fourth 
blue, a fifth purple, and every part retains its proper 
Colour till it ftrike the Senforium. If the impreffions 
follow one another flowly, fo that they may be feve ... 
rally perceived, there is made .a diftinet.ieniation of all 
he Colours one after another 1n a continual fucceffion. 

aut 
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_._.ut if the impreffions follo\V one ~nother fo qui~kly 
that t ey cannot be feverall y pe1:cc.1 vedJ th.ere ~rifet.h 
out of thetn all one com1non feniat1on, wh1ch IS nei
ther of this Colour alone nor of that alone, but bath it 
felf indifferently to 'e1n all) and this is a ienn1tion of 
\vhitencfs. By the quicknefs of the fucceffions the irn
preffions of the feveral Colours are CJnfounded in the 
Senforiutn, and out of that confnfion arifeth a mixt fen
fa tion . If a burning Coal be ni1n bl y tnoved round in a 
Circle \Vith Gyrations continually repeated, the v/hole 
c.=ircle \V ill appear like fire; the reafon of \vhich is, that 
the fen fa tion of the Coal in the feveral places of that 
Circle re1nains itnpreft on the Senforiurn') until the 
Coal return again to the L11ne place. And fo in a 
quick confecution of the Colours the impreffion of every 
Colour retnains in the Senforium, until a revolution of 
all the Colours be cotnpleated, and that firft Colour re
turn again. The itnpreffions therefore of all the fucceffive 
Colours are at once in the Senforiun1,and joyntly ftir up 
a fenfation of thern all; and io it is tnanifeft by this Ex-
perirnent, that the cotntnixt itnpreffions of all. the Co
lours do fiir up and beget a feniition of white, that is, 
that \Vhitenefs is cotnpounded of an the Colours. 

And if the Comb be now taken awa , that all the 
'Colours may at once pais from the Lens to the Paper, 
and be there intermixed, and together retieeted thence 
to the Spectators Eyes ; their irnpreffions on the Senfo
riutn being now more ihbtily and perfectly co1n1nixed 
there, ought much more to itir up a fenfation .of white
'11efsc 

You 
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You may inftead of the Lens u[e tvvo P ri fins HI K 

a.nd L M N, \vhich by · refraG!ing the .coloured Light 
the contrary way to that of the firfl: refraCtion, n1ay 
make the diverging rays con verge and meet again in G, 
as you fee ~ reprefented in the feventh Figure. For _Fig;. 7. 
where they meet and mix t~ey will cotnpofe a white 
Light as when a Lens is ufed. 

EX PER. XI. 

Let the Sun's coloured In1age PT fall upon the Wall Fig. 8. 
vf a dark Chamber, as in the third Experiment of the 
fi.rft Book, and let the fame be -viewed through a Prifrn 
a b -e, held parallel to the Prifm AB C, by whofe refra-
Ction that Image was made, and let it now appear lo\ver 
than b~fore, fuppofe in the placeS over againft the red 
colour T. And if you go near to the Image PT, the 
SpeCl:rutn S will appear oblong and coloured like the 
Image PT ; but if you recede from it, the Colours of 
the Speetrutn S will be contracted tnore and more, and 
at length vanifh, that Spectrum S becoming perfecrly 
round and white j and if you recede yet further, the 
Colours will emerge again, but in a ·contrary order. 
Now that SpeCtrumS appears white in that cafe when 
the rays of feveral forts which converge from the feve~ 
ral parts of the Itnage PT, to the Prifin ab c, are fo 
refracted unequally by it, that in their paffage from the 
Priftn to the Eye they may diverge from one and the 
fa1ne .point of the Spectrutn S, and fo fall after\vards 
upon one and the i~une point in the botto1n of the Eye, 
and there be mingled. · 

0 A.nd 
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And further, if the Comb be here n1ade uie of, by 

whoie 1"'eeth the Colours at the Itnage PT may be fuc-
ceffively intercepted ; the Spectrum S when the Cotnb 
is moved £lowly · will be perpetually tinged with fuc
ceffive Colours : But when by accelerating the motion 
of the Comb, the fucceffion of the Colours is fo quick 
that they cannot be feverally feen, that Speetrurn S, by 
a confufed and mixt ienfation of them all, will appear 
white. ~ 

EX PER .. XII. 

The Sun fhining through a large Prifn1 AB C upon 
a Cotnb X Y, placed i1nmediately behind the Prifm, his 
Light which paffed through the interftices of the Teeth 
fell upon a white Paper DE. The breadths of the 
Teeth were equal to their interftices, and ieven Teeth 
together with their interftices took up an Inch in 
breadth. No\v when the Paper was about two or 
three Inches diftant fro1n the Co1nb, the Light which 
paffed through its feveral interftices painted fa 1nany 
ranges of Colours kl, Inn, o p, q r, (;)c. which were 
parallel to one another and contiguous, and without any 
tnixture of white. And thefe ranges of Colours, if the 
Comb was moved continually up and down with a re
ciprocal motion, afcended and defcended in the Paper, 
and when the motion of the Comb was io quick, that 
the Colours could not be diftinguifhed fi1 om one another, 
the whole Paper by ·their confufion and mixture in the 
Senforium appeared wh;te. 

Let 
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Let the Cornb novv reft, and let the Paper be reino

ved further from the Prifrn, and the feveral ranges of 
Colours will be dilated and expanded into one another 
more and rnore, and by 1nixing their Colours \vill di .. 
lute one another, and at length, when the difiance 
of the Paper from the Comb is about a Foot, or a 
little more ( fuppofe in the plac~ 'l D 'lE) they will 
io far dilute one another as to become white. 

With any Obfiacle let all the Light be now ftopt 
which paffes through any one interval of the Teeth, io 
that the range of Colours which cotnes from thence may 
be taken away, and you \vill fee the Light of the reft of 
the ranges to be expanded into the place of the range 
taken away, and there to be coloured. Let the inter
cepted range pafs on as before, and its Colours falling 
upon the Colours of the other ranges, and mixing \Vith 
thern, will reftore the whitenefs. 

Let the Paper 'l D 2 E be now very much inclined to 
the rays, fo that the moft refrangible rays may be more 
copiouf1y refletted than the reft, and the \Vhite Colour 
of the Paper through the excefs of thofe rays \V ill be 
changed into blue and violet. Let the Paper be as 
Inuch inclined the contrary way, that the leaft refran.., 
gible rays may be now n1ore copioufly reflected than 
the reft, and by their excefs the whitenefs will be 
changed into yellow and red. The feveral rays there
fore in that white Light do retain their calorific qua
lities, by which thofe of any fort, when-ever they be
conle more copious than the reft, do by their excefs 
and predorninance cauie their proper Colour to ap
pear. 

0 1 And 
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.A.nd by the fa1ne way of arguing, a pp lied to the third 

Experitnent of this Book, it tnay. be con~luded, t!1at 
the white Colour of all refraCted Ltght at 1ts very hri1: 
emergence, . where it appears as white as before its inci .. 
dence, is compounded of various Colours .. 

E. X P E R. XI I IQ 

In the foregoing Experiment the feveral intervals of 
the Teeth of the Cotnb do the office of fo many Prifms, 
every interval producing the Ph~non1enon of one Priftn. 

/ Whence inftead of thofe intervals ufing feveral Prifins, I 
try'd to compound whitenefs by mixing their Colours,and 

, did it by ufing only three Pri~ins,_ as alfo by ufing only 
Fzg. 1 o. two. as follows. Let t\vo Pr1fms AB C and ab c, whoie 

refraCting Angles Band. bare equal, be fo placed parallel 
to one another, that the refraCting Angle B of the one 
may touch the Angle c at the bafe of the other, and! 
their planes CB and c b, at which the rays emerge, 1nay 
lye in diretlurn. Then let the Light trajeEted through, 
them fall upon the Paper M N, difi:ant about 8 or 1 ~
Inches frotn the Priflns. And the Colours generatect 
by the interior limits B and c of the tvvo Prifins, will 
be Iningle,d at PT,,. and there co1n pound-\vhite. For if 
either Prifm be taken away, the Colours 1nade by the· 
other will appear in that place PT, and when the Priiin, 
is refiored to its place again, fo that its Colours may. 
there fall upon the Colours of the other, the rnixture.
of th.em. both will refture the whiteneis. 

This 
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This Experirnent fucceeds alfo, as I have tryed, \V hen 

the Angle b of the lower Prifin, is a little greater than 
the Angle B of the upper, and between the · interior 
Angles Band c, there intercedes fome fpacc B c, as · is 
reprefented in the Figure, and the refraCting planes 
BC and b c, are !neither in direCt: urn, nor parallel to 
one ~nother. For there is nothing more rcquifite to 
the fuccefs of this Experirnent, than that the rays of all 
forts may be uniformly mixed upon the Paper in the 
place PT. If the moft refrangible rays co1ning from 
the fuperior Priiin take up all thefpace from M toP, the 
rays of the fa1ne fort which come fro1n the inferior 
Prifm ought to begin at P, and take up all the reft of the 
fpace from thence tovvards N. It the leaft refrangible 
rays con1ing from the fuperior Prifrn take up the fpace 
I\1 T, the rays of the fatne kind\vhich corne· from the 
other Priiin ought to begin atT, and take.up theTetnain:
ing fpace T N . If one iort of the rays· \Vhich have in
termediate degrees of refrangibility, . and cotne from the 
fuperior Prii1n be extended through the fpace M Q, and 
another fort of thofe rays through the fpace ·M ··R, . and 
a third iort of thetn through the fpace MS, the fame 
forts of rays coining from the lower Prifm, ought to il
luminate the remaining fpaces QN, RN, SN refpe ... 
clively. And the fatne is to be underftood"'· of all the 
other forts of rays. For thus the rays of every fort vv.ill 
be fcattered uniforn1ly and evenly through the whole. 
fpace M N, and fo being every where mixt in the fatne 
proportion, they muft every where produce the f~un~e 
Colour. And therefore fince by this mixture they pro
duce white in the exterior fpaces MP. and T N, they 
rnufi alio produce white in the interior (pace PT. This . 

IS 
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is t 1e reafon of the compofition by whtch vvhttencf' 
,vas produ ed in this Experitnent, and by what othet 
\vay fo ver I tnade the like compofition the refult wa 
whitenefs. 

Laftly, If with the Teeth of a Comb of a due fize, 
the coloured Lights of the two Prifms which fall upon 
the fpace P 'I .. be alternately intercepted J that fpacc 
PT, when the tnotion of the Comb is flow, will always 
appear coloured, but by accelerating the motion of 
the Comb fo tnuch, that the fucceffive Colours can
not be diftinguiihed frotn one another it will a ppea 
Nhite. 

EX PER. XIV. 

Hitherto I have produced whitenefs by tnixing the 
Colours of Prifms. If now the Colours of natural Bo .. 
dies are to be mingled, let Water a little thickned-with 
Soap be agitated to raife a froth, and after that froth 
-has ftood a little, there will appear to one that fhall 
view it intently various Colours every where in the 
furfaces of the feveral Bubbles; but to one that ihall 
_go fo far off that he cannot diftinguifh the Colours fro In 
Dne another, the whole froth will _grow white \Vith a 
.perfe.Ct whitenefs. 

EX PER. X V. 

Laftly, in attempting to compound a white bv tnixing 
·t he coloured Powders which Painters ufe, I confidered 
.-that all coloured Powders do fu ppreis and Hop in 
ithe1n .a ve~y confiderable part of the Light by w·hich 

they . 
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hey are illun1inated. For they beco1ne coloured by 
eflec!ing the Light of their own Colours n1ore copioufly ,. 

and that of all other Colours more fparingly, and yet 
they do not refleCt the Light of their own Colours fo 
copioufly as white Bodies do. If red Lead, for in fiance, 
and a white Paper, be placed in the red Light of the 
coloured Specrrurn made in a dark Chatnbcr by the re ... 
fra&ion of a Prifrn, as is defcribed in the third Eperi ... 
1nent of the firft Book j the Paper will appear n1ore lu ... 
cid than the red Lead, and therefore reflects the red ... 
making rays more copiouily than red Lead cloth. A.nd 
if they be held in the Light of any other Colour, the 
Light reflecred by the Paper will exceed the Light re
fleCted by the red Lead in a much greater proportion. 
And the like happens in Powders of other Colours. 
And therefore by mixing fuch Powders we are not to 
expeCt a ftrong and full \vhite, fuch as is that of Paper, 
but fome dusky obfcure one, iuch as might arife fron1 a 
tnixture of light and darknefs, or from white and black,. 
that is, a grey, or dun, or ruff et brown, fuch as are the 
Colours of a Man's Nail, 9f a Moufe, of Allies, of or
dinary Stones, of Mortar, of Dufl: and Dirt in . High
\Va ys, and the like. . ~nd fuch a dark \Vhite I have 
often produced by m1x1ng coloured Powders. For thus 
one part of red Lead,and five parts of Viride .A?.r;~,com; 
pofed a dun Colour like that of a Moufe. For thefe 
two Colours were feverally fo coin pounded of others, 
that in both together were a mixture of all Colours; and 
there \vas lefs red Lead ufed than Viride .!Erz~_, becaufe 
of the fulnefs of its Colour. Again, one part of red 
Lead, and four parts of blue Biie, compofed a dun Co-
ou ~ verging a little to purple, and by adding to tlus a . 

cer a1 
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certain Inixture of Orpiment and Vzridi lEris in a due 
proportion, the tnixture loft its purple tinfture, and be.., 
came perfeB:ly dun. 'But the Experiment fucceeded beH: 
without Miniutn thus. To Orpirnent I added by little 
and little a .. certain full bright purple, which Painters 
ufe-untitthc Orpim·ent ceafed to be yellow, and became 
af a pale red. Then I diluted that red by adding a 
little Viride .JE~rt~, and a little more blue Bife than 1/i., 
ridi LErr:S, until it :became of fuch a grey or pale \vhite, 
as verged to no one of the Colours more than to ano
ther. For thus it became of a Colour equal in white., 
neis to that of Allies or of Wood newly cut, or of a 
Man's Skin. The Orpiment refletl:ed tnore Light than 
did any other.ofthe Powders, and therefore conduced 
1nore to the whitenefs of the ,corn pounded Colour than 
they. To affign the propGrtions accurately tnay be 
difficult, by reaion of the different goodnefs of Po~·
ders~f the fame kind. Accordingly as the Colour of 
any Po\vder is rnore or lefs full and luminous, it ought 

· to be ufed in a lefs or greater proportion. , 
Now confidering that thefe grey and dun Colours 

may be alfo .produced by mixing whites and blacks, and 
by confequence differ frotn perfeCt whites not in Species 
of Colours but .only in degree oflurninoufnefs, it is tna .. 
nifeft that there is nothing more req uifite to 1nake 
them perfeetly \Vhite than to increafe their Light fuffi ... 
ciently; andJ on the contraryJ ·if by increafirig their 
Light they can -be brought to perfeCt whitenefs, it will 
t hence alio follow., that they are of the i~un.e Species of 

, Colour with the befi: whites, .. and differ fro1n them only 
in the quantity of Light. And this I tryed as follows .. 
. .I took the third of the abov.e-1nentioned grey rnixturcs 

(that 
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( that \vhich was compounded of Orpitnent, Purple, 
Bife and Viride ~rJ~) and rubbed it thickly upon the 
floor of my Chambe1\_, where the Sun fhone upon it 
through the opened Caien1ent ; and by it, in the fha
do\V, I laid a piece of \Vhite Paper of the farne bignefs. 
Then going from them to the diftance of I 1 or I 8 Feet, 
fo that I could not difcerrt the unevennefs of the fur£1ce 
of the Po\vder, nor the little fhadovvs let fall fr.otn the 
gritty particles thereof; the Powder appeared intenfly 

-white, fo as to tranfcend even the Paper it felf in white
nefs, efpecially if the Paper \Vere a little fhaded fro1n 
the Light of the Clouds, and then the Paper co1npared 
with the Powder appeared of fuch a grey Colour as the 
Powder had done before. But by laying the Paper 
where the Sun fhines through the Glafs of the Window, 
or by ibutting the Window that the Sun might fhine 
through the Glafs upon the Powder, and by fuch other 
fit 1neans of increafing or decreafing the Lights where
with the Powder and Paper were illuminated , the 
Light wherevvith the Powder -is illurninated may be 
made fironger in fuch a due proportion than the Light 
where\vith the Paper is illuminated, that they OJ.all both 
appear exauly alike in whiteners. For \Vhen I was 
trying this, a Friend coming to vifit me, I ftopt him 
at the door, and before I told him what the Colours 
were, or what I was doing; I askt hin1, Which of the 
two \vhites were the beft, and wherein they differed ? 
And after he had at that diftance viewed them well, he 
anfwered, That they were both good whites, and that 
he could not fay vvhich was beft, nor wh~rein their Co
lours differed. Novv if you confider, that this \Vhite 
of the Powder in the Sun ... fhine \Vas compounded of the 

P Colours 
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Colours which the cotnponent Powders ( Orpiment, 
Purple, Biie, and Viride ./Eru) have in the fame Sun ... 
ihine, you muft acknovvledge by this Experi1nent, . as 
well as by the former, that perfett whitenefs may be 
compounded of Colours. 

From what has been faid it is alfo evident, that . the 
white.nefs of the Sun's Light is cotnpounded. of all · the 
Colours vvherewith the feveral forts of rays whereof 
that Light confifts, when by their feveral refrangibili.-. 
ties they are feparated fro1n one another, do tinge Paper 
or any other white Body whereon they fall. For thofe 
Colours by Prop:. '2. are unchangeable, and whenever 
all thofe rays with thofe tltei1:· Colours. arc mixt again, 
they reproduce. the,fame·white Light as - before~. · 

In a rnixture ~f .prirnary Colours, the 'quantity and quality-
. of each !J.eing· g·iven, to .. kno'<.PJ "the Colour: of the corn,. 
pot?nd .. . 

Fi(J' .. 11 ~- With theCenter o ··and Radius OD dcfcribe a Circle 
0 AD F, and 'diftinguiih its· circumference into ieven parts 

DE, EF,_ FG, G~A, A .B) B"E, CD, proportional t~ 
the [even ·1nu£ical Tones-or: lnt@rva1s,of the eight Sounds, 
~"(:)!, la, _ fa, fol; la, mi, .fa, fol-, cont:ained ia an Eight, 
1 • •. 1 1 b·l T t J I l t 1at 1s, p.roEorttona tot 1e nu m e-rs -9 , ;-6 , -;0 ' 9, lo, 16, 

:;;.' Let the firft p~rt D'E repreicnt a red Colour, the 
fecond E F orange, the third -F G .. yello\v, the fourth 
G·.H : green~ the -fifth AB · blue, the fixth BC ., iooico, 
and' the fev.enth ,C D.v iolet. r~ndi conceive that thefe 
are all the Colours of uncotD})Ounded :. Light ··gr.adu:llly 

palling 
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paffing into one another, as they do when n1ade by 
Priftns ; the circumference DE F GAB CD, repreien ... 
ting the vvhole ieries of Colours from one end of the 
Sun's coloured ltnage to the other, fo that frotn D toE 
be all degrees of t·ed, atE the tnean Colour between red 
and orange, from E to Fall degrees of orange, at F the 
tnean between orange and yellow, from F to G all de ... -
grees of yello\v, and fo on. Let p be the cent er of 
gravity of the Arch DE, and q, r, s, t, v, x, the centers 
of gravity of the Arches EF, F'G, GA, AB, BC 
and CD refpeCtively, and about thofe centers of gra ... 
vity let Circles proportional to the number of rays of 
each Colour in the given mixture be deicribed; that is, 
the circle p proportional to the nutnber of the red ... rna
king rays in the tnixture, the Circle q proportional to 
the number of the orange-making rays in the mixture, 
and fo of the reft. Find the cornmon center of gravity 

·of all thofe Circles p, q, r, s, t, v,x. Let that center 
be Z ; and from the.center of the Circle A D F, through 
Z to the circumference, drq.wing the right line 0 Y, 
the place of the point Y in the circumference fhall fhew 
the Colour arifing frotn the compofition of all the Co
lours in the given mixture, and the line 0 Z fhall be 
proportional to thefulnefs or intenfenefs of the Colour, 
that is, to its diftancc from whitenefs. As if Y fall in 
the middle bet\veen F and G, the compounded Colour 
fhall be the beft yellow j if Y verge from the 1niddle to
vlards F or G, the con1 pounded Colour fha~l according .. 
1 y .be a yellow, verging towards orange or green. If Z 
fall . upon the circu1nference the Colour fhall be intenfe 
and florid in the higheft degree j if it fall in the mid 

·-w,~y bet\veen the .circurnference and .center, it fhall be 
.P ~ but 
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but half fo i"ntenfe, that is, it fhall be fuc h a Colour as 
\vould be tnade by diluting the in ten felt yellow with an 
equal quantity of whitenefs; and if it fall upon the 
center O, the CoJour fhall_h~ve l)ljOc -all its it2tenf~nefs, 
and beco1ne a wh1te~ B.ut 1t 1sA'O be noted., 1. hat 1f the 
point Z fall in or near the line Q D,~ the main ingredients 
being the red and violet) the Colour cotnpounded fhall 
not be any of the prifinatic Colours, but a purple, in ... . 
clining to red or violet, accordingly as the point Z 
lieth on the fide of the line D 0 towards E or to\vards C, 
and in general the co1npounded violet is more bright and 
1nore fiery than the uncompoundedo Alfo if only two. 
of the pritnary Colours which in the .Circle are oppofite 
to one another be tnixed in an equal' proportion, the 
point Z ihall fall upon the center OJ and yet the Co
lon: compounded ~f thofe two ihall not be perfetl:ly 
white, but fame fatnt anonymous Colour. For I could 
riever yet by tnixing orily two primary Colours produce 
a r erfeet l hite. · Whether it ma~ be compounde~l of a 
mtxture of three taken at equal dtftances 111 the ctrcutn-
ference I do not kno\v,, but of four or five I do not much 
queftion but it inay. But thefe are curiofities of little 
or no moment to the underftanding the Ph~nomena· of 
nature.. Fgr in all Vv·hites produced by nature, there 
ufes to be a mixture of all forts of raysl and by confe ... 
quence a compo.fitioil of all Colours ... 

To give an inftance of this Rule; fuppofe a Colour is 
cotnpounded of thefe homogeneal Colours, of violet 
I part, of indico ·I part, of blue 'l parts, of green 3 parts, 
of yellow 5 parts, of orange 6 par.ts, .and of red I o parts. 
Proportional to thefe parts I: defcribe the. Circles x, v, t, 
s~ r, q, p refpetl:ively, that is, fo that if the Circle~ 
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be I., the Circle v tna y be I, the Circle t ~, the Circle 
s- 3, and the Circles r, q and p, 5, 6 and I o. Then I 
find Z the cornrnon center of gravity of thefe Circles, 
and throag: Z dr~nving the line 0 Y, the point Y falls 
upon the cilC1Hnference between E and F, forne thing 
nearer_ t-o F__.. tl~a to F, and thence I conclude, that the 
Colour cornpounded of thefe ingredients will be an.· 
orange, vergit g a little more to red than t~ yellow. 

• Alfo I find that 0 Z is a little lefs than one half of 
0 Y, and thence I conclude, that this orange hath a 
little lefs than half the·fulnefs or intenfenefs of an un-........-------
--~ompoueded orange j that is to fay, that it is fuch an 
orange a~ 1nay be rnade by mixing an ho1nogeneal orange . 
with a good white in the proportion of the line 0 Z to ~· 
th-= line Z Y, this proportion being not of the quantities 
of rnixed orange and white powders, but of the quan-
tities of the lights refietl:ed from them. 

This Rule I conceive accu-rate enough for pratlife, 
though not mathematically accurate ; and the truth of 
it may be fufficiently proved to fenfe,_ by ftopping any 
of the Colours at the Lens in the tenth Experitnent of 
this Book. For the reft of the Colours which are not _ 
ftopped, but pafs on to the Focus of the Lens, wilt 
there compound either accurately or very nearly fuch 
a Colour as by this Rule oug~t to refult from . th.eir.. 
mixture .... 
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PP~OP.VII. THEOR.V . 

. 'All the ColourJ in tbe Univerfe wl:;ich are made /;y L;gl1t
1 

and depend not on tbe po'7.PJer· ~f imagination, are 
either the Colours of homog·enel~l Light·s, or compounded 
-0j thefe and tbat either accurately or· very nearly, ac ... 

"cording· . .to .the ~ule of the foregoing; 'Problem. 

'For it has been proved ( in Prop. r. lj;t. '2.) that the 
-. changes of ,Colours tnade by refraCtions do not arife 
from any new modifications of the rays itnpreft by thofe 
refraetions, and by the various tertnination ~ of light 
·and fhadow, as has been the conftan t and general opi-
nion ofPhilofophers. It has alfo been proved that the 
ieveral Colours of the homogeneal rays do conftantly 
·anf wer to their degrees of refrangibility, (Prop. 1. fjr.y. 
and Prop.~. ~/l.) and that their degrees of refrangi ... 

. bility -cannot be changed by refrattions and retlexions, 
(Prop.~?~.btb.. I.) and by confequence that thofe their 
·Colaurs are likewife itntnutable. It .has alfo been pro
ved·· direttly by refra·eting and -refletting hon1ogeneal 
Lights a~, that their Colours cannot be changed, 
(Prop.~. .~.) It has been proved alfo, that when 
the feveral forts of rays are mixed, and in er offing pafs 

.. through the fame fpace, they do not a a on one another 
fo a~ change each others colorifick qualities, (Exper. 
.. 1 o. · . t;l.) but by 1nixing their aCtions in the Senfo .. 
TiHm beget a ienfation differing frotn \V hat either would 
.. ,do apart, that is a fenfation of a mean -Colour bet\veen 
·their proper Colours; and particularly when by the
-tl!Oncourfe and mixtures of all forts of r~ys, a,. white 

Colour 
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Colour is produced, the white is a Inixture of an tlie 
Colours which the rays \Vould have apart, ( Prop. 5· 
~~ '2.) The rays in that tnixture do not lofe or alter 
their feveral colorifick qualities, but by all their various 
kinds of a et ions mixt in the Senforium, . beget a fenfa.,. 
tion of a rniddling Colour between all their Colours· 
which is vvhitenefs. For whitenefs is a 1nean between ·; 
all Colours, having it felf indifferently to them a11, io 
as \Vith equal facility to be tinged with any of them. _ 
A red Powder tnixed \vith a little blue, or a. blue with 
a little red, cloth not preiently laic its Colour, . but a · 
white Po\vder mixed with any Colour is prefently tin..; 
ged \Vith that Colour, and is equally capable of beino: . 
tinged with any Colour what-ever. It has been iliewed ~ 
alfo, that as the Sun's Light is 1nixed of all forts of rays, . 
fo its \Vhitene[s is a rnixture of the Colours of all forts -
of rays; thofe rays having frorn the beginning their fe- . 
veral ', coloFific qualities as well as their ieveral refrangi; , 
bilities,- and /retaining them perpetually, unchang'd not
\vithfi:anding any refracrions or reflexions they tnay at 
any titne futfer, and:. that when ... ever any fo1;t of the · 
Sun's rays is by~ any means (as by reflcxion in Ex per. 9 . 
and 1 o. ~I. or by refraCtion as happens in all re
fraCtions) feparated frorn the reft, they then 1nanifeft 
their proper Colours. Theie things have been proved; 
and the fu1n of all this amounts to the PropD1ition .here 
to~. be proved. For if the Sun's Light . is 1nixed of fe ... 
veral forts of rays, each of \vhich have origU,1ally . their , 
feveraL.refrangibilities and· .colorifick·;quliities, and not ... . 
withfianding .their refraetions·:and reHetl:ions, and their, 
various feparations or tnixtures, keep_. thofe their . .ori
ginal r roperties perpetually_, the faine '.vithout .al~era -

tlon ., -. . ) 
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··tion ; then all the Colours in the World muft be fuch as 
·-conftantly ought to arife from the original c_olorific qua ... 
lities of the rays whereof the Lights c~nhft by ~hich 
thofe Colours are fcen. And. therefore 1f the reJfon of 
any Colour what. .. ever be required, we have nothing elie 
to do then to confider how the rays . in the Sun's . Light 
have by re.flexions or refract'ions, or other caufes been pJr .. 
·ted fro1n one another ,or mixed together; or otherwite to 
'find out what forts of rays are in · the' Light by which 
that Colour is tnade, and in what proportion; and 
·then by the laft Proble1n to learn the Colour which 

.~ought to arife by mixing thofe rays (or their Colours) 
in that proportion. I (peak here of Colours fo far as 
·they arife fron1 Light. For they appear fon1etimes by 
other caufes, as · when by the power of phantafy we 
fee Colours in a Dream, or a mad Man fees things before 
hitn which are not there; or\vhen \Ve fee Fire by firiking 
the Eye, or fee Colours like the Eye of a Peacock's 

·.Feather, by preffing our Eyes ·in either corner whilfi 
we look ·the other way. Where thefe and ii1ch like 
;£aufes interpofe not, the Colour always anfwers to 
the fort or forts of the rays whereof the Light confifts, 
:as I have conftantly found in what .. ever PheEnoinena of 
::Colours l have hitherto been able to examin. I !hall in 
the follo\ving Propofitions give inftances of this in the 
:Phrenomena .of chiefeft note" 

PROP~ 
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By the difcovered Properties ~f Lig·ht to explain the 
Colours rnade 6y 'Prijms. · 

' . 

Let AB C reprefent a Priim refraCting the Light of Fig·. 1 ~ .. 
the Sun, which corne3 into a dark Chamber through a 
Hole F <p almofi: as broad as the Prifin, and let M N 
reprefent a white Paper on which the refracted Light is 
cafr, and fuppofe the mofi: refrangible or deepefi violet 
1naking rays fall upon the fpace P 1r, the leaft refran-
gible or decpefi: red-making. rays upon the fpace T'7, 
the middle fort between the Indico-rnaking aud-blue ... 
tnaking rays upon the fpace Ux, the middle fort of the 
green.,tnaking rays upon the fpace Re, the middle fort 
betv.;een the yello\v.,making and orange-making rays 
upon the fpace Sa' and other interrnediatc forts tlpon 
intermediate fpaces. For fo the fpaces upon which the 
feveral forts adequately fall will by reafon of the ditfe ... 
rent refrangibility of thofe forts be one lower than ano-
ther. Now if the Paper MN be fo near the Prifin that the 
fpaces PT and 7f1 do ·not interfere with one another, the 
diftance between them T 1r will be illuminated. by all 
the forts of rays jn that proportion to one another which 
they have at their very firft coining out of the Prifin, 
and confequently be 'vhite. But the fpaces PT and 711 
on either hand, will not be illun1inated by thetn all, 
and therefore will a pp ear coloured. And particular! y 
at P, where the outmoft violet.,making rays fall alone, 
the Colour rnuft be the deepeft violet. At Q\vhere the 
violet-1naking and indico--1naking ra:ys are mixed , it 

Q muft 
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muft be a violet inclini~g 1nuch to indico. At R where 
the violet, making , indico,making, blue,m(Jking, and 
one half of the ·green~making rays are mixed, their Co
lours mufi: ( by the conftrutl;ion of. the fecond Problern) 
cornportnd a-middle Colouir betw.een indico and blue. 
At S where all the rays are mixed except the red ... n1a ... 
king and orange-making, their Colours oug~t by the _f~une 
Rul~ to ·c~o_mpoilnd .a~ faint blue, . verging tnore . to green 
than 'indieo. And'i'n the progrefs from S •to T, this blue 
will grow tnore 'ar\d n1ore faint and dilute, till at T, 
w·here -all the' Colour~ ·begin to be _1nixed , it end in 
whiten:efs. I t .. ~ 1 

·, ' 

0 

• 

So :again, on the other fide of the \vhite at i, where 
the 'leaft \tefrangiblebr ut~oft' re,~~maling rays are alone 
.the C6lour 'tnufF·be the deepeft red. At a the mixture 
of .tted ·and' dt!tn'ge \vill .con1pound a re~ inclining t:> 
orange. At e the mixture of red, ora_nge, yellow, and 
one half ofrthe green niuft ·compound a middle Colour . 
betwetn orange arid ·yellow. A~ x the mixture of all 
Celours but vrolet and' indico will compound a faint 
yellow, verging . more to gre~~ than to orange. And , 
this yellow w:ill :grow inore fa~nt ·and dilute continually 
in· its progrefs fro1n x to 7f' where by a ·mixture of all ' 
forts of rays it will becotne white~ · 

-Thefe Colours ought to appear were the Sun's Light 
perfettly ~white: But becaufe it inclines ~o yello\v,theex
cefs of the·yellow-1naking rays \V hereby 'tis tinged with 
that Colour, being tnixed \vith the t1int blue. between 
sand r, \Vill draw it to a faint green~ And fo the 
Colours in order fro1n P to')( ought to be violet)· indico,~ 
blue, very f-aint- green, white, faint yellow, orang~, . red. 
Thus it is by the computation:. And they that pleafe to . .. 

VleW 
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view the Colours tnade by a Priiin \Vill find it -fo in 
Nature. 

Theie are the Colours on both fides the white, wheti 
-the Paper is held between the Prifin, and the point X 
where the Colours meet, and the interjacent white va
nifhes. For if the Paper be held ftill farther off frotn the 
Prifm, the m oft refrangible and leaft refrangible rays 
will be wanting in the middle of the Light, and the reft 
of the rays which are found there, will by mixture pro
duce a fuller green than before. Alfo the yellow and 
blue will now become lefs compounded, and by con.-. 
tequence more intenfe than before. And this alfo 
agrees with experience. 

And if one look through a Priiin upon a white ObjeCl: 
encompaffed with blacknefs or darknefs, the reafon of 
the Colours arifing on the edges is tnuch the fame, as 
will appear to one that fhall a little confider it. If a 
black Object be encompaffed \vith a white one, the Co
lours which appear _through the Prifin are to be derived 
from the Light of thew hite one, fpreading into the Re-
gions of the black, and therefore they appear in a con
trary order to that., in which they appear when a white 
·Object is furrounded with black. And the fatne is to· 
be under4lood when an O.bjeB: is viev.red, whofe parts 
are fome of them lefs 6lutninous than others. For in the 
Borders of the rnore ·<and lefs luminous parts, Colours 
ought always by ~he fan1e Principles to arife ftom the 
·excefs of the Light of the more luminous, and to be of 
the fame kind as if the darker parts were black, but yet 
to be more faint and dilute. 

t; i-~ 
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What is fa id of Colours rnade by Prifrns 1na y be eafil y 

applied to Colours made by the Glaffes ofTelefcopes,. 
or Microfcopes., or by the hurnours of the Eye. For if 
the ObjeCl:...glafs of a Telefcope be thicker on one fide 
than on the other, or if one half of the Glafs, or one 
half of the Pupil of the Eye be covered with any opake 
fubftance: the Objcet-glais, or that part of it or of the 
Eye which is not covered, may be confidered as a Wedge 
\Vith crooked fides, and every Wedge of Glafs, or other 
pellucid fubfta~c.e, has the effecr of a Prifin in ref~aCting 
the Light \vhich paffes through it. 

How the Colours in the 9th and I oth Experiments 
- of the firft Part arife from the different refiexibility of 

Light,is evident by what was there faid. But it is obfer
vable in the 9th Experiment, that \vhilft' the Sun's di ... 
rea Light is yello\v, the excefs of the blue-making 
rays in the refleCted Beam of Light MN, fuffices only 
to bring that yellow to a pale white inclining to blue,_ 
and not to tinge it with a manifeftly blue Colour. To. -
obtain therefore a better blue, I ufed inftead of the yel.~ 
low Light of the Sun the white Light of the Clouds, by 
varying a little the Experi1nent as follow~ 

EX PER. XVJ. 

Fio-. 1 3. Let H F G reprefent a Prifm in the open Air, and S 
0 the Eye of the Spectator, vie~ing the Clouds by their 

.Light con1ing into the Priiin at tbe plane fide F' I G K, 
and refleCted in it by itsbafe HE I G, and thence going . 
out through its plain fide HE F K to the Eye. And 
when the Priftn and Eye are conveniently placed, fo 
that the Angles- of incidence and reflexion at the bafe 

1nay 
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may be about 40 degrees, the Spe6l:ator \vill fee a Bo\V· 
M N of a blue Colour, running frotn one end of the 
bafe to the other, \Vith the concave fide towards him, 
and the part of the bafe I M N G beyond this Bow \V ill -· 
be brighter than the other part EM N H on the other 
hde ot it. This blue Colour M N being rnade by no.- · 
thing elfe than by reflex ion of a fpecular fu perficies, 
fcerns fo odd a Phreno1nenon., and fo unaccountable for· · 
by the vulgar H ypothefis of Philofophers, that I could ·" 
not but think it deferved to be taken notice of. . N O\V · 

for underftanding the reafon. of it, ,fuppofe the plane · 
AB C to cut the plane fides and. bafe .of the Prifin per- ~ . 
pendicularly. From the Eye to the line BC, wherein that · 
plane cuts the bafe, draw the lines S p and S t, -: in the ,. 
Angles S pc so de~l· ~, and S t c 4-9 degr. ~8 , ... and the " 
point p will be the limit beyond which none of the 1noft ; 
refrangible rays can pafs through the bafe of the Prifm, . 
and be refraCled, whoie incidence is fuch th~t they 1nay 
be retle&ed to the Eye; and the point t will be the like · 
limit for the .leaft refrangible rays, that is, beyond 
\vhich none of the1n can p~fs thr.ough the bafe, whofe ~ 
incidence is fuch that by reflexion they 1na y corne to the -
Eye. And the point r taken in the tnicldle way between : 
p and t, will be the like li1nit for the meanly refrangible ·, 
rays. And therefore all t~~frangible rays which fall . 
upon the bafe beyond t, .that is, bet\veen t and B, . and . 
run co1ne from thence to the . Eye 'vil1 be reflected thi- .. 
ther : But on this fide t, that is, between t and c, many 'l 

of thefe rays will be tranfmitted through the bafeo . 
And all . the moft refrangible rays \Vhich fall upon the .: 
bale beyond p, that is , between .p and B, and c n ·by ; 
.cftey_ion come fro1n thence to.the £ye, w~ll be refleCted·· 

· · · thithcrJ ·~ 
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t hither, but every where ~etween r and c, tn!Iy of 
t hefe rays will get th.rough the bafe and be refracted ; 
and the fame is to be underftood of the tneanly refran
gible rays on either fide of the point r. Whence it tol~ 
lows, that··thc bafe of the Prifln tnuft every where he
.t\veen t and B, by a total reflexion of all forts of rays to 
the Eye, 'look white and bright. And every where 
bet\veen p and C, by reaion of the traniiniffion of tnany 
rays of every fort, look tnore pale, obfcure and dark. 
'But--at r, and in other places between p and t, where 
.all the more refrangible rays are tefletted to the Eye, 
·.and many of the lefs refrangible are tranfmitted, the 
excefs of the tnoft refrangible in the refletled Light will 
tinge that Light \vith their Colour, which is violet and 
blue. And this happens by taking the line C p r t B any 
1\vhere bet\veen the ends of the Prifin H G and E I. 

PROP. IX. PROB. IV. 

By the difl:overed 'Properties of ~~f!;ht to explain the 
Colours of the R.ain,/Jow. 

This Bow never aP.pears but where it Rains in the 
·,Sun-fbine, and may be n1ade artificially by fpouting up 
Water which may-break aloft, and fcatter into Drops, 
and.fall down like Rain . For the Sun fhining upon theie 
Drops certainly caufes the Bow to appear to a Specta-
t or itanding in a dble pqfition to the Rain and Sun. And 
:hence it .is now agreed upon, that this Bo\v is tnade -by 
r efraction of the Sun's Light in Drops of falling Rain. 
This vvas underfl:ood by iome of the Ancients, and of 
.fate more fully difcovered and explained by the Famous 

A ntPnius 
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Antonitf.-5 de 'Dorninis_ Archbi!bop_of SpJl,tto, i'n. h~is Book.· ~ 
'De Radiis V~[ m · b..:L~ris, _ pub:lifhect.1by .his F rientt Bar;. 
tolus at Veni_r;ci if)~ ther Year I 6J 1, and written above 
twenty-.Y ~ars _bef.qrei Fpr he _ teach~es there ~ how the-
interior _Bow is 1nade.- ia round J)rops of Rain by two 
refraGl:iops of th~ Suo's _Lighti and one ' reflexion. -be-
tv.reen th~m, _a!J4:-the·_exterior : by ;t\v.o refractions· anti:t 
two . forts of reflexions between _them in · each Drop of 
Water, and proves his Explications by·· Experin1ents< 
made with a Phial full ofWater,and wiih GJobes ofGlafs. 
filled with W(;lter, and ·placec:L1n the-:· Sun to tna:ke the · 
Colours of the two .Baws: appear . in-thetn.· The -fa(1ne 
Explication · 'Dfs~Cartes hatli · purf ued in his Meteors,, 
and mended that of the exterior Be~'". But whilft they 
underftood not the true orig~n of Colou1·s,' it's neceffary · · 
to purfue_ it here a little furthe~~ · For underftanding .. 
therefore ho\v. the Bow is made, let a D~rop of ~Rain or. 
any other fpherical tranfparent Body be reprefented by _ 
the Sphere BN FG, defcribed with the Center C, and Fig·. lf,.. 
Semi ... diatneter CN. And let. AN be one of the Sun's 
rays incident upon it at N, . and . thence refraCted to F;. 
where let it either go out of the Sphere by refraCtion to-
\Vards V, or be tefletl:ed to G ; and at G -let it either go 
out by refraCtion to R, ·or be refleCted to H ;. and at H 
let it go out by refraCtion towards S, cutting the inci... · 
dent ray in Y j . produce AN and RG,_tiH they m.eet-in) 
X, and upon A X and N F let -falr the perpendiculars- · 
CD and C E, and produce CD till it fall U£011 the cir
cumference at L. Parallel to the incident ray AN draw:· 
the Diam.eter B Q, and let the fine pf incidence out of_ 
Air into Water be to the fine. of refraction as I to: 
R. No\v if you iuppofe. the pointof incidence N to,; 

mo.ve~ 
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·· 1nove ·frotn ·the point B, continually till it con1e to L, 
·· the Arch Q F will firft increafe and then decreafe, and 
fo will the Angle A X R which the rays AN and G R 
contain ; and the Arch Q F and Angle A X R will be 
biggeft when N D is to c ·N as t/ II-RR to t/ j R R, 
in which cafe NE \vill be to N-D as i R to I. Alfo the 
Angle AY S which the rays A N and H S contain will 
. firft decreafe, and then increafe and gro\v leaft when 
N D is to C N as t/ II-RR to 1/8 R R, in whicl~ cafe 
NE \V ill be to N D as 3 R to I. And fo the Angle vvhich 
the next etnergent ray (that is, the e.tnergent ray after 
·three reflexions ) contains with the incident ray AN 
·will corne to its litnit when ND is to CN as 1/ 11-RR to 
.1/r 5 RR, in which cafe NE will be toN D as 4R to I, 
. and the Angle \vhich the ray next after that emergent, 
that is, the ray etnergent after four reflexions, con, 
tains with the incident \Vill cotne to its litnit, \Vhen 
N D is to C N1 as t/ II-RR to 1/ ~4 R R, in which cafe 
NE \Vill be to N D as 5 R to I; and fo on infinitely, 

·the numbers 3, 8, I 5, ~4, be. being gather~d qy conti.-· 
· nualaddition of the terms of the arithmetical progrcffion 
3, 5, 7, 9,~c. The truth of all this Mathen1aticians will 
_eafil y examine. 

Now it is to be obferved, that as when the Sun co1nes 
·to his Tro_picks, days increafe and decreaie but a very 
little for a great while together; fo when oy increafing 
the diftance C DJ thefe Angles .come to their li1nits, 
they vary their quantity. but very little for iome time 
together, and therefore a far greater nurnber of the rays 
.which fall upon all the points N in th~ Quadrant 

.. B L , fhall ernerge in the limits of thefe Angles , 
u:hen in .any other inclinations. And further it is 

to 
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:to be obferved, that the rays which differ in refrangi-, 
bility will have different lin1its of their Angles of emer
gence, and by confequence according to their different 
degrees of refrangibility emerge moft copiouily in dif
ferent Angles, and being feparated frotn one another 
appear each in their proper Colours. And what thofe 
Angles are may be eafily gathered from the foregoing 
Theoretn by computation. 

For in the leafr refrangible rays the fines I and R (as 
vvas found above ) are I o 8 and 8 I, and thence by 
computation the greateft Angle A X R will be found 
41 degrees and ~ minutes, and the leaft Angle A YS, 
so degr. and 57 tninutes. And in the mofr refrangible 
rays the fines I and R are I 09 and 8 I, and thence by 
computation the greateft Angle A X R \vill be found 
40 degrees and I 7 minutes) and the leafi: Angle AY S 
54 degrees and 7 minutes. 

Su ppofe no\v that 0 is the SpeCtator's Eye, and 0 P a line Fig·. 1 5. 
drawn paral1el to the Sun's rays, and let POE, POF, 
P 0 G, P 0 H, be Angles of 40 dcgr. I 7 tnin. 4~ degr. 
2 tnin. -sodegr. 57 tnin. and )4 degr. 7 min. refpeCtively, 
and thefe Angles turned about their common fide 0 P1 
fhall with their other fides 0 E, 0 F; 0 G, 0 H de
defcribe the verges of two Rain-bows A FBE and 
CHDG. For if E, F, G, H, be Drops placed any 
where in the conical fu_perficies defcribed by ·0 E, 0 F, 
0 G, 0 H, and be illuminated by the Sun's rays SE, 
SF, S G, S H; the Angle SE 0 being equal to the 
Angle P 0 E or 40 degr. I 7 1nin. fhall be the greateft 
Angle in \vhich the tnofr reti1 angible rays can after one 
reflexion be r~fra6ted to the Eye, and therefore all the 
Drops in the line 0 E fhall fend the 1noH: refrangible 

R rays 
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a ys tnofr copiouily to the Eye, and thereby fb·ike ti e 

fenies \Vith the dcepeft violet Colour in tlr1t region. 
And in like manner the Angle SF 0 being equal to 
the Angle P 0 F, or 41 deg .. ·2 n1in. fhall be the greateft 
in which the leafr refrangible rays after one ·eflexion 
can emerge out of the Drops, and therefore thofe rays 
fhall cotne moft copiouily to the Eye frotn t 1e Drops ·in 
the line 0 F, and Hrike the fenfes with the dee1i'efi: red 
Colour in that region. And by the fam_e argument, 
the rays which have intermediate degree~ .of refrangibi-· 
lity fhall cotne tnoft copioui1y from Drops betw~cn 
E and F, and firike the fenfes with the intermedjatc 
Colours in the order which their degrees of refrangibi
lity require, that is, in the progrefs frotn E to F, or 
frotn the infide of the Bow to the outfide in this order, 
violet, indico, blue, green, yellow ,orange, red. But the 
violet, by the mixture of the \Vhite Light of the Clouds, 
will appear faint and incline to purple. JRe 

Again, the AngleS G 0 being equal to,_Angle P 0 G, 
or so gr. 51 min. fhall be the leafr Angle in which the 
leail: reti~angible rays can after t\vo reflex ions emerge out 
oft he Drops,and therefore the leaft refrangible rays fhall 
come tnoft copioufly to the Eye frotn the Drops in the 
line 0 G, and ftrike the fenie \vith the deepeft red in 
that region. ·And the AngleS H 0 being equal to the 
Angle P 0 H or 54 gr. 7 min. fhall be the leait Angle in 
which the tnoft refrangible rays after two refleCtions can 
e1nerge out of the Drops, and therefore thofe rays fhall 
co1ne tnoft copioufly to the Eye frotn the Drops in the 
line 0 H, and ftrike the icnies with the dcepeit violet in 
that region. And by the farne argutnent, the Drops in 
the regions between G and H fhall firike the fenfe with 

the 
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he lnterlnediate Colours in the order vvhich their de.
grees of refrangibility require, that is, in the proarefs 
fro1n G to H, or fro1n the infide of the Bo\v to the 

0

out ... 
fide in this order, red, orange, yellovv, green, blue, in
dico, violet. And fit ce theie four lines 0 E, 0 F, 0 G. 
0 H, may be fituated any vvhere in the above-n1entioned 
conical fuperficies, what is faid of the Drops and Co ... 
I ours in thcfe lines is to be underfrood of the Drops 
and Colours every where in thofe fuperficies. 

Thus fhall there be made two Bows of Colours, an 
interior and fironger, by one reflexion in the Drops, 
and an exterior and fainter by two ; for the Light be ... 
cornes fainter by every reflexion. And their. Colours 
fhalll y in a contrary order to one another, the red of 
both Bo\VS bordering upon the fpace G F which is be ... 
t\veen tLe Bows. The breadth of the interior Bow 
.E 0 F tneafured crofs the Colours fhall be I degr. 4 5 min. 
and the breadth of the exterior G 0 H fhall be 3 
t.eo-r. 1 o min. and the diftance between the1n G 0 F' 

!hall be 8 gr. 55 tnin. the greateft Seini .. diatneter of the 
innermoft, that is, the Angle P 0 F being 42 gr. ~min. 
and the leaft Semi-dian1eter of the outermoft P 0 G, be
ino· L:.o gr. 57 tnin. T 1efe are the meafures of the Bows, 

OJ ~ b • 
as they would be were the Sun ut a po1nt; for by the 
breadth of his Body the breadth of the Bows will be in~ 
:reafed and their diftance decreafed by half a degree, 
and fo the breadth of the interior Iris \vill be 1 degr. 
I 5 min. that of the exterior 3 degr. 40 min. their di ... 
: alJCe 8 degrf '-5 min. thP greateft Semi-diameter of the 
;nterior Bow + 2 degr. · I 7 tnin. and the leaft of the ex-
er·o_ 50 degr. 42 min. Ar d fuch are the di1nenfions 

ofthe 10V/S _..l the f1 ~avez ·:; found to be very nea ly, 
) ~ · wh n 
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'\V hen their Colours a pp ear ftrong and perfea·~ Fur~ 
once, by fuch n1eans as I then had> I 111e1fured' the 
greateft Serni-dian1eter of the interior Iris about 42 de~ 
grees, the breadth of the red} yellow and green in that 
Iris 6 3 or 64 minutes, befides the outrnoft faint red ob ... 
fcured byf.brightnefs of the Clou·ds, for \vhich \Ve 

1nay allo-vv 3 or 4 tnin.utes more. The breadth of the 
blue was about 40 tninutes more befides the violet 
which vvas fo much obfcured by the brightnefs of th~ 
Clouds, that I cou1d not tneaiure its breadth. But 
fupp.ofing the breadth' of the blue and violet together 

, to ~qual that of the red, yellow and green together, the 
whole breadth of this Iris will be about 2; degrees as 
above. The leaft diftance between this Iris and the ex ... 
terior Iris was about 8 degrees and 30 n1inutes. The ex~ 
terior Iris was broade-r than the interior, but fo faint> 
efpecially on the blue fide, that I could not meaiure its 
breadth diftint!ly. At another time when both Bows 
appeared more diftincr, l rneafured the breadth of the 
interior Iris ~ gr o 1 o', and the breadth of the red, yeL
low and green in the exterior Iris, \vas to the breadth 
of the fame Colours in the interior as 3 to 2 o 

This Explication of the Rain ... bow is yet further con .. 
firrned by the known Experiment ( made by Antonius 
de 'Domz"nis and ·'Des ... Cartes) of hanging up any where 
in the Sun ... ibine a G.lafs-Globe filled wi.th Water, and 
viewing it in fuch a pofture that the rays which con1e 
from· the Globe to the Eye may contain with the Sun's 
rays an Angle of either 4~ or 50 degrees. For if the 
Angle be about 4~ or 43 degrees,, the Spectator ( fup .. 
pofe at 0) 'fhall iee a full red Celour in that fide of the 
Globe oppofed to the Sun as 'tis reprefented at F, and 

if 
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if that Angle become lefs ( iuppofe by depre1Ting the 
Globe to E) there will appear other Colonrs, yello\v, . 
green and blue fucceffively in the farne fide of the Globe. 
But if the Angle be 1nade about so degrees (fuppofe by 
lifting up the Globe to G)there will appear a red Colour 
in that fide of the Globe to\vards the Sun, and if the 
Angle be made greater (fuppofe by lifting up the Gl9be 
to H) the red \vill turn fucceffively to the other Colours. 
yellow, green and blue. The fatne thing I have tried by, 
letting a Globe reft, and raifing or depreffing the Eye, .. 
or other\vife moving it to make the Angle of a jufl 
magnitude. 

I have heard it reprefented, that if the Light of a, 
Candle be refraCted by a Priftn to the Eye; when the 
blue Colour falls upon the Eye the SpeEtator fhall fee 
red in the Prifm, and w_hen the red falls upon the Eye 
he fhall fee blue; and if this were certain, the Colours 
of the Globe and Rain~ bow ought to appear in. a con
trary order to what we find. But the Colours of the 
Candle being very faint, the miftake feems to a rife fr 01n 
the difficulty ~f difcerning what Colours fall on the 
Eye. For, on the contrary, I have fometimes had oc
cafion to obferve in the Sun's Light refra6led by a Prifm, 
that the SpeCtator always fees that Colour in the Prifm 
which falls upon his Eye. And the 1Iune I have found 
true alfo in Candle-Light. For \V hen the Prifm is mo~· 
ved flowly from the line which is drawn directly from . .the 

,Candle to the Eye, the red appears firft in the Prifin and 
then the blue, and therefore each of them is feen ·whenj 
it falls upon the Eye. For the red paffes over. the Eye· 
fi.rft, and then. the blue~ 

The.-
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1 he Light which comes through Drops of ain y 

two refractions vvithout any reflexion1 ought to a pear 
ftrongeft at the diftance of about "16 degrees fron1 the 
Sun, and to decay gradually both ways as the difiance 
frotn hi11 increafes and decreaies. And the f1n1e is to 
be underftood of Light tranfn1itted through ipherical 
Hail-ftone~. And if the Hail be a little tlatted, as it 
often is, the Light tranfmitted rnay grow io ftrong nt 
a little lefs diHance than that of 26 degrees, as to forrn 
a Halo about the Sun or Moon; \vhich Halo, as often 
as the Hail-ftones are duly figured 1nay be coloured, 
and then it muft be red within by the leaft refrangible 
rays,and blue without by the rnoft refrangible ones,efpe-
cially if the Hail-ftones have opake Globules of Snow in 
their center to intercept the Light within the Halo (as 
Hug·enius has obferved) and make the infide thereof more 
-difrinCl:ly defined than it \Votlld otherwife be. For 
fuch H·ail~ftones, though ipherical, by terrninating the 

· Light by the Snow, may make a Halo red within an 1 
colourlefs without) and darker in the red than with .. 
out, as I-lalos ufe to be. For of thofe rays which paf5 .. 
;clofe by the Snow the rubrifor1n \vill be leaft refracted, 
and fo come to the Eye in the diretteft lines. 

The Light which pafTes through a Drop of rain after 
two refraC:tions, and three or tnore rcflexions, is fcarce 
ftrong enough to cauie a fenfible Bow; but in thofeCy 40 

linders of Ice by which Hug·~nit~ explains the Parhelia, 
it 1nay perhaps be fenfible~ 

PR 0 P. 
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P R 0 P. X. P R 0 B. 

B.,v tL difco~·e·/'ed Properties ~fLight to explain theper
~~ . . tPent Colours of natural BodieJ. 

Thefe C:>lours arife fro1n hence, that fon1e nJ tur:Jl 
Bodies refle o. fame forts of rays, others other ~arts tno 1 e 
copiouily than the reft. Minium refleCts the lcaft re
frangible or red..-n1aking rays moft copiouily, and thence 
a ppeats red. Violets reflect the 1noft refrangible, tnoft 
copiouf1y, and thence have their Colour, and io of other 
Bodies. E-re.1 y Body reflects the rays of its own Colour 
1nore copiouily than the reft, and from their excefs and 
predotninance in the rerleCled Light has its Colour. 

EX PER. XVII. 
l.l\. 

For if~* the hornogeneal Lights obtained-.by the folu ... · 
..S.iRJ?. q( ~-oblem propofed in the 4th Propofition of 
·~ he ~t:fi: you place Bodies of feveral Colours, you. 
\vill find, as I have done, that every Body looks tnoft 
_plendid and luminous in the Light of its own Colour. . 
Cinna ber in the hornogeneal red Light is tnoft refplcn
dent, in the green Light it is manifcfily lefs refplen ... 
d~nt, and in the blue Light fiill leis. lndico in the 
violet blue Light is n1oft refplendent, and its fplendor 
is gradually dirninifhed as it is removed thence by de ... 
grees through the green and yellovv Light to the red .. 
By a Leek the green Light, and next th~t the blue and 
yellow vvhich compound green,. are more ftrongly re ... 

flec1:ed 
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fleCled than the other Colours red ·and violet,and fo of tl1e 
reft. But to rnake thefe Experirnents the n1ore tnanifelt, 
fuch Bodies ought to be chofen as have the fulleft and 
Inofl: vivid Colours, and two of thofe Bodies are to be 
cornpared together. Thus., for inftance, if Cinnaber 
and ultra marine blue, or forne other full blue be 
held together in the homogeneal Light, they will both 
app~ar red, but the Cinnaber will appear of a ftrongly 
lu1n1nous and refplendent red, and the ultra marine 
blue of a faint.obfcure and dark red; ~nd if they be 
held together 111 the blue hornogeneal L1ght they will 
both appear blue, but the ultra marine will appear of 
a ftrongly luminous and refplendent blue, and the 
Cinnaber of a faint and dark blue. Which puts it out 
.of difpute, that the Cinnaber refleets the red Light 
lmuch more copioui1 y than the ultra tnarine doth, and 
the ultra Jnarine xetlecrs the blue Light much 1nore eo .. 
pioui1y than the Cinnaber doth. The fame Experiment 
may be tryed .fuccesfully with red Lead and Indico, or 
with any other two coloured Bodies, if due allowance 
be made. for the different ftrength or weaknefs of their 
·Colour and Light. -

And as the reafon of the Colours of natural Bodies is 
evident by thefe Experimenrs, io it is further confinned 
and pp~ paft difpute by the two firft Experiments of the 
firft .Meek, whereby 'twas proved in fuch Bodies that 
the refletted Ligh~which differ in Colours do differ alfo 
in degrees of refrangibility. For thence it's certain, 
that iorne Bodies reHett the 1nore refrangible, others 
the lefs refrangible rays more copioui1 y. 

And 
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A d that this is not only a true reafon of thefe Co

:tours, but even the onlv reafon may appear further 
fro1n this confideration, that the Colour of hornogeneal 
Light c nnot be changed by the reflexion of natural 
Bodies. 

F'or if Bad; es by reflexion cannot in the leaft change 
the Colour of any one fort of rays, they cannot appear 
oloured by any other means than by reflecting thofe 

\vhich either are of their ovvn Colour, or \Vhich by 
nixture lTIUfi produce it. 

But in trying Experiments of this kind care tnuft be 
ad that the Light be iufficiently hon1ogeneal. For if 

Bodies be illun1inated by the ordinary prifmatick Co
lours, they \vill appear neither of their own day-light 
Colours, nor of the Colour of the Light caft on them, 
but of fotne tniddle Colour between both, as I have 
found by Experience. Thus red Lead ( for infiance ) 
il1un1inated with the ordinary prifrnatick green will 
not appear either red or green, but orange or yello\v, 
or between yello and green , accordingly~ as the green 
Light by whicfi 'tis iilun1inated is more or lefs com
pounded. For becaufe red Lead appears red \Vhen ii. .. 
lu1ninated with -vvhite Light, \Vherein all forts of rays 
are equally tnixed., and in the green Light all forts of 
rays are not equally tnixed, the excefs of the yellow
Inaking, green-making and blue--tnaking rays in the 

. incident green Light, \vill caufe thoie rays to abound 
fo much in the refletl:ed Light as to draw the Colour 
fron1 red towards their Colour. And becauie the red 
Lead re~eets the red--making rays moft copioufly i~ 
proportion to their nu1nber, and next after them the 
orange-1nakin and rrl1o\v.-1naking rays; thefe rays i~ 

S the 
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the refleCted Light will be tnore in proportion to the 
Light than they were in the incident gre~n Light, and 
thereby will draw the refletted Light fro1n green to .. 
\Vards their Colour. And therefore the red Lead \vill ap .. 

ear neither red nor green,butofa Colour between both. 
In tranfparently coloured Liquors 'tis obiervable, 

that their Colour ufes to vary with their thicknefs. 
Thus, for infrance, a red Liquor in a conical Glafs 
held between the Light and the Eye, looks of a pale 
and dilute yellow at the botto1n \V here 'tis thin, and a 
little higher where 'tis thicker grows orange, and \Vhere 
'tis fiill thicker becomes red, and where 'tis thickeft 
the red is deepeft and darkeft. For it is to be conceived 
that fuch a Liquor fiops the indico-1naking and violet
making rays n1oft ea6.ly, the blue-making rays more 
difficultly, the green--making rays ftill more difficultly, 
and the red-making tnoft difficultly : And that if tile 
thicknefs of the Liquor be only fo much as fuffices to 
ftop a competent nutnber of the violet--making and in
dico ... making rays, without diminifhing mu~h the num .. 
ber of the reft, the reft muft (by Prop. 6. it;l/: ".) com
pound a pale yellow. But if the Liquor be fo 1nuch 
thicker as to ftop alfo a great nutnber of the blue-making 
rays, and fo1ne of the green--tnaking, the reft 1nuft coin
pound an orange; and '"rhere it is fo thick as to ftop 
alfo a great number of the green-making and a confi· 
derable nu1nber of the yellow-Inaking, the refl: tnuft 
begin to compound a red, and this red tnuft grow deeper 
and darker as the yellow making and orange-tna~ing 
rays are more and more ftopt by increa6.ng the thtck
ilefs of the Liquor, fo that few rays befides the red.
making can· get through~ 

Of 
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Of this kind is an Experiment late 1:JL1ated to n1e by 

',.. 

~r. Hall~y, wh~, in diving deep 1;·toJ ti1~Se~, faun~ 
111 a clear Sun-fhtne day, th t \V 1en he was fu k 111 1 

Fathotns deep into the Water, ~ tlie upper part of is 
~ - ·~~ fl~n~ s4Il£ 'Jlllc!l . i,h_e ;._ ~\ll}L~ fhone djr~[})_J_ .tlJ~oEgh the t fJ.q_ :R<Vf-{- tt_ 

Water lookea ot a red Cofour~ and ,..th~ unCfer part of Ct'co- tY C- {l?ri~ 
his Hand illutninated by Light refleCted from the Water 
belo\v looked green. For thence it may be gathered, 
that the Sea-water refleCts back the violet and blue ... 
znaking rays moft eafilx, and lets the red-n1aking rays 
pafs tnoft freely and c~pioui1y to great depths. For 
thereby the Sun's direCt Light at all great depths, by 
reaion of the predominating red-making rays, muft 
appear red; and the greater the depth is, the - fuller 
and intenfer muft that red be. And at fuch depths as 
the violet-1naking rays fcarce penetrate unto, the blue-
n1aking, green-tnaking and yello\v-n1aking rays being 
reflected from below more copioui1y than the red-ma~inP. . , · ~ 
ones, lTIUft COITipotllld a green .. J-2 al hlf. ),jif£ t£. "'r"· ::;t :::::~ 4. 

Now if there be tfo Liquors offull Colours? fup- ii._:,':ft-')- ~ 1~.._' 
£oie a red and a bl~e, and both o~ them fo thtck as ;:;;; " "' C,;11..;

1 iuffices to make their Colours fuffic1ently full ; though t~C:;~Jl <h.·.,,_ 

either Liquor be fufficiently tranfparent apart' ye ~ . .rA ' ceo ;)~ 
\V ill you not be able to fee through both together. :For -
if only the red-making rays pais through one Liquor, 
and only the blue-making through the other, no rays 
can pafs through both. This Mr. Hook tried cafually 
\vith Glafs-wedges filled with red and blue Liquors, 
and was furprized at the unexpeCted event, the reafon 
of it being then unknown; which makes me truft the 
more to his Experi1nent, though I have not tryed it 
tny felf. But he that \Vould repeat it, muft take care 
the Liquors be of very good and full C,olours. 

s 2 
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N O\V \Vhilfi Bodies beco1ne coloured by reflecting or 

tranfinitting this or th1t fort of rays rnore copiouf1y than 
the reft, it is to be conceived that they fiop and ftif1e in 
themfel ves the rays which they do not reflct1 or tranfrnit. 
For if Gold be foliate~and ll!W between your Eye and 
the Light, the Light l~oks,%Iuc, and therefore rnaify Gold 
lets into its Body the blue-making rays to be refletl:ed 
to and fro within it till they be Hopt and ftifled, whilft 
it refleCts the ye low-making outwards, and thereby 
looks yellow. And 1nuch after the farne n1anner that 
Leaf-gold is yellow by reflected, and blue by tranfinit .. 
ted Light, and n1a£fy Gold is yellow in all pofitions of 
the Eye ; there are forne Liquors as the tinCture of 
Lignum Nephriticum, and iorne forts of Glafs which 
tranfrnit one fort ·of Light m oft copioufly, and reflect 
another fort, and thereby look of feveral Colours, ac
cording to the pofition of the Eye to the Light. But if 
thefe Liquors or Glaffes were io thick and maffy that 
no Light could get through the1n, I queftion not but 
that they would like · all other opake Bodies appear of 
one and the L<tn1c Colour in all pofitions of the Eye, 
though this I cannot yet affir1n by experience. For all 
coloured Bodies, fo far as my Obfervation reaches, tnay 
be feen through if IJlade fufficientl y thin, and therefore 
are in fotne meafure tranfparent, and differ only in de ... 
grees of tranfparency from tinged tranfparent Liqpors; 
thefe Liquors, as vvell as thofe Bodies,. by a fufficient 
thicknefs bcco1ning opake. A tranfparent Body which 
looks of any Colour by tranf1nitted Light, may al.fo 
look of the ia ne Colour by refle~ed Light, the L1ght 
of that Colour being rerlected by the further f urface of 
the Body, or by the Air beyond it. And then the re
fleCted Colour will be di1ni 1iihed~ and perhaps ceafe, by 

1naking 
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1naking the Body v~ry thick, and pitching it on the 
back-fide to ditninifh the reflexion of its further furf1ce, 
io that the Light reflected frotn the tinging particles 
1nay predotninate. In fuch cafes, the Colour of the re
flected Light \vil1 be apt to vary frotn that of the Light 
tranfmitted. But vvhcnce it is that tinged Bodies and 
Liquors refleCt fon1e fort of rays, and intru1nit or tran[ ... 
111it other iorts, fhall be faid in the next Book. In this 
Propofition I content my [elf to have put it-paft difpute,, 
that Bodies have fi1ch Properties and thence appear. 
coloured. 

PROP.XI. PROB.V'I. 

By mixing coloured Lig·hts to compound a Beam ~fLight· 
~f the fame Colour and Nature with a Bearrt ~fthe Sun's . 
dire(;C£ L;g:ht, and therein to experience the truth ~f the 
foreg·oing 'Propo fit ions. 

Let AB Ca be reprcfent a Prif1n by which the Sun's _Fig ~ . r-6 ,. 
Light let into a dark Chatnber through the Hole F', rna y, 
be refraCled towards the Lens M N, and paint upon it 
at p, q, r, s and-t, the ufuaL Colours violet, blue, green, 
yellow and ed, and let the diverging rays by. the re ... 
fraction of this Lens converge again towards X, and
thcre,by the mixture of all thoie their Colours, compound .. 
a· \vhite.according to what was fhewn above. Then let 
another Prifin DE G de g, parallel to the fortner, be . 
placed at X, to refratl that \Vhite Light upwards to-:
wards Y. Let the refraCting Angles of the Prifms, 
aed their difianccs fro1n the Lens be equal, fo that the 
rays vvhich eo~ verged. from the Lens towards X, . and~ 
vithout refraCtion, 'Nould there have croHed and diver

ged again, may by the refraCtion oftheiecond .Prifm be 
reduced 
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reduced into Paralleliii11 and diver<' '-- 1 o n ore. For 
t) 

then thofe rays will recompof'e a Bcan1 of \\'hite Light 
X Y. If the refraCting Angle of e1ther Priftn be the 
bigger, that Prifin muft be fo tnuch the nearer to the 

·:Lens. You \vill know \vhen the Prifins and the Lens 
are well fet together-by obierving if the Bean1 of Light 
X Y which co1nes out of the fecond Prifrn be perfettly 
white to the very edges of the Light, and at all diftan
ces frorn the Priiin continue perfectly and totally white 
like a Beatn of the Sun's Light. -For till this happens, 
the pofition of the Prifms and Lens to one another 1nuft 
be corrected, and then if by the help of a long Beatn of 
\Vood, as is reprefented in the Figure, or by a Tube, 
or fotnc other fuch inftrun1ent made for that purpoie, 
t hey be made faft in that fituation, you may try all the 
iatne Experiments in this compounded Bearn of Light' 
X Y, which ffi the foregfflng E*perim€n5 have been 
1nade in the Sun's direct Light. :For this compounded 
Bea1n of Light has the farne appearance, and is endowed 
with all the fa1ne Properties with a direct Bea1n of the 
Sun's LightJ fo far as my Obfervation reaches. And in 
t rying Experirnents in this Bearn. you tnay by ftopping 
any of the Colours p, q, r, sand t, at the Lens, fee how 
the Colours produced in the Experitnents are no other 
than thofe which the rays had at the Lens before they 
entered the co1npofition of this Beam : And by confe .. 
quence that they arife not fro,m any ne\v 1nodifications 
of the Light by refraClions and reHexions, but from the 
various feparations and n1ixtures of the rays originally 
endowed vvith their colour-making qualities. 

So, for infiance, having with a Lens 4~ Inches broad, 
and two Prifins on either Hand 6~ Feet diftant from the 
Lens, 1nade fuch a Bea1n of .compounded Light : to 

·exatnin 
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cxan1in the. reafon of the Colour -- .1 1 ~ ~·c by ~1 i:lns? 1 
refracted t~~s con1pounded Beatn ot I~tght X Y \VIth 

ano~her Prli1n H ~K k h, and thereby caft the ufual prif .. 
mat1ck Colours P QR S T upon the Paper LV placed be ... 
hind. And then by ftopping any of the Colours p, q, ., 
r, s, t, at the Lens, I found that the fatne Colour would 
vanifh at the Paper. So if the purple P \Vas flopped at · 
he Lens, the purple P upon the Paper would vanifh, 

and the reft of the Colours would remain unaltered,-:' 
unlefs perhaps the blue, fo far as fotne purple latent in 
it at the Lens might be feparated from it by the fol
lowing refracrions. And fo by intercepting the green -~ 
upon the Lens, the green R upon the -Paper \\rould va., 
nifh, and fo of the reft ; which plainly fhe\\rs, that as 
the white Beam of Light X Y was compounded of fe-
veYdLights varioufly coloured at the Lens, fo the Co.., . 

!ours \vhich afterwards emerge out of it by new refra·.:. 
tl:ions are no other than thofe of which its \vhitenefs 
was compounded. The refraction of the Prifin HI K 
kh generates the Colours PQRST upon the Paper, 
not by changing the calorific qualities of the rays, but 
by feparating the rays which had the very fatne calorific 
qualities befgre they entered the compofition of the re
fraCted Beam white efLight XY. Forothervvife the rays .. 
which were bf one Colour at the Lens might be of ano~ 
ther upon the Paper, contrary to what we find. 

So again, to examin the reafon of the Colours of na
tural Bodies, I placed fHch Bodies in the Bean1 of Light 
X Y, and found that they all appeared there of thofe 
their own Colours which they have in Day-light, and 
that thofe Colours depend upon the rays which had the .' 
fame Colours at the Lens before they entred the co1npo ... · 

· - -- - - - -- - - firion ··, 
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{it-;nn of rh~rt'Beatn. Thps, for inftance, Cinnaber illu1ni 
n~ :ed by this Beam appears of the fame red Colour as in 
Day ... light; and if at the Lens you intercept the green
Inaking and blue..-tnaking rays., its rednef \V ill becon1e 
In ore full and lively : But if you there intercept the red
tnaking rays) it wi11 not any longer appear red, but be
coine yellow or green, or of fome other Colour, accor .. 
cling to the forts of rays which you do not intercept. · 
So Gold in this Light X Y appears of the fan1e yellow 
Col0u-r as in Day-light, but by intercepting at the Lens a 
due. qu~ntit~ of the yellow-tnaking r~ys it vvill appear 
vvh1te hke Silver (as I have tryed) wh1ch fhews that its 
yellownefs arifes from the excefs of the intercepted rays 
tinging thatwhitenefs with their Colour when they are 
let pais. So the infufion of Lignurn Nephriticum (as I 
have alfo tryed) when held in this Beam of Light X Y 
looks blue by the refleeted part of the Light, and J€l-le~ 
by the tranfrnitted part of it, as \V hen 'tis viewed in Day
light, but if you intercept the blue at the Lens the infu .. 
fion \vil1 lofe its refleCted blue Colour, whilfi its tranf .. 
tnitted red remains perfect and by the lois of ion1e blue .. 
1naking rays wherewith it was allayed becomes morein
tenfe and full. And, on the contrary, if the red and orange
making rays be interc~pted at Lens, the infufion will 
lofe its tranfmitted red, whilft its blue will remain and 
becorne rnore full and perfect:. Which fhe\vs, that the in-

. fufion does not tinge the rays with 'blue and yellow, but 
only tranfinit thofe tnoft copiouily vvhich were red-tna
king before, and refletl:sthofe 1noH: c piouily which were 
blue-n1aking before. And after the fa1ne manner may the 
reafons of other Phrenomena be examined, by trying 
the1n in th1s artificial Bea1n of Light X Y. 

THE 
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THE 

SECOND BOOK' 
0 F 

0 PT I C K s. 
P ART I. 

O~fervations concerning· the Reftexions, R~fra8ions, and 
Colours of thin tranfparent Bodies. 

I T has been obferved by others that tranfparent 
Subftances, as Glafs, Water, Air, <eYe. when made 

very thin by being blown into Bubbles, or otherwife 
fanned into Plates, do exhibit various Colours accor
ding to their various thinnefs, although at a greater 
thicknefs they a pp ear very clear and colour lefs. In 
the former Book I forbore to treat of thefe Colours, 
becaufe they feemed of a more difficult confideration, 
and were not neceffary for eftablifhing the Properties 
of Light there difcourfed of. But becaufe they may 
conduce to further difcoveries for cotnpleting the 
Theory of Light, efpecially as to the conftitution of 
the parts of natural Bodies, on which their Colours or 
Tranfparency depend; I have here fet down an ac
count of them. To render this Difcourfe fhort and 
diftintl, I have firft defcribed the principal of my 

Aa Obfr~ 
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Obfervations, and then confidered and made fe of 
t hetn. The 0 bferva tions are theie. 

0 B S. I. 

Compreffing two Prifms hard together that their 
Sides (which by chance were a very little convex)might 
fomewhere touch one another : I found the place in 
which they touched to become abfolutely tranfparent, 
as if they had there been one continued piece of G lafs. 
For \vhen the Light fell fo obliquely on the Air, which 
in other places was between them,as to be all refleCted; 
it feemed in that place of contaCt to be wholly tranf
mitted, infomuch that when looked upon, it appeared 
like a black or dark Spot, by reafon that little or no, 
fenfible Light was refieeted fro1n thence, as frotn other 
places; and when looked through it feetned · (as it vverc) 
a hole in that Air which was formed into a thin Plate, 
by being compreffed between the Glaffes. And through 
this hole ObjeCts that were beyond might be feen di
ftin6l:ly., which could not at all be feen through other 
parts of tbe -Glaffes wh.ere the Air was interjacent. Al
though the Glaffes were a little convex,., yet this tranf
parent Spot was of a confiderable breadth,.which breadth 
feeme~ principally to proceed from the yielding inwards 
of the parts of the c;ilafTes, by reafon of their mutu~l 
preff ure. ~or by preffing them very hard together 1t 

would become 1nuch broader than. otherwife. 

o ~s. 
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.~ 0 B S. I I. 

'iVhen the Plate of Air, by turning the Prifms about 
tl1eir cornn1on Axis, becan1e fo little inclined to the in.., 
cident Rays, that forne of them began to be tranfmit
ted, there arofe in it many flendcr Arcs of Colours 
which at firft were fhaped ahnoft like the Conchoid,_ . 
as you fee thetn delineated in the firft Figure. And Fzg;. 1 • 

by continuing the 1notion of the Prifms, thefe Arcs in
creafed and bended more and 1nore a bout the fa id tranf-=- _ 
parent Spot, till they were completed into Circles or 
Rings incotnpaffing it, and afterwards continually grew· 
1nore and 1nore con tratl:ed . 

. Thefe Arcs at their firft appearance were of a violet 
and blue Colour, and between them were white A.rcs 
of Circles, which·prefently by continuing the motion of 
t he Prifins became a little tinged in their inward Lin1bs 
with red and ye11ow, and to their outward Lin1bs the 
blue was adjacent. So that the order of thefe Colours · 
frotn the central dark Spot, was at that titne white, 
blue, violet; black; red, orange, yellow, white, biue, 
violet, ~c. But the yellow and· red were much fainter · 
than the blue and violet. · · · · 

The motion of the Prifms about their Axis being con
tinued, thefe Colours .contracted mor~ and Inore,fhrink
ing towards the whitenefs on either fide ~ of it, .until they 
t9tally vanifhed into it. And then the Circles in thofe 
p_arts appeared black and white, without any other Co
lours intermixed. But by further moving the Prifms 
about, the Colours again emerged out of the whitenefs, 
the violet and blue as its inward ~imb, and at its out-

A a ~ ward 
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ward Limb the red and. yellow. So that·now their order 
from the central Spot vvas white, yellow, red j black; 
violet, blue, white, yellow, red, b'c. contrary to what 
it was before. 

0 B S. Ill .. 

When the Rings or fome parts of them appeared only 
black and white, they were very diftintt and well de
fined, and the b~cknefs fcen1ed as intenfe as that of , 
the central Spot. Alfo in the borders of the Rings, 
where the Colours began to emerge -out of the white .... 
nefs, they \Vere pretty difl:intt, which made then1 vi
fible to a very great Multitude. I have fotnetitnes
numbred above thirty Succeffions ( reckoning every 
black and white Ring for one Succeffion ) and feen· 
more of them, which by reafon of their fmalnefs I could 
not number. But in other Pofitions ·of the Prifms, at 
which the Rings appeared of many Colours,- I could not 
diftinguifh above eight or nine of thetn, and th·e exte
rior of thofe were very confufed and dilute. 

In thefe two Obfervations to fee the Rings difi:intl:,. 
and without any other Colour than black and 'vhite,I 
found it neceffary to hold my Eye at a good di·ftance· 
fron1 them. For by approaching nearer, although in the 
fame inclination of my Eye to the plane of the Rings, 
there emerged a blueifh Colour out of the white;, 
which by dilating it felf more and tnore into the black 
rendred the Circles lefs diftina, and left the \vhite a 
little tinged with red and yello\v. I found alfo by 
looking through a flit or oblong hole, which. was 
narrower than .. the Pupil of my Eye, and h.eld clofe t.o 

lt 
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it parallel to ·the Prifms, I could fee the Circles much 
di ftinCler and vifib-le· to a far · greater n-umber than 
otherwife. 

0 B S. IV. 

To obferve more nicely by th·e ord-er of the Colours 
which arofe out of the white Circles as the Rays be-
came lefs and lefs inclined to the plate of Air; I took 
two ObjeCt Glaffes, the one a Plane-convex for a four
teen-foot Telefcope., and the other a large double con
vex for one of about fifty-foot; and upon this,laying the 
other with its its plane-fide downwards, I preffed them 
flowly together.,to make the Colours fucceilivelyemerge 
in the middle of the Circles, and then ilowly lifted 
the upper Glafs fro1n the lower to make them fuccef-
fively vanifh again in the fame place. The Colour,. 
which by preffing the Glaffes together emerged laft in~ 
the middle of the other Colours, would upon its firft 
appearance look like a Circle of a Colour ahnoft uni
form from the circ11:mference to the center, and by 
compreffing the Glaffes ftill more, grow continually 
broader until a new Colour emerged in its center, and 
thereby it became a Ring encompaffing that new Co
lour. And by compreffing the Glalfes ftill more, the 
Diameter of this Ring would encreafe, and the breadth 
of its Orbit or Perimeter decreafe until another new 
Colour etnerged in the center of the !aft : And fo on 
until a third, a fourth, a fifth, and ·Gther following, 
new Colours fucceffi vely emerged there, a-nd, became 
Rings encotnpaffing the innermoft Colour, the laft of 
which \vas the black Spot. And, on-the contrary, by 

lifting 
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lifting up the upper Glafs from the lower, the diameter 
of the Rings would decreafe, and the breadth of their 
Orbit encreafe, until their Colours reached f~cceffively 
to the center ; and then they being of a confiderable 
breadth, I could more eafily difcern and diHin~uifh 
their Species than before. And by this means I ob .. 
ferved their Succeffion and Quantity to be a& fol
loweth. 

Next, to the pellucid central Spot tnade by the con
taG! of the Glaffes fucceeded blue, white, yello\v, and 
red, the blue was fo'little in quantity that I could not 
difcern it in ·the circles made by the PrifmsJ nor could 
I well difiinguifh any violet in it, but the yellow and 
red \Vere pretty copious, and feemed about as 1nnch 
in extent as the white, and four or five tirnes tnore 

. than the blue. The next Circuit in order of Colours 
itntnediately encotnpaffing thefe were violet, blue, 
greenJ yellow, and red, and thefe were all of them co
pious and vivid, excepting the green, which was very 
little in quantity, and feemed much tnore _faint and 
dilute than the other Colours. Of the other four, the 
violet was -the leaft in extent, and the blue lefs than 
the yellow or red. The third Circuit or Order was 
purple, blue, green, yellow, and red j in which the 
purple feenled more reddifh :than the violet in .the 
former Circuit, aqd the green was tnuch more confpi
cuous, being as brifque and copious as any of the other 
Colours, except the yellow; but the red began to be 
a little faded, inclining very much to purple. After 
this fucceeded the fourth Circuit of green and red. The 
green was very copious and lively, inclining on the one 
fide to blue, and on the other fide to yellow. But in 

- th~ 
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thts fourth Circuit there was neither violet, blue, nor 
yello\v, and the red \vas very imperfeCt and dirty. 
Alfo the fucceeding Col~urs became more and more itn
perfeet and dilute, till after three or four Revolutions 
they ended in perfect whitenefs. Their Form, when the 
Glaffes were tnoft comprcffed fo as to make the black 
Spot appear in the Center, is delineated in the Second · 
Figure; where a, !J, c, d,e :f, g·,h, i,k: l, rn, n,_ o, p: q, r: .Fig;. 2~ 
s, t: v, x: y denote the Colours r~ck'ned in order from 
the ccnter, black, blue, white, yellow, red : violet, 
blue, green, yellow, red : purple, blue, green, yellow, 
red: green, red: greenifh blue, red: greenith blue, 
pale red : greenifb blue, reddifh white. 

0 B S. V. 
-, 

To determine the interval of the Glaffes, or thick
nefs of the interjacent Air, by which each Colour wa~ 
produced, I meafured the Diameters of the firft fix· 
Rings at the moft lucid part of their Orbits, and fqua-· 
ring them, I found their Squares to be in the Arith
metical Progreffion of the odd Numbers, I. 3. 5. 7. 9· I I~ · -

And fince one of thefe Glaffes was Plain, ·and the other 
Spherical, their Intervals at thofe Rings muft be in the 
fame Progreffion. I meafured alfo the Diameters· of 
the dark or faint Rings betw·cen the n1ore lucid Co
lours, and found their Squares to be in the Arithme
tical Progreffion of the even Numbers,~. 4· 6. 8. 10. 1 ~. 
And it being very nice and difficult to take thefe mea
fures exaCl:ly; I repeated them at divers times at divers 
parts of the Glaifes, that by their Agreetnent I might 
be confirmed in them. And the fame Method I ufed in 

deter-
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determining fome others of the following Obferva~ 
tions. 

0 B S. V I . 

. ··The Dian1eter of the fixth Ring at the moft lucid 
part of its Orbit was ~ ~! parts of an Inch, and the Dia
tneter of the Sphere on which the double convex Ob
jett ... G1afs was ground was about 1 o~ Feet, and hence 
I gathered the thicknefs of the Air or Aereal Interval 
of the Glaffes at that Ring. But fome time after, fuf
pcCling that in 1naking this Obfervation I had not de
termined the Diameter of the Sphere with fufficient ac
curatenefs, and being uncertain · whether the Plana ... 
convex Glafs was truly plain, and not fotnething con
cave or convex on that fide which 1 accounted plain j 
and whether I had not preffed the Glaffes together, as 
I often did, to make them touch (for by preffing fuch 
Glaffes together their parts eafily yield inwards, and 
the Rings thereby become fenfibly broader than they 
would be, did the G laffes rKeep their Figures) I re
peated the Experitnent, and tound the Diameter of 
the .fixth lucid Ring about ~:! parts of an Inch. I re
peated the Ex_peritnent alfo \vith fuch an Objetl>Glafs 
of another Telefcope as I had at hand. This was a double 
convex ground on both fides to one and the fame 
Sphere, and its Focus was diftant fro1n it 83; Inches. 
And thence, if the Sines of incidence and refraction of 
the bright yellow Light be affumed in proportion as 
1 1 to I 7, the Diameter of the Sphere to which the 
Glafs was figured will by computation be found 18~ In
ches. This Glafs I laid upon a flat one, fo that the 

black 
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bla:ck Spot appeared 1n the middle of the Rings of Colours 
without any other preffure than that of the weight of 
the Glafs. And no\v meafuring the Diatneter of the 

fth dark Circle as accurately as I could, I found it the 
fifth p1rt of an Inch precifely. This meafure was taken 
with the points of a pair of Cotnpaffes on the upper fur# 
face on the upper Glafs, and my Eye was about eight 
or nine Inches diftance from the Glafs, almoft perpen
dicularly over it, and the Glafs \vas~ of an Inch thick, 
and thence it is ea(y· to collect that the true Diameter 
of the Ring between the Glaffes was greater than its 
tneafured Diameter above the GlafTes in the proportion 
of 8o to 79 or thereabouts, and by confequence equal 
to;~ parts of an Inch, and its true Semi-diameter equal 
to 7~ parts. Now as the Diameter of the Sphere (I 8~ In-
ches) is to the Setni-diameter of this fifth dark Ring 
(~parts of an Inch) fo is this Semi-diatneter to the 
thicknefs of the Air at this fifth dark Ring; which is · 
therefore 5 r.~~5 r or 17;~;4 parts of an Inch, and_ the fifth ,7;~ 7 

Df 
part thereof; viz. the Rs7jth part of an Inch, is the 
thickpefs of the Air at the firft of thefe dark Rings. 

The fame Experiment I repeated with another dou
ble convex Objecl:-glafs ground on both fides to one and 
the farne Sphere. Its "Focus was diftant from it I 6 s; 
Inches, and therefore the Diameter of that Sphere was 
I 84 Inches. This Glafs being laid upon the fame 
plain Glafs, the Diameter of the fifth of the dark 
Rings, when the black Spot in their center appeared 
plainly without preffing the Glaffes, was by the mea
fure of the Compaffes upon the upper Glafs ~ parts 
of an Inch, and by confequence between th€ Glaffes it 
was~:~. For the upper Glafs was~ of an Inch thick, 

B b and 
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and tny Eye was diftant frotn it 8 Inches. And·a third 
proportional to half this from the Diameter of the 
Sphere is 88~ o parts of an Inch. This is therefore the 
thicknefs of

5
the Air at this Ring, and a fifth part there

of., viz. the 88~50th part of an Inch is the thicknefs there-
of at the firft of the Rings as above. , 
· · I tryed the fame thing by laying thefe Objecr-Gla{fes 
upon flat pieces of a broken Looking-glafs, and found 
the fatne meafures of the Rings : Which tnakes tnc 
rely upon thetn till they can be determined 1nore ac
curately by GlaiTes ground to larger Spheres, though 
in fuch Glaffes greater care muft be taken of a true 
plain. 

Thefe Dirnenfions were taken -when 1ny Eye \Vas 
placed almoft perpendicularly over the Glaffes, being 
about an Inch, or an Inch and a quarter, diA:ant frotn 
the incident rays, and eight Inches diftant from the 
Glafs; fo that the rays \Vere inclined to the Glafs in an 
Angle of about 4 degrees. Whence by the following 
Obfervation you will underftand, that had the rays 
been perpendicular to the G laffes, the thickne{s of the 
4ir at thefe Ri~gs would have been lefs in Fhe propor
tion~£, }}\~J..adius t~ the fecant of 4 degrees, that ~s ~f 
looool'\ ;I Let the th1ckneifes found be therefore duni-
ni1bed in this proportion, and they will become ~H;~and 
~~3 , or ( to ufe the neareft round nutnber) the 89~ooth 
part of an Inch. This is the thicknefs of the Air at the 
darkeft part of the firft dark Ring made by perpendi
cular ·rays,_ and half this thicknefs multiplied by. the 
progreffion,I ,3,5, 7 ,9J 1 I ,b'c. gives the thickncffes of the 

. Air at the moft luminous parts of all the brighteft 
R. . t l " / 7 1C""i' • h . .. . h . 1 tngs, vzz. ~' 170000, , ~,7~c'o' •76000, . ~c.. t e1r ar1t mettca 

means 
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. m~ans 17lS~oo, 176:00, 17~:o:; , ~c. being its thicknef.fes at the 

darkeft parts of all the dark ones. 

0 B S. VII~ 

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

Angle of In- Angle of Re- Diameter of Thicknefs of 
cidence on the .fraefion into the Ring. the Air. 
Air. the Air. 

I' 
de g. min. 

00 oo 00 00 10 IO 

o6 '1.6 10 00 T 
IOJi 

! Ioii 
I'l 45 ·)O 00 I o!. IO~ 

> ~ 

I8 49 30 00 I o!. I I.! 
i l. 

24 jO 40 0 0 I I: 
'i Ij 

'-9 37 so 00 I~!. I si 2. 

33 ss 6o 00 I4 '1.0 

35 47 65 00 I 5~ 'lj~ 
37 I9 JO 00 I 6~ 

5 
28!. 

4 

38 8~- 75 00 I 9! 37 
39 17 8o 00 '1. '1.~ 5~! 7 

40 00 85 00 "'9 841: 
40 I I 90 00 35 I~ '1,! 

%. 
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· In the two firft Columns are expreffed the obliquities 
of the incident and emergent rays to the plate of the 
Air, that is., their angles of incidence and refraCtion. In 
the third Column the Diatneter of any coloured Ring 
at thofe obliquities is expreffed in parts, of which ten 
confritute that Diatneter \Vhen the rays are perpendicu
lar. And in the four.th Colutnn the thicknefs of the Air 
at the circutnference of that Ring is exprefTed in parts 
of which alfo ten conftitut~that thicknefs when the rays 
are perpendicular. · 

And from thefe meafures I feem to gather this Rule :
That the thicknefs of the Air is proportional to the fe
<:ant of an angle, whofe Sine is a certain mean propor-· 
tional betvveen the Sines of incidence and refl~attion. 
And that mean proportional, fo far as by thefe meafures 
I can .determine it, is the firft of an hundred and fix 
arithmetical ~rnean proportionals between thofe Sines 
counted fro1n the Sine of 1~efra6tion w·hen the refra
Ction is made out of the Glafs into the plate of Air, or 
from the Sine of incidence when the refratlion is· 
made out ·of the plate of Air ·into the G1afsQ-

0 B S. VIII .. 

The dark Spot in the n1iddle of the Rings increafed·, 
alfo by the obliquation of the Eye, although almoft in
fenfibly. But if inftead of the Objett-G laffes the Priftns 
were made ufe of, its increafe was more manifeft when 
viewed fo obliquely that no Colours appeared about it. 
I~was leaft when-the rays were incident moft obliquely 
on the intrerjacent Air, and as the obliquity decreafed 
it increafed more and more until. the coloured.Rings ap-

- peared, 
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peared, and then decreafed again, but not fo much as 
it increafed before. And hence it is evident, that the 
tranfparency was not only at the abfolute contact of the 
GlafTes, but alfo where they had fome little interval. 
I have fometitnes obferved the Diatneter of that Spot to 
be between half and t\Vo fifth parts of the Diatneter of 
the exterior circutnference of the red in the firft cir
cuit or revolution of Colours when viewed altnoft per
pendicularly ; whereas when viewed obliquely it hath 
wholly vanifhcd and be~o1ne opake and white like the 
other parts of the Glafs; whence it tnay be collctl:ed 
that the Glaffes did then fcarcely, or not at all, touch 
one another, and that their interval at the peritneter 
of that Spot \vhen viewed perpendicularly was about a 
fifth or fixth part of their interval at the circumference 
of the. faid_ red .. 

0 B S. IX, 

By looking through the two contiguous Objett
Glaffes, I found that the interjacent Air exhibited Rings 
of Colours, as well by tranfinitting Light as by reflect
ino- it. The central Spot was now white, and from it 
th~ order of the Colours were yellowifh red ; black ; 
violet, blue, white, yellow, red; violet, blue, green, 
yellow, . red, a:; c. But thefe Colours were very faint 
and dilute unlefs when the Light was trajetted very 
obliquely through the Glaffes : For by that means they 
became pretty vivid. Only the firft yellowifh red, like 
the blue in the fourth Obfervation,._ was fo little and 
faint as fcarcely to .be difcerned. Comparing the co
loured Rings made_ by reflexion, with thefe made by 

tranf":' 
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tranfmiffion of the Light; I found .tha~ white was op .. · 
pofite to black, red to blue, yellow to v1olet, and green 
to a compound of red and violet. That is, thofe parts 
of the Glafs were black when looked through, which 
when looked upon appeared white, and on the con
trary. And fo thofe which in one cafe exhibited blue, 
did in the other cafe exhibit red. And the like of the 

Fig·. 3· · other Colours. The manner you have reprefented in 
the third Figure, where AB, C·D, are the furfaces of 
the Glaffes contiguous at E, and the black lines be
tween them are their diftances in arithmetical progref
fion, and the Colours written above are feen by re
fleaed Light, and thofe below by Light tranfmitted. 

,Q B S. X. 

Wetting the Object-G l~ffes a little at their edges, 
the water crept in flowly bet\veen them, and the Cir
cles thereby became lefs and the Colours more faint : 
Infotnuch that as the water crept along one half of 
them at which it firft arrived would appear broken off 
from the other half, and contraCted into a lefs room. 
By tneafuring them I found the proportions of their 
Diatneters to the Diatneters of the like Circles made by 
Air to be about feven to eight, and confequently the in
tervals of the Glaffes at like Circles, caufed by thofe 
two mediums Water and Air,are as about three to four. 
Perhaps it may be a general Rule, That if any other 
medium more or lefs denfe th~n water be compreffed 
between the Glaifes, their intervals at the Rings caufed 
th.ereby will be to their inte~yals caufed by interjacent 

Air, 
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Air, as the Sines are which meafure the refraction n1ade 
out of that mediutn into Air. 

0 B S. XI. 

When the water was between the Glaffes, if I pref-
fed the upper Glafs varioufly at its edges to 1nake the 
Rings move nitnbly frotn one place to another, a little 
white Spot would immediately follow the center of 
them, which upon creeping in of the ambient water. 
into that place would prefentl y vanifh. Its appearance 
was fuch as intcrjacent Air would have caufed, and it . 
exhibited the fame Colours. But it was not Air, for 
where any bubbles ofAir were in the water they would~ 
not vanifh. 1~he reflexion .muft. have rather been caufed. 
by a fubtiler mediurn, which could recede through the_ 
Glaifes at the creeping in of the. water.. · 

0 B S. XII. , 

Thefe Obfervations were ma~e in the open Air . . But.-~ 
further to examin the effetls of coloured Light falling . 
on the Glaffes, I darkened the Room, and viewed them_ 
by reflexion of the Colours of a Prifm caft on a Sheet. 
of white Paper, my Eye being fo placed that I could_ 
fee the coloured Paper by refiexion in the Glaffes, as:, 
in a Looking-~afs. And by this 1neans the Rings be:"' ·· 
came diftineter and. vifible to a far greater number than: 
in the open Air. I have fometimes feen more than. 
twenty of them, whereas in the open.Air . l could not 
difcern above eight or nine. ·· 



0 B S. XII I. 

Appointing an affiitant-to move the Prifm to and 
fro about its Axis, that all the Colours might fuccef
fively fall on that part of the Paper which I faw by 
re1lexion fro1n that part of the Glaifes, where the Cir
cles appeared, fo that all the Colours might be fuccef .. 
fively reflected frotn the Circles to rny Eye whilfi I held 
it immovable, I found the Circles which the red Light 
made to be manifeirl y bigger than thofe \vhich \vere 
tnade by the blue and violet. And it was very plea
fant to fee thetn gradually fwell or contraCt according 
as the Colour of the Light was changed. The inter
val of the Glaffes at any of the Rings when they were 
tnade by the utmoft red Light, was to their interval at 
the fatne Ring when made bythe utmoft violet, greater 
than as 3 to ~,and lefs than as I 3 to 8,by the moft of my 
Obfervations it was as 14 to 9· And this proportion 
feetned vety nearly the fame in all obliquities of my 
Eye; unlefs when tvvo Prifms \Vere made ufc of inftead 
of the Objett-Gla!fes. For then at a certain great 
obliquity of tny Eye, the Rings made by the feveral 
Colours feemed equal, and at a greater obliquity thofe 
made by the violet would be greater than the fame 
Rings made by the red. The refra6tion of the Prifm 
in this cafe caufing the moft refrangible rays to fall 
more obliquely on that. plate of the Air than the leaft 
refrangible ones. Thus the Experiment fucceeded in 
the coloured Light, which was fufficiently ftrong and 
copious to make the Rings fenfible. A.nd thence it 
may be gathered, that if the moft refrangible and leaft 

refran-
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refrangible rays had been copious enough to make the 
Rings fenfible without the tnixture of other rays, the' 
proportion which here was I 4 to 9 would have been a 
little greater, fuppofe 14; or 14; to 9· ... .. ~ 

0 B S. XIV. 

Whilft the Prifrn \Vas turn'd about its Axis \Vith an 
unifonn tnotion, to make all the feveral Colours fall 
fucceffively upon the ObjeCt-Glaffes, and thereby to \ 
tnake-the Rings contraCt and dilate : The contraction 
or dilil_tio_!1 of each Ring thus tnade by the variation of 
its Colour was f\viftcft in the red, and floweft in the 
violet, and in the intermediate Colours it had inter-
tnediate degrees of celerity. Comparing the quantity 
of contraCtion and dilation made by all the degrees of 

.. each Colour,- I found that it was greateft in the red; 
lefs in the yello\v, ftilllefs in the blue, and leaft in the 
violet. And to make as juft an eftirnation as I could of the 
proportions of their contractions or dilations, I obferved. r-- • /' , • 

1
, 

that the whole contr,attion or dilation of the Diameter (i L>t-IZ/tahn.. 

of any Ring made by al1 the degrees of red, was to that 
of the Diameter of the fatne Ring tnade by all the de ... 
grees of violet, as about four to three, or five to four, and 
that when the I_jght was of the middle Colour between 
yellow and -green, the Diameter of the Ring was very 
nearly an arithmetical mean between the greateft Dia-
meter of the farne Ring made by the outtnoft red, and 
the leaft Diameter thereof made by the outmoft -"violet : 
Contrary to vvhat happens in ~he Colour~ of the oblong 
Spctlrum tnade by the refratt1on of a Prlfin; wher_e the 
red is moft coptra6ted , the violet 1noft expanded, and 

. I D d · · ·· · in 
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in the midft of all -the Colours is the · confine of green 
and blue. And hence I feetn to colletl that the thick
t1effes of the Air between the Glaffes there, where the 
Ring is fucceffively made by the limits of the five prin
cipal Colours (red, ycllo\v, green, blue, violet) in:.order 
( that is, by the extreme red, by the limit of red and 
yellow in the middle of the orange, by the limit of 
yellow and green, by the . litnit of green and· blue, by 
fhe litnit of blue and violet in the middle of the in
digo, and by the extrerne violet ) are. to one another 
very nearly as the fix lengths of a Chord which found 
the notes in a fixth Ma jar, .fol, la, mi, fa, fol, la. But 
it agrees fomething better ,tvith the Obfervation to fay, 
that the thickneffes of th~ Air between the Glaffes there, 
where the Rings are fucceili v:el y 1~ade by the litnits of 
the [even Go tours, red' orange, yellow, g.reen, blue, in .. 
digo, violet in order, are to one anothet as the Cube
roots of the Squares of the eight lengths of a Chord, 
which found the notes in an. eighth, Jot, la, fa, Jol, la, 
mi, fa, fol; that is, as the Cube-roots of the Squares 
f h N b/ _8 ~ ~ '- 3 Q I o t e . urn ers, I, 9, 6,.-:j,;,s-,16,l:· 

0 B S. XV. 

Thefe Rings were not of various Colouts like thofe 
made in the open Air, but appeared all over of that 
prifinatiq:ue_ Colour only with w.hich they were illu; 
minated. .And by projecting the priftnatique Colours 
immediately u.pon the Ghdfes, I found that the Light 
Which :fell on t'he dark Space-s which w ere ·between 
~he coloured Rings , was traqfmit'ted through the 
'Glaffes without any variation of Colour. F·ot on a 

· white 
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·1.vhite Paper placed behind, it \Vould paint Rings of 
the fan1c Colour with thofe vvhich were refletled, and 
of the bicrnefs of their itntnediate Spaces. And frotn 
thence th~ origin of thefe Rings is manifefi j namoly, 
That the Air ,between the Glaffes, according to its va-
1·ious thicknefs, is d if pofed in fome places to retlett, 
and in others to tranfmit the Light ·of any one Co-
Jour (as you may fee reprefented in the fourth Figure )_Fz"g;. 4· 
and in the farne place to reflect that of one Colour ·. 
·where _ittranfmits that .. of another~ 

The ·squares of the Diatneters of thefe Rings made 
'by any prifmatique Colour were in arithmetical pro
greffion as in the fifth Obfervation. And the -Diameter 
.of the fixth Circle, vvhen made by the citrine yellow, 
and viewed almoft perpendicularly, was about ;!o parts 
of an Inch) or a little lefs, agreeable to the fixth Ob~· 
fervation. 

The precedent Obfervations were made with a rarer 
thin 1nedium, terminated by a denfer, fuch as was Air 
or Water co1npreifed between t\vo Glaifes. In thofe 
that follow are fet dovvn the appearances of a denfer 
tncdium thin'd within a rarer, . fuch as are plates of 
Mufcovy-glafs, Bubbles of Water, and fome other thin 
fubftances terminated on all fides \Vith Air. · 

Dd ~ - OBS~ 
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0 B S. XVII. 

If a Bubble be blown with Water firft nlade tenacious 
by diffolving a little Soap in it, 'tis a comnilon Obfer
vation, that after a while it will appear tinged: with a 
great variety of Colours. To defend thefe Bubbles 
from being agitated by the external Air (whereby their 
Colours are irr~gularly n:oved one among another, fo· 
that no accurate·Obfervatton can be tnade of thetJj,) as 
foon as I had blown any of them I covered it with a 
clear Glafs, and by. that means its Colours emerged in 
a very regular ordei·, like fo tnany concentrick Rings 
incompaffing the top of the Bubble. And as the 
Bubble grew thinner by the continual fubfiding of the 
Water, thefe Rings dilated flo\vly and over ... fpread the 
whole Bubble, defcending in order to the bottom of it,. 
where they vanifhed fucceffively~. > In the mean while, 
after all the Colours \Vere em erg at the top, there 
grew in the Center of the Rings a tnall round black 
Spot, like tt-tat in the firft Obfervation, \vhich conti ... 
nual1y dilated it felf till it became fometitnes n1ore than 
i or ~ ·of an Inch in breadth before the Bubble broke. 
At firft I thought there had been no Light reflected from 
t he Water in that place, but obicrving it more cu
rioufly, I faw within it fev.eral finaller round Spots, 
which appeared tnuch blacker and darker than the reft, 
whereby 1 knew that there was fotne refLexion at the 
other places which were not fo dark as thofe Spots., 
And ~y further tryal I fouud that I could fee the Images 
of fotne things (as of a: Candle or the Sun ) very faint
ly refletled,_ not only from the great black Spot, but 

alfo 
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~lf~ from the little darker Spots which were with~
In 1t. 

Befides the aforefaid coloured Rings there would 
often appear fin all Spots of Colours, afcending and de
fcending up and down the fides of the Bubble, byreafon 
of fome inequalities in the fubfiding of the Water. 
And fotnetitnes fmall black Spots generated at the fides
would afcend up to the larger black Spot at the top of 
the Bubble, and unite with it. -

0 B S. XVIII. 

Becaufe the Colours of thefe Bubbles were tnore ex,.,
tended and lively than thofe o£ the Air thin'd. between 
two G laffes, and fo tnore eaf y to to- diftinguifhed , 1 
fhall here give you a further defcription of their orderl_ 
as they were obferved in vie\ving thetn by Feflexion of 
the Skies \vhen of a white Colour, whilft a bl.aczk Sub
fiance was placed beh1nd the Bubble. . And they were. 
thefe.,_ red, ·blue; red, blue; red,, blue; red., green ; 
red, yellow, green, blue, purple; red, yellow,. green,A 
blue, violet; red., yellow, white, blue,. black.; 

The three firft Succeffions of red and blue. \Vere·very 
dilute and dirty, efpecially the firft, where the red 
feemed in a tnanner to be white. Among thefe ther~ . 
\vas fcarce any other Colour fen fib le befides red and 
~lue, only the blues (and princil?a11t the fecond blue) ~ 
it;Klined a little to greeri . _ 

The fourth red \Vas alfo dilute and· dirty, , bu-t not. 
fo much· as the forrner three; after that fuc.ceeded little~ 
or no yellow, but a copi~us green, which at firft incli-
ned. a little to yello\V ,_ and then became a. pretty brifq~e 

/ · and: 
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urid good willow green, and after\V~lrds changed to a 
bluifh Colour; but there fucceeded neither · blue ~or 
violet. 

The fifth red at firft inclined very tnuch to purple, 
and afterwards becatne n1ore ·bright and brifque, but 
yet not very pure. This was fucceeded with a very 
bright and intenfe yellow, which ·vvas but little in 
quantity, and foon changed to green : But that green 
\!Vas copious and fomething tnore pure, deep and lively, 
thJn the for1ner green. After that followed an excel
lent blue of, a bright sky-c.olour, and then a purple, 
\vhich \Vas lefs in quantity than the blue, and 1nuch 
inclined to red. 

The fixth Red vvas at firft of a very fair .and lively 
Scarlet, and foon after of a brighter Colour , being 
very pure and brifque , and the beft of all the 
re-ds. Then after a lively orange followed an intenfe 
bright and copious yellow, which \Vas alfo the beft 
of all the yellows, and this changed firft to a greenifu 
yellow, and then to a greenifh blue j but the green · 
between the yellow and the blue, was very little and 
dilute, fcetning rather a greenifh white than a green. 
The blu-e which fucceeded became very good, and of a 
very fair bright sky-·colour, but yet fomething inferior 
to the f.ortner blue ; and the violet was intenfe and 
deep with little or no rednefs in it. And lefs in quan
tity than the blue. 

In the laft red appeared a tincture of fcarlet next 
to ·viol€t, which foon changed to a brighter Colour, 
inclining to an orange; and the yellow which followed 
was at firft pretty good and liyely, but after\vards it 
grew more dilute, until by degrees it ended in perfeCt 

\Vhite, 
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whitenefs. And this whitenefs, if the Water was very 
tenacious and well-tempered, would flowly fpread and 
dilate it felf over the greater part of the Bubble j con
tinually growing paler at the top, where at length it 
would crack in many places, and thofe cracks, as they 
dilated, would appear of a pretty good, but yet obfcure 
and dark sky-colour; the white between the blue Spots 
diminifhing, until it refembled the threds of an irre
gular Net-work, and foon after vanifhed and left all 
the upper part of the Bubble of.the faid .dark blue 
Colour. Agd this Colour, after the aforefaid manner, 
dilated it felf ~ownwards , until fon1etimes it hath 
overfpread the \Vholc Bubble. In the 1 ean while at 
the top, w hi eh -vvas .of a darker blue than the botto1n, 
and a ppearcd alfo full of 1nany rou~-d blue . Spo~s, foine
thing darker than the reft , there would emerge one 
or more very black Spots, and within thpfe other Spots 
of an intenfer blacknefs, which I mentioned in th·e 
former Obfervation ; and thefe continually dilated 
themfelves until the Bubble broke. 

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

By this defcription you may· perceive how great an 
affinity thefe Colours have with thofe of Aiu defct:i
bed in the fourth Obfervation, although fet d'own in 
a contrary order, by reafon that they begin to appear 
\V hen the Bubble is thickeft ,_ and: are mail: · conve= 

niently 
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niently reckoned frotn the low·ett and tltickeft part of 
the Bubble upwards. 

0 B S. XIX. 

Vievving in feveral oblique pofitions of rny Eye 
the Rings of Colours emerging -on the top of the Bubble~ 
I found that they were fenfibly dilated by increafing -
the obliquity, but yet not fo 1nuch by far as thoie 
1nade by thin'd Air in the feventh Obfervation. For 
there they were dilated fo tnuch as, when viewed 
1noft obliquely, to arrive at a part of the plate more 
than twelve times thicker than that where they ap- . 
,peared when vievved perpendicularly; whereas in this 
cafe the thicknefs of the Water, at \Vhich they arrived 
when vie\ved tnoft obliquely, \Vas to that thicknefs 
which . exhibited thetn by perpendicular rays, fotne
thing lefs than as 8 to 5· By the beft of myObiervations 
it was between I 5 and I 5i to I o, an -increafe about 
~4 times lefs than in the other cafe. 

~sometimes the· Bubble would become of an unifonn 
thickneis all over, except at the top of it near the black 
Spot, as I kne\v, becaufe it . would exhibit the fame 
appearance of Colours in all pofitions of the Eye. And 
then the Colours \vhich were feen at its apparent cir
cumference by the obliqueft tays, \Vould be different 
from thofe that were feen in other places, by rays lefs 
oblique to it. And divers Spectators tnight fee the 
fame part of it of differing Colours, by vie\ving it at 
very differing obliquities. Now obferving how much 
the Cf.lours at the fame. places of the Bubble, or at di-
vers places of equal thicknefs, were varied by the 

feveral 
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ieveral 'obliquities of. the rays ; by the affiftance of the 
4th, I 4th, 16th and·. J8th Obfer~~tions, as they are 
hereafter explained, I colleCt the thtcknefs of the Water-
requifite to exhibit any one and the fame Colour, at fe .. 
veral obliquities, to be very nearly in the proportion 
expreffed-in this Table. 

I ne idence on Refralfion in- Thicknefs of 
the Ulater. to the Ulater. the Water. 

de g. min. de g. m in~ 
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,In the two firft Columns are expreffed the obliqui
ties of the rays to the fuperficies of the Water, that 
is, their Angles of incidence and refraction. Where 
I fuppofe that the Sines which meafure them. art; in 
round numbers as 3 to 4., though probably t!Ie _9-iffo~ 
lution .of Soap in the Water., may a little . ~lter its 
refraCltve Vertue. In the thtrd Column the thicknefs 
of the Bubble, at which any, one ·colour ·is. exhibited 
in thofe fev~r;l obliq~ities, is expreft in parts,of which 
ten. conftttute that thtcknefs when the rays are pcrpen~, . e ~ •• t'. 
d • 1 '.l A .-, L/{_ r;tJl ~ f'... tkl 7 tR 0 ~a.~L;cM. t{.tr:t? ~tJ:L J;;I.(J ~ ,.~~ -"f df 
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"'-fPI llaveiometimes obferved, that the Colours which 7z: ~-'~- tt~ l 
.arife on polifhed Steel.by heating it, o~ on Bel~~metal, : r!~J.;:a.£4fL 
and fome other metalline fubftances, when melted and f'L~~L ~~-~ ~ 

E . 'f,.l-tUr~~ 4f Ji{£_ 
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'pou\f-e<.i ·on :tibe g'l"ouncl , whei"e they may cool in the 
open ·Air, have., 'like tlk.e (;oloul,i of Watec-bubbles,. 
been a li~tl.e rdkangt1& by vi:ew.ir~g them m: di-v.ers ob .. 
iiquities, and pa~J11:icNqar[y tbrat a :deep bd:me, or violet,. 
when v·iewed v:ery -()b.}tiq uel y, ha:th been cl1an@ed to a 
deep red. But the changes of t.befe Co1~ours .are Jl~t fo 
great and fenfible as of thofe n1ade by Water. For the 
Scoria or vitri~~ed part of the Mi~taL, whic\h rnoft Me
tals \Vhen -heated -or -me-lted .do .continually protrude,. 
and fend out to .their furface~ ·and ·which by covering 
the Metatts in forrn of a tliiu glaiTy skin, cauies thefe 
Colours, .is much denfer than Water; and I find that 
the change made by ;th~ obliquation of the Eye is leaft 
in Colpurs of the denfeft thin fubftances. 

I 

oB s~ ·xx. 
( 

As in the ninth Obfervation, fo here, the Bubble, by 
~ranlfrn'ittt-ed L~ght, ,a·ppeared of a /contrary Colour to, 
~that which it -exhibited :by .reflexion. T~us when the 
Bubble being lo.oked on by the Light of the Clouds re
ffteeted ~om ·it, feemed red ·at its apparent circumfe-
rence, if the -Olouds 'at the fame time~ or immediately 
ltfter.~ were viewed ·through it;- the Colour at i~s cir
rootriference would be ·blue. And} on rhe ·contrary,, 
wiren ·by re~e'Cl:.~d f:igirt. it. appeared blue~ ·it \VE>-t.lld. ap
~~r Yed ~by ttanfuuttttd Ltgh.~~ 

0 B S& XXI9. 
. . 

. ~ twetting. ·\1ery t~in ·plates of ·Mufcovy -glafs, whofe 
Jhtnnefs ·made the 1rke Colours 'appear,_ the Colours 

· · · became 
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became more faint and languid; efpecially by wetting 
the plates on that fide oppofite to the Eye: But I could 
not perceive any variation of their fpecies. So then 
the thicknefs of a plate requifite to produce any Co
lour, depends only on the denfity of the plate, and 
not on that of the ambient tDedium: And hence, by the 
1oth and 16th Obfervations, may be known the thick
nefs which Bubbles of Water, or Plates of Mufcovy~ 
glafs, or other f~bftances, have at any Colol:lr pro.,.. 
duced by t.hem. 

0 B S. XXII. 

A thin tranfparent Body, which is denfer than its 
ambient medium, exhibits tnore brifque and vivid Co
lours than that which is fo m}leh rarer; as I pave· 
particularly obferved in the Air ··and Glafs, For blow
ing Glafs very thin at a Lamp-furnace, thofe plates 
incornpaffed with Air did exhibit Colours much 
more vivid than thoie of Air made thin between two 
Gla1fes. 

l 
0 B Se XX Ill. 

Comparing the quantity of Light refletted from the 
feveral Rings, I found that it was moft cepiQus fJ;om. 
the firft or 1nmoft , and in the exterior Ring~ be
came gradually lefs and lefs.. Alfo the whitenefs of 
the firit' Ring was ftronger than that refleaed from 
thofe parts of .the thinner medium which w~re withG 
out the Rings; as I could manifeftly perceive by view-= 
ing at. ,a diitance the Rings Jnade .by the two ObjeCl~ 

~ e 2 Cilaffes, 
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Glaffes; or-. by comparing two Bubbles of Water blown~ 
-at difta11t times, in the firft of which the whitenefs 
appeared, which fucceeded all the Colours, and in. .. 
the other, the whitenefs which preceded them all .. 

o B s. x ·x1v. 
' 

When the two Objett-G.laffes were lay'd' upon one't-
another, fo as to make the Rings of the Colours ap
pear, though \Vith tny naked Eye I could not difcern, 
above 8 or 9. o~ thofe Rings, yet by viewing then11 
through a Pr1fm I have · feen a far greater multitude,.. 
infomuch that I could nurnber tnore than forty, bcfides . 
many others, that were fo very fmall and clofe toge-: 
ther, that I could not keep my Eye fteddy on· them 
feverally fo as to number ther11, but by their extent I have. 
iometimes eftimated them to be tnore than a hundred. 
And I believe the Experiment tnay be. unproved to the. 
aifcovery of, far greater numbers. For they feem to, 
be really unlimited, though vifible only fo far as they 
can be feparated by flie refraCtion,. as I fhall hereafter 
explain. 

But it was but one fide of thefe Rings, namely, that 
toward's which the refraCtion was made, which by-that 
refrat!ion was rendered diftinet, and the other flde be
came more confufed than when ·viewed by the. naked 
Eye, infomuch that there I could not difcern: above 
one or two, _ and fometimes none of thofe Rings, of 
which I could difcern eight or nine with my naked 
Eye. And their Segments or .. Arcs,. w.hich. on. the 
other fide appeared fo numerous, for the moft patt 

exceeded 
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exc.eeded not the third part of a Circle. If the Re..z· 
fraCtion was very great, or the Prifm very: diftant from . 
the Objetl-Glaffes, the middle part of thofe, Arcs be- . 
catne alfo confufed, fo as to difappear and conftitute an 
even whitenefs-, whilft on either fide their ends, as alfo 
the whole Arcs furtheft from the ~enter, becatn.e di
ftinCl:er than before, appearing in the form as you fee . 
them defigned in the fifth Figure. . Fzg;. 5·· 

The Arcs, where they fee1ned difiintl:eft, were only 
white and black fucceffively, without any other Co
lours intermixed.. But in other places there appeared; 
Colours, whofe order was inverted by the refratl:ion, 
in fuch manner, that if I firft held the Prifm ve'ry near· 
the. Object-Glaffes, and then. gradually removed it 
further off towards my Eye, the Colours of the ~d, .. 
j.d,. 4th·, and· follo\ving Rings ibrunk towards the white · 
that e1nerged bet\veen theJ.n, until they \Vholly va-
niibed in t9 it at the n1iddle of the Arcs, and after .... 
·wards emerg~d again in a contrary order. But at . 
the-ends of the Arcs they retained their order un.~ · 
changed. -

I have fometimes fo lay'd one Objeet-Glafs upon'.' 
th·e other, tpat to the naked Eye they have ·all over 
feemed uniformly white, without. the leaft appearance.· 
of any of the coloured Rings ; and y.et by viewing , 

-~hem through· a. Prifm, great multitudes-of thofe Rings ., 
.have difcovered themfelv~s. A.nd in like manner_plates. 
of Mufcovy:-glafs, and Bubbles of Glafs blown at .a. 
Latnp-furnace, which \Vere not fo t'hin ·. as. to . exhibit 
any Colours to the naked Eye, have through the Prifin: 
exhibited. a great variety of them ranged irregu
larly up and. down in the form of waves. And .fo 

· Bubbles. 
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Bubbles of"Water, before they began to ex ibit their 
Colours to the naked ~ye of a By .. ftander, have ap. 
peared through a Prifm, girded about with many pa ... 
rallel and horizontal Rings; to prod~c;e which effett, 
it was nece[ary to hold the Prifm parallel ., or very 
nearly parallel to th_e Horizon, and to difpofe it fo 
.that the rays might be refracted upwards. 
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PART II. 

Remarks uprJn t.be foregoing .Q6Jervatims. 

H
Aving given· my· Ohferva.tions of thefe Colours,. 
before I Jnake ufe ·of them to unfold the Caufes· 

e COlours of natural Bodies, it is convenient that 
by the fimpleft .of thetn, fuch· as are the ~d., jd·, 4th, 
9th,. 1 ~.th-, J,8.th, ~oth,. and ~~4t.h ,- I firft explain the 
more -expou.nded. And ·fi-.tft to fhew hpw the Colours. 
in the fourth and eighteenth Obfervations .are p.rodlJ.-. 
f£ed, let there .be taken iu any right line from t_he point 
Y ,. the- lengths· Y A, Y 13, ¥ C, Y D, Y".E, Y F, Y G, .Fig .5- G 

.Y H,. in prop.o_rtio.n to one another, as tbe Cube--roQt~ 
of the Squares of the ·numbe.ts, :, ;, .~, ~' ~, ~' ~' J, wh~re ... 
tby the lengt_hs of a tnuftcal Cho.ud to fout;td -aH t-he Notes r 
in·~an Eighth are .reprefcoted ; .that is, .in the propQr~ J 

tian of .the numbers 63oo, ._6_8.14, 71.14, 76~ 1, ~8~5· 5~) 
· .~8s_s., '~~4,1 :, .. J.ooo_o. An:ct ~at ·~hf points A, B, C, D,) 

~ · E, F,; 
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:E; F, G, H, let perpendiculars A Gt' ll !6, ~c. be erected, 
'by whofe intervals the extent of the feveral Colours 
fet underneath againft then1, is to be reprefented. Then 
:divide the line A Gt in fuch proportion as the numbers 
1, 2, 3, 5, 6, 7, 9, Io, 11, ~c. fet at the points of divi.-
fion denote. And th ~ough thofe divifions fro1n Y 
draw lin~s I I, ~ K, 3 L, 5 M, 6 N, 7 O, be. 

·Now if A~ be iQ,ppofed to -r~prefentthe thicknefs 
·of any thin . tranfparent J?qdy, ~t _·which the outmoft 
violet is tnoft copioufly refletl:ed in the 'firft Ring, or 
Series of Colours, then by the I jth Obfervation H K, 
will reprefent its thicknefs, .at which the utmoft red 
is moft copioufly -refleeled in the fame Series. Alfo 
by. the 5th and I 6th Obfervations, A 6 and H N will 
denote the thickneffes at which thofe extretne Colours 
are moft copioufly reflected in the fecond Series, a,nd 
A I o and H Q the thickneffes, at which they are 
moft copiouily refletl:ed in the third Series, and fo on. 
And the thicknefs at ·which any of the intermediate 
-Colours are refietted moft copiouily, will, according to 
the 14th Obfervation, be defined by the diftance of the 
·line A H from -the intermediate parts of-the lines 2 K, 
6 N, Io Q, ~c. againft which the names of thofe Co, 
lours are written below. 

But further, to define the latitude of.thefe Colours in 
each Ring or Series, let A 1 defign the leaft thicknefs, 
and A 3 the greateft thicknefs, at which _the extreme 
violet in the firft . Series is refleCted, and let · H I, and 
H L, defign the like limits for the extreme red, and 
let the intermediate Colours be limited by the inter, 
.mediate parts of the lines 1 I, and 3 L, againft which 
the na1nes of thofe Colours are written, and fo on : But 

yet 
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yet with this caution, that the refleCtions be fuppofed 
itrongeft at the intermediate Spaces, I) _K, 6 N, I o Q,&c. 
and frotn thence to decreafe gradually towards thefe li~ 
m its, 1 I, j L, 5 M, 7 0., ~c. on either fide j where 
you inuft not conceive thetn to be precifely limited, 
but to decay indefinitely. And whereas I have affigned 
the fame latitude to every Series, I did it, becaufe al
though the Colours in the firfr Series fecm to be a little 
broader than the refr, by reafon of a ftronger reflexion 
there, yet that inequality is fo inf~nfible as fcarcely to 
be determined by Obiervation. 

N O\V according to this defcription, conceiving that 
the rays originally of feveral Colours are by turns re ... 
fletled at theSpaces Il Lj, sM 0], / 9PRII,~c. 
and tranfmitted at the Spaces A HI 1, 3 L M 5, 7 0 P 9, 
b'c. it is eafyto know what Colour muft in the open Air 
be exhibited at any thicknef8 of a tranfparent thin body. 
For if a Ruler be applied parallel to AH, at that di
ftance from it by which the thicknefs of the body is
reprefented, the alternate Spaces 1 I L 3, 5 M 0 7,"d:ic. 
which it croffeth will denote the reflected original Co
lours, of which the Colour exhibited in the open Air 
is compounded. Thus if the conftitution of the green 
in the third Series of Colours be defired, apply the 
Ruler as you fee at 7r e er q>, and by its paffing through 
fome of the blue at 1r and yellow a tO', as well as through 
the green at e, you may conclude that the green exhi
bited at tha't thtcknefs of the body is principally con~ 
ftitt:Ited of original green, but not without a mixture 
of fome blue and yellow. 

Ff By 
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· · By this means you may know how the -Colours frotn 
the center of the · Rings outward ought to fuccecd in 
order as they were defcribed in the 4th and I 8th Ob
fervations. For if you rnove the Ruler gradually from 
·A H through all diftances, having paft over the firft 
fpace which denotes little or ·no reflexion ·to be made 
by th1nneft fubftance~, it will firft arrive at 1 the violet, 
and then very -quickly at the blue and green, which 
together · with that violet compound blue, and then at 
the yellow and red, by whofe further addition that 

. blue is converted into whitenefs, which \Vhitenefs con
tinues during the tranfit of the edge of the Ruler from 
I to 3, and after that by the fucceffive deficience of 

. itsJ:Q~nponent Colours1 turns firft to cotnpound yellow, 
._ np_d then to red, and lafr of all the red eeafeth .at L. 

Then begin the Colours of the fecond Series, which 
fueeeed in .. order during the tranfit of the edg~ qf the 
Ruler from 5 to 0, and are tnore lively than before, 
becaufe 111.0re expanded and fevered.. And for the 
·fame reafon, inftead of the fortner white there inter
cedes between the blue and yellow a mixture of orange,_ 
yellow, green, blue and indico, all which together ought 
t() exhioi~ a dilute and imperfetl: green. So the Co
lours· of the third Series all fucceed in order; firft, the 
vjolet, which a little interferes with the red of the fe
eQnd order, and is thereby inclined to a reddifh purple; 

, then the blue and green , which are lefs mixed with 
other Colo~rs, and confeq~ently more lively than be
fore, eipec1ally the green : Then follo\vs the yellow, 
fomcof which towards the green is diftina and. good, but 
that part of it towards the fucceeding red, as alfo that 
red is mixed with the violet and blue of the fourth Se~ . 

nes, 
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ries, whereby· vario_us degr~es. of r~d very tnucli incli.-: . 
ning to purple are compounded. · This· violet and blue,. 
which fhould fucceed this red, being mixed with, and 
hidden in it,_ there fucceeds a green. And, this ~t fir~ 
is much inclined to blue, but foon becon1es a good 
green, the only unmixed and lively Colour in this
fourth Series. For as it verges towards . the yell<?w, it 
begins to interfere with the Colours of the fifth .Ser,ies, .... 
by \Vhofe n1ixture the fucceeding yellow and . red . ar~.: 
very tnuch diluted and made dirty, efpecially the yel .. 
low, which being the weaker Colour is fcarce able t~ 
fhe\v it felf. After this the feveral Series interfere more . 
and more, and their Colours become tnore ·and mqre 
intermixed, till after three or ·four more revqlutions . 
(in which the 'red· 'and blue predominate by· ".turns) , 
all forts ·of Colours are in all places pretty cq·ually .ben-
ded, and-com·pound an even ·whiteriefs. . . . 

And fince by the · r)th Obfervation the rays indued ·; 
with. one Colour are tranfinitted, ·where thofe of ano ... . '·.·. 
ther Colour arc reflected, the reafon of the Colours . 
made by the tranfinitted Light in the 9th and ~oth Ob, · 
fervations is from hence evident. · . . · · 
- If hot only the order and ·fpecies of thefe ·colours,. . 
but aHo the p'recife thicknefs of the plate:, or thin body 
at which they are exhibited, be defired in ·parts of an 
Inch, that may be alfo obtained ·by·affiftance of the 6th 
or 16th Obiervations. For according to_ thofe Obferva.-. 
tions the thicknefs of the thinned Air, which between 
two Glaffes exhibited the moft luminous parts of the 
fi ft fi R• . r ; ~ ., 9 11 t f r IX 1ngs were 17oooc, i'7i000', 17~000, ~' ~~, 178000 par s o 
an Inch. Suppofe the Light reflected moft copioufly 
at thefe thickneffes be the bright citrine yello\v, or con~ 

F f ~ fine 
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fine of yellow and orange, and thefe thickneffes will 
beG t-t, ~ v, ~ ~' ~ o, G 7. And this being known, it is 
eafy to determine what thicknefs of Air is reprefented: 
by G ~' or by any other diftance of the ruler fron1 
A H. 

But further, fince by the I oth Obfervation; the thick'* 
nefs of Air was to the thicknefs of Water, which· be
t\veen the fame Glaffes exhibited the fame Colour, as· 
4 to 3, and by the ~ 1 th Obfervation the Colours of 
thin bodies are not varied by varying the ambient me ... 
dium ; the thicknefs of a Bubble of Water, exhibiting 
any Colour, will be~ of the thicknefs of Air producing 
the fame Colour. And fo according to th-e iame 1oth 
and· ~ 1th Obfervations the thicknefs of a plate of 
G1afs, whofe refraction of the mean refrangible ray, is 
meafured by the proportion of the Sines 31 to ,o, 
1nay qe }i of the thicknefs of Air producing the fame 
Colours; and the like of other mediums. 1 do not 
affirm, that this proportion of ~o to- 3 1, holds in all 
the rays ; for the Sines of other forts of rays have other 
proportions. But the differences of thofe proportions 
are fo little that I do not here confider them. On 
thefe Grounds I have compofed. the following Table, 
wherein the thicknefs of Air, Wat~rj: and Glafs, at 
~hi eh each Colour is m oft intenfe and fpecifick, is ex

preffed irt parts of an Inch divided into _Ten. hundrro. 
thoufand equal parts~ 

The 
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N o\v if this ·rable be cotnpared \vith the 6th Sche1ne, 

you will there fee the conftitution of each Colour, as 
to its Ingredients, or the original Colours of which it 
is cornpounded, and thence be enabled to judge of its 
intenfenefs or irnperfeCtion; which 1nay fuffice in ex
plication of the 4th and I 8th Obfervations, unlefs it 
be further defired to delineate the manner how the Co
lours appear, when the two Object-Glaffes are lay'd 
upon one anothe1... To do which, let there be de
fcribed a large Arc of a Circle, and a ftreight Line 
which tnay touch that Arc, and parallel to that Tan
gent feveral occult Lines, at fuch diftanccs from 'it, as 
the numbers fet againft the feveral Colours ii1 the Table 
denote. For the Arc, and its Tangent, will repreient 
the fuperficies of the Glaffes terminating the interjacent 
Air; and the places \vhere the occult Lines cut the 
Arc \vill fhow at what diftances from the Center, or 
Point of contact, each Colour is reflected. 

There are alfo other ufes of this Table : For by its 
- affiftance the thicknefs of the Bubble in the I 9th Ob .. 

fervation \Vas determined by the Colours \Vhich it ex
hibited . . And fo the bignefs of the parts of natural 
Bodies 1na y be conjetlured by their Colours, as ihall be 
hereafter fhewn. Alfo, if two or more ·very thin plates 
be lay'd one upon another, fo as to compofe one plate 
equalling them all in· thicknefs, the refulting Colour 
may be hereby determined. For inftance, Mr. Hook in 
his Mifcrographia obferves, that a faint yellow plate of 
Mufcovy-glafs lay'd upon a blue one, confiituted a very 
deep purple. The yellow of the firft Order is a faint 
one, and the thicknefs of the plate exhibiting it, ac
cording to the Table is 4~, to which add 9, the thick-

nefs 
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nefs exhibiting blue of the fecond Order, and the fun1 
will be 13~, \vhich is the thicknefs exhibiting the 
purple of the third Order. -

To explain, in the next place, the Circumftances of 
the ~d and 3d Obfervations; that is, ho\v the Rings of 
the Colours may (by turning the Prifins about their 
co1n1non Axis the contrary way to that expreffed in . 
tiiofe Obfcrvations) be converted into white and black 
Rings, and afterw·ards into Rings of Colours again, the 
Colours of each Ring-1 ying now in an inverted order; it 
muft be rernembred, that thofe Rings of Colours are di
lated ·by the obliquation of the rays to the Air \vhich . 
intercedes the Glaifes, and that according to the Table 
in the 7th Obfervation, their dilatation or increafe of. 
their Di!l1neter is tnoft rnanifeft and f peed y when they 
are obliqueft. Now the rays of yellow being more re~ 
fratled by the firft fuperficies of the fa id Air than thofe 
of red, are thereby made more obliq uc to the fecond f u .... 
perficies,. at which they are refleCted to produce the co
loured Rings, and confequently the yellow Circle in each 
Ring will be more dilated than the red j and the excefs of 
its dilatation will be fo n1uch the greater, by how 1nuch 
the greater is the obliquity of the rays, until at lafl: it be
colne of equal extent with th€ red of the fame Ring. And 
fot the fame reafon the green, blu.e and violet, will be alfo 
fo much dilated by the frill greater obliquity of their 
rays, as to become all very nearly of equal extent with 
the red, that is, equally diftant from the center of the 
Rings. And then all the Colours of the fame Ring. 
muft be coincident, and by their mixture exhibit a 
white Ring. And thefe white Rings muft have black 
and dark Rings between them ,_ becaufe they do not 

fpread 
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iiJread and interfere with one another as before. And 
for that reafon alfo they tnuft become diftintter and vi ... 
fib le to far greater Numbers. But yet the violet being 
obliq ueft will be fornething more dilated in proportion 
to its extent then the other Colours, and fo very apt to 
appear at the exterior verges of the white. 

Afterwards, by a greater obliquity .of the rays, the 
violet and blue beco1ne more fenfibl y dilated than the 
red and yellow, and fo beingfurthrr re1noved frotn the 
center of the Rings, the C(}lours muft emerge out of the 
white in an order contrary to that \Vhich they h~d be
fore, the violet and blue at the exterior litnbs of each 
Ring,and theredand yellow at the interiot~ . And the vio
let, by reafon of the greateft obliquity of its rays, being 
in proportion tnoft of all expanded, \vill foone!}: appear 
at the exterior limb of each white Ring, and become 
more confpicuous than the reft. And the feveral Series 
of Colours belonging to the feveral Ring~. , will, by 
theh· unfolding and fpreading, begin again to interfere, 
and thereby render the Rings lefs diftinct, and not vifi-
ble to fo great nurnbers. . 

If inftead of the Prifins the ObjeCl:-glaffes be 1nade 
ufe of, the Rings which they exhibit b_ecome not \vhite 
and diftinct by the obliquity of the Eye, by reafon that 
the rays in their paffage through that A.ir which inter
cedes the Glaffes are very nearly parallel to thofe Lines 
in which they were firftincident on the Glaffes, and con
fequently the rays indued with feveral Colours are not 
inclined one more than another to that Air, as it hap
pens in the Prifms. 

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



[ 41 J 
Rings which when viewed at a diftance appear diftinCl; 
fhould not only become confufed by viewing them ne~r 
at hand , but alfo yield a violet Colour at both the 
edges of every \vhite Ring. And the reaion is, that the 
rays which enter the Eye at feveral parts of the Pupil, 
have feveral obliquities to the Glaffes, and thofe which 
are moft ~~lique, if confidered apart, would repr~fent 
the Rings· bigger thJn thofe which are the leaft obliq~e. 
Whence =the breadth of the perimeter of every white 
Ring is expanded out\vards by · the obliqueft rays, 
and inwards by the leaft oblique. And this expanfion 
is fo much the greater by how much the greater is the 
difference of the obliquity ; that is, by how much the 
Pupil is wider, or the Eye nearer to the Glaffes. And 
the breadth of the violet tnuft be moft expanded, be
caufe the rays apt to excite o/ fenfation of that Colour 
are moft oblique to a fecond, or further fuperficies of 
the thin'd Air at \vhich they are refletted, and have 
alfo the greateft variation of obliquity, which n1akes 
that Colour foonefi: emerge out of the edges of the 
\vhite. And as the breadth of every Ring is thus aug
mented, the dark intervals muft be ditninithed, until 
the neighbouring ~ings becotne continuous, and are 
blended, the extertor firft, and then thofe nearer the 
Center, fo that they can no longer be diftinguifh'd 
upart, bu,t feem to conftitute an even and uniform 
\vhitencis ~ · 

~ Amo~g all the qbfervations there is none accompa~ 
n1ed w_1th fo odd c1rcumftances as the ~4th. Of thofe 
the principal are, that in thin plates, · which to the 
naked Eye feem of an even and unifor1n tranfparcnt · 

- G ·g white ... 
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whitenefs, without any terminations of fhadows, the 
refraction of a PTifin fhould make Rings of Colours ap
pear, whereas it ufually tnakes ObjeCts appear coloured 
only there where they are tertnina ted with fhadows, or 
have parts unequally luminous; and that it fhould tnake 
thofe Rings exceeding! y difrintt and white, although 
it ufually renders ObjetTs confufed and coloured. The 
caufe of thefe things you will underftand by. confidering, 
that all the Rings of Colours are really in the plate, 
when viewed with the naked Eye, although by reafon 
of the great breadth of their circutnferences they fo 
tnuch interfere and are blended together,that they ieetn 
to conftitute an even whiteJ!efs. But when the rays 
pafs through the Prifin to the Eye, the .orbits of the 
feveral Colours in every Ring are refraCted, fotne more 
than others, according to their degrees of refrangibility : 
By w.hich means the Colours on one .fide ·of the Ring 
(that is on one fide of its Center) become more unfolded 
and dilated, and thofe on the other fide more compli
cated and contraCted. And where by a due refraCtion 
they are fo n1uch contraCted, that the fevral Rings be
come narrower thari to interfere with one another, they· 
mufl: appear diftintt, and alfo white, if the con.ftituent 
Colours be k> much contraCted as to be wholly coincident .. 
But, on the other fide, where the orbit of every Ring 
is made broader by the further unfolding of its Co, 
lours, it muft interfere more with other Rings than 
before, and fo hecome lefs diftintt . 

.. To ~xplain this a little further, fuppofe the concen
Fig. 7· trtck Ctrcles A V, ~nd B X,. repref~nt the r~d artd vi~let 

-.of any order, which,. ·together w1th the 1ntermed1ate 
Colours, 
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Colours, conftitute any nne of thefe Rings. Now thefe 
beit~g vie\ved through a Prifm, the violet Circle B X, 
wili by a greater refraction be further tranflated frotn 
its place than the red A V, and fo approach nearer to 
it on that fide, towards which the refratlions are made. 
For inftance, if the red be tranflated to av, the violet 
m1y be tran11ated to b x, fo as to approach nearer to it 
at x than before, and if the red be further tranfiated 
to a v, the violet tnay be fo much further tranflated to 
b x as to convene with it at x, and . if the red be yet 
further tranilated to a. T, the violet may be ftill fo much 
further tranflated to f3 ~ as to pafs beyond it at ~, and 
convene with it at e and f. And this being underftood 
not only of the red and violet, but of all the other in
termediate Colours, and alfo of every revolution of 
thofe Colours, yo\1 will eafily perce~ ve how thofe of the 
fame revolution or order, by their nearnefs at x v and 
T ~, and their coincidence at x v, e and f, ough~ to con .. 
ftitute pretty diftinet Arcs of Circles, efpe~ially at x v, 
or at e and-f, and that they will appear feverally at 
x v, and at x v exhibit whitenefs by their coincidence, 
and again appear feveral at T ~, but yet in a contrary 
order to that vV hich they had before, and frill retain 
beyond e and f. But, on the other fide, at ab, ab, 
or a. f3, thefe Colours muft beco1ne much more confu ... -
fed by being dilated and fpread fo, as to interfere with 
thofe of other Orders. And the fame confufion will 
happen at T ~ betwee~ e and f, if the refraCl:ion~be very 
great, or the Prifm very diftant from the ObjeCt-GlaJfes: 
In which cafe no parts of the Rings will be feen, ·rave 
only two little A~;cs at e and .f, whofe diftance from one . 

. G g 2 another, . 
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another will -be augtnented by removing the Prifin 
ftill further frotn the Objefr,Glaffes: And thefe little 
Arcs muft be diftintl:eft and whitefi: at their middle,rrnd 
at their ends, _,vhere _they ·begin to g~o\V confufed they 
muft be coloured. And ·the_ Colours at one end of 
·every Arc muft be in a contrary order to thofe at the 
other end, by reaf'on that they crofs in the intenne~ 
diate \Vhite j namely their ends, which verge towards · 
T ~, will be red and yellow on that fide next the Cen
·ter, and bl~e a_nd violet on the ot~er fide. But their 
other ends whtch verge frotn T ~ w11l on the contrary 
be blue and violet on that fide towards the Center, and 
on 'the other fide red and yellow. 

Now as all thefe things follow frotn the Properties 
ofLight by a mathematical way of reafoning, fo the 
truth of them may be n1anifefi:ed. by Experitnents. For 
in · a dark room ., by viewing thefe Rings through a 
Prifm, by reflexion of the feveral priftnatique Colours, 
·Which an affifi:ant caufes to 1nove to and fro upon a 

, ~wall or Paper from \vhence they are reflected, whilft 
the SpeCl:ator's Eye, the Prifm and the Objetl:-Glaffes 
(as in the I 3th Obfcrvation) are placed fteddy : the 
Erifition of the Circles made fucceffively by the feveral 
Colours, will be found fuch, in refpeet of one another): 
as I have defcribed in the Figures abx v, or a bx v, 
or a~ ~ __ T . And by the fame method the truth of 
_the Bxplications of other Obfervations may be exa-

; - mined. 
· -- By what bath been faid the like Phrenomina of 

.. ·_ Wa_ter, and thin plates of Glafs may be underftood. 
:·But in fmall fragments of thofe ·plates, there is this 

' , _ : further 
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. rurth·er obf~rvable; that where they lye flat upon·· a 

Table and are turned about t-heir Centers whilft they are 
viewed through a Pi·ifm , they will in · fotne pofture!Y 
exhibit \vaves of various Colours, and fome of them ex
h-ibit thefe waves in one or two pofitions only, but .the 
tnoft of the1n do in all pofition·s exhibit them, and ·tnake ·
them for the tnoft plrt appear alm-oft all over the. plates. 
The reafon is, that the fuperficies of fuch plates are not 
even, but have many cavities and f\vellings, which how--
fhallow foever do a little vary the thicknefs of the 
plate. For at the feveral fides of thofe cavities, for
the-relJfon-s nevvly defcribed·:, there-ought to be produ- · 
ced waves-in·feveral poftu·res ofthe ·J;lrifm~ Nowthough·: 

. it · be but forne very iinall, and narrower parts of the.· 
Glafs, by \vhich thcfe \Naves for the mo.ft part a-re eau--
fed, yet they may feem to extend then1felves over- the -
whole Glafs, becaufe from the narrovvcft of thofe parts 
there are Colours of feveral Orders that is of feveral 
Rings, confufedly refletled, which by refratlion of the 
Prifm are unfolded, feparated, and according to their 
d·egrees of fefraclion, . difperfcd- ~o feveral Blaces, fo as to .. 
conftitute fo many feveral waves, as there were divers 
orders of Colours promifcuoufly refle&ed from that· 
part of the Glafs.. 

Thefe are the principal Phrenomena of thin Plates 
or Bubbles, \Vhoie explications depend on the ·pro ... -
perties o£ Light, w;hich I have heretofore delivered! 
And thefe you fee do neccffarily follow from them; and 
agree. with them, even to their very leaft circumftances ; .. . 
and not only fo, but do very much tend to their proof. 
Thus, by the. 14th-Obiervation, it · appears, that . the 

rays -
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·rays of feveral Colours made as well by thin Plates or 
~ Bubble~, as . by refraetions of a Priftn, · have feveral de~ 
· grees of refrangibility, whereby thofe of each order, 
-which at their reflexion from the Plate or Bubble are 
.intermixed with thofe of other orders, are feparated 
frotn them by refraCtion, and a£fociatcd together fo as to 
:become vifible by thetnfel ves like Arcs of Circles. For 
-if the rays were all alike refrangible, 'tis irnpoffible that 
the whitenefs, which to the naked fence appears uni-
forin, fhould by refraction have its parts tranfpofed and 
ranged into thofe black and white Arcs. 

It appears alfo that the unequal refratlions of dif, 
form rays proceed not frotn any contingent irregulari, 
ties; fuch as are veins, an uneven polifh, or fortuitous 
pofition of the pores of Glafs; unequal and cafual mo ... 
tions in the Air or l.Ether; the fpreading, breaking, or 
dividing the fame ray into many diverging parts, or 
the like. For;admitting any fuch irregularities, it would 
be impoffible for refraClions to render thofe Rings fo 
very diftintt , and well defined , as they do in the 
~4th Obfervation. It is neceiTary therefore that eve .. 
ry ray have its proper and conftant degree of refran
gibility connate with it,according to which its refraCtion 
is ever juftly and regularly perforn1ed, and that feve .. 
ral rays have feveral of thofe degrees. 

And what is faid of their refrangibility_ may be alfo 
noderftood of their reflexibility, that is of their difpo .. 
fitions to be refle6l:ed fame at a greater, and others at a 
.lefs thicknefs, of thin Plates or Bubbles, namely, that 
thofe difpofitions are alfo connate with the rays, and 
immutable; as may appear by the 13th, 14th, and 

15th 
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15th Obfervations cotnpared with the fourth and 
eightJ;.tu~ 

By the precedent Obfervations-. it appears alfo, that . 
whitenefs is a diffitnilar mixture of all Colours, and that 
Light is a mixture of rays indued~ with all thofe Co_
lours. For confidering the· multitude of the Rings of 
Colours, in the 3d, I ~th. a·nd ~4th Obfervations, it is 
tnanifeft that although in the 4th and; I 8th Obferva
tions there appear no tnore than eight or nine of thofe 
Rings, yet there are really a far greater number, \vhich · 
fo much.: interfere and tningle with one another, as after. 
thofe eight or nine. revolutions to dilute one another 
wholly, and confi:itute an, even and fenfibly. uniforn1. 
\Vhitenefs. And confeqpently that whitenefs tnuft be· 
allo\ved a n1ixture of all Colours, and the Light which 
€onve.y.s it to the Ey€ muil be a mixture of rays indued.: 
with all thof€·. Colours-. 

But further, _ by the ~4th Obfervation , . it .. appears, .: 
that there is a conftan t relation between Colours and . 
Refrangibility, the m oft refrangible rays being violet, 
the leaft.refrangible red, _ and thofe of intermediate Co~ 
lours having proportionably. intermediate deg~ees of re ... . 
frangibility. And by the I jth, 14th and' rsth Obfer
va.tions, . compared with the 4th or I 8th, there appears 
to be the fame conftant relation between Colour and; 
Reflexibility, . the violet being in like circumftances· re~· 
flected at leaft. thickneffes of any thin Plate or Bubble, ., 
the red at greateft thickneffes ,_ and the intermediate 
Colours at intermediate thickneffes. -whence it. foloo
lows, that the colorifique difpofitions of rays are alfo . 
connatewith,them and.immutable, . and by confeq~ence. 

that 
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· that ull the produCtions and appearances of Colours 
.';'in the World are derived not from any phyfical change 

caufed in Light by refraction or refiexion, but only 
frotn the various tnixtures or ferarations of rays, by 
virtue of_their different Refrangibility or Reflexibility. 
And in this refpett the Science of Colours becomes a 
Speculation as truly mathematical as any other part of 
Optiqucs. I mean fo far as they depend ou the nature 
of Light, and are not produced or altered by the po\ver 
of itnagination, or by Hriking or preffing theE yes 
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SECOND BOOK 
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0 PT I C K s. 
PART Ill. 

Of the permanent Colours of natural Bodies, and the 
Analog·y between them ana the Colours of thin tranf#> 
parent 'Plates. 

I ~m now come to another part of this De~gn, which 
IS to confider how the Ph~nomena of thtn tranfpa

rent Plates ftand related to thofe of all other natural 
Bodies. Of thefe Bodies I have already told you that 
they appear of divers Colours, accordingly as they are 
4ifpofed to refleCt moft copioufly the rays originally 
indued with thofe Colours. But their Conftitutions, 
whereby they refle6l: fame rays more copioufly than 
others, remains to be difcovered, and thefe I fhall en.:> 
deavour to manifeft in the following Propofitions. 

Hh PROP. 
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rhofe Juperficlesoftran:fparent Bod~es ·rejlell the g·reateft 
quantity ofLight, which have the·greateft_ r~fra{ting power; 
that is, rzJJJhich intercede rnediurns tl:Jat differ mojl- in their 
refra[live denjities. And in tbe confines of equally re
fra{ling· mediums there is no rejlexion. 

The Analogy be~ween reflexiop and rcfrauion will 
appear by confidering, that \vhcn ijght paffeth ob
liquely out of one medium into another which·refratl:s 
from the perpendic.ular, the grea tcr i~ditference of 
their refraCtive denfiiy, the lefs obliquity is requifite 
to caufe a total retiexion. For as the Sines are which 

• -..... * - - - .. ,. 

mea[ ure the · refraClion, fo . is the Sine of incidence at 
which the .total , refiexio~b~gins, to the radius of the 
Circle] and confequentf§ tlia~incidence is leaft where- · 
there 1s the greateft difference of the Sincs. Thus in the 
paffing of Light out of Water into Air, where the 
refraCtion is mcafured by the Ratio of the Sines 3 to 4, 
the total refiexion begins when the Angle of incidence 
is about 48 ~egrees 3 5 minutes. In paffing out ofGlafs· 
into Air, where the refraction is meafured by the Ratio 
of the Sines ,o -to j 1, the total reflexion begins when. 
the Angle of incidence is 40 deg. I o min. and fo in 
paffing out of cryftal, or more ftrongly refraCting me .... 
dinms into Air, there is fiill a lefs obliquity · requifite. 
to caufe a total reflexion. Superficies therefore which. 
refract moft do fooneft refletl: all the Light which is in .... 
cident on thetn, and fo muft be allowed 1noft ftrongly 
reflexivell 

But 
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But the truth of this Propofition will further appear. 

by obferving, that in the fuperficies interceding two 
tranfparent mediums, fuch as are (Air,Water,Oyl.,Cotn"!' 
n1on ... G-lafs, Cryfi:al, Metalline-G lafTes _, Ifiand-G laffes) 
\Vhite tranfparent Arfnick, Diamond.s, ~c. ) the ree 
flexion is ftronger or weaker accordingly, as the fuper ... 
ficies hath a greater or lefs refraCting power. For in 
the confine of Air and Sal-getntn 'tis ftronger than in 
the confine of Air and Water, and ftill ftronger in the 
confine of Air al?-d Common ... Glafs_or Cryftal,and ftronger 
in the confine of Air and a Diamond. If any of thefe,ancl 
fuch like tranfparent Solids,, be immerged in Water, its 
reflexion becomes tnuch weaker than before, and frill 
weaker if they be itnmerged in the tnore ftrongly re .... 
fraCling Liquors of well-reCtified oyl of Vitriol or fpirit 
of Turpentine. IfWater be diftinguiihed into t~o parts, 
by any imaginary furface, the reflexion in the confine 
of thofe two _parts is none at all. In the confine of Wa
ter and Ice 'tis very little1 in that of Water and Oy1 ~tis 
fomething greater, in that of Water _and Sal-getnm frill 
greater, and in that of Water and Glafs, or Cryfral, . or 
other denfer fubftances frill greater, accordingly as thofe 
1nediums differ more or lefs in their refraCting powers. · 
Hence in the confine of Common-Glafs and Cryftal, 
there ought to be a \Veak reflexion, and a ftronger re- · 
flexion in the confine of Co1n1non and Metalline-G lafs, 
though I have not yet tried this, But, in the confine of 
two Glaffes of equal denfity, there is not any fenfible re"" 
fiexion, as was fhewn in the firft Obfervation. And 
the fatne may be underftood of _the · fuperfi~ies ii1tetce~ 
ding two Cryftals, or two Liquors, . or any other.LSubr 
fiances in 'vhich no refraCtion is caufed. So then th 

, Hh ~ reafon 

... 
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reafon w~yuniform pellucid mediutns, (fuch as Water, 
Gl~fs., or Cryftal) have no fen fib le reflexio~ but in 
the1r extetnal fuperficies, where they are adJacent to 
other mediums of a different denfity , is becaufe all 
their contiguous parts have one and the fame degree 
of denfity. 

P R 0 P. IL 

The leaft parts ~f alrnofl all natural Bodies are in Jom~ 
me~{ut·e tranfparent : And the opacity of thofe Bodies 

·ar~feth .from the multitude of reflexions caufed in their in
ternal 'Parts. 

That this is fo has been· obferved· by others, and 
will eafily be granted by them that have been conver
fant with Mifcrofcopes. And .. it may be alfo tryed by· 
.applying any fubftancc to a Hole through which fotne 
Light is immitted into a dark roo1n. For how opake · 
foever that fub.ilance may ieem in the open Air, it will: 
by that means appear very manifeftly tranfparent, if. 
it be of a fufficient thinnefs. Only white metalline Bo .. 
dies muft be excepted, which by reafon of their excef ... 
five denfity feem to reflect almoft all the Light inci-

aent on their firft fuperficies ' unlefs by folution in 
menftruums they be reduced into ver'} [mall . particles, 
and then they become tranfparent. 

P R. 0 P. Ill. 

Between the parts of opake and. coloure~ Bodies. ar~ 
many_Jpaces, eitlier. empt~ or replenijhed, wzth medzums 
of other denjities;. as W~te_r 6et.ween the ti~ging t:orpufclei 
~herewith any Lzqu·or_ u zmpregnated): Azr_ between the 

· - -~ · aqueoUh 
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aqueom globules th'at conftitute CloudJ or Mift.f ; and j(n/) 
he moft· part ,{paces void of 6oth Air and Water,. but yet 

perhaps not wh()Jly 'Void of all Ju6ftance, between t·.be parts · 
~f hard Bodies. . . 

The truth· of this is evinced by the two preced'ent 
Propofitions : For by the fecond Propofition there are 
tnany reflexions made by the internal parts of Bodies, 
which, by the firft Propofition~ would not happen if 
the parts of thofe Bodies were continued without any 
fuch- interftices bet\veen them, becaufe. reflexions are 
caufed only in fuperficies, which intercede mediums ot: 
a differing denfity by Prop. I ·. 

But further, that this- difcontinuity of parts- is the 
principal caufe of the opacity of Bodies, will appear by{ 
confidering, that opake fubftances become tranfparenw. 
by filling their pore~ with any fubftancc of equal oral
Jnoft equal denfity with their parts. Thus-Paper dip .... 
ped·· in Water or Oyl, the Or:ulm mundi Stone fteep'd in: 
Water, Linnen .... cloth oyled or varnifhed,and 111any other 
fubftances foaked in fuch Liquors as will intimately(
pervadc_ their little pores, become by that means . more 
tranfparent than·otherwife ; . fo, on· the contrary, the. 
moft tranfparent fubftances may by evacuating their 
pores, or feparating their parts, be rendred fufficiently; 
opake, as Salts or \Vet Paper, or the Oculus mundi Stone 
by being dried, Horn by being fcraped, Glafs by being_ 
redu.ced . to powder, or otherwife flawed, . Turpen..
tine by being ftirred, about \vith Water till -. they mix 
imperfeCtly'- · and. Water by being for1ned .'· into many 
fmall Bubbles, . either alone in the form- of froth, or 
by fhaking it together with Oyl of Turpentine,. or 
with .fome other convenient Liquor, with which it will ~ 

not 
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not perfetl:ly incorporate. And to the 1ncreafe of the 
opacity of thefe Bodies it conduces fotnething, that by 
the ~3th Obfervationthe reflexions of very thin tranf
parent fi1bftances are confiderably ftronger than thofe 
1nade by the fatne fubftances of a greater thicknefs. 

P R 0 P. IV. 

'Tl~e parts ~f Bodies and their lnterflices muft not /;e 
lefs than of Jorne definite bignefs, to render them opake and 
coloured. -

For the opakeft Bodies , /if their parts be fubtily 
divided, ( as Metals by being diifol ved in acid men .. 
ftruutns, t1c.) become perfettly tranfparent. And you 
1nay alfo retnember, that in the eighth Obfervation 
there was ·no fenfible reflexion at the fuperficies of 
the ObjeGl:-Glaifes where they were very near one 
another, though they did ndt abfolutely touch. And 
in the I 7th Obfervation the reflexion of the Water-bubble 
where it became thinneft was altnofi: itifenfible, fo as 
to caufe very black Spots to appear on the top of the 
Bubble by the want of reflected Light. · 

On thefe grounds I perceive it is that Water, Salt, 
Glafs;·Stones, and fuch like fubftances, are tranfparent. 
For, upon divers confiderations, they feem to be as full 
of pores or interftices between their parts as other Ea.
dies are, but yet their · parts and interH:ices to· be too 
fmall to caufe reflcxions in their comtnon furfaces. 

PROP. 
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The tranfparent parts of Bodies according; to their fe~ 
veral firzes mufl rejle{l rays of one C"olour, and tranfrnit 
thofe ~f anotber, on the fame grounds that thin 'Plates or 
Bubbles do reftef.fl vr tranfrnit thofe rays. And this I take· 
to be the g·round of all their· Colours. 
· For if a thin~d or plated Body, which being of arL 
even thicknefs, appears all over of one unifortn Co-
lour, fhould be Hit into threds, or broken into frag
tnents, of the fame thicknefs with the plate; I fee no. 
reafon \vhy every thred or fragment fhould not keep its·-, 
Colour, and by confequence why a heap ofthofe threds.; 
or fragments fhould not conftitute a mais or powder of 
the nu11e Colour, which the plate exhibited before it· 
wa~ broken. · And the parts of all natural Bodies beirtg_ 
like fo many fragtnents of a Plate, mu·ft on. the. fame 
grounds exhibit the fatne Colours. 

Now that they d(}fo, will appear by the affinity of· 
their prop~rties. The finely coloured Feathers of fome 
Birds, and particular 1 y thofe of Peacocks Tails, do irt· 
the very· fatne part of the Feather appear of feveral Co:r 
lours in feveral pofitions of the Eye, after the very fa~ne:· 
manner that thin Plates were found to do in th.e 7th. 
and 19th Obfervations ' · and therefore arife frotn the. 
thinnefs of the. tranf parent parts of the Feathers ; that 
is, from the fiendernefs of the very fine Hairs, or Capilla~ 
menta,_ which grow out of the fides of the groffer late~ 
ral branches or fibres of thofe Feathers.. And to the· 
fame purpofe· it is,. that the. Webs of fome Spiders by - ---·- .. - . - - b . 

·elng_-
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·being fpun very fine have appeared coloured, as fome 
have obferved, and that the coloured fibres- of fome filks 
by varying t~e pofition of the Eye do vary their Co .. 
lour. Alfo the Colours of filks, cloths, and other fub .. 
ftances~ which Water or Oyl can intimately penetrate, 
become more . faint and obfcure by being immerged in 
thofe liquors, and recover their vigor again by being 
dried, much aft~r the manner declared of thin Bodies 
in the I oth and ~I th Obfervations. Leaf .. gold, fome 
forts of painted Glafs, the infufion of Lig·num Nepbri, 
ticum, and fome other f ubftances reflect one Colour, 
and tranftnit another, like thin Bodies in the 9th and 
2o~h Obfcrvations. And fome of thofe coloured pow"' 
ders which Paintersufe, may have their Colours a little 
changed, by being very elaborately and finely ground. 
Where I fee not what can be juftly pretended for thofe 
changes, befides the breaking of their parts into lefs 
parts by that contrition after the f~me manner that the 
Colour of ~ thin Plate Is changed by varying its thick, 
nefs. For which reafon alfo it is that the coloured flowers 
of Plants . and V egitables by being bruifed ufually be, 
come more tranfparent than before, or at leaft in fome 
degree or other change their Colours. Nor is it much 
lefs to my purpofe, that by mixing divers liquors very 
odd and remarquable produCtions and changes of Co
lours may be effeeted, of which no caufe can be more 

· obvious. and rational than that the faline corpufcles of 
one liquo~ do varioufly act upon or unite with the 
tinging corpufcles of another, fo as to make them fwell, 
Qr fhriok (whereby not only their bulk but their den
fity alfo may be changed ) or to divide them into 
fmaller corpufcles, (whereby a coloured liquor may be.-

, come 
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come tranfparcnt) or to make n1any of them· aff-ociate 
into one clufter, whereby two tranfparent liquors may ( 
compofe a col()ured one. For we fee how apt thofe 
faline menftruurns are to penetrate and di[olve fub.-
ftances to which they are applied, and fome of them 
to precipitate what others diifolve. In like tnanner, if 
we confider the various Phrenomena of the Atmofphrere, 
we may obferve, that when Vapors are firft raifed, they 
hinder not the tranfparency .of the Air, being divided 
into parts too fmall to cauie any reflexion in theiriuper-
ficies. But when in order to cotnpofe drops of rain they 
begin to coalefcc and conftitute globules of all inter
Inediate fizes, thofe globules when they become of a 

·-convenient fize to reflect fome Colours and tranfinit 
others, may conftitute Clouds of various Colours accor-
ding to their fizes. · And I fee not what can be rati-o ... 
nally conceived in fo tranfparent a fubftance as Water for 
the produCtion of thefe Colours, befides the various 
fizes of its fluid and globuler parcels. · 

The parts of Bodies ~n which. their Colours depend; 
are denfer than the medzum, whtch pervades thei1'· in.., 
terftices. 

This -will appear by confidering, that the Colour of 
a Body depends not only on the rays which are inci
dent perpendicularly on its parts, but on thofe alfo 
which are incident at all other Angles. And that ac.-.. 
carding to the 7th Obfervation, a very little variation 
of obliquity will change the refiecled Colour where the 
thin body or fmall particle is rarer than the ambient 

I i medium, 

' I 
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medium, infomuch that fuch a fmall particle will at di
verily oblique incidences refleCt all forts of Colours, in 
fo great a variety that the Colour reiulting frotn . thetn 
all, confufedly refletled from a heap of fuch particles, 
mufi: rather be a white or grey than any other Colour, 
or at beft it muft be but a very itnperfeet and dirty Co
lour. Whereas if the thin body or fmall particle be 
much denfer than the ambient medium, the Colours 
according ~o ~he I 9th <?bf~rvation are fo little c.hanged 
by the var1at1on of obliquity, that the rays whtch are 
retlecred leaft obliquely may predotninate over the refr 
fo tnuch as to caufe a heap of fuch particles to appear 
very in~tenily .of their Colour .. 

It conduces alfo fomething to the confirn1ation of this 
Propofitionj that,. acfording to: the ~~th Obfervation, 
the C0lours exhibited by the-denfer thin. body within 
the;rat€r, are· more brifqli€' than1 thofe exhibited by the 
rarer within th~ de11rier. 

P R 0 P. VII. 

'I he !Jignefs of the c,omponent parts of natural Bodies 
may 6e conjellured by thr1·ir Cotours. 

For fin cc the parts of thefe B0dies by Prop. 5. do 
moft probably exhibit the fame Colours with a Plate of 
equal thie-knefs, provided th:ey have the fame refraCtive 
dertfity ; and fince their· ·parts ieem for the m oft part to 
have tnuch the fame denfity with Water or Glafs, as 
bJ many circu1nfiances is obvious to collecr ; to deter ... 
min€ the ·fizes of thofe parts you need only have recourfe 
to the precedent Tables, in which the thicknefs ofWa
t€J t>F Glafs exhibiting any ColoUF is expreifed. Thu~ 
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if it be defired to ·know the Diameter of a corpufcle, 
which being of equal denfity with Glafs fhaU refleCt 
green of the third order; the nutnber I 6 ~ thews it to 
be 16* parts of an Inch. 

1 0 0 000 

The greateft difficulty is here to know of what order 
the Colour of any Body is. And for this end we n1uft 
have recourfe to the 4th and I 8th Obfervations1 from 
whence may be colleeted thefe particulars. 

Scarlets, and other r~ds, ordng·es and yellows, if they 
be pure and intenfe are moft probably of the fecond or-
der. Thofe of the firfi and third order alfo may be 
pretty good, only the yellovv of the firfl: order is faint; 
and the orange and red of the third order have a great 
mixture of violet and blue. · . 
- There may be good greens of the fourth order, but 
the pureft are of the third. And of this ·order the green 
of all vegitables ieem to be, partly by reafon of the in:.. 
tenienefs of their Colours , and partly becaufe when 
they wither iome of them turn to . a ·greenifh yellow, 
and others to a more perfett yellow or orange, or per
haps to red, p_affing firft through all the aforefaid in
termediate Colours. Which changes feem to be effeCted 
by the exhaling of the moifture which tnay leave the 
~inging corpufcles 1nore denfe, and -fomething augrnen ... 
ted by the accretion of the oyly and earthy part. of 
that moifture. Now the green without doubt is of the 
farne order with thofe Colours into which it changeth, 
becaufe the changes are gradual, and thofe Colours, 
though ufually not very full, yet are often too full and 
lively to be of the fourth. order. 

Blues 



[ 6o J 
Blues and purples maybe either of the fecond or third 

order, but the beft are of the third. Thus the Colour 
of yiolets feems to be of that order, becaufe their Syrup 
by acid Liquors turns red, and by urinous and alcali~ 
zale turns green. For fince it is of the nature of Acids 
to diffolve or attenuate, and of Alcalies to precipitate 
or incraffate, if the purple Colou~ of the Syrup \Vas of 
the fecond order, an acid Liquor by attenuating its ting:
ing corpufcles would t:hange it to a red of the fi~ft 
?rder, and an Alcaly by incraffati?g th.etn would change 
1t to a green of the fecond order; wh.tch red and green, 
efpecially the green, feem too itnp~rfect to. be the Co
lours produced by ·thefe changes. But if the faid purple 
be f-uppofed of the third ordex, its change to red. · of the 
fecond, and green of the third, tnay without any in
convenience be allowed. 

If there be found any Body of a deeper and lefs red; 
difh purple than that of the violets, its Colour moff 
probably is of the fecond order. But yet their being 
no Body commonly known wnofe Colour is conftantly 
in ore deep than theirs, I have 111ade ufe of their natne to 
denote the deepeft and leaft reddifh purples, iuch as 
manifeftly tranfcend their Colour in purity. 

The blue of the firft order , though very faint and 
little, may poffibly be the Colour of fame fubftances ~ 
and particularly the azure Colour of the Skys feems to 
be of this order. For all vapours when they begin to 
condenfe and coalefce into finall parcels, become firft of 
that· bignefs whereby fuch an Azure n1uft be refleCted 
before they-can conftitute Clouds of other Colours. And 
fo this being the firft Colour which vapors begin to 
refleel, it ought to be the Colour of tl1e tine.ft and moft 

tranf ... 
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tranfparent Skys in vvhich vapors are not arrivedto that 
grofnefs requifite to reflect other Colours, as we find it 
is by experience. 

Whitenefs, if m oft intenfe and lurninous, is that of the 
firft order, if lefs ftrong and luminous a mixture of the 
Colours of feveral orders. Of this laft kind is the 
whitenefs ofF roth, Paper, Linnen, and moft white fub
ftances ; of the former I reckon that of \Vhite metals to 
be. For whilft the denfeft of metals, Gold, if foliated 
is tranfparent, and all metals become tranfparent if 
diffolved in menftruums or vitrified., the opacity of 
white n1etals ariieth not from their denfity alone. They 
being lefs denfe than Gold would be more tranfparent 
than it, did not forne other caufe concur with their den .... 
fity to rnake them opake. And this caufe I take to be 
fuch a bignefs of their particles as fits them to reflect 
the white of the firft order. For if they be of other 
thickneffes they may refleCt other Colours, as is mani
feft by the Colours which appear upon hot Steel in tem
pering it, and fometimes- ~upon the furface of melted 
1netals in the Skin or Scoria·which arifes upon them in 
their cooling. And as the white. ~f theJirft order. is 
the ftrongefi: which can be ·made by Plates of tranfp.arent 
fubftances, . fo it ought to be ftronger in the denfer fub
ftances of metals than in the rarer of Air, Water and 
Glafs. Nor do I fee but that metallic fubftances of fuch 
a thicknefs as may fit them to refleCt the white of the 
firfr order, n1a y, by reafon 9f their great denfity ( accor-
ding to the ten our of the firft of thefe Propofitions) re ... . 
fleet all the Light incident upon them~ and fo be as1 
opake and fplendent as its poffible for any Body to beo. 
Gold, or Copper mixed with lefs than. half their ~weight-

- ·· -- . ·of 
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of Silver, or Tin, or Regulus of Antimony, in fufion 
or arnalga1ned ,vith a very little Mercury becotne·\vhitej 
which fhews both that the particles of white metals 
have tnuch more fuperfi.cies, and fo are fmaller, than 
thofe of Gold and Copper, and alfo that they are in 
opake aG not to fuffer the particles of Gold or Copper to 
fhine through them. Now it is fcarce to be doubted, 
but that the Colou ·s of Gold and Copper are of the fe-
cond or third otder, and therefore 'the particles of white 
metals cannot be much bigger than is req uifite to tn.ake 
them refleCt the white of the firfr order. The volati
lity of Mercury argues that they are not much bigger, 
nor tna y they be tnuch lefs, leaft they lofe their opacity, 
and become either tranfparent as they do when attenua
ted by vitrification, or by folution in menftruums, or 
black as they do when ground fmaller, by rubbing Sil
ver,or Tin, or Lead, upon other fubftances to dra\v black 
Lines. The firH: and only Colour which white tnetals 
take by grinding their particle~ finaller is black, and 
therefore their white ~ught to be that which borders 
upon the black Spot in the center of the Rings of Co
lours, that is, the white bf the firft order. But if you 
would hence gather the bignefs · of metallic particles, 
you 1nuft allov1 for their dcnfity. For were Mercury 
tranfparent, its denfity is fuch that the Sine of inci
dence upon it (by my co1nputation) would be to the 
fine of its refraction, as 7 r to 'Jo, or 7 to ~- And 
therefoxe the thicknefs of ·its particles, that they tnay 
exhibit the fa1ne Colours with thofe of Bubbles ofWa
ter, ought to be lefs than the thicknefs ot the Skin of 

·· thofe Bubbles in the proportion of 2 to 7. Whence 
its poffible that the particles of I\1ercury tna_y be as little 
· as 
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as the rarticles of fotne tranfparent and volatile fluids, 
and yet reflect the white of the firft order. 

Laftly, for the produCtion of b~ack, the corpufcles 
muft be lefs than any of thofe vvhich exhibit Colours. 
For at all greater fizes there is too much Light .refle
tled to confiitute this Colour. But if they be fuppo
fed a little lefs than is requifite to refleCl the white and 
very faint blue of the firft. order, they will, according 
to the 4th, 8th, I 7th and I 8th Obfervations, reflect 
fo very little as to appear intenfly black, and yet may 
perhaps variou11y refraCt it to and fro within them..
felves fo long, until it happen to be fl:ifled and loft, 
by which means they will appear black in all pofitions . 
of the Eye wirhouf any ttanfparency. And from hence 
1nay be underfiood \vhy Fire, and the more fubtile 
diffolver Putrefatlion, by dividing the partic-les of fub
ftances, turn then1 to black, why fmall qu~ntities of 
black fubftances impart their Colour very freely· and in
tenfly to other fubftances to which· they are applied ; 
the minute particles of thefe, by reafon of their very 
great number, eafily overfpreading the grofs particles 
of others; why Glafs ground very elaborately with 
Sand on a copper Plate, 'till it be well polifhed, makes 
the Sand, together \Vith what is worn offfro1n the Glafs 
and Copper, becon1e very black: why black fubftances 
do fooneft of all others beco1ne hot in the Sun's Light 
and burn, (which effeCt may proceed partly fro1n the 
tnultitude of refraGl:ions in a little rootn, and partly 
from the eafy comtnotion of fo very fmall corpufcles;) . 
and vvhy blacks arc ufually a little inclined to a bluifh 
Colour. For that they are fo ,may be feen by illumina"" 
t~ng 'vhite Paper by Light reflected from black fub ... 

ftance.s~ 



[ 64 J 
ftances. For the Paper will ufually appear of a bluifh 
white; and the reafon is, that black borders on the 
obfcure blue of the firft order defcribed in the 18th 
Obfervation, and therefore refleCts more rays of that 
Colour than of any other. 

In thefe Defcriptions I have been the tnore particu
lar, becaufe it is not impoffible but that Mifcrofcopes 
may at length be improved to the difcovery of the 
particles of Bodies on which their Colours depend, if 
they are not already in fotne meafure arrived to that de ... 
gree of perfection. For if thofe Inftruments are or can 
be fo far improved as ·with iufficient diftintlnefs to re
prefent Obje&s five or fix hundred times bigger than 
at a F oat diftance they . appear to our naked Eyes, I 
fhould hope that we might be able to difcover fotne of 
the greateft of thofe corpufcles. And by one that would 
magnify three or four thoufand titnes perhaps they 
tnight all be difcovered, but thofe which produce black
nefs. In the mean while I fee nothing material in this 
Difcourfe that tnay rationally be doubted of excepting 
this Pofition, That tranfparent corpufcles of the fame 
thicknefs and. denfiry with a Plate, do exhibit the fatne 
Colour. And this I would have underftood not with
out fome latitude, as \Vell becaufe thofe corpufcles tnay 
be -of irregular Figures, and many rays muft be oblique ... . 
ly incident on the1n, and fo have a fhorter \vay through 
them than the length of their Diameters, as becaufe the · 
ftraitnefs of the tnedium pent in on all fides within fuch 
corpufcles may a little alter its tnotions or other qua
lities on which the reflcxion depends. But yet I can
'"not ·much fufpeEt the laft, becaufe I have obferved of 
fo1ne fmall Plates of Mufcovy-Glafs which were of an 

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

P R 0 P. VIII. 

The caufe of Reftexion u not the impinging; ~f Lig·ht on. 
the folid or impervio'U;S parts of Bodies, as is cornmonly 6e#' 

, lieved. -
This will appear by the following Confiderations. 

Firft, That in the paffage of Light out of Glafs into 
Air there is a reflexion as ftrong as in its paffage out of 
Air into Glafs, or rather a little ftronger, and by many 
degrees ftronger than in its paffage out of Glafs into 
Water. And it feems not probable that Air fhould have 
more refleGl:ing parts than Water or Glafs. But if that 
fhould poffibl y be fuppofed, yet it will avail nothing; 
for the reflexion is as ftrong or ftronger when the Air is 
drawn away from the Glafs, (fuppofe in the Air ... pump 
invented by Mr. Boyle) as when it is adjacent to itv 
Secondly, If Light in its paifage out of Glafs into Air 
be incident more obliquely than at an Angle of 40. or 
41 degrees it is \V holly refietled, if lefs obliquely it is 
in great meafure tranfmitted. Now it is ·not to be irna .... 
gined that Light at one degree of obliquity fhould meet 

. K k · with 
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with pores enough in the Air to tranfmit the greater 
part of it, and at another degree of obliquity fhould 
meet with nothing but pat·ts to refleCt it \vholly, efpe ... 
cially confidering that . in its paffage out of Air into 
Glafs, how oblique foever be its incidence, it finds 
pores enough in the Glafs to traofmit ~~~eat part 
of it. If any Man fuppofe that it is not refletted by the 
Air, . b.ut ~y the outmo~ fuperficial parts of the Glafs, 
ther·e 1s ftrll the fame difficulty : Befides, that fuch a 
Suppofition is unintelligible, and \Vill alfo appear to be 
falfe by applying Water behind fame part oftheGlafs 
inftead of Air. For fo in a convenient obliquity of the 
rays fuppofe of 45 or 46 degrees, at which they are all 
retletl:ed where the A.ir is adjacent to the Glafs, they 
fhall be in great meafure tranfinitted where the Water 
is adjacent to it j which argues, that their reflexion 
or tranftniffion depends on the conftitution of the Air 
and Water behind the Glafs, and not on the ftriking 
off the rays upon the parts of the Glafs. Thirdly, If 
the Colours made by a Prifm placed at the entrance of 
a beam of Light into a darkened room be fucceffively 
caft on a fecond Prifm placed at a greater diftance from 
the former, in fuch manner that they are all alike inci; 

---dent upon it, the fecond Prifin znay b~ fo inclined to 
the incident rays, that thofe which are of a blue Colour 
fuall be all refleCted by it, and yet thofe of a red Colour 
pretty copioufly tranftnitted. Now if the refiexion be 
caufed by .. the parts of Air or Glafs., I would ask, why 
at the fame obliquity of incidence the blue ihould who! ... 
ly impinge on thofe parts fo as to be all refletted, and 
yet the red find pores enough to be in great meafure 
tranfinitted. Fourthly, vvhere two Glafies touch one 

another). 
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another, there is no fenfible reflexion as \vas declared 
in the firft Obfervation; and yet I fee no reafon why 
the rays fhould not impinge on the parts of Glafs ·as 
much when contiguous to other Glafs as when con ... 
tiguous to Air. Fifthly, When the top of a Water
bubble (in the 17th Obfervation) by the continual fub
fiding and exhaling of the Water grew very thin, there 
was fuch a little and altnoft infenfible quantity of Light 
refletl:ed from it, that it appeared intenily black; where.-. 
as round about that black Spot, where the Water was 
thicker, the reflexion was fo ftrong as to make the 
Water feem very white. Nor is it only at the leaft 
thicknefs of thin Plates or Bubbles, that there is no 
manifeft reflexion, but at tnany other thickneffes con
tinually greater and greater. For in the I 5th Obfer ... 
vation the rays of the fame Colour were by turns tranf~ 
mitted at one thicknefi:, and refletted at another thick
nefs, for an indeterminate nurnber of fucccffions. And 
yet in the fuperficies of the thinned Body, where it is 
of any one thicknefs, there are as many parts for the 
rays to impinge on, as where it is of any other thick
nefs. Sixthl y, If reflexion were caufed by the parts of 
refleCting Bodies, it would be impoffible for thin Plates 
or Bubbles at the fame place to reflect the rays of one 
Colour and tranfinit thofe of another, as they do ace or .... 
ding to the I jth and I sth Obfervations. For it is 
not to be imagined that at one place the rays which 
for inftance exhibit a blue Colour, ihould have the for
tune to dafh upon the parts, and thoie which exhibit 
a red to hit upon the pores of the Body; and then at 
another place, where the Body is either a little thicker, 
or a little thinner, that on the contrary the blue fhould 

K k ~ hit 
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hit upon its pores, and the red upon its parts~~ Laftly, 
were the rays of Light refleeted by impinging on: the 
folid parts of Bodies, their reflexions fro1n polifhed Bo
~ie~ could not. be fo regular as the~ are. · Y ~r in pa... 
ldhtng Glafs w1th Sand, Putty or Trtpoly, It ts not to 
be itnagined that thofe fubftances can by grating and 
fretting the G lafs bring an · its leaft particles to an ac
cur~te polifh ; fo t~at all their furfaces fhall be truly 
pla1n or truly fphertcal, and look all the fame way, fo 
as together to compofe one even furf~ce. The fmaller 
the particles of thofe fubftances are, the fmaller will 
be the fcratches by which they continually fret and wear 
away the Glafs until it be polifhed., but be they never 
fo finall they can wear away the Glafs no otherwife 
than by grating and fcratching it, and breaking the 
proturberances , and therefore polifh it no otherwife 
than by bringing its roughnefs to a very fine Grain, fo 
that the fcratches and frettings of the furface become 
too fn1all to be vifible. And therefore if Light were 
refleCled by impinging upon the folid p~rts of the G.Iafs, 
it would be fcattered as tnuch by the moft polifhed 
Glafs as by the rougheft. So then it remains a Pro~ 
blem, how Glafs polifhed by fretting fubftances can re· 
fleet Light fo regularly as it does. And this Problem 
is fcarce ?therwife t? be folved than py faying,_ that 
the reflexton of a ray ts effeCted, not by a fingle po1nt of 
the refleCting Body, ·but by fame- power of the Body 
which is evenly diffufed all over its furface, and by · 
which it atl:s upon the ray without itnmediate conta~. 
For that the parts of Bodies do aCt upon Light at a d1· 
fiance fhall be fhewn hereafter. 

Now 
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Now if Light be refleCted not by ilnpinging on the 

folid parts of Bodies, but by fome other principle; its 
probable that as many of it$ rays as impinge on the 
folld parts of Bodies_ are not reflected but ftifled and 
loft in the Bodies. For otherwife we muft allo\V two 
torts of reflexions. Should all the rays be refleCted which 
impinge on the internal parts of clear Water or Cryftal, 
thofe fubftances \Vould rather have a cloudy Colour 
than a clear tranfparcncy. To make Bodies look black, 
its nece!fary that many rays be ftopt, retained and loft 
in them, and it feems not probable that any rays can 
be ftopt and ftifled iri them which do not itnpinge on 
their parts. 

And hence we may underftand that Bodies are much 
. more rare and porous than is comtnonly believed. Wa
ter is I 9 times lighter, and by confequence I 9 times 
rarer than Gold , and Gold is fo rare as very readily 
and without the leaft oppofition to tranfinit the mag
neti~k Effiuvia, and eafily to .admit Quick-filver into 
its pores, and to let Water pafs through it. For a con~ 
cave Sphere of Gold filled with Water, and fodered up,. 
has upon preffing the Sphere with great force, let the 
Water fqueeze through it, and ftand all over its out
fide in multitudes of fmall Drops, like dew, without 
burfting or cracking the Body of the Gold as I have 
been informed by an Eye .. witnefs. From all which we 
111ay conclude, that Gold has more pores than folid 
parts, and by confequence that Water has above forty
times more pores than parts. And he that fhall find out 
an-Hypothefis, by which Water may be fo_ rare, and yet 
not be_ capable of cotnpreffion by force, may doubtlefs 
by the fame Hypothefis make Gold and Water, and all 

other 
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other 'Bodies as much rarer as he pleafes, fo that Light. 
may find a ready paffage through tranfparent fub .. 
fiances. , 

P R 0 P. IX. 

Bodies reftettl .and refra{l Lig·ht 6y one and the fame 
power varioujly exercifea in variom circumftances. 

This appears by feveral Confiderations. Firft, Be. ... 
caufe when .Light goes out of Glafs into Air,. as ob
liquely as it can poffibly do, if its incidence be made 
-frill more oblique, it becomes totally refleCted. For 
the power of the Glafs after it has refratled the Light 
as obliquely as is poffible if the incidence be ftill made 
in ore oblique, becotnes too ftrong to let any of its rays 
go through, and by confequence caufes total reflexi~ns. 
Secondly, Becaufe Light is alternately refleCted and 
tranfmitted by thin Plates ofGlafs for 1nany fucceffions 
accordingly, ·as the thicknefs of the Plate increafes 
in an arithmetical Progreffion. For here the thicknefs 
of the Glafs determines whether that power by which 
Glafs acts upon Light fhall caufe it to be refletted, or 
fuffer it to be tranftnitted. And, Thirdly, becaufe thofe 
furfaces of tranfparent Bodies which have the greateft 
refraCting power, refle6t the greateft quantity of Light, 
as vvas fhewed in the firft Propofition. 

·p R 0 P. X. 

If _Light !Je Jwifter in Bodies than in Vacuo in the 
propurtion ~f the Sines which meafure the refraftion of the 
Budie.y, the forces of tbe Bodies to refte"rt and refra{l Light, 

are 
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are ~er1 nearly. proportional to the denjities of the fame 
Bodtes, exceptzng that un8uo~ and fulphureous Bodies re.
fra8 mo·re than others of this .fame den}ity. 

Let AB reprefent the reftaeting plane furface .of any 
Body, and I C a ray incident very obliquely upon the 

Body in C, fo that the Angle A Cl may be infinitely 
little, and let C R be the refracted ray. F ron1 a given. 
point B perpendicular to -the refratting furface eretl: 
BR meeting with the refratl:ed ray C R in R, and if 
CR reprefent the motion of the refraCted ray, and this
motion be diftinguifhed into two motions CB and BR,. 
whereof CB is a parallel to the refraCting plane, and 
BR perpendicular to it : CB fhall reprefent the motion· 
of the incident ray, and BR the motion generated by 
the refrattion, as Opticians have of late explainedo. 

Now if apy body or thing in moving through any 
fpace of a giving breadth ter1ninated on both fides by 
two parallel plains, be urged forward in all parts of 
that fpace by forces tending direttly forwards towards 
the 1aft plain , and before its incidence on the firft 
plane, had no motion towards it, or but an infinitly 
little one; and if the forces in all parts of that fpace,, 
between the planes be at equal diftances from the planes 
equal to one another, but at feve.ral diftances be bigger
or lefs in any given proportion, the motion generated 
by the forces in .. the \V hole paffage of the body or thing~. 

· throug~ 
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through that fpace fhall be in a fubduplicate proportion 
of the forces, as Mathematicians will eafily underftand. 
And therefore if the fpace of activity of the refratling 
fuperficies of the Body be confidered as fuch a fpace 
the motion of the ray generated by the refracting fore~ 
of the Body, during its paffage through that fpace 
that is the motion BR muft be in a fubduplicate 
proportion of that refracring force : I fay therefore that 
the fquare of the Line BR, and by confequence the 
refraCting force of the Body is very nearly as the den .. 
fity of the fame Body. For this will appear by the fol-
lo\vingTable, \Vherein the proportion oftheSineswhich 
meafure the refraxions of feveral Bodies, the fquare 
of BR fuppofing CB an unite, the denfities of the 
Bodies eftimated by their fpecifick gravities, and their 
refratti ve power in 11 ef pea of their denfities are fet 
down in feveral Columns. 

The 
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rfhe refracxing Bodies. 

The PropOrtion The Square .of'The denfit! Th~ refra
of the Sines of BR, to wh~ch and fpe~t- Eftve power 
incidence and the refraeftng fie gravtty of the Body 
refraCfion of force of theBo. of the Bo- in . refpefl 
yellow Light. dy ii propor-1 dy. of tts den-

tionate. I jity. 

A Pfeudo-Topazius, be-
ing a natural,pellucid, 

3 
to 

14 1
,
699 brittle, hairy Stone, of 2 

a yello\v Colour 3, 0 , to 3 h".o o ' ooo 64b 
Air ts-fi-t-G~ -eH,~ 
Glafs of Antimony I 7 to 9 2' 568 
ASelenitis 6I to 4I I'2I) 
Glafs vulgar 3 1 to %o 1 '402 5 
Cryftal of the Rock 25 to I6 I'445 
Iiland Cryftal 5 to 3 I '778 
Sal Gem m~ I 7 to 1 I I' 3 8 8 
Alume 3 5 to 24 I 'I z.67 
Borax 22 to I5 1'15II 
Niter 32 to 2I I'345 
Dantzick Vitriol 301 to 2oo I'295 
Oyl of Vitriol 1 o to 7 1 'o4I 
Rain Water 529 to 396 o'7845 
GummArabic 31 to 2I I'Ii9 
Sp~~~ ofWine well reCti- 1 00 to 73 o'S 76 S 

Camphire 3 to 2 r'25 
OylOlive 22to IS I'I5II 
Lint feed Oyl 40 to 27 1' I 948 
Spint of Turpentine 25 to 17 I'r626 
Ambar I4 to 9 I'42 
A Diamond I oo to 41 4'949 

0 ' 0 01"2 

~I-2f 
5'28 .. 
2'252 
2'58 . 
2'65 
2'72 

2'I43 
I'7I4 
I'7I4 
I '9 

' 

I '7 I 5 . 
I'7 
I. 

1 '3.75 
o'866 

o'996 
0,913 
o'932 
o'874 
I'04 
3'4 

3979 

~ig~ 
4864 
5386 
5436 
545° 
6536 
6477 
6)70 
6716 
7°79 
7))1 
6124 
784) 
8574 

10121 

12))1 
I26o7 
I28I9 

Ij222 

13654 
·1 45 s6 

The refracrion of the Air in this Table is determined 
by that of the Atmofphere obferved by Aftronomers. 
For if Light pais through many refraCting fubftances or 
mediu1ns gradually denfer and dcnfer, and ter1ninated 

L 1 \Vith 
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\vith p~rallel furfaces, the fumm of all the refraCl:ions 
will be equal to the fingle refratlion which it would 
have futfered in paffing imtnediately out of the firft 
medium into the laft. And this holds true, though the 
number of the refracting fubftances be increafed to infi-

# njty, and the diftances fro In one another as 1nuch de
cr~afed, ro that the Light In ay ~e rcfratl:ed . in every 

, polht of 1ts paffage, and by contu1ual refraCl:1ons bent 
into a cul·ve Line. And therefore the whole refraCtion 
,of Light in palling through the Atrnofphere from the 
higheft and rarefi part thereof down to the lo\veft and 
denfeft part, 1nuft be equal to the refratl:ion which it 
.would fuffer in paffing at like obliquity out ofa .Va
cuuun imm.ediately into Air of equal denfity with that 
in the loweft part of the Atmofphere. 

N O\V, by this Table, t:hc rcfmetions ef a Pfeudo-To
paz, a Selenitis, Rock Cryftal, lfland Cryftal, Vulgar 
Glafs (that is, Sand tnelt~d together) and Glafs of 
'Antimony, which are terreftrial ftony alcalizate con ... 
crctes,and Air which probably arifes from fuch fubftances 
by fermentation, though thefe be fubftances ve.ry differing 
from one another in denfity, yet they have their refra ... 
£live powers almoft in the fame proportion to one ano
ther as their denfities are, excepting that the refraCtion of 
that ftr·ange fubftancc liland-Cryftal is a little bigger 
than the refr. And particularly Air, which is 34ootimes 
rarer than the Pfetido-Topaz1 and 4 ~oo tirnes rarer than 
Glafs of Antimony, has notwithftanding its rarity the 
fame, ref.ratl:ive power in refpeCt of its denfity which. 
thofe two very denfe fubftances have in refpe6l: of theirs-, 
excepting fo far as thofe two differ from one another. 

Again, 
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Again, the.refra&ion of Can1phire, qyl,Qlive, Lint~· 

feed Oyl, Spirit ofTurpenti~e and Am~er, which ~re 
fat fulphureous unCtuous Bodtes, and a Dtamond, whtch 
probably is an unCtuous fubftance coagulated, have their 
refraCtive powers in proportion to one another as. their 
denfities without any confiderable variation. But the 
refraCtive power of thefe unCtuous fubftances is two 
or three times greater in refpett of their denfities than 
the refraCtive powers of the former fubftances in refpeCl: 
of theirs. · 

Water has a refratl:ive power in a middle degree be
tween thofe two forts of fubftances, and probably is of 
a middle nature. For out of it grow all vegetable and 
animal fubftances, \Vhich confift as well of fulphureous 
fat and inflamable parts, as of earthy lean and alc~li~ 
zate ones. . . 

Salts and Vitriols have refraCl:ive powers in a middle 
degree between thofe of earthy fubftances and Water~ 
and accordingly are compofed of thofe twoforts offub~ 
ftances. For by diftillation and rectification of their 
Spirits a great part of them goes into Water, and a gtea~ 
part re1nains behind In the form of a dry fixt earth.· ea• 
pable of vitrification. . · . . · ; 

Spirit of Wine has a refractive po,ver in . .a middle 
degree between thofe of Water an4 oyly fubftances, and • 
accordingly feems to be con1pofed of both, united. by 
fermentation j the Water, by means of fome-faline Spi
rits with which 'tis itnpregnated, diffolving the Oyt, 
and volatizing it by the atl:ion'" For Spirit of Wine : i~ 
inflamable by tneans of its oyl y parts, and being cliftil~ 
led often from Salt of Tartar, grows by every diftilla
tion more ~nd n1ore aqueous and flegmatick. . A~d 

L 1 ~ Chymifts 



[ 76] 
Chymifts obferve, that Vegitables (as Lavender, Rue, 
Marjoratn, ~c.) diftil1ed per .fe, before fermentatio11 
yield Oyls without any burning Spirits, but after fer
mentation yield ardent Spirits without Oyls : Which 
ihews, that their Oyl is by fermentation converted into 
Spirit. They find alfo7 that if Oy ls be poured in fmall 
quantity upon fermentating v -egetables, they diftil over 
after fertnentation in the for1n of Spirits-. 

~o then, by the foregoing Table, all Bodies feem to 
have their refraCtive powers proportional to their 
denfities,. ( or very near I y ; ) excepting fo far as they 
partake more or lefs of fulphurous oyly particles, and 
thereby have their refraCtive power made greater or 
lefs. Whence it feems rational to attribute the refra
Ctive power of all Bodies chiefly, if not wholly, to the 
fulphurous parts with which they abound . . For it's 
probable that all Bodies abound tnore or lefs with Sui .. 
phurs. And as Light congregated by a Burning-glafs 
atl:s moit- upon fulphurous Bodies, to turn them in ... 
to fire and · fiatne ;. fo, fince all aCtion is mutual, Sul-
phurs ought to atl: n1oft upon Light. For that the 
aCtion between Light and Bodies is mutual, -may -appear 
from this Confideration, That the d.enfeft Bodies which 
refratl: and re~ett Light moft ftrongly grow.hotteft in 
the Summer .. Sul), by the action of the refraCted or re ... 
fletl:ed Light. _ · 

l have hitherto explained the power of Bodies to re ... -
flt:fr and refraCt, and fhewed, that thin tranfparent 
plates, fibres and particles do, according to their fevcral 
thickneffes and, denfities, refleCt feveral forts of rays, 
and . thereby appear of feveral Colours, and by coni(> 
quence that nothing more is. req~ifite for producing all 

· the 
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the Colours of natural Bodies than th-e fevetal fizes and 
denfities of their tranfparent particles. But whence it 
is that thefe plates, fibres and particles do, according 
to their feveral thickneffes and denfities, refleCt feveral 
forts of rays, I have not yet explained. ,_fo give fotne 
infight in~o this matter, and make way for underftan
ding the next Part of this B.ook, I iball conclude this 
Part with a few more Propofitions. Thofe \Vhich pre
ceded refpett the nature of Bodies, thefe the nature of 
Light : For both muft be underftoJd before the reafon 
of their actions upon one another can be known. And 
becaufe the laft Propofition depended upon the velo
city of Light, I will begin with a Propofition ·of that_ 
kind. 

P R 0 P. XI. 

Light i5 propagated from luminom Bodies in time, and_· 
Jpends a6out [even or eight minutes of an hour in paffing 
from the f)'un to the Eart.h. 

This was obferved firft by Romer, and then by others,., 
by means of the Eclipfes of the Satellites of 'Jupiter .. 
For thefe Eclipfes, when the Earth is between the Sun 
and ryupiter, happen about feven or eight rninutes fooner.. 
than they ought to do by the Tables, and when the Earth .. 
is beyond the Sun they happen about feven or eightnJi.
nutes later than they ought to do j the. reafon-being, . .:that. 
the Light of the Satellites has farther to go in the latter 
cafe than in the former by the Diatneter of the Earth~s 
Orbit. Some inequalities of time tnay arife frotn . the 
excentricities of the Orbs of the Satellites; but thofe 
cannot anfwer. in all the Satellites, and at all times 

to,·. 

\ 



[ 78] 
to the pofition and diftance. of, the Ea~th ~rom the ~un.' 

. The mean motions of :jupzter s ~atell1tes ~s alf~ fw.tfter 
in his defcent from h1s Apheltum to hts Perthehutn, 
than in his afcent in the other half of his Orb : But this 
inequality has no refpeCt to the pofition of the Earth, 
and in the three interior Satellites is infcnfible, as I find 
by computation from the Theory of their gravity. 

P R 0 P. XI I. 

Every 'ray ~f Light in its paffage through any refra~ 
(.,rting· Jurface is put into a certain tranfient tonflitu'tion 
or ftate ,' which in the prog-refs of the ray returns at 
equal intervals, and difpofes the ray at every return 

·to be eajily tranfmitted through the next refra{iing .fur .. 
. [ace, and between the returns to be eafily rejle{led /;y 
zt. 

This is manifeft by the 5~h, 9th, I ~th and I sth Ob
fervations. For by thoie Obfervations it appears, that 
one and the fame fort of rays at equal Angles of inci
dence on any thin tranfparent plate, is alternately refle
.tted and tranfmitted for many fucceffions accordingly, 
as the thickncfs of the . plate increafes in arithmetical 
progreffion of the numbers o, I, ~, 3, 4, 5, 6, 7, 8, ~c 

--fo that if the firft reflexion (that which makes the firft 
or inner m oft of the Rings of Colours there defcribed ) 
betnade at the thicknefs I,the rays iball.be tranfmitted at 
the thickneffes o, ~, 4, 6; 8, Io, I~, ~c. and thereby 
make the central Spot and Rings of Light, which ap~ 
pear by tranfiniffion, and be refietl:ed at the thicknefs 

-~~, 3, 5, 7, 9, <I 1 ,~c. and thereby make the Rings which 
appear 
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·appear by refiexion. And this -alternate reflexion and 
tranfmiffion, as I gather by the ~4th. Obfervation, con
tinues for above an hundred viciffitudes, and by the, 
tl1e Obfervations in the next part of this Book, for tnany 
thoufands, being propagated from one furface of a Glafs
plate to the other, though the thicknefs of the plate 
be a quarter of an Inch or above : So that this alter
nation feen1s to be propagated from every refracting 
furface to all diftances without end or li1nitation. 

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

It is therefore performed at the fecond furface, for 
if it were performed at the firft, before the rays ar ... 
rive at the fecond, it would not depend on the fe
cond. 

It is alfo influenced by fame aCtion or difpofition, 
propagated from the firft to the fecond, becaufe other ... 
wife at the fecond it would not depend on the firft. And 
this action or difpofition, in its propagation, intermits 
and . returns by equal intervals, becaufe in all its pro
grefs it inclines the ray at one diftance from the firil 
furface to be refleCl:ed by the fecond, at another to be 
tranfmitted by it, and that by equal intervals for innu, 
merable viciffitudes. And becaufe the ray is difpofed 
to reflexion at the diftances. I, 3, 5·, 7, 9, ~e. and to 
tranfmiffion at the difta'nces o, ~, 4, 6, 8, I o, ~c, (for 
its tranfmiffion through the firft furface, is at the di.-. 

fiance 
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Ha nee ·o, and it is tranfmitted through both toge-· 
ther, if their diftance be infinitely little or much lefs 
than I) the difpofition to be tranfmitted at the diftances 
~, 4, 6, 8, 1 o, ~c. is to be accounted a r~turn of the 
fatne difpofition which the ray firft had at t~e diftanceo 
that is at its tranfmiffion through the firft refracting fur~ · 
face. All which is the thing I would prove. . 

What kind of atl:ion or difpofition this is? Whether 
it confift in a circulating or a vibrating . motion of the 
ray, 'or of the medium, or fornething elfe? I do. not 
here enquire. 1--\hofe that are averfe from affenting to 
any new difcoveries, but fuch as they can explain by an 
Hypothefis, tnay for the prefent fuppofe, that as Stones 
by falling upon Water put the Water into an undula .. 
ting motion, and all Bodies by percuffion excite vi bra- · 
tions in the J).ir; fo the rays of LightJ by itnpinging on 
any refracting or refleGl:ing furface, excite vibrations in 
the refraCting or reflecting mediutn or fubftance, and 
rty exciting them agitate the folid parts of the refraCTing 
or reflett ingBody,and by agitating them caufe the Body 
to grow warn1 or hot; that the vibrations thus excited 
are propagated in the refratling or reflecring medium 
or fubftance, tnuch after the manner that vibrations are 
propagated in the Air for caufing found, and move 
fa frer than the rays fo as to overtake thetn; and that 
when any ray is in that part of the vibration which con ... 
fpires with its motion, it eafily breaks through a re
h·atting furface, but when it is in the contrary part of 
t he vibration which impedes its motion, it is eafily 
refleCted ; and, by confequence, that every ray is fuc~ 
ceffively difpofed to ·be eafily reflett7d, or eafily trani: 
.n1 itted, by evc:ry vibration which overtakes it. .But 

whether 
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whether this -fl yporl1efis be true or falfe I do not here 
confider. I content my felf with the bare difcovery, 
that the rays of Light are by fome caufe or other alter
nately difpofed to be reflected or refraCl:ed for many vi ... 
ciffitudes. 

'DE.FINIT ION 

The returns of the difpofition of any ray to /;e refteEled 
I will call its Fits of eafy reflexion, and thofe of 
its difpofition to be tranfmitted its Fits of eafy tranf
miffion, and the Jpace it paffes between every re
turn and the ne:xt return, the Interval of its 
Fits. 

P R 0 P. XIII. 

-7 he reafon why the furfaces of all thick tranfparent 
Bodies refte{l part of the ~ight incident on them, and 
refract the reft, is,- thatfome 1

4 ays at their incidence are 
in Fits of eafy reftexi~n, and others in Fits of eafy iranf-
m~on.. · 

This 1nay be gathered from . the 14th Obfervation,. 
where the Light refleCted by thin plates of Air and Glafs, 
which to the naked Eye appeared evenly white all over 
tqe plate, did t~rough a Prifm a£pear waved with many 
fucceffions of L1ght and Darkneis made by alternate fits 
of eafy , reflexion and eafy tranfmiffion, the- Prifm 
fevering and diftinguifhing the waves of which the . 
white refleCted Light \yas compofed, as was explained 
above. . 

Mm And 
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And hence Light is in fits of eafy reflexion and eafy 

tranfiniffion, before its-incidence on tranfparent Bodies. 
And probably it is put into fuch fits at its firft emiffion 
from _luminous Bodies, and continues in them during 
all its progrefs. For thefe fits are of a lafting Nature 
as will appear by the next part of this Book. ' 

In this Propofition-1 fuppofe the tranfparent Bodies 
to be thick, becaufe if the thicknefs of the Body be 
much lefs than the interval of the fits of eafy reflexion 
and tranfm~ffion of the rays, the Body lofethits reflecting 
power. For if the rays, \vhich at their entering into 
the Body are put into fits ofeafy tranfmiffion, arrive at 
t:he furthefl furface of tHe· Body before they be out of 
thofe fits they tnuft be tranfmitted. And this is the 
reafon why Bubbles of Water lofe their reflecxing power 
when they grow very thin, a-nd why all opake Bo--
dies when reduced into very finall parts become tranf .. _ 
parent. · 

PROP. XIV. · 

Thofe Jurfaces of tranfparent Bodies) which if the ray 
/;~in a fit of refrac.rlio~ do r·efra{l it moft firongly) if the 
'f'Wj ' fie.;; in. a fit· of rejlexion do r-ejle{t it moft' eajily. 

Fon we fhewed ab0ve in Prop. 8. that the caufe of 
rcflexion is not the impinging of Light on the folid, 
impervious parts ofBodi~s, but fotne other power by 
which thofe folid parts ad on Light at a diftance. We 
fhewed·alfo in Prop. 9· that Bodies reflet! and refraCt 
~ight by ·one and the fan1e power varioui1y exercifed in 
various circun1ftances, and in Prop. I. that the · moft 
ftrongly refra~ing furfaces refleCt: the moft Light : :'-11 

wh1ch 
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\vhich compared together evince and ratify both this 
and the laft Propofition. 

PR 0 P. XV. 

In any one and the fame fort of ra1s emerging· in any 
Angle out of any refra{ling .fur_face into one and the fame 
rnedium, the interval of the following· fits of eafy refte:>eion 
and tranfmiffion are either accurately rJr very nearly, as 
the Re"flang·te ~f the fee ant of the Angle ~f r~fratlion, and 
of the fecant of another Angle, whofe fine is the firft of 
I o6 arithmetical mean proportionals, 6etween the fines 
of incidence and refrat.rrtion counted from the fine of re
fraClion. 

This is manifeft by the 7th Obfervation. 

P R 0 P. XVI. 

In feveral forts of rays emerg·ing; in equal Angles out 
of any ·refralling; .fur.f~ce· into the fame medium, the inter_. 
vals of the follqwing· fits of eafy reflexion and eafy tranf~ 
miffion are either atcurately, or very ·nearly_, as the Cu6e~ 
roots of the Squa'res of the leng·ths of a (...,hord, which found 
the notes in atn Eig·ht, fol, la, fa, fol, la, mi, fa, fol, with 
all their inter:medi~te degr·ees anfwering; to. the C!olr;urs 'Of 
thofe rays, acco~~- toJke 4npiogy defcrz6ed .en the f~ 
tJenth Experiment of the Jecdnl:J3ook. . . . . 

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

Mm~ PROP~ 
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If rays of any one fort pafs perpendicularly into _{everal 
mediums, the interv"ds of the fits ~f ea{y reflexion and 
tranfmiffion in any one medium, u to t brJJ~ intervals in 

-any other as the fine ~f incidence ~o the fine · of refra{lion, 
when the rays pafs out of the firfl of thofe two mediums 
into the fee ond. · 

This is manifeft by the I_oth Obfervation. 

/ 

P R 0 P. XVIII. 

J.f the· rays which, paint the Colour in the confi.ne of 
'jellow and' orang·e pafs perpendicularly out of any medium 
into Air, the intervals of their fits ~f eafy reftexion are 
the 009~00th part ~fan inch. And of the _fame length are 
tbe intervals of their fits of eafy tranfmijfion. 

This is manifeft by the 6th Obfervation. 
, From thefe Propofitio~s it is. eafy to coll.eet the i_n
tervals of the fits of eafy reilexron ~nd ~afy ' tranf~tf
iion . of any fort of rays refraCted· m any Angle tnto 
any medium, and thence to know, whether the rays 
fhall be refletled or tranfmitted at their fubfequent 
incidence upc:>n any other pellucid tnediutn. 'Which 
thing being ufeful for underftanding., the ~ext part of 
this Book was here to be fet do\vn. And for the fame 
~eafon 1 ad.d the, two following Propofitions, 

( ' PROP. 
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If any fort ~frays .falling· on the polite _[u1~{ace of any 
pellucid rnedium be refte[led back1 the fits ·qr eafy 're~ 
-ftexion which they have at the point ~f reft);i.on, jhall 
flill t:ontinue to return, and the returns jhall !Je at di
ftances .from the point of · reftexi.on in the arithrnetical 
progreffion of the num!Jers ~' 4, 6, 8, I o, I~., &c. and !Je, 
tween thefe fits the rays jhall be in fits of eafy tranf.-. 
miffion. . 

For fince the fits of eafy reflexion and eafy trarrf
tniffion are of a returning nature, there is no reafon 
why thefe fits, which continued till the ray arrived at 
the refleCl:ing mediutn, and there inclined the ray to 
reflexion, ihould there c~afe. And if the ray at the 
point of reflexion was in a fit of cafy reflexion, the 
progreffion of the diftances of thefe fits from that point 
muft begin from o, and fo be of the numbers o, ~, 4, 
6, 8, ~c. And therefore the progreffion of the di; 
ft_ances of the intermediate fits of eafy tranfmiflion rec
koned from the fame point, muft be in the progrefiion 
of the odd numbers 1, 3, 5, 7, 9, ~·c. contrary to what: 
happens· \Vhen the-fits are propagated from points o£. 
refraCtion-

PR 0 - P~ XX .. 

The intervals of the fits of eafy reftexion and ecify.
tran(miffion, propagated f:om points of reftexion into ~ny 
melium, are equal to ·the znterv.als of the lzke fits wbzch 
the fame rays would have, if refra~.;rted into. the fame 

medium 
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mediur:z in Angles of refrac.,f"lion equal to their Angles of 
reflexto1t. 

For when Light is refleeted by the fecond furface of 
thin plates, it goes out afterwards freely at the firft fur ... 
face to make the Rings of Colours \Vhich appear by 
reflexion, and by the · freedom of its egrefs, makes the 
Colours of thefe Rings more vivid and ftrong than thofe 
which. appea~ on the other fide of the plates by the 
tranfint tted Light. The refletted rays are therefore in 
fits of eafy tranfmiffion at their egrefs; whieh would 
not always happen, if the intervals of the fits within 
the plate after re~e:cion .were not ~qual both in l~ngth 
and number to their Intervals before It. And this confirms 
alio the proportions fet down in the former Propofition. 
For if the rays both in going in and out at the firft furface 
be in fits of eafy tranfmiffion, and the intervals and num
bers of thofe fits between the firft and fecond furface, 
before and after· reflexion, be equal ; the diftances of 
the fits of eafy tranfmiffion from either furface, muft be 
in the fame progreffion after refl~:xion as before j that 
.is, from the firft furface which tranfmitted .them, in 
the progreffion of the even numbers o, ~, 4, 6, 8, ~c. 
and from the fecond which refleQed them, in that. of 
the odd numbers r, 3, 5, 7, (9'c·. But thefe two Pro
pofitions will become much more evident by the Obfer.
vations in the following part of this Book . 

. THE 
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PART IV. 

O!Jfervations concerning the Reftexions and Colours of 
thick tranfparent polijhed Plates. 

T Here is-no Glafs or Speculum how well foever 
polifhed, but, befides the Light which it refracts 

oT reflects regular 1 y , fca tters every way irregular 1 y a. 
faint Light, by means of which the polifhed furface, 
when illuminated in a dark Room by a beam of the 
Sun's Light, may be eafily feen in all pofitions of the 
Eye. There are certain Phrenoznena of this fcattered 
Light, which when I firft obferved then1, feemed very 
ftrange and furprifing to, n1e. My Obfervation-s were 
as follows. 

0 B S. 
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0 B S. L 

The Sun ihining into my darkened Chamber through 
a Hole ~ of an Inch \vide, I let the intromitted beam 
of Light fall perpendicularly upon a Glafs Speculutn 
ground concave on one fide and convex on the other 
to a Sphere .of five Feet and eleven Inches Radius, and 
quick~filvered over on the convex fide. And holding 
a white opake Chart, ·or a Quire of Paper at the Center 
of the Spheres to which the Speculun1 \vas ground, that 
is, at the diftance of about five Feet and eleven Inches 
from the Speculum, in fuch manner, that the beam of 
Light tnight pafs through a little Hole made in the 
middle of the Chart to the · Speculutn, and thence be 
refleCted back to the fame Hole : I obferved ~pon the 
Chart four or five concentric Irifes or Rings of Colours, 
like Rain-bows, encompaffing the Hole much after the 
manner that thofe, which in the fourth and following 
Obfervations of the firft part of this third Book appeared 
between theObjeet ... Glaffes,encompaifed the black Spot, 
but yet larger and fainter , t4an thofe. Thefe Rings as 
they grew larger and· larger became diluter and· fainter, 
fo that the fifth was fcarce vifible. Yet fometimes, 
when the Sun fhone very clear, there appeared faint 
Lineaments of a fi·xth and feventh. If the diftance of 
the Chart from the Speculutn was much greater or much 
lefs than that of· fix Feet, . the Rings became dilute and 
vanifhed. And if the diftance of the Speculum from 
the Window was much greater than that of fix Feet, 
the refleCl:ed beam ofLight would be fo broad at the 
difi:ance of fix Feet from the Speculum where the Rings 

appeared, 
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appear d, as to obfcure one or two of the innermoft 
Rings. And therefore I uf~aUy placed the ~peculum 
at about fix Feet from the W1ndow; fo that 1ts Focus 
might there fall in with the center of its concavity at the 

_ Rings upon the Chart. And this pofture is always to 
be underftood in the following Obfervations where no 
other is expreft. 

0 B S. I I. 

The Colours of thefe Rain-bows fucceeded one ano.e-
ther frotn the center outwards, in the fan1e form and 
order \Vith thofe which were made in the ninth Obfer· 
vation of the firft Part of this Book by Light not re
fle6ted, but tranftnitted through the twoObjeCt--Glaffes. 
For, firft, there was in their common center a white 
round Spot -of faint Light, fotnething broader than the 
refleCted beam of Light ; )vhich beatn fometimes fell 
upon the tniddle of the Spot, and fometitnes by a little 
inclination of the Sp~culum receded from the middle, 
and left the Spot whtte to the center.. : , 

This white Spot -was im1nediately encompaffed with 
a dark grey or ruifet, and that clarknefs with the Co
lours of the firft Iris, which were on the infidc next 
the darknefs a little violet and indico, and next to that 
a blue, which on the outfide grew pale, and then fuc..; 
ceeded a little greeniili yellow, and after that a brighter 
yellow, and then ·on the outward edge of the Iris --a red 
which on the outfide inclined to purple. · 

This Iris was irnmediately encompaffed with a fe~ 
<:ond, whofe Colours were in order from the inflde 

Nu ou~ 
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outwards, purple, blue, green, yellow, light red, a red 
mixed \Vith pu1·ple. 

Then itnmediately followed the Colours of the third 
Iris, w hi eh \Vere in order out\vards a green inclining 
to purple, a good green, and a red more bright than 
that of the former Iris . 

. T~e fourth an~ fifth Iris fee1n~d of a b~uifh green 
w1th1n, and red w1thout, but fo faintly that 1t was dif.., 
ficult to difcern the Colours. 

0 B S. Ill. 

Meafuring the Diameters of thefe Rings upon the 
Chart as accurately as I could, I found them alfo in 
the fame. propoition to one another with the Rings 
made by Lifht tranfmitted through the t\vo Objecl:.
Gla:ff-€s. For the Diameters of the four firft of the 
brigpt Rings meafured b€tween the brighteft parts of 
th.eir orbits,) at the diftan~e of fix Feet frotn the Specu
lu·m w~ere_ I· !.~, ~~, ~;{, 3~ ln£he:s,, whofe fquares are in 
aiithna_etical progreffi.on of the nu1nbers I, ~, j, 4· If 
the white circulaF Spot in the tniddle be Feckoned 
amongft the Rings, and -its central Light, where it 
feems, to be moft lutninous, be put equipollent to an 
in.tiuitely little Ring ;_the fquares of the Diameters of the 
Rings w~ill be _ in the progreffion o, I, ~, 3, 4, ~c. I 
meafM~red alfo the Diameters of the dark Circles be
t weetl thefe luminous ones, and found their iquares) 
ill} the Jt>rogreffion of the nu·Inbers ~ ' I}, ~~, 3±, ~c. 
t he Dia1neters of the firft four at the dillance of fix Feet 
from the Sp€culu-m, being I :6 , , 2]o, 2j , 3?:) Inches. . If 
the· diftance of the Chart fro1n· the Speculu1n \Vas rn ... 

· creaied 
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creafed or diminifhed, the Diatneters of the Circles were 
increafed or din1inifhed proportionally .. 

0 B S. IV. 

By the analogy between thefe Rings and thofe de
fcribed in the Obfervations of the firft Part of this Book, 
I fufpeEl:ed that there were many more of thetn \vhich· 
fpread into one another, and by interfering mixed their 
Colours, and diluted one another fo that they could 
not be feen apart. I viewed them therefore through a 
Priftn, as I did thofe in· the ~4th Obfervation of the 
firft Part of this Book. And when the Prifm was fo 
placed as by refraCting the Light of their mixed Co ... 
lours to feparate them, and diftinguifh the Rings from 
one another, as it did thofe in that Obfervation, I could 
then fee them diftinfter than before., and eafily num
ber eight or nine of them, and fotnetimes twelve or 
thirteen. And had not their Light been fo very faint, 
I queftion not but that I might have feen many more. 

0 B S. V. 

Placing a Prifm at the Window to . refract the intra ... 
mitted beatn of Light, and caft the oblong Spectrum 
of Colours o~ tlle Speculu1n : I covered the Speculum 
\vith a black Paper which had in the 1niddle of it a Hole 
to let any one of the Colours pafs through to the Spe .... 
culum, whilft the reft were intercepted by the Paper. 
And now I found Rings of that Colour only which fell 
upon the Speculu1n. If the Speculu1n was illurninated 
with red the Rings were totally red with dark inter ... 

N n l vals, 
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vals, if with blue they were totally blue, and io of the 
other Colours. And when they were illuminated with 
any one Colour, the Squares of their Diameters mea ... 
fured between their moft luminous parts, were in the 
arithmetical progreffion of the numbers o, I, 2, 3, 4, and 
the Squares of the Diameters of their dark intervals in 
the progreffion of the intermediate numbers i, 1~, 2~, 3i: 
But if the Colour was varied they varied their tnagnj ... 
tude. In the red they were largeft, in the indico and 
violet leaft, and in the intermediate Colours yellow 
green and blue; they were ofieveral inter1nediate big~ 
neffes anfwering to the Colour, that is, greater in yel
low than in green, and gr~ater irr green than in blue~ 
And hence I knew that when the Speculum was illumi
nated with white Light, the red and yellow on the out.
fide of the Rings were produced by the leaft refrangible 
rays, and the blue at?-d violet by the tnoft refrangible, 
and that the Colours of each Ring fpread into the Co
lours of the neigh_bouring Rings on either fide, after 
the manner explained in the firft and fecond Part of this 
Book, and by mixing diluted one another fo that they 
could not be diftinguifhed, .unlefs near the center where 
they were leaft mixed. For in this Obfervation I could 
fee the Rings more diftinetly, and to a greater nu1nber 
than before, being able in the yellow Light to number 
eight or nine of them, befides a faint fhadow of a tenth,. 
To fatisfy 1ny ielf how much the Colours of the feveral 

-- Rings fpread into one another, I meafured the Diatne
ters of the fecond and third Rings , and found them 
when made by the confine of the red and orange to be 

~ the fame Diameters when made by the confine of blue 
and indico) as 9. to 81 or thereabouts. For it was hard 

· to 
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to detertnine this proportion accurately. Alfo th·e Cir~ 
cles tnade fucceffively by the red, yellow and gree.n, 
differed tnore from one another' than thofe made fuccef
fi vel y by the green, blue and indico. For the Circle 
made by the violet was too dark to be feen. To carry 
on the computation, Let us therefore fuppofe that the 
dj tferences of the Diameters of the Circles made by the. 
outtnoft red, the confine of red and orange, ·the confine 
of orange and yellow, the . confine of yellow and green.,_ 
the confine of green and blue, the confine of blue and .. 
indico, the confine of indico and violet, and outmoft vio~ 
let, are in proportion as the differences of the lengths 
of a Monochord whieh found the tones in an Eight; 
fol, la, fa,_ Jot, la, mi, fa, .Jot, that is) as the numbers }, 
:-s, :l, }1 , ~7 , ~7, !s· And if the Diameter of the Circle made 
by the confine of red and orange be 9 A, and that of 
the Circle made by the confine of blue and indico be· 
8 A as above, their difference 9 A ---- 8 A will be to 
the difference of the Diameters of the Circles made by 
the outn1oft red, and by the confine of red and orange,. 
as fs + +z + fz. + t1 to~' that is as ~/., to~ or 8 to 3, and to 
the difference of the Circles made by the out~oft violet, 
and by the confine of blue and indico,_ as fs + f z + f z + i 1 
to -i7 tfs, that is, as ~7 to }4, or as 16 to 5· And there ... 
fore thefe differences will be t A and .t6 A. Add the 
nrft to 9 A and fubdutl: the laft from 8 A, and yorr 
will have the Diatneters of the . Circles n1ade by the· 
leaft and moft refr'angible rays ~.t A and ~·1 i A.. Thefe_ 
Diameters are therefore to one another as 7 5 to 6 1 i or· 
5o to 4 I, and their Squares as ~ 5 oo to 1 6 8 1, that is,.c 
as 3 to 2 very nearly. Which proportion differs not 
1nuch fro1n the proportion of the Diameters of the 
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Circles made by the outmoft red and outmdft violet in 
· he 1 3th ·Obfervation of the firft part of this Book . 

. 0 B S. V I. 

Placing my Eye where thefe Rings appeared plaineft 
I faw the Speculum tinged all over with waves of Co~ 
!ours ( red, yellow, green) blue j ) like thofe which in 
the Obfervation~ of the firft P~rt of this Book appeared 
b.etween the Objetl-Glaffes and upon Bubbles of Water, 
but much larger. And after the manner of thofe, they 
were of various magnitudes in various pofitions of the 
Eye, [welling and ihrinking as I tnoved my Eye this 
way and that way.,· They \Vcre formed like Arcs of 
concentrick Circles as thofe were, and when t~y Eye 
\Vas over againft the center of the concavity of the Spe .. 
·.culum (that is, 5 Feet and I o Inche6 difi:ance fro1n the 
Speculu1n) their cotntnon center was in a right Line 
\Vith that center of concavity, and with the Hole in the 
Window. But in other pofturcs of tny Eye their center 
had other pofitions. They appeared by the Light of 
the Clouds propagated to the Speculum through. the 
Hole in the Window, and when the Sun ibone through 
that Hole upon the Speculum, his Light upon it \Vas 
of the Colour of the Ring whereon it fell, but by its 
fplendor obfcured the Rings made by the Light of the 
Clouds, unlefs when the Speculum \vas removed to a 
.great diftance from the Windovv, fo that his Light upon 
it might be broad and faint. By varying the pofition of 
my Eye, and 1noving it nearer to or farther from the 
·direCt beam of the Sun's Light, the Colour of the Sun's 
J:efieeted Light conftantly varied upon the Speculum, 

as 
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as it did upon my Eye, the fame Colour· always ap;..
pearing to a By-ftander upon my Eye which to tne ap
peared upon the Speculurn. And . thenG:e I knew that 
the Rings of Colours upon the Chart were made by thefe 

, refleCted Colours propagated thither from the Specu
luin in ieveral Angles, and that their production de
pended not- upon the termination of Light and Shad
claw. 

0 B S. VII~ 

By the Analogy of all thefe Phrenomena with thofe of 
the like Rings of Colours defcribed in the firft Part of 
this Book, it feemed to me that thefe Colours were 
produced by this thick plate of Glafs, much after the 
manner that thofe were produced by very thin 
plates. For, u·pon tryal, I found that if the Quick
filver \vere rubbed off from the back-fJ:de of th~ Specu
lum, the Glais alone would caufe the fame Rings of 
Colours, but much more faint than before ; and there ... 
fore the Phxnomenon depends not upon the Quick
filver, unlefs fo far as the Quick-filver)by tfre increafing_ 
the reflexion of the back~fide of the G laf~ increafes the 
Light of the Rings of Colours. I found alfo that a Spe ... 
culum of tnetal \vithout Glafs made fome years fince 
for optical uies, and very well \Vrought, produced none 
of thofe Rings ; and thence I underftood that thefe 
Rings arife not from one fpecular furface alone , but 
depend upon the twofurface$ of the plateofGlafs .where ... 
of the Speculum was made, and upon the thicknefs of 
the G~afs between them. For as in the 7th and I 9.th 
Obfervations of the firft Part of this Book a -thin plate 
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cof Air, Water, or Glafs of an even thicknefs appeared 
~of one Colour when the rays were perpendicular to it, 
·of another when they were a little oblique, of another 
when tn,ore oblique, of another when ftill rnore oblique, 
·and fo on ; fo here, in the fixth Obfervation, the Light 
·which ctnerged out of the Glafs in feveral obliquities, 
made the Glafs appear of feveral Colours, and being 
:propagated in thofe obliquities to the Chart, there pain~ 
.ted Rings of thofeColours. And as the reafon why a 
thin plate appeared of feveral Colours in feveral obli
quities of the rays,\vas,that the rays of one and the fame 
fort are refleeted by the thin plate at one obliquity and 
tranfmitted at another, and thofe of other forts tranf ... 
mitted where thefe are reflected, and refletled where 
thefe are tranfmitted : So the reafon why the thick 
plate ofGlafs whereof the Speculum was made did ap .. 
. pear of various Colours i~ various. obliquities, and 'in 
thofe obliquities propagated thofe Colours to the Chart, 
\Vas, that the rays ·of one and the fame fort did at one 
obliquity emerge out of the Glafs, at another did not 
emerge but were refletl:ed back towards the Quick .. fil
ver by the hither furface of the Glafs, and accordingly 
as the obliquity beca1ne greater and greater cn1erged 
and were retleeted alternately for 1nany fucceffions, and 
that in one and the fame obliquity the rays of one fort 
were refletl:ed, and1~.tfiqf~oof another t~pfrnitted. This 
is manifeft by the ~bferm:o"nofthis Book : For 
in that Obfervation, when the Spec~lutn was illumi
nated by any one of the prifmatick Colours, that Light 
made tnany Rings of the fame Colour upon the Chart 
w ith dark intervals, and therefore at its etnergence out 
:of the Speculu1n was alternately tranfn1itted, and not 

tranf-
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tranfinitted I from the S·peculum to the· €harrt fo~ ·man 
fucceffions, according to the various obliquities of its 
etnergence. A~d when t~e .Colo:ur ea~ on the Specu ... 
lum by the Pr1fin \Vas varied; the Rtngs became' of 
the Colour caft on it, and varied their bignefs \vith their 
Colour, and therefore the Light was now alternately 
tranfinitted and-not tranfmitted from the Speculum to 
the b~fitat other obliquities than before~ It feemed to 
me therefore that thefe Rings were of one and the fame 
original with thofe of thin plates, but yet with this 
difference that thofe of thin plates are made by the al
ternate reflexions and tranfmiffions of the· rays at · the 
fecond furface of the plate after one paffage through it: 
But here the rays go twice through the plate :before 
they are alternately refleCted and tranfinitted ; firft, 
they go through it fro_m the fir~ furface to t~e Quick# 
filver, an4 then return through 1t from the<lutck ... filver 
to the firfl fu-rfa·ce, and there are .either tranfmitted ·to 
the Chart .or refletl:ed back to the Quick-filver, ac
cordingly as they are in their fits of eafie reflexion or 
tranfiniffion when they arrive at that furface. . For the 
inter--.vals of the fits· of the rays .which falf perpendicu~ 
lar 1 y: on· the Speculum, . and rare -reflected~ ba-ck in· t.he 
fame perpendicular Lines, by reafon of the equality of 
thefe Angles and Lines,are of the fame length._ and num
ber within th~ ,Glafs · afre~ reflexion 3:~ ~before.· by · the 
J 9th Propofit1on of the th1rd Part · of this Book. And 
therefore fince all the rays that enter through. the , firfl 
furfa.ce are in their fits of eafy tranfmiffion at their · en-
trance, and as many of thefe as are refletl:ed by. the fe
cond are in their fits of eafy reflexion there, all thcfe 
muil: be again in .their fits of eafy tranfmiffion at their 
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eturn to he fir it, and by · confequence there go out of 

the Glafs to the Chart, and form upon it the white 
Spot of Light in the center of the Rings. For the rea
fan holds· good in all forts 0f rays , and therefore all 
forts mufl: go oat! promifcuouily to that Spot, and by 
t eir-mixture . cauie it to be white. But the intervals 
o[ the. fits l of thofe rays \vhich are refietl:ed more ob
liquely thatn they enter, muft be greater after reflexion 
than bttfoie ·by the ., I sth ·and ~oth Prop. And thence 
it ·may~ happen that the rays at their return to the firft 
furface, may in certain obliquities be in fits of eafy re ... b 

flexion, and .. teturn back to the Quick,filver, and in 
othe~· !interme.cfiat~ obliquities b~ again in fits of eafy 
tranfmifliolJ; and 1fo go outr to , the. Chart, and paint on 
it the Rings of , Colours about· the white Spot. And 
becaufe the intervals of the_ fits at equal <?hliquities are 

.- greater arid ,fewer 1n the . ~efs ~cfrangible rays, and lefs 
and more numerous .in :the more · cefrangible, therefore 
the lefs i:efriuigible at equal obliquities Jhall make fewer 
Rings:than the. tnore -refrangible, and the Rings made 
b~jth~·Hfe fhafL be larger than the like nutnber of Rings 
madferhy theftb.! ; tf.tat1is, the red Rings ilialr he larger 
tb:anthe~ yellow; the yellow than the green; the green 
·than the: blue,. and the blue than the violet,. as they 
were_rea,lly found_ to be in the 5th Obfervation. And 
therefore _the-firft Ring of all Colours inc0~mpaffing the· 
white Sp_ot ;. of Light fhalL be red without and .violet 
within, and yello\v, and g~·een, and:-blue in the middle,, · 
as it was found in the fecond Obfervation; and thefe 
Colours in the fecond Ring, and thofe that follow fhall 
be tnore-expanded till they fpread into. one another, 
and. blend one another by interfering. ; ·.· 

· Thefe 
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Tliefe feen1 to be the reafons of thefe Rtngs in· ge~ 

neral, and this put me upon obferving the thicknefs of 
the Glafs, and confidering whether the dimenfions and 
proportions of the Rings may be truly d.erived from it 
by computation. , -

0 B S. VIII. 
I ' 

I meafured therefore t-he thicknefs of this concavo- · 
convex plate of Glafs, and found it every-where ~ of an 
Inch precifely. No\v, by the 6th Obfervation of the 
firft Part of this Book, a thin plate of Air tranfmits the 
brighteft Li~ht of. the fir~ Ring, that is the bright ye~--
low, when tts thtcknefs 1s the s~o~th part of · an· Inch,. 
and by the 1oth Obfervati<?n of the fame part; a thin· 
plate ofGlafs tranfmits the fame Light of the fame Ririg 
when .its thicknefs is lefs in proportion of the fine of 
refraction . to the fine of incidence, that is, when jts 
thicknefs is the 15~~oooth. or ~i~54~th part of an Inch, fup-. 
pofmg the fines are as I I to I 7. And if this tliicknefs 
be doubled it tranfmit~ the fame bright Light of th~ 
fecond Ring, 'if tripled -it tranfmits that of the third) 
and fo on, the bright yellow Light in all thefe ,cafes be ... 
ing in its fits of tranfmiffion. And therefore if its thick
nefs be multiplied 34386 times fo · ~s to become~ of an 
Inch it tranfmits the fame bright Light of the 34386th 
Ring. Suppofe this be the bright yellow Light tranf ... 
tnitted ·perpendicularly from the refle6ting convex fide 
of the Glais through the concave fide to the white· Spot 
in the center of the Ri11g~ _qf.9Jlours on the Chart : And 
by a rule in the fevedtfi}jbTerva tions in the firft Part of , 
th(J~ Book, and by the I 5th and .~oth Propofitions 
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of the-third Part of this Book, if the ·rays. be· made ob,
lique to the Gla1s, the th;icknefs of the Glafs requi ... 
fite to ttanfmit the fame bright Light of the fame. Ring, 
in any obl~quity is to this thickneis of ~of an Inch, __ as . 
the fecant of an Angle whofe fine is the .firft of an hun ... . 
dred and fix arith1netical means bet\veen the fines of 
incidence and refracrion, counted from the fine of inci ... 
dence when the refraCtion is made out of any plated Bo
dy into any fl?.edium in~ompaffing it, tha~ i~_, in this cafe, 
out ofGlafsintoAir. Nowifthc thicknefs ofthe Glafs 
be increafed _by degrees,fo 'as to·' beai- to its firftthicknefs,. 
( viz. that of a quarter of an Inch ) the _proportions 
w~ich j43 8~ (~he 11;Un~ber . of fits of the perpendicular 
rays in going through the. Glafs towards the white Spot· 
in the cep.~er~· of . the Rings,) bath to 3 4 3 8 5, 3 4 3 8 41 
3 438j_;~nd 343·8~ (the numbers of thefits of the obl~_que 
~~~y~ , in going ,th~ough the Glafs t<;nva_rd_s ~the fir.ft,f fe ... 
<;:_on~,_ .. ~third ;a~d fourth Rings·_ of Colour~,) . land :if ,the. 
fjrft- t~icknefs be . divided in tq. . x oooooooo equal parts,_, 
the increafed thickneifes. will be 1ooao29o8, xoooos8x6, 
1 a<?oo87~S and 1ooo1 x633~ and the_ Ar1gles of which thefe 
thickneffes ar:e fecants ·- yvillbe ,_6' I j,_~, 17' '),_,, 45 ,_ 6'-' and. 
5 ~, '-~~~,.the Radius, being· I oooooooo. j and the fines of 
thefe Angles ._ are 76'-,. 1079,., I 3 -~.r and I s~s, a;nd·the. 
Froportional fines of refraCtion I-I 7~~, . 1 6 59, , ~o j 1 andj 
~ 345, . the. Radius . being: I ooooo.. , For fmce the. fines. 
of incidence. out of Glafs into .. A.ir are to the fines. 
of refraction as 1 I to 17, and to the.above:-mentioned. · 
fecants a~ I 1 to the firfl: of I~o6 arithmetical means 
between I~ I and I 7, that is as. I I to I 1.1~ 6 ,_ thofe fe-
cants will ·be to the fines-. of refratJion . as 11 ~06_to I 7., 
and by this Analogy will give thefe. fines .. So . then 

if 
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if the obliquities of the rays to the concave , furface of 
the Glafs be filch that the fines of their rcfraClion in 
paffing out of the Glaf~ through that furface into the 
Air be I I 7~, 1659, ~03 I, ~345, the bright Light of 
the 34386th Ring ihall emerge at the thickneffes of the 
Glafs which are to ~ of an Inch as 34386 to 34385,, 
3 -4~<84, j-4383,. 3438·1,refpe6tively. And therefore if 
the thickneis in all theie caies_ be~ of an Inch (a&; it is in 
the _qlafs of which the Speculum was made) the bright 
L.1ght of_the 3 43 85th Ring ihall en~erge where the ilne 
of refraCtion is. I· I 7?.., and that of the 34384th, 384383tl1 
and 343-8~th Ring where. the fine is 1659~,-. ~Oj.I, and 
~-345 refpeCtively. And in. thefe .Angles of refratl:ion 
the Light of theie Rings fhall be propagated from the. 
Speculum to the Chart, and there paint Rings about the. 
white central round Spot of Light which \Ve faid . wa~ 

. ~he Light of the 34386th Ring. An4 the Semidiame..-~ 
t~s of thefe Rings ~allfubtend th~ Angles of refraction. 
~ade at_ the co?ca~e.iurface of the. Specuh1m, and by. 
confequence the1r. D1a1neters fuall be to the diftance of 
the Chart frotn the Speculum as.thofe _fines ofrefrattion 
doubled are to the Radius that is~s 117-~' 1659, 2o j 'I , . 
and 2345,_ doubled are to Iooooo. And therefore if" 
the diftarrce of- the Chart from the. concave furface of 
the Speculum be fix Feet (as it was in the third of thefc 
Obfervations) the Dia1neters of the Rings of. this bright 
yellow .Lig~t UJ?On the Chart fhalL be 1'68.8, 2~38-9,. 
2'925-, 3' 37S: Inches : For thefe Diameters are to 6 Feet . 
as the above-rnentioned. fines doublcd.are to., the Radius _ 
Now thefe Diameters of the.bright yellovv Rings, thus: 
found by computation are the very fame with . thoie 
found in- the third of thefe Obfervations by rneafuring 

them~ , 
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.them., (viz. with ~~~, ~l, ~!~, and j} Inches, and there
fore the Theory of deriving thefe Rings from the thick
nefs of the plate of Glafs of which the Speculum was 
made, and fron1 the obliquity of the etnerging rays agrees 
\vith the Obfervation. In this computation I have 
equalled the Diameters of the bright Rings n1ade by 
Light of all Colours, to the Diatneters of the Rings 
tnade by the bright yellow. For this y~llow makes the 
brighteft part of the Rings of all Colours. If you defire, 
the Diameters of the Rings made by the Light of any 
other untnixed Colour, you may find them readily by 
putting them to the Diameters of the bright yellow ones 
in a fubduplicate proportion of the intervals of th-e fits 
of the rays of thofe Colours when equally inclined to 
the refracting or r·efleCl:ing furface which caufed thqfe 
fits, that is, by putting the Diameters of the Rings made 
by the rays in the extremities and limits of the feven 
Colours, red,prange, yellow, green, blue, ind.ico, violet, 
proportiona~tbe Cube-roots of the numbers, 1, ; , ~, ~, 
t , } , ~6 , ~, which exprefs the lengths of a Monochard 
founding the notes in an Eight : For by this means the 
Diatneter of the Rings of thefe Colours will ·be found 
pretty near 1 y in the fatne proportion to one another, 
which they ought to have by the fifth of thefe Obfer-

• vat1ons. 
And thus I fatisfied my felf that thefe Rings \Vere of 

the fame kind and original with thofe of thin piates, 
and by confequence that the fits or altet;nate difpofi
tions of the rays to be refleCted and tranfmitted are pro ... 
pagated to great diftances from every refleCting and re
fracting furface. But yet to put the matter out of doubt 
I added the following ObfeFvation. 

. 0 B S. 
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If thefe Rings thus depend on the thicknefs of the plate 
ofGlafs their Diameters at equal diftances from feveral 
Speculums made of ftich concavo--convex plates ofGlafs 
as are ground on the fame Sphere, ought to be recipro-
cally in a fubduplicate proportion of the thickneffes of 
the plates of Glafs. , And if this_ proportion be found 
true by experience it will amount to a demonftratiQtl 
that thcie Rings (like thofe forn:ed in thin plates) do;. 
depend on the thicknefs of the Glafs._ I procured there ... 
fore another concavo-convex plate of Glafs ground on. 
both fides to. the fatne Spbrere with the fortner plate. : 
Its thicknefs \Vas_. i2.- parts of an Inch ; ·and the Diameters 
of the three firft bright Rings meafured between the 
brighteft parts of their orbits at the diftance of 6-Feet 
from the ·Glafs were 3· 4~· 5~· Inches. · Now the thick~ 
nefs of tlie. other Glafs being~ of an Inch was to thick~ · 
nefs of this Glafs as i to ~1, that is as 3 1 to I o, or -
3 1 ooooooo to 1 oooooooo, and the roots of thefe numbers--
are 1 76o7 and Iomooi- & in the proportion of the firft 
of thefe -roots. to the fecond are the Diameters of the~ 
bright Rings made in this Obfervation by the thinner 
Glafs, 3. 4i· 5 r to the Diameters of the fame Rings made,_, 
in the third _of thefe Obferva_tions by the thicker Glafs_. 
1 ~~· 'l~ 'l H, that is, the Diatneters of the Rings are reci- 
procally in a fubduplicate proportion of thickneffes of ' 
the plates of Glafs. 

So then. in plates ofG.lafswhich are alike concave on: 
one fid.e,. and alike convex on the other fide, and alike.
quick-filvered on the. convex fides, and differ in. nothing· .. 

but· 
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but t11eir thicknefs, the Diameters of the Rings are re-
ciprocally in a fubduplicate proportion of the thickneffe 
of the plates. And this fhews fufficiently that the Rings 
depend on both the furfaces of the G~afs. . They de ... 
pend on the convex furface _- beca.ufe th~y are more lu ... 
minous when that furface IS quick-filvered over than 
when it is without Quick-filver. They depend alfo 
upon the concave furface, becaufe without that furface 
a Speculum ~ tnakes them not. They depend on both 
furfaces and on the diftances between thetn, becaufe 
their bignefs is varied by varying o~ly that diftance. 
And this dependance is of the fame kind with that 
which the Colours of thin plates have on the diftance 
of the fu rfaces of t hofe plates., beca ufe the bignefs 
of the Rings and · their ·propottiop to .one another, 
and the variation of their bignefs arifing frotn the -Varia
tion of the thicknefs of the Glafs, and the orders ·of 
their Colours, is f uch as ought ·to ·:fefult fr<i>tn the Propci.
fitions in the end of the third Part of this Book, derived 
frotn the ~he Phrenomena of the Colours of thin plates 
fet down In the firft Part. · · = . ·- · 

There are yet ·other Phrenomena of thefe Rings of 
Colours but fuch as follow from ., the fame Propofitions 

. and therefore confirm both the truth of thofe 'Propofi~ 
tions, a.nd the Analogy between thefe Rings and the 
Ring--s of Colours made by very thin plates. I iliall 
fubjoyn fome of them. · · ... 

0 B S. 
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0 B S. X. 

When the beam of the Sun's Light was reflected back 
from the Speculum not direCl:ly to the Hole in the Win; 
do\V, but to a place a little diftant from it, the common 
center of that Spot, and of all the Rings of Colours fell 
in the middle way between the beam of the incident 
Light, and the beatn of the reflected Light, and by · 
confequence in the center of the fpherical concavity of 
the Speculum, whenever the Chart on which the Rings 
of Colours fell was placed at that center. And as the 
beam of reflected. Light by inclining the Speculum re ... 
ceded more and more fro1n the beatn of incident Light 
and from the com1non center of the coloured Rings be ... 
tween thetn, thofe Rings gre\v bigger and bigger, and 
fo alfo did the white round Spot,and new Rings of Co
lours emerged fucceffively out of their cotnmon center, 
and the whiteSpot became a white Ring encon1paffing 
thetn ; and the incident and refleCted beams of Light 
always fell upon the oppofite parts of this Ring, illumi
nating its perimeter like two tnock Suns in the oppofitc 
parts of an Iris. So then the Diameter of this Ring, 
meafured fro1n the middle of its Light on one fide to 
the middle of its Light on the other fide, was always 
eqhal to the diftance between the middle of the incident 
beatn of Light, and the tniddle of the refleCted beatn 
meafured at the Chart on which the Rings appeared : 
And the rays which formed this Ring were reflected by 
the Speculum in Angles equal to their Angles of inci
dence, and by confeq uence to their Angles of refraCtion 
at their entrance into the Glafs, but yet their Angles of 

P p refiexion 
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retlexion were not in the fa·me planes \vith their Angle 
of incidence. 

0 B S. XI. 

The Colours of the new Rings were in a contrary 
order to thofe of the fortner, and arofe after this man ... 
ner. The white round Spot of Light in the tniddle of 
the Rings continued white to the center till the diftance 
of the incident and refleaed beams at the chart was 
about l parts of an Inch, arid then it began to grow 
dark in the middle. And when that diftance \Vas about 
If6 of an Inch,. the white Spot was become a Ring en---
compaffing a dark round Spot \vhich. in the middle in ... 
'Clined to violet and indico. And the luminous Rings 
in~otnpaffing it were grown equal to thofe dark ones 
which in the four firft Obfervations encompaiTed them, 
that is to fay, the white Spot was grown a white Ring, 
equal to the firft of thofe dark Rings, and the firft of 
thofe luminous Rings was now grown equal to the fe ... 
cond of thofe dark ones, and ·the fecond of thofe lutni
nous ·ones to the third of thofe dark ones, and fo on. 
For the Diatneters of the lu.minous Rings were now 1:6 , . 

. I ~ ~ 11""<' I h ~ 16 , ~ 3 , 3 
10 

, r..;; c. n c es. 
When the diftance between the incident and reflected 

beRms of Light bec~me a little bigger, there einerged 
out of the middle of the dark Spot after the indico a 
blue, and then out of that blue a pale green, and foon 
after a yellow and red . And when the Colour at the 
center was brighteft, being between yellow and red,. 
the bright Rings were grown equal to thofe Rings which 
in the fou.r fir it 0 bferva tions next en corn pafTed thetn j. 

that 
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that is to fay, the white Spot in the tniddle of thofe 
Rings was no\V become a white Ring equal to the firft 
of thofe bright Rings, and the firft of thofe bright ones 
\vas no\v become equal to the fecond of thofe, and fo 
on. For the Diameters of the white Ring#, and of the 
other luminous Rings incompaffing it, were now 1+*, 
~t, -1+±, 3 -~, ~c. or thereabouts. . · -

When the diftance of the t-vvo beams of Light at the 
Chart was a little tnore increafed, there emerged out 
of the middle in order after the red, a purple, a blue, 
a green, a yellow, and a red inclining much to purple, 
and \vhen the Colour was brightefl: being bet\veen yel
low and red, the former indico, blue, green, yello\V and 
red, were become an Iris or Ring of Colours equal 
to the firft of tliofe luminous Rings which appeared in 
the four firft Obfervations, and the white Ring which 
\-Vas now become the fecond of the luminous Rings was·· 
grown equal to the iecond of thofe, a_nd the firft of 
thofe which was now become the third Ring -vvas be
come the third of thofe, and fo on.- For their Diame
ters were If~, 2t, -2ff, 3t Inches, the diftance of the 
two bea1ns of Light, and the Diatneter of the \Vhite 
Ring being 'l~ Inches. 

When thefe t\vo beams became more difl:ant there· 
emerged out of the tniddle of the purplifh red, firft a; 
darker round Spot, and then out of the tniddle of that: 
Spot a brighter. And now the former Colours (purple, 
blue, green, yellow, and purplifh red) were become a 
Ring equal to the firft of the bright Rings mentioned in 
the four firft Obfervations, and the Rings about this Cf~ 
Ring were grovvn . equal to the Rings about that re ... 
(peetively ; the diftance between the two beam~ of 

Pp -1 Ltght 
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Light and the Diarneter of the white Ring ( whic&· 
was no\v become the third Ring) being about 3 In
ches. 

The Colours of the Rings in the rniddle began now 
to grow very dilute') and if the difiance between the 
two beatns was increafed half an Inch, or an Inch rnore, 
they vanifhed \vhilfi the white Ring, with one or two 
of the Rings next it on either fide, continued frill vi
fible. But if the diftance of the two beams of Light 
was frill rnore increafed thefe alfo vanifhed : For the 
Light which coming fron1 feveral parts of the Hole in 
the Window fell upon the Speculum in feveral Angles of 
incidence 1nade Rings of ieveral bigneifes, which diluted 
and blotted out one another, as I knew by intercepting 
fome part of that Light. For if I intercepted that part 
which was neareft to the A.xis . of the Speculum the
Rings would be lefs, if the other part which was re~ 
tnoteft from it they would be bigger 0, • 

0 B S. XII .. 

When the Colours of t_he Pri~m ~ere caft fucceflively 
on the Speculutn., that R1ng \Vh1ch 111 the two lafi Ob ..... 
fervations was white, was of the fame bignefs in all the 
Colours, but the Rings \Vithout it were greater in the 
green than in ~he blue, and frill greater in the yellow, ... 
and greateft· tn the red. And, on the contrary, ~he 
Rings within that white Circle were lefs in the green 
th~n in the blue, and frill lefs in the yellow' and leail 
in the red. For the Angles of refiexion o£ thofe rays 
which n1ade this Ring being equal to their Angles of 
,incidence, the fits of every refleCted ray within the GJafs 

after 
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after reflexion are eqyal in length and nun1 ber to tl e 
fits of the fame ray within the Glafs before its incidence 
on the refleCting furface; and therefore fince all the rays 
of all forts at their entrance into the Glafs were in a fit 
of tranftniffion, they were alfo in a fit of tranfmiffion at 
their returning to the fame f urface after reflexion ; and 
by confequence were tranfmitted and went out to the 
white Ring on the Chart. This is the reafon why that 
Ring was of the fame bignefs in all the Colours, and 
why in a mixture of all it appears white. But in rays 
which are refletted in other Angles, the intervals of the 
fits of the leaft refrangible being greateft, make the 
Rings of their Colour in their progrefs from this white 
Ring, either outv1ards or inwards, increafe or decreafe 
by the greateft fteps; fo that the Rings of this Colour 
without are greateft, and within leaft. And this is the 
reafon why in the laft Obfervation, when the Specu
lutn w·as illuminated with white Light, the exterior 
Rings made by all Colours appeared red without and 
blue within, and the interior blue \Vithout and red . 
within. 

Thefe are the Phrenon1ena of thick convexo~con<:ave 
plates of Glafs, which are every where of the fame 
thicknefs. There are yet other Phrenotnena when thefe . 
plates are a little thicker on one fide than on the 
other, and others when the plates are more or lefs con
cave than convex, or plano ... convex, or double ... convex. 
For in. all thefe cafes the plates make Rings of Colours; _ 
but after various manners; all which, io far as I have 
yet obferved, follow from the Propofitions in the end 
of the third part of this Book, and fo confpire to con~ 
firm the truth of thofc Propofitions. But the Phreno~ 

n1ena . 
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tnena are too vatious, and the Calculations whereby 
they follow from thofe Pn;>pofitions too intricate to be 
here profecuted. I content tny felf with having profe
cuted this kind of Phrenomena fo far as to difcover their 
aufe, and by difcovering it to ratify the Propofitions 

_in the third Part of this Book. 

0 B S. XIII. 

· As Light refleeted by a Lens quick ... filvered on the 
back ... fide makes the Rings of Colours above de
fcribed, fo it ought to make the like Rings of Colours 
in paffing through a drop of Water. At the f1ri1 rc
flexion of the rays \vithin the drop, fome Colours ought 
to be tranfmitted, as in the cafe of a Lens, and others 

• to be refleCted back to the Eye. For inftance, if the 
Diameter of a ftnall drop or globule of Water be about 
the sooth part of an Inch, fo that a red-making ray in 
palling through the 1niddlc of this globule has ~5o fits 
of eafy tranfn1iffion \Vithin the globule, and that all the 
red-making rays \Vhich arc at a certain diftance from 
this middle ray round about it have ~49 fits \Vithin the 
globule, and all the like rays at a certain further di ... 
ftance round about it have ~48 fits, and all thofe at a 
certain further diftance ~+ 7 fits, and fo on ; thefe con:.. 
centrick Circles ofra ys after their tranfmiffion, falling 
on a white Paper, will make concentrick rings of red 
UpB-H -the Paper, fuppofing the Light ·which paifes 
through one flngle globule ftrong enough to be fenfible. 
And, in like 1nanner, the rays of other Colours will 
tnake Rings of other Colours. Suppofe no\V that in a 
fair day the Sun ihines through a thin Cloud of fuch 

· globules 



[ 1~1 I ] 

globules of Water or Hail, and that the globules ,tre all 
of the fame bignefs,and the Sun feen through this Cloud 
fhall appear incompaffed with the like concentrick Rings 
of Colours, and the Diameter of the firfi Ring of red 
{hall be 7~ degrees, that of the fecond I o; degrees, that 
of the third I 'l degrees 3 3 minutes. And accordingly 
as the globules of Water are bigger or lefs, the Rings 
fhall be lefs or bigger. This is the Theory, and expe
rience anfwers it. For in June I 69'2. I iaw by reflexion 
in a Ve.ffel of ftagnating Water three Halos Crovvns or 
Rings of Colours about the Sun, like three little Rain
bovvs, concentrick to his Body. The Colours of the 
firft or innermoft Crown were blue next the Sun, red 
without, and white in the middle between the blue 
and red. Thofe of the fecond Crown \vere purple and 
blue \Vithin, and pale red vvithout, and green in the 
middle. And thofe of the third were pale blue \Vith~
in, and pale red \vithout; theie Crowns inclofed one 
another immediately, fo that their Colours proceeded 
in this continual order from the Sun out\vard : blue" 
white, red ; purple, blue, green, pale yellow and red ; 
pale blue, pale red. The Diameter of the fecond Crown 
meafured from the middle of the yellow and red on one 
fide of the Sun, to the middle of the fa1ne Colour on 
the other fide was 9f degrees, or thereabouts. The Dia ... 
meters of the firft and third I had not time to meafure, 
but that of the firft feemed to be about five or fix de ... 
grees, and that of the third about twelve. The like 
Crowns appear fotnetimes about the Moon; for in the 
beginning of the year I 664, .Fe6r. 19th at night, I fav.r 
two fuch Crowns about her. ,..fhe Diameter of the firfi 
or innermofl: was about three degrees, and that of the·· 

fecond~. 
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fecond about five degrees and an half. Next about the 
Moon was a Circle of white, and next about that the 
inner Crown which was of a bluifh green within next the 
white, and of a yellow and red without, and next about 
thefe Colours were blue and green on the in fide of the 
out\vard Crown, and red on the outfide of it. At the 
fame 'titne there appeared a Halo about 'l'l degrees 35' 
diftant from the center of the Moon. It was Elliptical, 
and its long Diameter was perpendicular to the Horizon 
verging below fartheft from the Moon. I a1n told that 
the Moon has fometimes three or rnore concentrick 
Crowns ofColours incompaffing one another next about 
her Body. The more equal the globules -of Water or 
Ice are to one another, the more Crowns of Colours 
will appear, and the Colours will be the more lively. 
The Halo at the diftance of 'l'l~ degrees from the Moon 
is of another fort. By its being oval and remoter from 
the Moon below than above, I conclude, that it was 
1nade by refraCtion in fame fort of Hail or Snow floating 
in the Air in an horizontal Pofture, the refracting Angle 
being about 58 or 6o degrees. 

I 
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THIRD BOOK 
0 F 

0 PT I C K s. 
Obfervations concerning the Inflexions of the rays of Lig·ht, 

and the Colours made there!Jy. · 

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

very fmall Hole, the fhadows of things in this Light 
will be larger than they ought to be if the rays went 
on by the Bodies in fireight Lines, and that · thefe fha
dows have three parallel fringes, bands or ranks of eo, 
loured Light adjacent to them. But if the Hole be 
enlarged the fringes gro\v broad and run into one ana .... 
ther, io that they cannot be diftinguifhed. Thefe broad 
fhadows and fringes have been reckoned by fame to pro ... 
ceed frotn the ordinary refraction of the Air, but with, 
out due exan1ination of the n1atter. For the circum~ 
fiances of the Phrenomenon, fo far as I have obferved 
the1n, are as follows. 

Qq 0 B . 
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0 B S. I. 

I made in a piece of Lead a ftnall Hole with a Pin, 
whofe breadth vvas the 4- '2 th part of an Inch. For ') r 
of thofe Pins laid together took up the breadth of half 
an Ii1ch. Through this Hole I let into 1ny darkened 
Chatnber a bearn of the Sun's Light, and found that the 
ihadovvs ofHairs,..-fhred.,Pins,Straws, and fuch like i1en ... 
der fubftances placed in this bra1n ofLight, \Vere confider
ably broader than they ought to be, if the rays of Light 
paffed· on by thefe Bodies in right Lines. And particu ... 
larly a Hair of a Man's Head, whoie breadth \Vas but 
the 1 8oth part of an Inch, being held in this Light,. at 
the diftance of about twelve Feet fron1 the Hole, did 
caft a fhadow \V hi eh at the difiance of four Inches fro1n 
the Hair was the fixtieth part of an Inch broad, that is, 
above four titnes broader than the Hair, and at the di ... 
fiance of two Feet from the Hair \Vas about the eight 
and twentieth part of an Inch broad, that is, ten titnes 
broader than the Hair, and at the diftance often Feet 
was the eighth part of an Inch broad, that is 3 5 titnes 
broader. 

Nor is it material whether the Hair be incotnpaffed 
with Air, <?r with any other pellucid fubftance. For I 
wetted a polifhed plate of G lafs, and laid the Hair in 
the Water upon the Glafs, and then laying another po
lifhed plate of Glais upon it, fo that the Water rnight 
fill up the fpace between the GlafTes,. I held them in 
the aforeflid beam of Light) fo that the Light tnight 
pafs through thetn perpendicularly, and the fhadow 
of the Hair was at the iarne diftances as bjg as before. 

The. 
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The fhado\VS of DTatches made in polifhed p ates of 
Glafs were alfo much broader than they ought to be, 
and the Veins in polifhed plates ofGlafs did alfo caft the 
like broad fhadows. And therefore the great breadth. 
of thefe fhadows proceeds fro1n fo1ne other caufe than 
the refraCtion of the Air. 

Let the Circle X reprefent the 1niddle of tne Hair; tzo·. . 
ADG, BEH, CFI, three rays paffing by one fide of c 

the Hair at feveral diftances ; K N Q L 0 R, l\1 PS 
three other rays paffing by the other fide of the Hair a ·~ 
the like diftances; D, E, F and N, O, P the place~ -
\V here the rays are bent in their paffage by the Hair,: 
G, H, I and Q, R, S, the places \vhere the rays fall on 
a Paper G Q; IS the breadth of the fhado,,- of the I-Iair 
caft on the Paper, and T I, VS, two rays palling to the 
points I and S without bending when the Hair is taken 
a\vay. And it's manifeft that all the Light between 
thcfe two rays-:1ti and VS is bent in paffing by the 
Hair, and turned a fide fro1n the ihadow l S, becaufe if 
any part ~f this Light were not bent it would fall on 
the Paper within the fhadow, and there illuminate the 
Paper contrary to experience. And becaufe when the 
Paper is at a great diH:ance from the Hair) the fhadow 
is broad, and therefore the rays T I and VS are- at a 
great diH:ance from one another, it follo\VS ·that the 
Hair aCts upon the rays of Light at a good diftance in 
their paffing by it. But the aetion is H:rongeft on the 
rays which pafs by at lcaft di!tances, and grows weaker 
and weaker accordingly as the rays pafs by at diftances 

. greater and greater, as is reprcfented in the Sche1ne. 
For thence it cotnes to pais, that the fhadow of the 
Hair is tnuch broader in-proportion to the diftance of 

Q q ·~ the 



[I 16] 
the Paper from the Hair) when the Paper is nearer the 
Hair than when it is at a great diftance frorn it. 

0 B S. I I. 

The fbadows of all Bodies ( Metals, Stones, Glafs, 
Wood') Horn, Ice, d.:J'c.) in this Light were bordered 
\vith three paral1el fringes or bands of coloured Light, 
vvhereof that \vhich was contiguous to the fhado\v \Vas 
broadefi: and moft lutninous., and that \vhich vvas re
tnoteft fron1 it was narroweft, and fo faint') as not eafily 
t o be vifible. It was difficult to diftinguifh the Colours 
unlefs when the Light fell very obliquely upon a finooth 
Paper, or fo1ne other frnooth vvhite Body, fo as to make 
thetn appear much broader than they vvould other\vife 
do. And then the Colours \V ere plainly vifible in this 
order : 1-.he firft or innermoft fringe \Vas violet and deep 
blue next the fhadovv, and then light blue, green and 
yellovv in the middle, and red vvithout. The fecond 
fringe vvas alrnoft contiguous to the firft, and the third 
to the fecond, and both vvere blue vvithin and yel1ovv 
and red vvithout, but their Colours vvere very faint 
efpecially thofe of the third. The Colours therefore 
proceeded in this order from the fhadovv, violet, indico, 
pale blue, green, yellovv, red j blue, yellovv, red; pale 
blue, pale yellovv and red. The fhadows rnade by 
fcratches and bubbles in polifhed plates of Glafs vvere 
bordered vvith the like fringes of coloured Light. And 
if plates ofLooking~glafs iloop'd off near the edges vvith 
a Diamond cut, be held in the fame bcan1 of Light, the 
.Light which paifes through the parallel plaNes of the 
Glafs will be be bordered \Vith the like fringes of Co-

lours 
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lours where thofe Planes tneet with the Diatnond cut, 

1 and by this tneans there will fo1neti1nes appear four or 
five fringes of Colours. Let AB, CD reprefent the Fig·. ~. 
parallel planes of a Looking -glafs, and BD the pla.ne 
of the Diamond ... cut, making at B a very obtufe Angle 
with the plane A B. And let all the Light between t he 
rays EN I and F BM pafs directly through the parallel 
planes of the Glafs, and fall upon the Paper between I 
and M, and all the Light bet\veen the rays GO .and 
HD be refratted by the oblique plane of the Diamond 
cut B D,and fall upon the Paper between K and L ; and 
the Light which paifes direCl:ly through the parallel 
planes of the Glafs, and falls ~pon the Paper between 
I and M, will be bordered \vith three or In ore fringes __ kiJJ ~{ ~ Y :~~ 
t M ~ 

U._. UJ~ ~ (/\ · -rr ,, ~ .r..r:· a · · ID .!' UA-1. 1-/2, "'-n )-:7"- - · "r- , :/ ' c:r:: · 
. So i?y ~j a n IRe.. j-./!1%.~0~ '}..} /-l2;z_ .""~ o -r f ea..rL ~ ,._.'_/:.;.e_ I ..... ~~ 

~A.~~ .. ~ n-..1':::;; .. ~ tRr+- /!.4 ~r'r o;t· eo/~. 
~~"' , fl~·~ :1 r;~ ,Vu · B ~ . 1 I 1. .. 

When the Hair was tttvelve Feet diftant from the 
Hole, and its fhadow fell obliquely upon a flat vvhite 
fcale : of Inches and parts of a~ Inch placed half a Foot 
beyond it, and alfo \vhen the fhadow fell perpendicu·
larly upon the fame fcale placed nine Feet beyond it; 
I me" - Ted the breadth of the fhadow and fringes as
accurately as I could, and found them in parts of an 
Inch as follows. 

he 

• 
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At the dijlance of 

,The breadtl; of the Shadow 

;-fhe breadth between the middles of the 
· brighteft Light of the innermoft fringes 
on either fid€ the fhadow 

The breadth between the middles of the 
brighteft Light of the tniddlemoft frin .. 
ges on either fide the fhadow 

The breadth between the middles of the 
brigh teft Light of the outtnoit fringes 
on either fide the fhadow 

The diftance between the middles of the 
brighteft Light of the firft and fecond 
fringes 

~------------~---------
The.diftance between the middles of the 

brigh teft Light of the fecond and third 
fringes . 

The breadth of the luminous part (green, 
white, yellow and red ) of the firft 
fringe 

------------------------The breadth of the darker fpace between 
the firft and fecond fringes. 

The breadth of the lutninous part of the 
fecond fringe 

;-[ he breadth of the darker fpace between 
the fecond and third fringes. 

half~ 
Foot. 

I 

54 

1
- or I 

jl:S ~~ 

I 
- I 

23~ 

I I 
18 or - X I8z · 

I 

120 

T -
170 

I -17:J 

I -l.<jO 

T -
290 

f 

3'10 

ntne 
Feet. 

( -9 

L 
50 

4 
17 

3 
1.0 

I -1.1 

I 

3l 

I 

3%. 

-

I 

45 

-L_ 
5) 

T 

bj 

Thefe 
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Thefe meafures I took by letting the fhadow of the 

Hair at half/a Foot diftance fall fo obliquely on the 
fcale as to appear twelve ti1nes broader than vv hen it 
fell perpendicularly on it at the fa1ne diftance, and fet
ting down in this Table the twelfth part of the mea ... 
fures I then took. 

0 B S. I V. 

When the fhadovv and fringes vvere caft obliquely 
upon a fm(loth vvhite Body, and that Body was re1no ... 
ved further and further fro1n the Hair, the firft fringe 
began to appear and look brighter than the reft of the· 
Light at the difiance of lefs than a quarter of an Inch 
from the Hair, and the dark line or fhadovv between 
that and the fecond fringe began to appear at a lefs di- 
ftance from the Hair than that of the third part of an. 
Inch. The iecond fringebegan to appear at a diftance · 
from the 1-Iair of lefs than half an Inch, · and the fhadow 
between-that and the third fringe at a diftance lefs th~n
an Inch, and the third fringe at a diftance lefs than three 
Inches. At greater diftances they became much 1nore· 
fenfible, but kept very nearly the farne proportion of 
their breadths and intervals \Vhich they had at their firfr 
appearing . . For the difrance between the middle of the~ 
firft and middle of the fecond fringe, \Vas to the difranc.e 
between the middle of the fecond and 1niddle of the 
third fringe, as three to two, or ten to feven. And 
the laft of thefe two diftances vvas equal to the breadth, 
of the bright Light or lurninous part of the firft fringeG 
And this breadth vvas to the breadth of the bright Light 
ofthe fecond fringe as feven to four, and to the dark 

intervaL_ 
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interval of the firft and fecond fringe as three to two; 
and to the like dark interval bet\veen the fecond and 
third as t\vo to one. F'or the breadths of the fringes 
feemed to be in the progreffion of the numbers I, ,/ ~ , 
t/} and their intervals to be in the fame progreffion 
vvith the1n ; that is, the fringes and their intervals to
gether to be in the continual progreffion of the numbers 
I, 1/ ~, f/ i, t/ ~, t/;, or thereabouts. And thefe pro
portions held the fame very nearly at all diftances frozn 
the Hair j the dark Intervals of the fringes being as 
broad in proportion to the fringes at their firft a ppea
rance as after~·ards at great diftances from the Hair, 
thout:h not fo dark and diftintl:. 

0 B -S. V. 

The Sun ihining into my darkened Chamber through 
a Hole a quarter of an Inch broad j I placed at the di-
ftance of two or three Feet from the Hole a Sheet of 
Paft-board, vvhich vvas black'd all over on both fides, 
~1nd in the tniddle of it had a Hole about three quarters 
of an Inch fquare for the Light to pafs through. And 
behind the Hole I faftened to the Paft-board vvith Pitch 
the blade of a iharp Knife, to intercept fotne part of 
the Light vvhich paffed through the Hole. The planes 
of the Paft .. board and blade of the Knife vvere parallel 
to one another, and perpendicular to the rays. And 
vvhen they vvere fo placed that none of the Sun's Light 
fell on the Paft-board, but all of it paffed through the 
Hole to the Knife, and there part of it fell upon the 
blade of the KnifeJ and part of it paffed by its edge : 
I let this part of the Light vvhich paiTed by, fall on a 

vvhite 
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white Paper two or three Feet beyond the. Knife, and 
there faw two ftreams of faint Light fhoot out both 
ways frotn the beatn of Light into the fhadow like the 
tails of Cornets. But becaufe the Sun's direel Light by 
its brightnefs upon the Paper obfcured thefe faint 
ftreams, fo that I could fcarce fee them, I made a little 
Hole in the midft of the Paper for that Light to pafs 
through and fall on a black cloth behind it ; and then 
I iaw the two ftrea1ns plainly. They were like one 
another, and pretty nearly equal in length and breadth, 
and quantity of Light. Their Light at that end next 
the Sun's direct Light \Vas pretty ftrong for the fpace of 
about a quarter of an Inch, or half an Inch, and in all 
its progrefs from that diretl Light decreafed gradually 
till it beca1ne infenfible. The \V hole length of either of 
thefe ftreams ~eafured upon the Paper at the diftance 
of three Feet frotn the Knife was about fix or eight 
Inches j fo that it fubtended an Angle at the edge of 
the Knife of about I o or 1 ~, or at m oft I 4 degrees. 
Yet fometimes I thought I favv it fhoot three or four 
degrees further, but vvith a Light fo very faint that I 
could fcarce perceive it, and fu(pected it might ( in 
fo11_1e meafure at leaft) arife from iome other caufe than 
the two ftreams did. For placing my Eye in that Light 
beyond the end of that ftrean1 which was behind the 
Knife, and looking towards the Knife, I could iee a 

· ine of Light upon its edge, and that not only when 
tny Eye was in the line of the ftreams, but alfo when 
it wa·s without that line either towards the point of the 
Knife, or towards the handle. This line of Light ap ... 
peared contiguous to the edge of the l{nife, and was 
narro\ver than the Light of the inner1noft f1:inge, and 

R r ·. narroweft 
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narroweft \vhen my Eye \Vas furtheft fron1 the direct
Light, and therefore feetned to pafs between the Light 
of that fringe and the edge of · the Knife, and that 
which paffed neareft the edge · to ~be moft bent, though 
not all of it. 

0 B S. VI. 

I ' placed another Knife by this· fo that their edge~ 
might be parallel and look towards one another, and 
thafthe beam ofLight tnight fall upon both the Knives, 
and fame part of it pafs between their edges. And 
when the diftance of their edges was about the 4-ooth 
part of an Inch the ftream parted in the middle, and 
left a ihado\V between the two parts. This fhadow 
was fo black and -dark that all the Light which paffed 
between the Knives feemed to be bent, and turned afide 
to the one hand or to the other. And as the Knives frill 
approached one another the fhadow grew broader, and 
the ftreams fhorter at their inward ends \Vhich were 
next the· iliadow, until upon the contact of the Knives 
the. whole Light vanifhed leaving its place to the 
fhadow. 
- And· hence I gather that the Light which is leaft 

bent, and goes to the in\vard ends of the ftreams, paf
fes by the edges of the Knives at the greateft difrance, 
and this diftance when the fhad~w begins to appear be ... 
tween the ftreams is about the eight-hundredth part of 
an Inch. And the Light which paffcs by the edge~ of 
the Knives at diftances ftill lefs and leis is tnore and 
tnore bent, and goes to thofe parts of the fireatns which 
are further and turther from the dirett Light, becaufc 

when 
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when the Knives approach one another till they touch, 
thofe parts of the ftreatns vanifh !aft which are furtheft 
from the diretl: Light. 

0 B S. VII. 

In the fifth Obfervation the fringes did not appear, 
but by reafon of the breadth of the Hole in the Win, 
dow became fo broad as to run into one another, and 
by joyning make one continued Light in the beginning 
of the ftrean1s. But in the fixth, as the Knives a p
proached one another, a little before the fhadow ap, 
pea red between the two' ftreams, the fringes began to 
appear on the inner ends of _the ftreams on either fide 
of the direct Light, three on one fide made by the edge 
of one Knife, and three on the other fide made by· the 
edge of the other Knife. rfhey \Vere diftinCl:eft when 
the Knives were placed at the greateft difl:ance from the 
Hole in the Window., and ftill -becan1e 1nore diftinCl: by 
making the Hole lefs, infomuch that ·I could fometimes 
fee a faint lineatnent of a fourth fringe beyond the three 
above. ... mentioned. And _as the Knives continually ap
·proached one another, the fringes grew diftinB:er- and 
larger until they vanifhed. The outtnoft fringe va
nifhed firft, and the middlemoft next, and the inner, 
moft laft. And after they were all vanifhed, and the 
line of Light which was in the middle between them 
was grown very broad, enlarging it felf on both fides 
into the frreatns of Light defcribed in the fifth Obfer
vation, the above ... nlentioned (hadow began to appear 
in the middle of this line, and divide it along the middle 
into two lines of Light, and increafed until the whole 

R r 2 . Light 
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L ight vanifhed. This inlargement of the fringes \Vas 
fo great that the rays \vhich go to the . inner1noft fringe 
fee1ned to be bent above t\venty ti1nes tnore when this 
fringe was ready to vanifb., than when one of the Knives 
was taken away. . 

And from this and the for1ner Obfervation co1nparedJ 
I gather, that the Light of the firft f~inge paffed by. the 
edge of the Knife at a difhince greater than the eight..
hundredth part of an Inch, and the Light of the fecond 
fringe paffed by the edge oft he Knife at a greater di
ftance than the Light of the firft fringe did, and that 
of the third at a greater difiance than that of the fe
cond, and that of the ftreams of Light defcribcd in 
the fifth and fixth Obfervations paffed by the edges 
of the Knives · at lefs difi:ances than that of any of the 
fringes. 

0 B S. VIII. 

I caufed the edges of t\vo Knives to be ground truly 
ftrcight, and pricking their points into a board fo that 
their edges might look towards one another, and Ineet
ing near their points contain a rectilinear Angle, I faft~ 
ned their handles together with Pitch to make this 
Angle invariable. The diftance of the edges of the 
Knives from one another at the diftance of four Inches 
from the angular point, where the ·edges of the Knives 
met, was the eighth part of an Inch, and therefore the 
Angle contained by the edges was about 1. degr. 54~. 
The Kmives thus fixed toget~r I placed. in. a beam of 
the Sun's Light, let into my darkened Chamber through 
a Hole the 4~th part of an Inch. \vide, at the diftance 
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of ten or fifteen Feet from the Hole, and let the Light 
which paffed between their edges fall very obliquely 
upon a fmooth white Ruler at the diftance of half an 
Inch, or an Inch from the Knives, and there faw · the 
fringes n1ade by the t\vo edges of the Knives run along 
the edges of the ibadovvs of the Knives in lines parallel 
to thoie edges without growing fenfibly broader, till 
they met in Angles equal to the Angle contained by the 
edges of the Knives, and where they met and joyned 
they ended without croffing one another. But if the 
Ruler was held at a much greater diftance frotn the 
P~pff~ the fringes became fomething broader and broader 
as they approached one another, and after they 1net 
they croffed one another, and then became much broader 
than before. 

Whence I gather that the difiances at which the 
fringes pafs by the Knives are not increafed nor altered 
by the appro~ch of the Knives, but the Angles in vvrhich 
the rays are there bent are tnuch increafed by that ap
proach ; and that the I\nife \vhich ~s neareft any ray 
determines \vhich way the ray fhall be bent, and the
other Knife increafes the bent .. 

0 B s·. lX. 

When the rays fell very· obliquely upon the Ruler at -~~ 
the diftance of the third part of an Inch from th~ Knives, 
the dark line between the firft and fecond fringe of the 
fhadow of one Knife, and the dark line between the 
firft and fecond fringe of the iliadow of the other l{nife 
met ,vith one another, at the diftance of the fifth part 
of an Inch from the end of the Light which paffed be~ 

tweerL 
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tween the Knives at the concourfe of their edges. And 
therefore the diftance of the edges of the Knives at the 
meeting of thefe dark lines was the I 6oth part of an 
Inch. For. as four Inches to the eighth part of an Inch, 
fo is any length of the edges of the I\.nives rneafured 
from the point of their concourfe to the diftance of the 
edges of the Knives at the end of that length, and fo is 
the fifth part of an Inch to the I 6oth part. So then the 
dark lines above ... mentioned meet in the tniddle of the 
Light which paffes between the Knives where they are 
diftant the I 6oth part of an Inch, and the one half of 
that Light paffes by the edge of one Knife at a diftance 
.not greater than the 3 2oth part of an Inch, and falling 
upon the Paper tnakes the fringes . of the ibadow of that 
Knife, and the other half paffes by the edge of the 
other Knife, ':it a diftance not greater than the 3 ~oth 
part of an Inch, and falling upon the Paper makes the 
fringes of the fhado\V of the other Knife. But if the 
Paper be held at a diftance from the Knives greater than 
the third part of an Inch, the dark lines above ... men ... 
tioned n1eet at a greater- diftance than the fifth part of 
an Inch from the end of the Light \vhich paffed be ... 
twecn the ·Knives at the concourfe of their edges; and 
therefore the Light which falls upon the Paper where 
thofe dark lines meet paffes between the Knives. 
'vhere their edges are diftant above the 1 6oth part of 
an Inch. 

For at another time when the two Knives were di ... 
ftant eight Feet and five Inches from the little Hole in 
the Window, made with a fmall Pin as above, the Light 
which fell upon the Paper \vherc the aforefaid dark 
lines met. paffed betvveen the Knives, where the di-

ftance 



(]127] 1. 
ftance between their edges was as in the followino
Table, when the diftance of the Paper from the Knive~ 
was alfo as follows. 

Di.f!ances of the Paper Dijlances between the edges 
from the I(nives in of the l(nives in mi!le-
Inches. jimal parts of an Inch. 

I 

I i'• o'o I~. 
I 

31· o'o2o. 
8~. o'o54· 

3 ~. o'os 7. 
96. o'o8 1. 

I j I. o'o87. 

Knd hence I gather that the Light which makes the 
fringes upon the Paper is not the fame Light at all di-
ftances of the Paper from the Knives, but when the Pa
per is held near the Knives, the fringes are made by 
Light which paffes by the edges of the Knives at a leis 
diftance, and is tnore bent than when the Paper is held 
at a greater diftance from the Knives. 

0 B S. X .. 

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

, · the 



[ 128 J 
the Angles A CD., BC E, equal to one another, and 
tern1inating all the Light w hith falls upon the Paper from 
the point\vhcre the edges of the Knives meet; e is, fk t, 
and g 1 v, three hyperbolical lines reprefenting the ter
tninus of the fhadow of one of the Knives, the dark line _ 
between the firft and fecond fringes of that fhadow, and 
the dark line between the fecond and. third fringes of 
the fame fhadow ; xi p, y k q and z 1 r, thrre other H y ..
perbolicallines reprefenting the terminus of the fhadow 

\ of the other Knife, the dark line between the firft and 
fecond fringes of that fhadow, and the dark line be
tween the fecond and third fringes of the fatne fhadow. 
A.nd conceive that thefe three Hyperbolas are li~e and 
equal to the for1ner three, and crofs the1n in the points 
i, k and 1, and that the fhadows of the Knives-are termi
nated and diftinguifhed from the firft luminous fringes 
by the lines e is and xi p, until the tneeting and crof
ting of the fringes, and then thofe lines crofs the fringes 
in the form of dark lines, terminating the firft lutninous 
fringes within fide, and diftinguifhing them frotn ano-
t her Light which begins to appear at i, and illun1inates,
all the t riangular fpace i p DEs comprehended by thefe 
dark lines, and the right line DE. Of -thefe Hy-
perbolas one Afymptote is the li~e DE, and their oth~r 
Afymptotes are parallel to the hnes CA and CB. Let 
rv reprefent a · line drawn any where upon the Paper 
parallel to the Afytnptote .DE, and let this line crofs 
the right .lines A C in 1n and BC in n, and th~ fix dark. 
hyperbolical lines in p, q, r; s, t, v ; and by ,meafuring 
the difiances -P s, q t, r v, and thence colleCting the 
the lengths .of the ordinates n p, n q, n r or Ins, m t, 
m v, and doing this at feveral diftances of the line r v, 

-from 
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from the Afytnptote DE you tnay find as tnany points 
of thefe Hyperbolas as you pleafe, and thereby know 
that thefe curve lines are Hyperbolas differing little from 
the conical Hyperbola. And by meafuring the lines 
Ci, Ck, Cl, you tnay find other points of thefe 
Curves. 

For inftance, when the Knives were diftant from the 
Hole in the Windo\V ten Feet, and the Paper from the 
~nives 9 Feet, and the Angle contained by the edges of 
the Knives to which the Angle A CB is equal, was fub ... 
tended by a chord \Vhich was to the ~Radius as 1 to 3 ~, 
and the diftance of the line rv from the Afy1nptote DE 
was half an Inch : I meaiured the lines p s, q t, r v, 
and found them o'3 5, o'65, o'98 Inches refpetl:ively, 
and by adding to their halfs the line i m n (which here 
was the I~ 8th part of an Inch, or o' oo78 Inches ) the 
fun1s np, nq, nr, were o').I8'28, o'33~8, o'4978 In ... 
ches. I meafured alfo the diftances of the brigh teft 
parts of the fringes which run bet\veen p q and s t, q r 
and tv, and next beyond rand v, and found then1 o'5, 
o'8, and 1 'I 7 Inches. 

0 B S. XI. 

The Sun fhining into tny darkened Roon1 through a 
fmall round Hole made in a plate of Lead with a ilender 
Pin as above; I placed at the Hole a Priftn to refraCt 
the I~ight, and form on the oppofite WalltheSpetl:rurn 
of Colours, defcribed in the third Experitnent of the 
firft Book. And then I found that the fhado\VS of all 
Bodies held in the coloured Light bet\veen the Prifin 
and the Wall, were bordered with fringes of the Colour 
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o tha Light in \vhich they were held. In the full red 
ig 1t tl ey \vere totally red without any fenfible blue 

violet, and in the deep blue Light they were totally 
blue without any fenfib1e red or yellow ; and fa in the 
green Light they were totally green, excepting a little 
yellow and blueJ which were mixed in the green Light 
of the Prifrn. And co1nparing the fringes made in the 
feveral coloured Lights, I found that thofe tnade in the 
red Light were largeft, thofe made in the violet were 
leafr, and thofe rnade in the green were of a middle 
bigneis. For the fringes \vith which the fhadol~v of a -' 
Man's Hair were bordered, being meafured crofs the 
fhado\v at the diftance of fix Inches from the Hair; the 
diftance between the tniddl~ .and moft lun1inous part of 
the firft or innermoft fringe on one fide of the fhadow" 
and that of the like fringe on the other fide of the iha ... 
_ dow, was in the full red Light ~i of an Inch, and in 
the full violet ~6 • And the like diftance between the
middle and tnoft lu:minous parts .of the fecond fringes on 
~ither fide the fhado\V \Vas in the full red Light i~, and 
in the violet":

7 
of an Inch. And thefe diftances of the 

fringes held the fa111e proportion at all · diftances fron1 
the Hair \Vithout any fenfible variation .. 

So then the rays which tnade thefe fringes in the red. 
Light paffed by the Hair at a greater diftance than thofe 
1did which tnade the like fringes in the violet ;and there..
fore the Hair in caufing thefe fringes. acred alike upon· 
the red Light or leaft refrangible rays at a greater di
fiance, and upon the violet o~· In?fi re~rangible rays at 
a lefs· difi:anceJ and by thofe aCl1ons d1fpofed the red 
Light into larger fringes, and the violet into finaller,_ 
und the_ Lights of intertnediate Colours into frin~es of 
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inter1nedia te bigneffes without chang1ng the Colour of 
of any fort of Light. 

When therefore the Hair in the firft and fecond at 
theie Obiervations was held in the \Vhite beam of the 
Sun's Light, and cafi a fhadow \Vhich \Vas bordered \Vith 
three fringes of coloured Light, thofe Colours arofe not 
from any new modifications itnpreft upon the rays of 
Light by the Hair, but only frorn the various inflec1ions 
whereby the feveral forts of rays were feparated from 
one another, -vv· hi eh before feparation by the tnixture 
of all their Colours, con1pofed the white beam of the 
~un\ Light, but whenever fepa1ated con1pofe Lights . 
of the feveral Colours which they are originally difpo... !Id 
fed to exhibit. In this ~th Obiervation, where the 
Colours are feparated before the Light paffes by the 

. Hair, the leaH: refrangible rays, which when fepara ... 
ted from the reil: make red, were infletl:ed at a greater 
diftance frorn the Hair, fo as to 1.nake three red fringes-· 
at a greater diftance from the rniddle of the fhadow of 
the Hair j and the rnoft refrangible rays which when· 
feparated make violet, \Vere inflected at a lefs diftance 
from the Hair, fo as to rnake three violet fringes at a 
lefs diftance from the middle of the fhadow of the Hair. 
And other rays of intermediate degrees of refrangibi
lity were infle6led at intermediate diitances from the 
Hair, fo as to make .fringes of inter1nediate Colours at 
interme_dijlte diftances fro1n the tniddle of the fhado\v 
of the Hair. And in the fecond Obfervation, ~here 
all the Colours are tnixed in the vvhite Light \vhich 
paifes by the Hair, thefe Colours are feparated by the 
various inflexions of the rays, and the fringes which 
they make appear all together, and the innertnofr, 

~ S s ~ fringes 
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fringes being contiguous make one broad fringe con1po, 
fed of all the Colours in due order, the violet lying 
on the in fide of the fringe next the fhadow, the red on 
the outfide furtheft frotn the fhadow., and the blue, 
green and yellow·, in the middle. And, in like tnan
ner, the tniddlemoft fringes of all the Colours lyirig in 
order, and being contiguous) tnake another broad ftinge 
compofed of all the Colours; and the outtnoft fringes 
of all the Colours 1 ying in order, and being contiguous, 
1nake a third broad fringe compoied of all the Colours. 
Theie are·· the three fringes of coloured Light with 
which the fhadovvs of all Bodies are bordered in the fe-· 
cond Obfervation. 

When I made the foregoing Obfervations, I defi~ned:· 
to repeat moft of them with more care and exaCtnefs,. 

1 and to tnake fotne new ones for detennining the man
ner how the rays of Light are bent in their paffage by 
Bodies for making the fringes of Colours with the 
dark lines between them. But I was then interrup-· 
ted, and cannot no'v think of taking theie things inta~ · 
furthe-r confideration. And iince I have not finifhed. 
this part of my Defign, I fhall conclude, with propo-· 
ung only iome Queries in order to a further fearch to, 
be 1nade by others. 

§(_uery, 1. Do not Bodies a et upon\ Light at a diftance1 ~ 
and by their aCtion bend its rays, and is not this attion; 
(c~teri"S pari6usJ ftrongeft a~t the leaft. difiance ?_; 

Jtu. !) ·. Do not the rays-which differ in refraHgioility~~ 
differ alfo in. flexibility, and· are they not by. their dif-
ierent inflexions feparated fro1n one another,:. fo as . 
after feparatio.n. to .ma.ke the Colou.rs in the three .fringes 

above:. 
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above d-efcribed ? And after what manner are they in ... 
fletl:ed to tnake thofe fringes ? 

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

~u. 4· Do not the rays of Light w-hich t1ll upon Bo
dies, and are refleCted or refracted, begin to bend be ... 
fore they arrive at the Bodies; and are they not re- . 
fleCl:ed, refraCted and inflected by on~ and tpe fame · 
Principle, acting variouil y in various circutn!tances? 

~u. 5· Do not Bodies and Light atl: mutually upoa : 
one another, that is to fay, Bodies upon Light in en1it ... 
ting, refleGling, refraCting and infleCting it, and Light 
upon Bodies for heating them, and putting their parts 
into a vibrating motion \V herein heat confifts ? 

Jt.u. 6. Do not black Bodies conceive heat tnore eafily. 
frotn tight than thofe of other Colours do, by. reafon : 
that the Light falling on them is not rcfletl:ed outwards; 
but enters the Bodies, and is often refleGl:ed:i and re~ 
fraCled within them, until it be ftifle.d and loft ? 

~u. 7· Is not the ftrength and vigor of the _ action , 
between Light and fulphureous Bodies obferved above, ; 
.one reafon why fulphureous Bodies· take fire more~
readily, and burn n1ore vehemently, then : other Bo~ 
dies do?· 

~u. 8 .. Do no.t all fixt Bodies. when heated. beyond a.: 
certain degree, emit Light and fhine, and is . not this -
e1niffion perfo.nned_ by the. vibrating.tnotions. of their
parts.?. 
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Jt_u. 9· Is not fire a Body heated fo hot as to cn1it 

Light copiouily ? For what elfe is a red hot Iron than 
fire ? And \Vhat elfe is a burning Coal than red hot 

~~~~ ~~ i' ~ w d~ 
r ~ - ~ ~ ; L ~ oo . 
~~- ~~ ~ ? ~t. Io. Is not flame a vapour, futne .or exhalation 
~ \! ~~ 

1 
~ heated red hot,. that is, ~o .hot as t~ fhine? For Bodi:s 

r, i i. 1 ~ "'-do not flame wtthout emtttlilg a copwus fume, and thts 
t' t."t ~ , "f fume burns in the flame. The !JTnis Fatuus is a vapour 
1 'f f ? t fuiriing without heat, and is th~re not the fame diffe~ 

~ ~ . k ~, F rence between this vapour and flame, as between rot
t~ri ~'-' f ten Wood ihining without heat and burning Coals of 
.._~f 1 ° ~ fire? In difl:illing h5>t Spirits, if the head of the fl:ill be . 
tJ ~ t ~} ~o ~ taken off, the vap{ur which afcends out of the Still will 
~~,. . 1' f take fire at the tl.aine of a Candle, and turn into flame, 
~ 1 } r r' . ~-_) r and the ~ame will run a~ong the vapour fr?m the Candle 
~ . ~ ... , t3 to the Still. Some Bod1cs heated by mot1on or fern1en ... 1{ ~ F 'D tation, if the heat grow intcnfe fume copioufly, and if 

-='~ ~ ~ r ~l/· the heat be great eno~gh the fumes will fhine and be~ 
~--- · ~'fl () ~ - ~ come flame. Metals 1n fufion do not flame for want of 
~'it ~ t ~ J. ~ a copious fume, except Spelter which fumes copioui1y, 

t
~t . · r1. ~. ~ and thereby fian1es. All fiatning B~dies, as Oy I, Tal ... 
'"'· ·1 bt~ ~~ low,_ Wax, Wood, fo~l ~oals ., P1!ch, .Sulphur, _by 

. ~ b' ~ ~~ flammg wafie and vamfh mto burmng imoke, whtch 
· ~ "-1 -~fmoke, if the flame be put out, is very thick and vi fib le, 'l,t ~ ~ _1 ~nd fometimes ~inells fl:rongly,. but in the flame loiCs 
'<~~ f,.\~~ ~ 1ts Gnel1 by burnlng, and according to the nature of the 
~ 't . "'~~ iinokc the flame is of feveral Colours, as that of Sul~ 
\ ~ ~ f · f phur blue, that 9fa-t C:tPit~ J £P.,ene~t - :with Sublitnate . 
:I~ ~ ~green, that of Tallow yellow) 'SmOke palling through f tv~i\ tiame cannot but grow red hot, and red hot iinoke can 
~ 1 ~ r:- r .-..have no ~ther appearanc~n that of flame. If~~ :,.. 

_'l -}'\ f\){ ~ f ~ ~ ~ ~ rl ~ j7.';/ .f'~ qaJ ' ( J:a_ J~o~ ?r ~~~ 
l' ~ ~ l r:.- ,u._ 'If ""D~ ~r ,cL~.& /2;'{.-. .,.,. /;.,_ } ~ w Jfw.J ·r 
P ~ r l :l~ fL;.~ .~' ~:;~~~ .t wZW ~1:=:: ~~~J.&. 
~ · vJ.fl (l... ~ 9...-f /) ~ A / · /l I . . . . 1 • ~" k--y""- hJ ~ t-o. wi.. af-<r./ 

~t ;"' . 1 . 11 ~er tn7 t -~ ~ ~ "'-;;- d 
~ ~ f" -/l&-- o~f·Lq-kJL ~ tl .r " ~L~ Jl?~ """ ~- ~ ~ ~ , ') If~ tr- UR_ Cl_ c":l v-ru-- r 7 /) ( l. ~1/d 

~ b I>"~ j. :::"} 0Y "'- 'r-J "&_ J ~ <-J<J. oy&-; /f·,.·t~:J.;t!f }1., ·~ ?n.-6-K 

~ ~ ' lS . G~ ~ !- !£e_ /2,·~) J v4 ~- 1,; ~ ~ /_ ~ ""~~~ ~· A.{ ~ '{)~. ~~ ~". J:._h 'IT O<V<-f'<.J . _'- "'~f~ ;_, ~t/J 
~ :t ~ ( ; u&. f2Lj)_ "' "" VV\-"-1 D v- ~ f'J ~y • ;.Z 
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Jt_u. 11. Do not great Bodies conferve their heat the 

longeft, their parts heating one another, · and may not 
great denfe and fix'd Bodies, when heated beyond a 
certain degree, emi~ight fo copioui1y, as by the ernif
fion and reaE:tion of ffi Light., . and the reflex ions and re-

11 • fraA-ions of ~r'lys \Vithiu~ ;"' Qores. .. , to 2TO\V ~ill 4ot~ 
L1£~-H M..~w. { 4S1-;;..,.-- cy W.fR- ~~ ~ J¥t. cM ~ ~ "~ c~ ~WF ~ 

~ter, ~tilt 1t come$ to a certatn - er1od ollheat, fucn as 1s 
that of the Sun? And are not the Sun and fix'd Stars 
great E:1rths vehemently hot, whofe heat is conferved 
by the greatnefs of the Bod_ies, and the mutual action 
and reattion between them, and the Light which they 
emit, and whofe parts are kept from fuming a\vay, not 
only by their fixity, but alia by the vaft weight and 
denfity of the Atmofpheres incumbent upon them, and 
very ftrongly cotnpreffing them, and condenfing the va, . . l 
pours and_ exhalations which arife from them? Tcr f/ ~ 6t ~Jfd;::;:e) 

Jtu. 1 ~. Do not the rays of Light in falling upon the ; .;;;_r LA~~ ~ 
botto1n of the Eye excite vibrati9ns in the Tunica re;,.._O''Yt'-nl.. dJ-1;;~~: : 
tina? Which vibrations, being propagated along thet.G~..J...--~.R2'-~ 
folid fibres of the optick Nerves into the Brain, caufe -:7~~ ~ (k. 1 

the fenfe of feeing. For becaufe denfe Bodies confcrve.~ ~~- fl.c:-!-
their heat a long time, and the denfeft Bodies conferve ~ tk rL· (11K-~ ""--/;;L 
their hea~ the longeft, the vibrations of their parts are M_~~~; 
of a laft1ng nature, and therefore may be propagated;.~~ c/~~f/lr~ 
along folid fibres of uniform denfe 1natter to a great di, kep5 v~_kO_'*Y:trY"J 
fiance, for conveying into the B~ain the impreffi?ns~~ ~ 
made upon all th~ Organs of fcnie. For that rnot1on ,~'A ;?L:) ~ 
which can continue long in one and the fame part of a-1-.fJe.,.. ~ ·Y~-i'~Jf4 I 

Body, can be propagated a long way frorn one part to ~~J~&.JRc 
another, fuppofing the Body homogeneal, . fo that the :;z!~ s""1 ~JL_ I 

motion may not be retleCted, refratl:ed, interrupted or J~ .i!:;J;y:-
dilordered by any unevennefs of the Body. ~';7. /~ ~~ 

. ftu. I j ~ 7~ r l 
• '/J _ /) . J /) , ~- r, . .Ji?.O. k ....._ ~ t£~ 

~ ~~0 ~ -1-J~-'-- (}-... ~ ~~~ hea_!M ~~ ,,, . - l' 

r~-ycv{,l v--~- a..w-a:y nr ~ .f~- "f- hB-. r~> V.- <»-t. o..7,7:~1u ,yJ~ ;,.d._ --. 
v - . I - /1 . , /.. • ,I Wo~. V. .L__._. j r-.. r> o' ~ ~Q"~ AJf~ 

<tt-~~{J.'d?l-$ .cy y«-YL- ., IJ..-j ~ 7 'Y"L-J-'L J'"' , . .. 1-h-rL .. c)~ Trt\~ • (./ 

~trrf r? ' ~~ ttf- · ~~CL-~- J2; -~ £}..'/ ~ r~'4~ J ,~~ Jkk_ .4<.-'Y ~~ ~ 
~n J4 "/ ~ 17 , · ...L~ t?y rt(.ot<.h~ .. '".f JU'h::J.!"'rl cJ.. &J/d ~ 

( . a. f-£cL c ,__,J c r o..._ ~-l'd• .. c:vvy '/ -. <: . ) ~ ,...;__ ~ .J' 'l.-'Y\.'"£ .. /f-K c ~ l I 
~~"" ~ - 'o_ 11r',.,-(4.._rJ ,// · 1 • v • ,L. '/7-.. P..L L · ~~ ~ -"'J ~ ~~ c , ~---. 
~~ '?!! " ~ - /; 
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.§)_u. 1 3. Do not feveral fort of rays make vibration 

of feveral bigneffcs, \Vhich according to their bigneffes 
excite fenfations of feveral Colours, much after the 
tnanner that the vibrations of the Air, according to their 
feveral bigneffes excite fenfations of feveral founds ? 
And particularly do not the moft refrangible rays ex ... 
cite the iliortcfi: vibrations for tnaking a fenfation of 
deep violet, the leaft refrangible the largeft for making 
a fenfation· of deep red, and the feveral intermediate 
forts of rays, vibrations of feveral intertnediate bignef
fes to n1ake feniations of the feveral intertnediate Co
lours? 

~u. 1 4· May not the harmony and difcord of Co
lours arife frorri the proportions of the vibrations propa ... 
gated. through the fibres of the optick Nerves into the 
Brain, as the harmony and difcord of founds arifes from 
the proportions of the vibrations of the Air ? For fotnc 
Colours are agreeable, as thofe of Gold and Indico, and. 
others difagree. · 

~u. 1 5· Are not the Species ofObjetts feen with both 
Eyes united \Vhere the optick N-erves meet before 
they con1e into the Brain, the fibres on the right fide 
of both Nerves uniting there, and after . union going 
thence into the Brain in the Nerve which is on the 

. r!ght fide of the Head, and the fibres on the left fide 
of both Nerves uniting in the fame place, and after 
union going into the Brain in the Nerve which is on 
the left fide of the Head, and thefe two Nerves meet
ing in the Brain in fuch a tnanner that their fibres 
1nake but one entire Species or PiCture, half of which 
on the right fide of the Senforiu1n comes from the 
r~ght fide of both Eyes through the right fide of 

both 
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both optick Nerves to the place where the Nerves 
meet, and from thence on the right fide of the Head 
into the Brain, and the other half on the left fide of the 
Senforium comes in like manner from the left fide of 
both Eyes. For the optick Nerves offuch Animals as 
look the fame way with both Eyes (as of Men, Dogs, 
Sheep, Oxen, be. ) meet before they cotne into the 
Brain, but the optick Nerves of fuch Animals as do 
not look the fame w"1y with both Eyes (as ofFiibes and 
of the Chameleon) do not meet, if I am rightly in~ 
formed. 

~u. 16. When a Man in the dark preffes either cor~ 
ner of his Eye \Vith his Finger, and turns his Eye away 
from his Finger, he will fee a Circle of Colours like 
thofe in the Feather of a Peacock's Tail? Do not thefe 
Colours arife from fuch motions excited in the bottom 
of the Eye by the preffure of the Finger, as at other 
ti1nes are excited there by Light for caufing Vifion ·?And 
when a Man by a ftroke upon his Eye fees a Flafh of 
Light, are not the like l\1otions excited in the Retina 
by the ftroke? 

T t , 
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ENUMERATIO 

LINEARUM 
T E R T I I 0 R D I NI S. 

Llnere Geometric~ fecundum numerum dimen-- r.· 
fionum ~quationis qua relatio inter Ordinatas .Linearum or

& Abfciifas definitur, vel (quod perinde eft) fecun~ dmes~ 
dum nutnerum punCtorum in quibus a linea reCta 
fecari poffunt, optime diftinguuntur in Ordines, 
Qua ratione linea primi Ordinis erit Reeta fola, ere 
fecundi five quadratici ordinis erunt feCtiones Conicre 
& Circulus, & e~ tertii five cubici Ordinis Parabola 
Cu bica, Parabola N eiliana, Ciifois veteru_m & reli~ 
qu~ quas hie enumerare fuicepimus. Curva autem 
pri1ni generis, ( fiquidem recta inter Curvas non eft 
nutneranda) eadetn eft cum Linea fecundi Ordinis, 
& Curva fecundi generis eadetn cutn Linea Ordinis 
tertii. Et Linea Ordinis infinit~firni ea eft quam 
recta in puncris infinitis fecare poteft, qualis eft Spi-
ralis, Cyclois, Quadrat1·ix & linea omnis qure per 
radii vel rotre revolutiones infinitas generatur. 

T t 2 Seaionutn 
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P ~I. s Setl:ionum Conicarutn proprieta tes prreci pure a 
. roprtetates e- G 

1 
• a: 1 r- ·1 · 

Eftonem conica- eotnetiiS pau1111 traduntu1. Et connm1 es funt pro-
rum .compet.unt .. prietates Curvarurn fecundi generis & reliquarurn ut 
curvts Jilpenorum r. · · · ). 
(Tenerum. ex 1equent1 propr1etatum prrectpuarum enum~ra-

0 tione confrabit. 
III. N am fi reCtre plures· paraHelre & ad coni cain fe-

_cii:var~n~ J:- Ctionem utrinq; terminatre ducantur, recta duas ea .... 
:;;;:;te~e;;;;m~~- rum bifecan~bifecabit alias omnes,ideoq;·d.icitur 'Dia ... 
tri, Ve~·~ices,Cen- meter figurre .& reCl:x bifetl:re dicuntur Ordz'natim ap~ 
trtL, . .tb.es. plicat~ ad Diametru1n, &, concurfus otnniutn Dia-

metroruin· eft Centrum figurre, & interieCtio Curvre & 
diametri Vertex nominatur, & diameter il1a Axis 
eft cui ordinatim appli~atx infiftunt ad angulos re
Ctos. Et ad eundern modum in Curvis fecundi ge ... 
·neris, fi rettre dure qurevis parallelre ducantur occur:. 
rentes Curvx in tribus punClis : recta q.u~ ita fecat 
has parallelas ut furnma duarum partium ex uno fe ... 
e::antis latere ad curvam terminatarum req uctur parti 
rertire ex altero latere ad curvam terrninatx, eadem 
1nodo fecabit omnes alias his parallelas curvreq; in 
trihus punB:is.occurrentes reCl:as, hoc eft,. ita ut film .. 
ma partium duaru.m ex uno ipfius latere fernpe.r 
~quetur parti tertire ex altero la tere. Has itaq; tres 
partes qure hinc inde req_uantur, Ordinatim atpJi ... 
catas & rectam-fecantem cui ordinatim applicaritur 
~iametrum & interfettionem diatnetri & curvx V er.,. 
ticem/ & concurfum duarun1 diarnetrorurn . Centrum 
nominare licet. :Diameter autem ad Ordifiatas re
dangula fi modo aliq ua fit, etiatn Axis dici poteft, 
& ubi omnes diatnetri in eodern punCl:o concurrunt 
illud erit Centrum generalec. 

Hyper-.. 
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Hyperbola primi. generis duas .A_fyrnptotos, ea [e- IV. . . 
d · · · & 1 h b Afymptotr- er cun 1 tres,ea tertu q ua tu or · r non p ures a '"'ere po ... utrum proprieta~ 

teH:, & fie in reiiquis. Et quetnadmodum partes tes. 

line~ cujufvis rea:~ inter Hyperbola1n Conicam & 
duas ejus Afymptotos funt hinc inde xqualcs :, f1c in 
H yperbolis fecundi generis fi d uca tur re Cl a q urevis 
fecans tarn Curva1n quam tres ejus Afymptotos in 
tribus puncris, fumma duarum partium ifrius reCta! 
qu~ a duobus quibu[vis Aiymptotis in eandetn pla-
gatn ad duo punCta Curvre extcnduntur ~qualis erit 
parti terti2: qu~ a tertia Afymptoto in plagam con, 
trariam ad tertium Curv~ punCtum extenditur. 

Et quemadn1odum in Conicis feCtionibus non Pa- v. 
rabolicis quadrat~m Ordinatim applicat~, .hoc eft, tr;[;:ra~~R:ad;-
reCl:angulum Ord1nataru1n qu~ ad contrar1as par... fl 
tes Dia1netri ducuntur, eft ad reEtangulu1n partium 
Diametri qu~ ad Vertices El1ipieos vel Hyperbol~ 
terminantur,ut data quxdam linea qu~ dicitur Latus 
re,..rlum, ad parte1n diametri q ure inter Vertices j;rcet. 
& dicitur Latus. tranfverfurn : fie in Curvis non. Para~ 
bolicis fecundi generis Parallelepipedutn fub tribus· 
Ordinatim applicatis eft adParallelepipedutn fub par--
tibus Diametri ad Ordinatas & tres Vertices figurre ab.,._ 
fciffis, in ratione quadam data: in q.ua ratione fi fu~ 
mantur tres retire ad tres partes diametri inter ver--
tices figurre fitas fingulx ad fingulas, tunc illre tres.· 
reCtre dici poifunt Latera. rer.-qa figurre, & illre partes 
Diatnetri inter Vertices Later·a tranfverfa ... Et. ficut 
in Parabola Conica qure ad unam & eandem·: diame ... . 
trum unicutn tantum.habet Verticem, rett?ng\}lum: 
fub Ordinatis requatur retl:angulo fub parte Diametri~ 
qure ad Ordinatas & Verticem abfcinditur & retia~ 

quadamt 

/ 
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·quadan1 data qure Latus reCtutn dicitur,fic in Curvis 
iecundi generis · q ure non niii duos ha bent Vertices ad 
eandetn Diatnetrum, Parallelepiped urn fubOrdinatis 
tribus req1.1atur Parallelepipedo ii1b duabus partibus 
])iainetri ad Ordinatas & Vertices illos duos abfciffis, 
·& recta quada1n data qu~ proinde Latu~ re{lum 
dici poteft. · 

. ,ri. Deniq; ficut in Conicis iecrionibus ubi dure para! ... 
Rat to contento- l l d C . · r. 

rum fub Para/le- e re a uryam utr1nq; ter1n:natre 1ec~ntu! a d.ua-
, arum Jegmentis. bus parallehs ad Curva1n utr1nq; term1nat1s, pr1ma 

a tertia & fecunda a quarta, reCl:angulu1n partiutn 
priln~ eft ad retl:angulutn partium tertire ut recran.
gululn partiutn fecundre ad rettangulum partium 
quart~: fie ubi quatuor tales retlx occurruntCurvre 
fecundi generis fingulre in tribus punctis, parallele-, 
pipedum partium primre reCl:::e erit ad parallelepide .... 
dum partium terti~, ut par'!llelepipedutn partiutn 
fecund::e ad parallelepipedu1n partium quart::e. 

vn. Curvarum fecundi & fuperiorum generum reque 
bol~r;:r;; :J!b:~ atq; pritni crura on1nia in infinitum progredientia 
Lica&eorum pla- vel Hyper!Jolici funt generis vel 'Para!Jolici. Crus Hy--

_gJ1J . per!Jolicum voco quod ad Afy1nptoton aliqllain in in-
·finituln appropinquat, 'Prara!Jolicurn quod Afyrnptoto 
deftituitur. Here crura ex tangentibus optitne dig ... 
nofcuntur. Na1n fi punCl:um contaEtus in infinitum 
abeat tangens cruris I-Iyperbolici cutn Afy1nptoto 
coincidet & tangens cruris Para bolici in infinitum 
·recedet., evanefcet & nullibi reperietur. Invenitur 
igitur A.fyrnptotos cruris cujufvis qurerendo tangen
tern cruris illius ad punetu1n infinite diftans. P laga 
aute1n cruris infiniti invenitur q u::erendo pofitionem 
reEtre cujufvis qure ta·ngenti parallela eft ubi pun-

Clurn 
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tl:um conta6l:us in infinitum abi t. N am hrec · reCta 
in eandem plagam cutn crure infinito dirigitur. 

Linere omnes Ordinis primi, tertii, quinti, fep-- vn_r~ . 
ti1ni & imparis CUJ. u~q· duo ha bent ad Jniniinum Reduclto c_ur-- -

' varum ommum 
crura in infinitu1n verfus plagas oppofitas progre.- gener~fecundiad 
dientia. Et linere Oinnes tertii Ordinis duo habent ~quatzonum ca[tU.< 

. r: d' . l . . . quatuor. Caf~ 
ejUlffiO 1 crura 111 p agas oppofitas progred1cnt1a 111 primus. , 

I' qu~nulla ali~ .. s~arum crura · nfinita ( nrreternufiaa·L ~ .o .. ~ ~ r;,. 1 l-.,_._,. tl'. H c(..-y•"~ .f L " Jf1\ &11-:£.' c..4.. • • ..lfL .yft.Ll.«.!- ~ _.._. ~ . 
111 arabola 1Cartehana tend:unt." S1 crura 1 a ul ".{.t.:. .~(Jf~ t. .. ~ 
fint H yperbolici generis , fit GAS eoru1n Afytnp- ~~-:. ;::t~t-. ~~ -tJk 

totos & h uic parallela aga tur re era q u~vis C B c r. .)_.. ~ · 
ad Curvan1 utrinque ( fi fieri poteft ) terrninata 

· eademq; biiecetur in puneto X, & locus punCl:i il ... Figo . r~ c 

lius X er it Hyperbola Conica ( puta X <I> ) cujus 
una Afymptotos eft AS. Sit ejus altera Afy1np-
totos AB, & requatio qua relatio inter Ordinatam 
BC & Abfciffam AB definitur, fi AB dicatur x & 
BC y, fern per induet hanc forn1a1n x y y -\- e y ==a xJ 
.-~-9-xx-\-cx~\-d. Ubi termini e, a, b, c, d, defig~ 
nant quantitates datas eum fignis fuis -\- & ~ affe .... -
tl:as, q uaru1n qurelibet deeffe poffunt modo-ex ea rum 

· defetl:u figura in fetlionem conicam non vertatur .. . 
Poteft aute1n Hyberbola illa Conica cum afympto ... . 
tis fuis coincidere, id eft punclutn X in -recta AB; 
locari : & tunc terminus-\- e JL-deefr. 

At fi reCta ill a CB c non poteft utrinq; ad Curvam
tcrminari fed Curvre in unico tantum puntto occur- c tfi ~xo· J. .. 
tit: age q_uarnvis pofitione datam reCta m AB afymp- - a U4 .. e,cun ut<:;. 

toto AS occurrentem in A, ut & aliam quam vis BC 
afy1nptoto illi parallelam Curvreq ue occurrente1n in: 
puntl:o c, & requatio qua relatio inter Ordina~C' 
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BC & AbiciiTan1 AB definitur, fe1nper in duet ha ne 
for1narn x y ==a xl-\- b x x +c x -\-·d. 

x. Quod fi crura illa oppofita Parabolici fint .generis, 
C.ifus tertius. n CB C · fi fi · ft reGLa cad urvam utr1nquc, 1 er1 pate , ter ... 

tninata in plaga1n crurum ducatur & bifccetur in B, 
& locus puntti B er it linea ret!a. Sit ifta AB, ter ... 
tninata ad datutn quod vis puntturp A, & :.-equatio 
qua relatio inter Ordinata1n BC & Abfciffa1n AB 
definitur, fen1per induet hanc forma1n; y y ==a x; 
-~ b x x+c x -\-d. 

·xr. At vero fi retia illa CB c in unico tantum punt!o 
Cafus quartus. occurrat Curv~, ideoq; ad Curvam utrinq; terminari 

·non poffit : fit punCtuln illud c, & incidat reaa illa 
ad punctum B in reetam quamvis aliam pofitione 
data1n & ad· d.atu1n quod vis punt!um A terminatam 
AB: & ~quatio qua relatio inter Ordinatam BC & 
Abfciffatn AC definitur fern per induet hanc formam, 
y == a X 3 + b X X-\- C X-\- d. . 

~n. Enun1erando curvas horum cafuum, Hyperbolam 
1
N ommaforma- vocabimus in[criptam qu~ tota jacet in A(ymptoton 

r.;m. angulo ad inftar H yperbolre conicre, circumfcriptarrt 
qure Afymptotos fecat & partes abfciffas in finu fuo 
ampleftitur, am6igenam qure uno crure infinito in
icribitur & altero circutnfcribitur , t·onvergentem· 
cujus crura concavitate ilia feinvicem refpiciunt & 
in plagameandem diriguntur,div~rg·entem cujus crura 
convexitate fua feinvicetn rei{pitnt & in plagas con ... · 
trarias diriguntur, cruri~us cont;arii.s prceditam cujus 
crura in partes contrarias convexa flint & in plagas 
contrarias infinita, Conchoidalem qure vertice conca vo 
& cruribus divergentibus ad afymptoton applicatur, 
anguineam qure flexibus contrariis afymptoton (ecat 

& 

I 
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& utrinq; in crura contraria producitur, cruciformem 
qux conjugatam decuffat, nodatam qure feipfam de
cuffat in orbem redeundo, cufpidatam cujus partes 
dure in angulo contaflus concurrunt & ibi terminan
tur, punltatam qure conjugatam habet Ovalem infi
nite parvam id eft punCtum, & pur am qure per ini
_poffibilitatem duarum radicum Ovali, Nodo, Cuf-
pide & PunCta conjugata privatur. Eadem fenfu 
Parabolam quoq; converg;entem, diverg·entem, cruri-
/;ws r:ontra1·iis prteditant, cruciformern, nodatam, cuJ.-
pidatam, pun( . .ftatam & purarn nominabimus. . 

In caiu prima fi terminus a xJ affirtnativus eft Fi... XIII. 
. .H b l . l r "b H De Hyberbollt gura er1t yper o ~ tr1p ex cum 1ex crur1 us y ... redundante & 

perbolicis qure juxta tres Afy1nptotos quaru1n nul1re ~u.r tri~m A ... 

funt parallelre in infinitum progrediuntur,binre juxta rymptotw. 

unamquamq; in plagas contrarias. Et hre Afymp-
toti fi terminus b xx non deeft fe tnutuo fecabunt 
in tribus puntl:is triangulum ( Ddd') inter fe con-
tinentes, fin terminus b x x deeft convergent omnes 
ad idern punClutn. In priori cafu cape AD ==.: 

;~, & Ad==Ad'== 2 ;,, ac junge Dd, Dd', & erunt 
A~' D d, 0P,4t~r~~ .. A(Y.IXP.t~!i.a-t£!£1 pofteriori due 
ord1nata1n qua1n/is ~L.4 &·In ea utr1nq; produeta 
cape hine inde B F & Bf fibi~tuo requales & 
in ea ratione ad A B q~m habet.?a~, j·ungeq; t/et. .:d J, 

AF, Af, & erunt A~ A~, Af tres Aiympoti. A6 
Hanc autcm Hype.rbolarn vocamus redundantem 
quia. numero crurum Hyperbolicorun1 SeCliones Co-
nicas fuperat. . 

In Hyperbola omrii rcdundante fi neq; ter1ninus n/1:j:u HJ .. 
ey defit neq; fit b b- 4ac requale j- aer'aJcurva nul-p~rboltediametru 
la1n habebit diametrum, fin eotUlll alterutrum ac- f/7' fi~u crurur/11 

U . . d mfimtorum. / u c1 at 

I 
i' 
lj 
I 
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cidat curva· habebit unicatn diatnetrUtn, & tres fi 
utrutnque. Diatneter autetn fern per tranfit per in-- . 
terfeetionetn duarum Afyn1ptoton & biiecat retlas 
omnes qure ad Afytnptotos illas utrinq; terminantur 
& parallela? funt ~ Afymptoto tertire. Eftq; abfcifi'l 
AB diatneter Figurc-e quoties tertninus ey decft. 
Diametrurn vcro abfolute ditl:am hie & in fequen
tibus in vulgari fignificatu ufurpo,. nempe pro a.b
fciffa qure paffim habet ordinatas binas requales ad 
idem punCtum hinc inde infiftentes. 

Hyp;,Y;,,. no- Si Hyp~rbola r~d~ndan? null~:U hab~t ~iam~t~·um 
'Vem redundantes qurerantUI JEquatlOlllS hUJUS· a X + b X -\ C X X \ d X 

q~£ diamet~o de- -~~ee o radices quatuor feu valores ipfius x. Ex 
jhtuuntur & tres r:. -" A p A A A E · d" 
habent Afympto- 1Unto , -ur, 7f, p. rtgantur. or 1nat~ 
tos .triangulum PT, -ro-T, 7rJ' p t, & hx tangent Curvam In punCl1s 
t:apzentes. totidetn T, 7'' '7, t, & tangendo dabunt limites Cur-

vre per quos fpecies ejus innotefcet. 
Fig. 1,2. Natn fi' radices otnnes AP, A -ur, A 7f', A p funt 

reales,_ ejufdem figni & inrequales, Curva conftat ex 
tribus Hyperbolis, ( infcripta circutnfcripta & am
bigena) cum Ovali . ... Hyperbolarum una jacet ver ... 
fus D, altera verfus d, tertia verfus rP, & Ovalis 
fern per jacet intra triangulatn D d rP, atq; etiam in
ter medias limites '1 & -r, in qui bus utiq; tangitur 
ab ordinatis 7f1 & wrr-. Et hrec eft fpecies prirna. 

Fig. 3, + Si e radicibus dure maximre A 7f' A p, vel dure Ini ... 
nimre AP, A -ur requantur inter fe, & ejufdem funt 
figni cum alteris duobus, Ovalis & Hyperbola cir
cumfcripta fibi inxicem junguntur coeuntibus earu1n 
pun6l:is contaetus1 & t vel T & 'T' & crura Hyper
bolre fefe decuffando in o~alem continuantur, figu
ram nodatam efficientia. Qure fpecies eft fecunda. 

- Si 
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Si e radicibus tres maxim re A p, A 1r, A -ur; vel tres Fig~ 5, .~ 

tninitn~ A ?r' A -ur, A P ~quentur inter fe, Nodus in 
c~{pidem acutiffimum convertetur. N ~un crura duo 
Hyperbolre circumfcriptre ibi in angulo contaCl:us 
concurrent & non ultra producentur. Et hrec eft 
fpecies tertia. 

Si e radicibus du~ tnedire A 'UT & A ?r requentur in- Fig. 1: 

ter fe, puntta contatl:us 'T & I coincidunt, & propte-
rea Ovalis interjecta in punt!um evanuit, & conftat 
figura ex tribus H yperbolis, infcri pta, circumfcri pta 
& atnbigena cum pun{lo con juga to. Qure eft fpecies 
quarta. _ 

Si dure ex radicibus funt impoffibiles & reliqure Fig. 7,8,:t3,14: 

dure inrequales & ejufdem figni ( nam figna contraria 
habere nequeunt,) puree habebuntur Hyperbolre tres 
fine Ovali vel Nodo vel cufpide vel puncro conju-
gata, & hre Hyperbolre vel ad latera trianguli ab 
Afymptotis comprehenfi vel ad angulos ejus jacebunt 
& perinde fpeciem vel quintarn vel fextam confti-
tuent. 

Si e radicibus dure funt requales & alterre dure ·F{g"~ 9,io,i;,"t8~ 
vel irnpoffibiles funt vel reales curn fignis qure a fig~ 
nis ~qualiurn radicum diverfa funt, figura crucifor-
mi1 habebitur, nempe dux ex H yperbolis feinvicem 

.. decuffabunt idq; vel ad verticem trianguli ab A
fytnptotis comprehenfi, vel ad ejus bafem. Qure 
dux fpecies funt feptitna & otlava. 

Si deniqj radices ornnes funt impoffibiles vel ti Pig. 1·1, 12~ 
otnnes funt reales & inrequales & earum dure funt 
affirmativre & alterre dure negativre, tunc dure habe-
buntur Hyperbolre ad angulos oppofitos duarum 

U u ·~ Afym.p-
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Afytnptot?n cu1n Hyperb?la anguinea~ circa Afymp
toton tert1am. Qure fpectes eft nona. 

Et hi funt omnes radicum· cafus poffibiles. Nam 
fi dua? radices funt requales inter fe, & alire dure funt 
etia1n inter fe ~qua-les, Figura evadet Seetio Conica 
cum linea recta. 

XVI. Si Hyperbola redundans habet unicam tanturn 
~deiJJe;::,_~~j=~= J?iat;Jetr~m,fit ejus Diameter Abfciffa AB, & a?qua-
tescumunicatan-t!on!s hUJUS aX3 ~-bxx-\-cx-\-d· ::::o qurere tres ra
tum Diametro. dices feu valores x. 
Fig. 17. Si radices illre funt omnes reales & ejufdem figni, 

Figura conftabit ex Ovali intra triangulum D d d' ja
cente & tribus Hyperbolis ad angulos ejus, nempe 
circumfcripta ad angulum D & infcriptis duabus ad 

Fig. 18. 

Fig. 19. 

Fig. 20. 

Fig.2o. _\.. 
Pig. 21. 
Fig. 22. 
Fig. 23. 

angulos d & cP. Et hrec eft f pecies deciina. 
Si radices dure ma jores funt requales & tertia ejuf

dem figni, crura H yperbolre jacentis verfu~ D fefe 
decuiTabunt in fortna Nodi propter contaCtum Ova
lis. Qure fpecies eft undecima. 

Si tres radices funt requales, Hyperbola ifta fit 
cufpidata fine Ovali. Qure fpecies eft duodecitna. 

Si radices dure minores funt requales & tertia ejuf-
dem figni, Ovalis in pun[lum evanuit. Qure fpecies 
eft decima tertia. In fpeciebus quatuor noviffitnis 
Hyperbola qu~ jacet verfus D Afymptotos in finu 
fuo atnpletl:itur, reliqure dure in finu Afymptoton 
• Jacent. · · 

Si dure exradicibus funt impoffibiles habebuntur tres 
Hyperbolre purt:e fine Ovali decu£fatione vel cufpide. 
Et hujus cafus fpecies funt quatuor, nempe decima 
quarta fi Hyperbola circun1icripta jacet verfus D & 

· decima 
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d itna quinta fi Hyperbola infcripta jacetverfus D; ~ 
decima iexta fi Hyperbola circumfcrtpta jacet fub 
bafi d d' trianguli D d J', & deci1na feptima· fi H yper
bola infcripta jacet fub eadem bail. 

Si dure radice--· funt ~quales & tertia figni diverfi Ftf;~ 2 4: -
figura erit cruciformu. Netnpe dure ex tribus Hy- Ftg. 

25 ... · 

perbolis feinvice1n decu£r'lbunt idqj vel ad verticem 
trianguli ab Afy1nptotis comprehenfi vel ad ejus ba-
fem. Qure d ure f pecies fun t decitna otl:a va & deci1na. _ 
nona. 

Si duc-e radices funt inxquales & ejufdetn figni &.' 
tertia eft figni diverfi, dure habebuntur Hyperbola= · 
in opp.ofitis angulis duarum afytnptoton cum Con, 
choidali inter1nedia. Conchoidalis autem vel jace ... Fig. 2 7· 

bit ad eafdem partes afyn1ptoti fure cum triangulo Fig. 
26

'" · 

ab afytnptotis conftituto, vel ad partes contrarias ; 
& hi duo cafus conftituunt fpeciem .vigefimam & vi- . 
gefimam primam·. . 

Hyperbola redundans qure h'abet tres diametros · l'T. xvbn,. · .. d 
ft .b H b 1" • fi b .r.. " .r.typer 0 

£ u£ . 
COD at ex trl _US yper 0 lS 111 111U US a1ymptoton redundantes cum . 

jacentibus, idq; vel ad angulos trianguli ab afympto, trfbusDiametris. 
. h fi 1 d . 1 C ii . d Ftg. 28" t1s co1npre en 1 ve a eJUS atera. a us prror at Pig. 29• 

fpeciem "'vigefimam fecundam,& pofterior fpeciem vi .... 
gefima1n tertiam. 

Si tres afymptoti in puncro communi fe· mutuo XVIII~'-) 

decuffant, vertuntur fJ?~cies q~inta & fext~ in -vige- · 'Ve:!!:;!;~:;:; · 
fimam quartam, fept1ma & otlava lfi ·Vtgefitnam cum Afymptoth 

quintaln & nona in vigefin1am fextam ubi Anguinea tribut atfcommu- -
' • • ne punilum c~n-: · 

non tranfit per concurfum afymp~oton, & In ·vigefi ... vergentibus.._ 

mam feptimam ,ubi tranfit -per concurfum ill urn, quo ~g. 3°· 

cafu termini b ac d defunt, & concurfus afympto~ ~i: ~~:~ 
ton eft centrum figurre ab_ omnibus ejus partibus Fig. 33~ . 

- oppofitis 
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. Fig. 3+· 
Fig. 35· 
Fig. 36. 
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Fig. 38. . 
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· oppofitis requaliter diftans. Et h~ quatuor fpecie 
Diametrurn non ha bent. 

V ertuntur et1am fpecies decima quarta ac decima 
fexta in vigefitnam oelavam, decima quinta ac de .... 
citna feptirna in vigefimam nonam, decima oetava 
& decirna nona in tricefiLnan1, & vigefima cum vige .... 
fima prirna in tricefirnan1 primatn. Et hx fpecies 
unicatn habent diarnetrum. 

Ac deniq; fpecies vigefima fecunda & vigefitna 
tertia vertuntur in fpeciern tricefimam fecundam cu .... 
jus tres funt Diatnetri per concuriiun a(ymptoton 
tranfell:ntes. Qucr omnes~ converfiones facil1imc in
telliguntur faciendo ut triangulutn_ ab afymptotis 
. .comprehenfum diminuatur donee in punctum eva ... 
nefcat. 

'XIX. Si in prirno requationum cafu terminus a x3 ne-
def;Zf~:b1~~: gativus eft, Figura erit Hyberbola defetl:iva ~nicam 

·t rum non haben- habens afyrnptoton & duo tantum crura Hyperbo ... 
" tesQ Jica juxta afyrnptoton illam in plagas contrarias in ... 

finite progredientia. Et afymptotos illa eft Ordi
nata prima & principalis A G. Si terminus ey non 
-deeft figura nullam habebit Diametrum,-~fi dceft ha .... 
bebit unicam. In priori cafu fpecies fie enume-

-,rantur. _ 
Si requationis hujus ax4 ==bxj-\-cxx-\-dx-\-!ee, 

--radices omnes A ?r, A P, A p, A w-, funt reales & in
·requales, Figura erit Hyperbola anguinea afympto
~ton flexu .contrario atnplexa, cum Ovali conjugata. 
Qure fpecies ,.eft tricefi1na tertia. 

Si radices du~ medi:r A P & A p requentur inter 
:fe, Ovalis & Anguinea junguntur fefe decuffantes 
;_in for1na Nodie Qu~ eft i_pecies tricefima quarta. 

Si 
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Si tres radices funt requales, Nodus vertetur in Fig. 4r: 
cu{pid~tn acutiffimutn in vertice anguine~. Et hrec 
cit fpecies tricesima quinta. 

Si e tribus radicibus ejufdem figni d.u~ maxirnre Fig. 43 , 

A p & A w fibi tnutuo requantur, Ova lis in pun{lum 
evanuit. Qu~ fpecies eft tricefi1na fexta. 

Si radices dure qurevis imaginarire funt, fola ma~ -
nebit Anguinea pura fine Ovali, decuffatione, cuf, 
pide vel punCl:o con juga to. Si Anguinea i.l1a non Fig. 42: -

tranfit per punCl:um A fpecies eft tricefima feptima, 
fin tranfit per punctutn illud A ( id quod contingit Fig. 43~ 
ubi termini b ac d defunt,) punCtum illud A erit 
centru1n figurre retl:as omnes per ipfum ductas & . 
ad Curvatn. utrinq: terminatas biiecans. Et hrec. 

.A." 

eft fpecies tricefima oC:tava. 
In altero cafu ubi terminus ey deeft & p~opterea xx; 

figura Diametrum habet, fi ~quationis huj'us ax' H1dryperb~lttfe~- · 
, • tem efeEl~vtt,dr.- · == b x X T c x+ d rad1ces otnnes AT, A t, A 'T' funt ametrum haben.o 

reales,. inrequales .& ejufdetn figni, figura erit Hyp~r- ~:· . 
bola Conchoidalis cum Ovali ad convexitatem. Qure r.g. 45"-
eft f p~cies tricefima nona. 

Si dureradicesfunt inrequales &-ejufdem figni &Fr.g-.4+ . 
tertia eft figni contrarii, Ovalis jacebit ad concavi- . 
tatem Conchoidali~ Eftq; fpecies quadragefima. 

Si radices dure minores A·T, At, funt requales F~~ 46'~ -. 
& tertia A·T eft ejufdem figni, Ovalis & Conchoi-
dalis jungentur iefe decuffando in modum, Nodi, _ 
Qure fpecies ~ft q~adtagefima prima. . . . 

Si tres rad1ces funt requal~s, Nodus mutab1tur 1n Fig; 47: 
Cufpidem & figura erit Ciffois Veterum. Et hrec eft 
fpecies quadragefima fecunda~ 

Si . 
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'Si radices dure 1najores funt requales, & tertia eft 

ejufdem fignt,Conchoidalis habebit pun{lum conju
gatutn ad convexitatem fuarn, eftq; fpecies quadra-
. gefima tertia. · 

Si radices dure flint reg_uales & tertia -eft figni con 
trarii Conchoidalis habebit punt.rlum conjugatum 
ad concavitate1n iuarn., eftqj fpecies quadragefima 
ouarta. 
~ Si radices dure funt in~poffibiles ha.bebitur Con ... 

. choidalis pur a fine Ovali , N odo , Cufpide vel 
puntlo conjugato. Qure fpecies e.ft quadragefima 
quinta . 

. . xxr. Siquando in .primo requationum cafu terminus ax; 
··te;(YJe;~t~t!- deeft & terminus bxx non deeft, Figura erit Hy
-Diametrum noft perbola Parabolica duo ha bens crura Hyperbolica ad 
.habentes. una m Afyrnptoton SAG & duo Parabolica in pla-

gam unam & eandem convergentia. Si ter1ninus 
e y non deeft figura nut1am habebit diametrum, .fin 
deeft habebit unicam. In priori cafu fpecies funt 
h~ . 

. Si tres ;·radices A P, A w, A~ req uationis h u jus 
·bx3-\- c x -\- d x -\-~ e e ~ S> funt inrequales & ejufdetn 
· :figni, figura conftabit.ex: Ovali & aliis cl uabus Curvis 
qure partim Hyperbolicre funt & partim Parabolicre. 
Nempe crura Parabolica -continua duttu junguntur 
-cruribus H yperbolrcis ·fibi proximis. Et h~c eft 
fpecies quad-regefima fexta. 

Si radices duc-e minores .funt requales & tertia eft 
·ejufdetn ligni, tOvalis & una Cur varum illarun1 
H yperbolo ... Pa-ra bolicaru1n junguntur & · fe decuffant 
in formam Nodi. Qux ipecies eft ·quadrageJitna 
:feptima. 

Si 
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i tres radices funt requales, Nodus ille in Cuf... Ftg. -): 

pidem vcrtitur. Eftq; fpecies quadragefima octava. 
ui radices dure lTIJ jores funt requales & tertia eft Ftg. 53· 

ejufdem £gni, Oval is in pun"7um con juga turn -eva-
nuit. Qure fpecies eft quadragefima nona. 

Si dure radices funt itnpoffibiles, rnanebunt puree Fzg. 53,5+.
ill~ dure curvx H yperbolo--parabolicre fine Ovali, 

ecuffation e,cu(pide vel punCta conjugata, & fpe~ 
ciern quinquagefimam conHituent. . 

Si radices dure funt requales & tertia eft figni -con ... Frt. 55· 

trarii, Curvre illre h yperbolo--parabolic~ junguntur 
fefe decuffando in tnorem crucis. Eftq; fpecies quin
quagefirna prima. 

Si radices dure funt inxquales & ejuiaem figni & Fig. 56. 

ertia eft figni contrarii, figura evadet Hyperbola 
nguinea circa Afymptoton A G, cum Parabola con .... 

jugata. Et hrec eft fpecies quinquagefima fecunda . . · 
In altero cafu ubi tertninus e y deeft & figura r.r. xxbrrt. 

D • h b fi d d. • . h . r.typer o £ qua"' 1ametrurn a et, 1 ure ra 1ces requatlOlllS llijUS tuor Parabo!Z:cte 

·b x x -\- c x -\- d == o iunt itnpoffibiles, dure habentur Diametrum ha~ 
.£. h b 1 b 1' D' AB h" bentes. ngurre yper o o-para o 1c~ a 1ametro . 1nc Fig. 57•· 
inde requaliter diftantes. Qure fpecies eft quinqua-. · 
gefi1na tertia. 

Si requationis illius radices dure funt impoffibiles, Fige ss. 
Figurre hyperbolo--parabolicre junguntur fefe de
cuffantes· in morem crucis, & fpeciem quinquagefi .. 
·mam quartam conftituunt. 

Si radices illre funt inrequales & ejuictem figni, ha- Fig. 59· 
betur Hyperbola Conchoidalis cum Parabola ' ex 
eode1n latere Afymptoti. Eftq; fpecie quinquage~ 
fima q uinta. 

1 
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:~;g. 6o , Si radices illre funt figni contrarii, habetur Con--

. choidalis cu1n Parabola ad alteras partes Afymptoti. 
Qure fpecies eft quinquagefi1na fexta. 

XXIII. Siquando in pri1no requationum cafu tertninus 

p_ 
-Q__b u1':J:u~r J!Y- uterq,· a x3 & b x x deeft, i1gura er it H yperbolifinus 

er o 1:1 mt rlyper- . . . . . . 
holte. feet1on1s ahcujUS Con1cx. Hyperbohfinum figurre 

voco cujus Ordinata prodit applicando contentu1n fub 
Ordinata figurer illius & reCta data ad Abfciffatn coin ... 
munem. Hac ratione linea reCta vertitur in hyper ... 
bolam Conica1n, & feetio ornnis Conica vertitur in 
aliquam figurarum quas hie Hyperbolifinos ieGl:io
nuin Conicartun voco. Nam requatio ad figuras 
de qui bus agimus., nempe x y y -\- e y === c x -\- d, 

3~ 
0-r~~aJo..._ -eit/ee-t-·4dx -\~ 4- CXX ; teneratur appli-

,. y- 2X 

cando contentu1n fub Ordinata fe6lionis Conic£ 
-e±t/ee+4dx-1-4 ex x & :etta data 1n1ad curvarum 

2lll 

Abfciffa!ll cointnunetn x. Unde liquet quod figura · 
gcnita H yper?olifinus er it ? yperbol~, Elli pfcos vel· 
Parabolx, per1nde ut terminus c x affirmativus eft 
vel negativus vel nullus. , 

Hyperboliftnus Hyperbolre tres habet a(vmptotos 
quarum una eft Ordinata pri1na & principalis Ad, 
alterre dure funt parallelre Abfci!fre AB & ab eadetn 
hinc inde requaliter diftant. In Ordinata principali 
A d ea pe Ad, A cJI hinG in de xq uales quanti ta ti t/ c 
& per punCta d. ac cP age d g, cf' r A(ymptotos Ab ... ~ 
fciffre A B parallelas. 

Ubi terminus e y non deeft figura nulla1n ha
bet diarnetru1n. In hoc cafu fi requationis hujus 
cxx-f-dx-\-~ee :-- .o radices dux AP, Ap flint reales 

& 
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&. in~quales ( na1n requales effe nequeunt nifi figura Fig: trr'~ 
fit Conica fectio) figura conftabit ex tribus H yper-
bolis fibi oppofitis quarum una jacet inter afymp-
totos parallelas & alterre dure jacent extra. Et hrec 
eft fpecies quinquagefima feptitna. 

Si radices illx dure iunt itnpoffibiles,habentur Hy ... 
perbolre dure oppofitre extra afytnptotos parallelas & 
Anguinea hyperbolica intra eafdem. Hrec figura 
duarutn eft fpecierurn. N am centrum non habet Fig. 62 •. 

ubi tern1inus d non deeft ; fed fi terminus ille deeft Fig. 63~ 
punCtum A eft ejus centrum. Prior fpecies eft quin
quagefirna ottava, pofterior quinquagefitna nona . 
. ~ Quod fi ·terminus e y deeft, figura conftabit ex Fig. 64~ 
tribus hyperbolis oppofitis quaru1n una jacet int~~ 
afyrnptotos parallclas & alterre dure jacent extra ut 
in fpecie quinquagefirna quarta, & prreterea diame ... 
trum habet qure eft abfciffa AB. Et hrec eft fpecies 
fexagefitna. 

Hynerbolifmus E11infeos n~r banc renuationem de- XXIV.' . r~~> c.~t ~~~ ,.,....., J:L..:..u ;.:[-. ,~J..., ~ b J:r 
fin1tur xyy-\-ey==cx-~·a, & unlClin liabetafytnp- 1 ~es f!Yper ot;-:. 

ft 0 d. . ~ . 1. Ad s· . . mr- Elhpfeos. toton qure e r 1nata pr1ncrpa rs . 1 terminus Fig. 65. 

ey non deeft,figura eft Hyperbola anguinea fine-dia
Inetro atq; etiam fine centro fi tertninus d non deeft. 
Qure fpeeies eft .fexagefima prima. 

At fi terminus d deeft, figura habet centrutn fine Fig. 66~ 
diatnetro & centrum ejus eft punCtu1n A. Species 
vera eft fexagefima fecunda. 

Et fi terminus e y deefi & ter1ninus d non deeft, Fig. 67: 

figura eft Conchoidalis ad afymptoton A G, habetq; 
diatnetrum fine centra, & diatneter ejus eft Abfcifia 
A B. Qure fpecies eft fexagefirna tertia. 

X x ~ Hyper.., 
• 



ryv. I-I yperbolifinus Parabolcf per ha ne_ reguationem 
Duo H}'pe; ·bo- d fi ~. d Q~ d 1 b f. 

lifmi Par~£bvl~£. e 111tur 6

7 y y -\- e y == ; .. x. UJS 1a ~ et a yn1ptoto~, 
Abfciifam AB & Ordinatan1 pri1nan1 & principalc1n 
A G. Hyperbolre vera in hac figura font dure, non 

XXVI. 
Trideru. 

Fig. 76. 

in afytnptot6n angulis oppofitis ied in angulis qui 
funt deinceps jacentes, idq; ad utru1nq; latus ab, 
fciff~ AB, & vel fine diametro fi tertninus e y ha
betur, vel cum diarnetro fi terminus ille deeft. Qure 
dure ipecies funt fexagefima quarta & fexageiima 
quinta. 

In fecundo requationum cafu habebatur ~quatio 
xy=ax~-\-bxx-rcx-\-d~ Et figura in hoc cafu. 
habet quatuor crura infinita quorum duo funt hy
perbolica circa afymptoton A G in contrarias parte 
tendentia & duo Parabo!ica convergentia & cum -
prioribus fpeciem Tridentis fere efformantia. Eftq;. 
hrec Fig.ura Parabola illa per quam Cartefius requa
tiones fex dimenfionum conftruxit. Hrec eft igitur 
fpecies fexagefit-na fexta. 

xxvn. In tertio cafu requatio erat yy==ax3 -~ bxx-~cx 
Par.abol£ quin- +cl, & Parabolum defignat cujus crura divergunt 

que dz.vergentes. b . . & . . . fi . a I-nv1cem 1n contrar1as partes Hl n1tc progre-
diuntur. Abfciffa AB eft ejus diameter& fpecies ejus 
funt quinq; fequentes. 

Fig. 7o, 71. Sirequationis a xJ-\- b x?-\- cx-\-d == o radices om-
nes A7, AT, At funt reales & inxquales, figura eft 
Parabola divergens campaniformis cum Ovali ad 

Fig. 72. 
Fig. 73· 

verticerne Et fpecies eft fexagefima feptima. 
Si radices dure funt xquales, Parabola prodit vel 

· nodata contingendo Ovalem, vel punllata ob Ovalem 
infinite parvam. Qure dure fpecies funt fexagefima 
octava & fexagefima nona. · . 

. - ~ Si 
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Si tre radices funt a.c ual s Parabol- erit .t:u/pi .. ·~g . 7)· 

data in vertice. Et hre~ ft Parabola Neiliana qu~ 
vulgo r ll1icubica dicitur. 

Si radices du~ funt i1npofiibilcs, habetur Parabola,Ftg. 73, 74-· . 

pura carnpaniformis fpecie1n feptuagefitnam pri1nam 
confl:ituens. 

In quarto cafu requato erat y :::=a x -\- b x x -\- c x · xxvnr. . 
·-\- d, & h~c requatio Parabolam illam Wallifianam P_arabota cubic a" 

d c. h b . & l . d. Fw. 77. e11gnat q ure crura a et contrar1a cuozca 1.... " 

ci folet. Et fie fpecies omnino funt feptuaginta 
dure. 

Si in planum infinitum a puntto lucido illu1nina..... XXIX. 

b fi . . . . b 
1 

.. n.. Genefis Curva-
tum Uffi .rre gurarum prOJlClantu.r, Uffi r~ e~LlO, rumperVmbrM. 

num Con1carum feinper erunt fect1ones Con1cre, ere 
Curvarutn. fecundi generis fern per erunt Curvre fe .... 
cundi generis, e.re curvarum tertii generis femper 
erunt Curvre tertii generis, & fie deincep.s in infini-
tuin. Et quernadmodum Circulus u1nbram proji ... 
ciendo generat fectiones omnes conicas, fie Parabolre 
quinq; divergentes umbris fuis generant & exhi-
bent alias omnes fecundi generis curvas , & fie _ 
Curvre quredam fimplic.iores aliorum generutn inve~ 
niri poffunt qure alias omnes eorundem generum 
curvas umbris . fuis a punCto lucida in planu1n pro.?. 
jeCl:is formabunt.. · , 

Diximus Curvas fecundi generis a linea reCta in xxx. 
n. · · b .r. • rJ. H d Curvarum pun;; punvLlS tr1 us 1ecar1 pone. orum uo nonnun~ a~ duplicill. _ ~ 

quam coincidunt. Ut cum retl:a per Ovalem infi ... 
nite parvam tranfit vel per concurfum ·duarum par- . 
tium Curvre fe mutuo fecantium vel in cufpidem . 
coeuntium ducitur Et fiquando r_eClre omnes in 

plagam 
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Theoremata de 

Curva1um de
fcriptione oro-a-
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ntca. 
Fig. 78. 
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p_la0 atn cruris a lieu jus infinit1 tendentes Curvam . 
in unico tantu1n puncta fecant (ut fit in ordinatis 
Parabol~ Cartefi1n~ & Parabolre cubicx, nee non in 
reClis tbiciffx H yperbolifmorum H yberbolre & Para~ 
bolre parallelis ) concipiend urn eft quod retl:re illre 
per alia duo Curvx punCta ad infinitan1 diftan~ 
tiarn fita ( ut ita dicam ) tranfeunt. Hujufmodi 
interfettiones duas coincidentes five ad finitam 
fint diftantiam five ad infinita1n, vocabitnus pun ... 
Ctutn duplex. Curvre autem qure habent pun
ctum duplex defcribi poffunt per feqrientia Theo
retnata. 

1 . Si anguli duo magnitudine da ti PAD, PBD circa 
polos pofitione datos A, B rotentur, & eorum crura 
A P, BP concurfu fuo P percurrant lineam retl:am; 
crura duo reliqua AD, BD concurfu fuo D defcri
bent fettionem Conicam per polos A, B tranfeun~ 
tern : prxterquam ubi linea i11a recra tranfit per po
lo rum alterutrutn A vel B, vel anguli BAD, ABD 
fi rnul evanefcunt, quibus in cafibus punctum D de-
fcribet lineam reeta1n. -

~. Si crura prima A P, BP concurfu fuo P 
percurrant fetl:ionem Conicam per polum alter
utru1n A tranfeuntem, crura duo reliqua A D, BD 
concurfu fuo D defcribent Curvam fecundi gene .. 
ris per polum alterum B · tranfeuntem & pun
ctum duplex habentem in polo pritno A per quem 
fetl:io Coni ea tranfit : prreterq uam ubi anguli 
BAD , AB D fimul evanefcunt, quo cafu pun-

cl:utn 
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tl:um D defcribet aliam fecrionem Conica1n per po
lum A tranfeuntem. 

3· At fi feClio Conica quam punCtutn P percur
rit tranfeat per neutrutn polorum A, B, punCtutn 
D defcribet curvam fecundi vel tertii generis pun ... 
Clum duplex habentem. Et punctum illud duplex 
in concurfi1 crururn defcribentium, AD, BD in-
venietur· ubi anguli BAP, AB P fimul evanefcunt. 
Curva autem defcripta fecundi erit generis fi an ... 
guli BAD, AB D fimul evanefcunt, alias erit ter
tii generis & alia duo habebit punGla duplicia in 
polis A & B. · 

Jam fetl:io Conica determinatur ex datis cjus xxxir.· 
n · · & d fi d fc ·b· ft Seilionum Co~ pUllL-LlS gu1nq; pe: Ca em 1C e Cfl 1 pote . nicarum defcrip-

Dentur ejUS punCta qulnq; A, BJ c, D, E. Jun- tioperdataquin~ 
gantur eoru1n tria quxvis A, B, C & triangul~ AB C que punfftt. 

rotentur anguli duo qui vis CAB, CB A circa ver-
tices fuos A & B, & ubi crurum A C, BC interfetlio 
C fucceffive applicatur ad puntl:a duo reliqua D, E, 
inci-dat interfetl:io crurum reliquorum AB & BA 
in punCta P & Q. Agatur & infinite producatur -
reCta P Q, & anguli mobiles ita rotentur ut inter..-
feCl:io erurum AB, BA percurrat reClam P·Q, & 
crurum reliquorum interfectio C defcribet propofi., 
tarn fetlionem Conicam per Theorema primurn. 

XXXIII. 
. . .. d l C11rvarum fe-

Curvre Olnnes _fecund! generiS. puntturn up e~ cundigeneru pun-

ha bentes , detern11nantur ex da t1s ear urn punCt1s ilum_ duplex ha-

ft n. ·11 d d 1 benttum defc·np-[eptem, ; quoru1n unum e . pun~LUffi. 1 u up ex, tio per data fop-
& tem punEfa. 
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& per eaden1 punCta fie deicribi poffunt. Dentu · 
Curvre defcribend~ punCta quxlibet feptern A, B, C 
·n, E, F, G quorutn A eft punCtum duplex. Jun
·gantur punCtum A & alia duo qurevis c puncris puta 
B & C ; & trianguli AB C rotetur turn angulus 
CAB circa verticem fuurn A, turn angulortun reli
quorum alteruter AB C circa vertice1n fuutn B. Et 
-ubi crurutn AC, BC concurfus C iilcceffive appli 
.catur ad punCta quatuor reliqua D; E, F, G incidat 
-con~rfus crurutn reliquorum AB & B A in pun5ta 
quattlbr P, Q, R, S. Per .punaa illa quatuor & 
-quintum A defcribatur feetio ·Conica, & anguli prre-
fati CAB, CB A ita rotentur ut crur.u1n AB, BA 
·concurfus _percurrat fettionem illam Conicam, &. 
:concurfus reliquorum crurum A C, BC defcribet 
.Curvarn propofitam per Theorema fecund urn. 

Si vice pune!i C datur pofitione reCta . BC qure 
.Curvam defcribendam tangit in B, linere AD, A P 
.coinci~ent, & vice anguli D.A P .habebitur linea recta 
;circa polum A rotanda. 

Si punctum duplex A. infinite difiat debebit Recta 
ad plagam puneti il1ius perpetuo dirigi & motu pa
Tallelo ferri interea dutn .angulus .AB C circa ,polum 
B rotatur. 

Dcfcribi -etiam :po!funt hre curvre paulo aliter per 
Theorema tertiu1n, fed defcriptione1n finipliciorem . 
pofuiffe fufficit. · 

Eade1n methodo Curvas tertii, quarti & fuperio
rum generu1n defcribere licet, non omnes quide.m 
fed quotquot ratione aliqua commoda per motu'm 
Jocalem defcribi poffunt. Nam curvam aliquam 

fecundi 
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-fecundi vel fuperioris generis puncru1n duplex non 
habentem cotnmode defcribere Problema eft inter 
difficiliora nutnerandutn. · 

Curvarum ufus in Geometria eft ut per earum xxxrv. 
interfeetiones Problemata folvantur. Proponatur quact~nflruEliodtt-

• . • tonum per e-
requatlO conftruenda dunenfionum novem x9*-\- bx7 fcriptionem Cur-,+ c x6 -\-d xs -\- e x4 -r f x3 -\- gxx~- h x-\- k == o. Ubi varum. 

-\-m 
b, c, .. d, ~c. fignificant quantitates quafvis datas 
6gnis fuis + & - atfectas. Affutnatur requatio ad 
Parabolam cubicam x 3 == y, & requatio prior, fcri~ 
bcndq y pro x\ evadet y1 -\-bxyy-\- cyy+dxxy 
-+ex y-r 1n y-\-fx3 -\-gx x-~h x-1-k == o, xquatio ad 
Curvatn aliatn fecundi generis. Ubi 111 vel f deeife 
poteft vel pro lubitu affumi. Et per harum Curva ... 
rum defcriptiones & interfeetiones dabuntur radices 
requationis conftruendre. Parabolam cubicam fetnel 
defcribere fufficit. 

Si requatio conftruenda per defectum duorutn ter
minorutn ultimorum h x & k reducatur ad feptem 
dimenhones, Curva altera del~ndo tn, habebit pun
tl:utn duplex in principio abfciffre, & inde facile de .... 
fcribi poteft ut fupra. · 

Si ~q ua t.io conftruenda per defeB:um ter1nino- . 
rum trium ulti1norum g x x -\- h x -\- k reducatur ad 
fex dimenfiones, Curva. altera delendo f evadet 
feC!io Conica. 

Et fi per defeClum fex ultitnorum terminorum 
requatio conftruenda reducatur ad tres ditnenfiones, 
incidetur in conftrutl:ionetn Wallifianam per Para~ , 
bolam cubicarn & lineam ret!atn. 

Yy . . ·Con,. . 
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Confl:rui etiatn poiTunt requationes per Hyperbo-

lifmum Parabol~ cum diametro. Ut fi confirueuda 
fit hxc requatio ditnenfionum novem termino penul
tiino carens, a-\- c x x + d x~ -\- ex"-·1- f x -\- g x6 -1-h x7 

-\-m 
·-\- k x8-\-l x9::::: o; affumatur :;equatio ad H yperbolif
mum ill urn x x y::::: I, & fcribendo y pro xrx, requatio 
conftruenda vertetur in ha ne a y3 

-\- c y y -\- d x yy -1- e y 
-\- fx y-\- m x x y·-~g-\-h x -\- k x x -\-1 X3 == o, qu~ cur~ 
vam fecundi generis defignat cujus deicriptione_
Problema folvetur. Et quantitatutn .In ac g alter-
utra hie deeffe poteft, vel pro lubitu affumi. 

Per Parabolam cubican1 & Curvas tertii generis 
conftruuntur etiam requationes oznnes di1nenfionum , 
non pluiquam duodecitn, & per eandem Parabolam 
& curvas quarti generis conftruuntur omnes dimen
fionum non plufquam quindecim, Et fie deinceps in 
infinitum. · Et curv~ ill~ tertii quarti & fuperiorum 
generum defcribi femper poffunt inveniendo eorum 
puncta per Geometriam planam. Ut fi conftruenda 
fit requatio xu *-\-a X 10

-\- bx9+cx8f·dx7+ex6-\-fxr· 
+gx1 -\-hxl+ixx+kx+l=o) & defcripta 
habeatur Parabola Cubica ; fit ~quatio ad Pa-
rabolam illam cubicam x3 = y , & fcribend~ y 
pro x~ requatio conftruenda vertetur in ha~c 
y4 +axy3 "+-exxyy -~Jxxy~~ixx-::o, qure eft 

.--~ b _, __ d X .-1-·g X .-\-k X 

L\- e -\-h -\-1 
~quatio ad Curvam tertii generis cujus defcriptionc 
Problema folvetur. Defcribi autem poteft hrec Curva 
inveniendo ejus punaa per Geometriam planam,prop, 
terea quod ind.et~rminata quantitas x non nifi ad 
duas dimenfiones afcendito-
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INTRODUCTIO~ · 

QUantitates Mathematicas non ut ex partibus, 
quam minimis conftantes, fed ut motu conti ... . 
nuo defcriptas hie confidero. Linere defcri

buntur ac defcribendo generantur non per appofi
tionetn partium fed per motum continuum puneto.
rum, fuperficies per motum linearum, folida per 
motum iuperficierum, anguli per rotationem late
rum, tempora per fluxum continuum, & ne in ere ... 
teris. Hre Genefes in rerum natura locum vere ha ... 
bent & in motu corporum quotidie cernuntur. Et 
ad hunc mod urn V eteres ducendo reCtas mobiles . in 
longitudinem reetarum immobilium genefin docue
runt reCtangulorum. 

Confiderando igitur quod quantitates reqyalibus 
temporibus crefcentes & crefcendo gcnitre, , p,r~ velo
citate majori vel minori qua crefeunt ae generantur, 
evadunt majores vel minores; methodum qurerebam 

-- · deter~, 
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'"determinandi quantitates ex velocitalibu~ motuutn 
· vel incrementorum qui bus generantur; & has mo ... 
· tuum vel incrementorum velocitates nomirrando Flu
xiones & quantitates geqitas nominando Fluentes, in
cidi paulati1nAnnu 1665 & 1666 in Methodu1n Flu ... 
xionum qua hie ufu3 fum in Quadratura Curvarutn. 

Fluxiones funt quam proxime ut Fluentium aug
Inenta ~qualibus te1nporis particulis quam n1initn.is 

· genita, & ut accurate Ioquar funt in .pritna ratione 
,augmeritoruin nafcentium; exponi autem pofTuntp · 
lineas quafcunq; qure funt ipfis proportionales. Ut 

.fi arereABC, ABDG Ordinatis BC., BD fuper 
'bafi.A B uniformi cum matu progredientibus defcri--
bantur,--- harum arearum fluxiones erunt inter fe ut 

· Ordinatre defcribentes BC & BD, & per Ordinatas-
·i llas exponi- .Po-ffunt, ·propterea quod Ordi:natre il1a: 
· .funt ut arearnm augmenta nafcentia. Progre
·. diatur Ordina ta: B-C cfe loco .ftro BC in locu1n 
· .. qnemvis -novum b c. Comp'!eatnr . ~rallelogra.tn ... 
1num BCEb, ac ducatur retlta VTH qure_ Cur
vam t~ngat in c · rpfi'fq; b·c & BA p~od~Ctis occu_r-

·-rat in T & V : & Abfciffre AB, Ordinat~ BC, &_ 
Linere ~uTvx A Cc. aug_ment~ modo genita erunt 

,.Bb, E c & .. C·c j ·& tn horum augmentorum .nafcen ... 
·· tiutn ratione pritna funt latera: triarrgulr CET,ideoq; 
Jluxiones ~pfarum AB, BC & A,C runt ut trianguli 
.illius C ET latera C E, ET & C T & .per eaden1 
:.latera exponi _poffunt, vel quod _perinde eft pcr.la-
· . .tera trianguli con6milis v· BC.. . 

.Eodem .recidit fi funrantur fluxiones · in ultiiTJi 
-:ratione.partiu·m evanefcentium.. Agatur r~cta C ~ 
.. & ,.producatur eaden.'l ·ad KO· Redeat Ord1nata ~c 

Hl 
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inJocutn futun ,priorem BC, & coeuntibus punetis
C & c, retta C K coincidet cum tangente CH, &; 
triangulum evanefcens C E c in ultitna fua forma 
evadet fimile triangulo C ET, & ejus latera evanef
centia CE, Ec & Cc erunt ultimo inter feut funt 
trianguli alterius C ET latera C E, ET & C 'f, & 
propterea in hac ratione funt fluxiones linearum A 13 
BC & A C. Si pun eta C & c parvo- q uovis inter ... 
vallo ab iHvicem diftant reCl:a C K parvo intervallo a
tangente CH diftabit. Ut recta CK cutn tangente. 
CH coincidat & rationes ultim~ linearutn C E, E c & ·. 
Cc inveniantur, debent punCla C & c coire & om- -
nino coincidere. Err ores quam · n:tinitni in. re bus 
tnathematicis non funt contetnnendi. ... 

Simili arg':lmento fi circulus centro B radio BC ·: 
defcriptus in longitudinetn Abfciff~ AB ad angulos 
reCtos uniformi cutn motu .ducatur, fluxio folidi ge
niti AB C er it ut circulus ille generans, & fl.uxio fu
perficiei ejus erit ut peritneter Circuli illius & 
fluxio linere curvre A C conjuntl:itn. Nam quo tem
pore folidum AB C generatur ducendo circulum 
ilium in longitudinem Abfciff~ A B, eod~m fuper
ficies ejus generatur ducendo peritnetrum circuli il-
lius in longitudinem Curvre A C. . 
~Cl a 'P B circa polum datum P revolvens fee et aliam Fig· .. ~ (> • 

pojitione datam re{lamAB: quceritur proportio ftuxio~ 
num rec.rlarurn illarum AB (;) 'P B. Progrediatur 
reCta P B de loco fuo P B in locum novum P b. In 
P b capiatur PC ipfi P B requalis, & ad AB ducatur 
PD ~c, ut an~ulus b PD requalis fit angulo bBC; 
& ob fimilitudinem · triangulorum b BC, bP D er it 
augmentum Bb ad augmentum Cb ut Ph ad Db .. 

· Redeat 
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·Redeat jatn P b in locun1 fuum prioretn P B ut aug..: 
1nenta illa evanefcant, & evaneicentiutn ratio lti
tna, id eft ratio ultima P b ad Db, ea erit qux eft 
P-B adD B, exifiente angulo PDB recto, & prop..
tetea in hac ratione eft fluxio ipiius AB ad fiuxionem 
ipfius P B. 

Re{la 'P B circa datum Polum 'P 1Aevolveus .. fer:et 
-alias duas pofitione datas r·e~flas AB~ A E in B ~ 
-E : quteritur proportio ftuxionum re{lar·um iUarurn 
-~ B ~ A E. Progrediatur recta revolvens P B de 
loco fuo P B in locum novutn P b reetas AB, A E in 
puntl:is b & e fecantetn, & re6l:re A E parallela BC 
ducatur ipfi P b occurrens in ·C, & erit B b ad BC ut 
Ab ad Ae, & BC ad Ee ut P Bad PE, & conjuntlis 
rationibus B b ad E e ut A b)!~p B ad A exP E. 
Redeat jam linea .P bin locum fuum priorem P B, & 
augrnentum evanefcens B b erit ad augmentutn eva-~ 
nefcens. Ee ut · A_B)cPB ad· AExPE, ideoq; in 
hac _ratione eft fiux1o reCl:re AB ad fluxionetn refu 
AE . 

. Hinc fi retta revolvens P B lineas quafvis ·curvas 
pofitione datas fecet in punCl:is B & E, & retl:re jam 
mobiles AB, A E Curvas illas tangant in Section urn· 
punCl:~s B & E.: erit fluxio Cu·rvre quam reCta;r AB
tangit ad rluxionem Curvx qua~ . reCta A E tangit 
ut A B){P B .ad A E~<P E. Id quod etiatn eveniet 
fi .retl:a P B Curva1n aliquatn pofitione datatn perpe-
tuo tangat in .puntl:o mobili P. 

Fiuat quantitas x uniformiter ~ invenienda fit jluxio 
·1_uantitatis xn.. Quo tempor<e qua.ntitas X fluendo 
-evadit. X 1-0' .quantitas xn evadet X-\·· of n' id eft 
_per 'me.thochun ferierutn infinitarum, xn-j- 11 0 xn---I 

·~·-y 
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'--\-n:nooxn-2-1-~c. Et augmenta o & nox·ll-r-J_ n~-nooxn-2 

-\-~c. funt ad invicem ut I & nxn-1 -\-n~-noxn-2+ b'c. 
Evanefcant jam augmenta ilia, & eorum ratio 
ultima erit I ad nxn-l : ideoq; fluxio quantitatis 
X eft ad fluxionem quantitatis Xn Ut I ad 11Xn-I . 

Similibus argumentis per methodum rationum 
primarum & ultimarum colligi poffunt fluxiones li
nearum feu reetarutn feu curvarutn in cafibus qui ... 
bufcunque, ut & fluxiones fuperficierum, angulo ... 
rum & aliarum quantitatuip.. In finitis autem quan-· 
titatibus Analyfm fie inftituere, & finitarum nafcen
tium vel evanefcentiutn rationes primas vel ultimas 
inveftigare, confonum eil: Geometrire Veterum: & 
volui oftendere quod in Methodo Fluxionum non 
opus fit figuras infinite parvas in Geotnetriam intra ... 
ducere. Peragi tamen poteft Analyfis in figuris qui ... 
bufcunq; feu finitis feu infinite parvis qure figuris 
evanefcentibus finguntur fimiles, ut & in figuris qure 
pro infinite parvis haberi folent, modo caute pro
cedas. 

Ex Fluxionibus invenire Fluentes Problema dif
ficilius eft, & folutionis primus gradus requipollet 
Quadratura! Curvarum ; de qua fequentia olim 
fcripfi. 

Zz DE 
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TRACT A TUS" 
n .... E 

Quadratura Curvarum. 

QUantitates indeterminatas u_t motu perp~tuo 
crefcentes vel decrefcentes, id. eft ut fluen

tes vel defluentes in fequentibus confidero,defignoq; 
liter.is z~ _.y, x, v, & ea rum fluxiones feu celeritate.s 

• • • • 
crefcendi no to iifdem- literis- puntl:atis z, y, x, v. 
Sunt & harutn fluxionum fluxiones feu mutationes . 
n1agis a_ut minus celeres quas ipfarum z., y, x, v 
fluxiones · fecupda~ . nominare licet & fie qignare 
.... .. .. . •... 
z, y, x, v, . & harum fluxiones pritnas feu ipfaru1n 

·-·- . . . . . . . . . . . 
z, y, x, v fluxiones tertias ficz, y, x, v, & quartas fit .. . . . . . . . . . . 
•• •• • • • 0 . • • • • • • • • 

z, y, x, v. Et quemadtnodutn z, y, x, v funt flu-... .. .. .. 
xiones -quantitatum z, y, x., v, & hre funt fluxiones-, . . . ' . 
quantitatum z, y, x, v & hre funt fluxiones quantita ... 
turn primaru1n z, y, x, v : fie hre quantitates confide
rari poffunt ut fluxiones aliarum quas fie defignabo, 

I 

z, 
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~' y, x, v, & h~ ut fluxiones aliarum ~~, y, x, v, & 

h~ ut fluxiones aliarum ~~, y, x, 'v. Defignant igitur . . . .. 
1/ J • •• • • • • • •• 

z, z, z, z, z, z, z, z ~c. feriem quantitatum quarum 
qurelibet pofterior eft fluxio prrecedentis & qurelibet 
prior eft fluens quantitas fiuxionem habens fubfe-

-!'---- -----' .,.,__..;_ 

quentetn. Similis eft feries t/ az-zz, t/ az-zz,. 
-.- ---.. -- - ... ---

r' az-zz , f/ az-zz , t/ az-zz , t/ az-zz , ut & 
.· az-j-z2 az-\~z2 az-\-z2 az--\-z2 az+z2 

fer1es -"-, -'---, , -.-,-.. ---=, 
a-z a-z a-z a-z a-z 

9 

az-t.~. Et notandum eft quod quantitas qurelibet 
a-z 

prior in his feriebus eft ut area figurre cul.·vilinire 
cujus ordinatim applicata reCl:angu,la_ eft quantitas 

--
pofterior & abfciffa eft z : uti t/ az-zz area _·curvre 

cujus ordinata eft t/az-zz & abfciffa z. Quo au ... 
tern fpectant hrec omnia patebit in Propofitionibus 
qure fequuntur. 

Zz ~ 
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PR 0 P. I. PR 0 B. I. 

'Data tequatione quotcunq; ftuentes q~antitates invol~ 
vente, invenire ftuxiones. . 

Solutio·. 

Multiplicetur omnis requationis terminus per irr
dicem dignitatis quantitatis cujufq;. fluentis quam 
involvit, & in. fingulis multiplicationibus mutetur 
dignitatis latus in fluxionem fuatn, . & aggrega
tum faCtorum omnium fub propriis fignis erit 
requatio nova. 

-

Sunto a, b, c, d G.9'c. quantitates determinatre & 
immutabiles, & proponatur xquatio qurevis quan
titates fluentes z, ,y, x ~t·. involvens, uti x3 - x y y 

1+ a az,--b3 == o. Multiplicenturtermini primo per 
indices dignitatum x, & in fingulis multiplicationi
bus pro dignitatis laterc, feu x unius dimenfionis,. 

. •· •. 
fcribatur x,~ fumma faClorum erit 3 x x~-x y y .ldem 

. 
fiat in y & prodibit-').xyy . . Idem fiat in z & pro-

•· 
dibit a a. z. Ponatur fumma fattoru·tn requalis ni ... . ._ .... 

hilo, & habebitur requatio JXX~-xyy-'"xyy . 
'-\~ ~a z == ?· Dico quod ha.c req_uatione definitur re
la.tio flux1onum .. 

'De-. 
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Demonjiratio. 

Nam fit o quantitas adtnodum parva & funto . . . 
oz, oy, ox, quantitatum z, y, x momenta id eft in
crementa momentanea fy.nchrona. Et fi quantita
tes fhientes jam funt z, y & x, hre poft momentum 

• • • 

. temporis incrementis fuis oz, oy' ox auare, evadent . . . 
z-\-oz, y+oy, x--1-ox, qure in requatione prima pro 

• 
z, y & x fcriptre dant requationem x3 ·-)-3xxox 

. . . . - . . 
:-\-3xooxx ·-\- o3x3 ----xyy -oxyy-'-xoyy- 'lxooyy . . . . . . 
'--xooyy-xo3yy +aaz-\-.aaoz-bj == o. Subducatur . 
requatio prior, & refiduum divifum per o erit 3xxz 

. . . . . . . . . . . 
'-}-jxxox -\-.x3oo -xyy- '-xyy -'lxoyy -xoyy -xooyy 
.-\-aaz== o. Minuatur quantitas o in infinitum,& ncg~ 

• • 

leetis terminis evanefcentibus reftabit 3xx2 -xyy 
. . 

-zxyy+aa~~o. Q. E. D~ 

Explicatio plenior~ 

Ad eundem modu1n fi requatio effet X3-xyy 
0 • 

'+aa /ax-yy-b3 ==o, produceretur 3X2x-xyy . ... _.._,_.__ -.~

 

~2xyy-\-aa,.,.ax-yy== o. Ubi fi fluxionemvax=-yy 

toll ere v~lis, pone J/'ax-yy 7 z, & er it ax-yy == z~ 
·- & 



• • • 
& (per hanc Pr~pofitionem ) ax-2yy == 21.z feu . . 
ax-2yy _ · ax-2yy -·-
--- - z , ho~ eft _ == f/'ax-yy . Et 

2
Z 2 rax-yy 

. · · · a3x-2aayy 
·1nde 3x2x-xyy-2xyy-~~ __:_:::::o 

2 .e/ax-yy 
Et per operatione1n repetita1n pergitur ad fluxio

nes fecundas, tertias & fequentes. Sit ~quatio 
~zy3-z4~-a4::::: o., & fiet per operation em pri1nam 
... . ~- . . . . 
. zyL-1•3ZYY2-4zz3 == o, per fecundam zy3~-6zyy2 

'·-\-3zyy2-\-6zy2J-4~Z3-I ~~2Z2 == o, per tertia1n .·. .. . . .. . . .·. . .. 
·zy3 ~-"7 9zyy2 

-\- 9zyy2 -\-7 :I 8zyzy + 3ZYY 2
·-\-.. I 8zyyy . . . . .. .. . . 

~\~6zy3_:_4ZZ3-3 6zzz~-~4z3z =- o. 

·Ubi vero fie pergitur ad fluxiones fecundas, ter
tias & fequentes, convenit quantitatem aliquam ut 
uniformiter fiq:ente1n confiderare,&.pro ejus .fluxione 
.pri1na unitatem icriber~., pro fecunda vera & fe ... 

· ,quentibus nihil. Sit requatio zy3 -7} ·-J' a4 ==.o, ut 
·fupra; & fluat .z uni.fortniter, fitq; t;jus fluxio unitas, 

. 
. & fiet .per operation em primam y3 -\~ jZyy2-4Z3 == o, . .. . 
per fecundam 6yy2 -1--, 3zyy2 

-\- 6zy2y- I ?Z2 == o, . .. . . . .. . . 
Aper te~tiatn 9YY 2·-\-.I 8yzy+jzyyz~_,I 8zyyy-\-6zy3 
-24Z==O~ 

In 
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ln hujus aute1n generis ·requationibus concipien-

utn eft quod tluxiones in fingulis terminis fint ejuf-· 
• 

den ordinis, id eft vel omnes pri1ni ordinis y, z, 
•• • • • • 

Y-e o1nnes fe undi y, y\ yz, z2
, vel omnes tertii . . . . . . . . . . . . . . . 

y yy, yz., y3, y2z, yz2 z3 &c. Et ubi res 1liter fe. 
habet complendus eft ordo per fubintelleClas fluxio
n quantitatis unifor1niter fluentis . Sic requatio . .. 
noviffima co1nplendo ordine1n tertiurn fit 9zyy1, ·· . . . . . . . . . . 
:-\ ~ 1 8zy2y-\-.3ZYY 2

·- \ - 1 8zyyy ·-l-~6zy3-~4.zz3 _== o . . 

P R 0 P. Il. P ·R 0 B. II. 

Invenir:e CurvM- quce quadrari po.Jfunto 

it ABC figura invenienda, B-e Ordinatim ao-.Fig. 4~ ~ 
plicata reCtangula, & AB abfciffa. Producat~r 
C.B ad E ut ~t BE== I, & compleatur parallelo ... 
grammun1 ABED: & arearu1n ABC , ABED 
fluxiones erunt ut BC & BE. Aifumatur igitur· · 
~quatio qurevis qua relatio arearurn definiatur, & 
ind-e dabitur relatio ordinatarum BC & BE per 
Prop. I. Q. E. I. 

Hujus rei exempla habentur in :Propofitionibias 
duabus fequentibus. . · 

P .. ROP~ 
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Si pro abfciffa AB & area AE feu AB>< I pro
miicue fcribatur z, & fi pro e ·-\,fz" -\-gz2n -\-hz3,~-&c. 
fcribatur R: fit autem area Curvre zBR"' erit. 
ordinatim applicata BC== · 

se+ 9 fz" + 9 gz2" +a hz3» + &c. in z 6-I R h·1
• 

+NI +2M +3An •, 

Dcmonflratio. 
~ 

• 
Nam fi fit z9RA.=v, erit per Prop. I, Szz9-IRA . . . . ' 

r~_:~z9RRA-I = v. Pro RA in primo requationis ter-
mino & z6 in fecundo fcribe RR h-l & zz9-I, & fiet 

• • • 
szR·-\->-zR in z6•1 RA.1 .= v. Erat aute1n R = e -\-. ff" . 
:-\-gz2".-\-·hz3n &c. & inde per Prop. I. fit R ==; 

• • • 
~fzztt-1 +2ngzz2»-1 -~ 3nhzz3"·1 -\~ &c. quibus fubftitu-

• 
tis & fcripta BE feu I pro z, fiet 
ee+O ~fzn-\-9 gz2., ... 1-0 hz3"..:\_, &c. in z9·1 RA.·l = v= BC. -1-Anjk -r2.M ...-\-3 M ~ . · • 

Q. E. D. 

PROP. 
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~ ' 

PROP. IV. THEOR. 11. 

Si Curvre abfciffa AB fit z, & fi pro e.~~ f Z" +gz2
,. 

·-\--&c. fcribatur R, & pro k-\-lzn-j-mz2"+ &c. fcri ... 
batur s ; fit autem area Curvre zS R ~ s/-( : erit or
dinatitn applicata BC==. 

sek-1-9 fk z11 --\- 9 gkz2
" • * · · · · · * · · · · · ,. 

-1-AH -\-2Att I 
-\-9 1 -\-9 fl z2n +a glz3n * ..... e zn -\-zA 1... t"n zS·tRA·lStJ.·I 
-1-~ -\-1-.tt " (' 

-j-/-(H -b.(Jt J 

-l-9 e1nz2
" -t-9 fmz3" -1-8 gmz4n J 

-l-21-'fl -l-An -I-2M 
-}-2t-<H -\-21-<JJ 

' 
Detnonftratur ad tnodutn Propofitionis fi1perioris. 

PR 0 P. V. TH EO R. Ill. 

Si C~rv~ abfcifTa AB fit z, & pro e-\-fz"-\-gz2
" 

·-\- hz3n +&c. fcribatur R: fit autem ordinatim ap
plicata z9-IR A-I in a-\- bz" + cz2n -\- dz3n -\- &c. & po-
natur ~::::: r. r -\- "== s. s -\-A== t. t -\-A== v. &c. er it area , 

. ~a ~b-sfA ~c-sfB-tgA ~d-sfc-t B- hA ~ 
ORA n _[ " I n -I n -2 -xg V 

Z lll - -r zn -r z2n -\- - -Z311 
re r -t- r ,e r + 2, e r -t- 3, e 

-s fD -t C -v h B · . 
~+ - 3 - 2 g -r z4n ·~\-&c. Ub1 A., B, C, D, &c. 

Aaa denotant 

, 
.• 
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denotant totas coefficientes datas tertninorum fingu
lortun in ferie cum fignis fuis-\-&-,neinpe A primi 

. I 

termini coefficientein ;a B fecundi coefficiente1n 
re' 

~~b-...u-sfA . . . ~c =~ fB -tgA 
- _, C tertn coeffic1enten1 " , & 

r +r, e r +21 e 

fie deinceps. · 

Demonjiratio. 

Sunto juxta Propofitionem tertian1, 

Curvarum Ordinatre & earundem arere. 

I. SeA --\-& fAzn ~\-·9 gAz2n -1-a hAz3»&c. ·y Az9 R". 
-1-A» -\-2M -\-3hn \ 

~ · · • • a-=tn eBz» -1-a-t nfB z2
., -l-1-l-ngBz3» &c. Bzat R "'· 

' -1-M -l-2-'n ? z8-r R ;.-t • 

., • " " · • · · · · tat2n eCz2n-\9-l-2nfCz3n &c. Cz9-l-·211 R". 
:> - ' -1-A» 

4 ~ .. · · · · · · · · · · · · ·. · · -l-9·l-3.,,eDz3»&c. J Dz9-\-3n R ~. 

Et fi fumrna ordinatarurn ponatur ~qualis ordi
natre a-\""l'bz»~\-cz2"·-\·-dz3»-\- &c. in z9-r R ;.-r, fumma 
arearum z9R"' in A-j-Bzn-\~Cz2"-\-~Dz3»~\- &c. ~qua
lis crit arere Curvx cujus ifta eft ordinata. lEquen ... 
tur igitur Ordinatarum terrnini corre(pondentes, & 
fiet a== 6 eA, b == -\-~n fA :\~~ e B , c == _ 1_2~» gA =l-!~1- » fB 

• . a b-:e·+·;.n,fA B 
r,J__,. 6-\-2n,e c &c. & Inde fe ::::: A. - ::;::: . 
. I 9 ·\ n,e 

c -lo-1-2M' gA-;a~hd-,.,n,fB _ C 
e-1-2n, e - • Et fie deinceps in infi-

nitum 
• 
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nitu1n. Pone jam~== r. r-\~ i\ == s. s-\-··;. ~ t &c. & 
in area z9R;. X A-\- Bz"·-1-Cz2"·-\-Dz3" &c. fcribe ip, 
forum A,- B, C, &c. valores inven_tos & prodibit 
feries propofita. Q. E. D. 

Et notandutn efr _quod Ordinata omnis duobus 
1nodis iu ferie1n reiolvitur. Nam index" vel affir, 
niativus 'eft poteft vel negativus. Proponatur Ordi-

3 k-1 z z H 1 fi .r .b. ft nata - .-l k ~--1 1 
• a:c ve IC 1Cfl 1 pote 

z z -v z- z 3- -m z 4 

z-txjk-lzzx..-k=-..,...-.:1-zz-.--\--m-z-j/-±, vel fie zx-1-\-jkz-~ 

xm -lz-.r-\_ kz-3i -L In cafu priore eft a== 3 k~ b::::: o. 
c=== -1. e ::::=: k. f ==0. g === -1. h ==m. A===--i. 11 ===I e 

a-I::::::::-i. e==---1 ===r. s=-I. t==-~. v~o. In 
pofteriore eft a ===-1. b===o. c==3k. e-:-1n. f~-L 

h' T 

g-o ==I A===.-- n===-.J e-I-I 9==~ r--1"\ - • • 2. .· • - • • - ""'· 

s ·-Ii. t===-I. v===-~. Tentandus eft cafus uter, 
que. Et fi ferierum ·alterutra ob terminos tande1n 
deficientes abrut?pitur ac terminatur, habebitur area 
Curvre in ter1ninis finitis. Sic in exetnpli hujus 
priore cafu fcribendo in ferie valores ipforum a, b, 
c, e, f, g, h, A' a, r, s, t, v, ter1nini otnnes poft pri
mun1 evanefcunt in infinitum & area Curv!E prodit 

2., /k-lzz-j-mz3 E h · b fi . - v z3 • t xc area o 1gnum· negatiVU!!l 
adjacet abfciffre ultra ordinatarn produCt~. · Nam 
area omnis affirmativa adjacet ta1n abfcifEe quatn 
ordinat:r, negativa vera cadit ad contrarias par
tes ordinatre & adjacet abfciifre produClc-e, manente 
fcilicet figno Ordinatx. Hoc tnodo feries· alter
utra & nonnunquatn utraque fetnper tetminatur 
& finita evadit fi Curva geometrice quadrari po,. 
teft. At 11 Curva taletn q uadraturarn non admit, 
tit, fel~ies utraq; continuabitur in infinitum, & ea ... 

Aaa ~ rum 
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rurn altera converget & aream dabit approximando 
p~xterquam ubi r ( propter area1n infinita1n ) vel 
nthil eft vel numerus integer & negativus, vel ubi~· 
requalis eft unitati. Si ~minor eft unitate, conver-

get feries in qua index., affirtnativus eft: tln ~ unita 
e 

te major eft, converget feries altera. A In unp cafu 
area adjacet abfciiTx ad ufq; ordinatarn duttx, in ' 
altero ad jacet. abfciffx ultra ordinatarn produet3?. 

Nota infuper quod fi Ordinata contentu1n eft fub 
faCl:ore rationali (l & fatl:ore furdo irreducibili R~, 
& factoris furdi latus R non dividit fatl:oren1 ratio ... 
nalem Q; erit 7\-I ==;r & R ~-~:::: R?J'. Sin faCtoris fur
di latus R dividit faetoretn rationalem feme1, crit 
"-I== ?r-\- I & R 7\-I ===R~I- I : fi dividit bis, erit 
"'- 1 ===7r·-\- ~ & R kl ==R .,.-1-2 

: fi ter, eri t A- I ==7f -\-., 
L • :J) 

& R ~-1 ===R ,.-, 3 : & fie detnceps. 
Si Ordinata eft fraetio rationalis irreducibilis cu1n 

Denominatore ex duo bus vel pluribus terminis com
pofito : refolvendus eft denominator in divifores 
fuos omnes pritnos. Et fi divifor fit aliquis cui 
null us alius eft xqualis, Curva quadrari nequit: 
Sin duo vel plures fint divifores requales, rejicien ... ..... 
dus eft eorum unus, & fi adhuc alii duo vel plures 
fint fibi mutua requales & prioribus inrequales, re ... 
jiciendus eft etiatn eorum unus, & fie in aliis omni
bus requalibus fi ad hue plures fint : deinde divifor 
qui relinquitur vel contentum iub diviforibus onJni
bus qui relinquuntur, fi plures funt, ponendum eft 
pro R, & ejus quadrati reciprocu1n R-2 pro R~-~,prre, 

. terquatn ubi contentutn illud eft quadratu1n vel cu ... 
bus vel quadrato quadratum,&c. quo cafu ejus latus 

ponen ... 



[ I 81 J 
ponet~dum eft _pro R & poteftatis index ~ vel j vel 4 
negative fumptus pro"'· & Ordinata ad deno1nina ... 
to rein R'" vel R3 vel R 4 vel R5 &c. reducenda. 

Ut fi ordinata fit zs-\-z4-8Z3_ - • quoniain hrnc 
• • . . . • Z)-j-z4-)Z3-Z2-\-8z-4 , "'-" 

frafl:1o nTeducibilis eH: & denominatoris divifores 
funt pares, nempe z-r z-1 z-1 & zJ~2 

. . . ' ' -l ' z-\- 2 , rejtcto. Inagnitudinis utriufque di vifore1n 
unum & rel1quoru1n z-r, z-I, z-\-2 conten ... 
turn _Z3~3Z·-\-2 pcrho pro R & -ejus quadrati re-
ciprocuin R'" feu R-2 pro R~-~ . Dein OJ:-dina ... 

tarn .ad denominatorein R 2 feu RI-~ reduco, & fit 
z6- 9z4 -\- 8z3 . - _ l , td eft Z3 x 8 - 9 z -\--, z3 x 2 - 3 z -1- z3r2 

z3- jz-\~~ quad. . 
Et inde eft a=== 8. b===- 9· c === o. d===-I, &c. 
e==2. f==-j. g==o. h==I. ~-I==-2. ,._===-L . 
., == I. e- I == 3. 9 := 4 =:; r. s == 3. t == 2. v == I. Et his 
in ferie fcriptis prodit area z 3~3~_ 1_2 , terminis orn~ 

nibus in tota ferie poft. pritnum evanefcentibus. 

Si deniq; Ordinata eft fractio irreducibilis & ejus. 
denominator contentum eft fub fattore rationali Q 
& fatl:ore furdo irreducibili R?J', inveniendi funt la
teris R diviiores omnes pri1ni, & rejiciendus eft di
vifor unus magnitudinis cujufq; & per divifore~ 
qui re!tant , fiqui fint, 1nultiplicandus eft faCtor 
rati0nalis Q: & fi faCtum requale eft lateri R vel 
lateris illius potefiati alicui cujus index eft nun1erus 
integer, efto index il1e m, & erit 1..-I == -7r~In, & 
R~-I- R-7f-m Ut fi 0 d" t fit 3q5-q+X-\-9>CJ.~xx:-qqx3-6qx4 - • 1 r tna a 1 - - - -- - - ,. 

qq-:xx/cub. q 3 -\-qqx-.qxx-.x ~ . 
quotuam 
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uonia1n faetoris furdi latus R feu q j'--)-qqx-qxx-xj 

divifores habet q -\- x, q -\--x, q-xqui duarum funt 
Inagnitudinutn, rejicio divifore1n unutn tnagnitudi
J1is utriufq; & per diviforem q -\- x qui relinquitur 
tnultiplico faClorem rationalern qq-xx. Et quo
niatn faCtum q3 -\- qqx-qxx--xj requale eft la
teri R,pono m=== I 4 & in de, cutn 7f fit h fit 1-.-1 == -:. 
Ordinatam igitur reduco ad denotninatorem R-4 

- -- - - 3 
& fit zo x jq6-\- ~q>x-\-8q4 xx--l-8q3x3---?qqx1 - 6'qx> 
x q;-\-qqx~qxx=--x~J-;.Unde eft a== jq6

• b== ~q~ &c. 
e==q3. f==qq &c. 9-I ==o. a== I==». 11.==-~. r= 1. 
s == :. t == 1

• v == 0 . Et his in ferie fcri ptis prodi t 
3 3 . .. 

3qqx· 1-3x' 
area _ __ -----, tertninis omnibus in ferie tota 

.Jcub. a3-1-aax-axx-x3 

poft tertium evanefcentibus. 

PROP. VI. THEOR. IV. 

Si Curvre abfciifa AB fit z, & fcribantur R pro 
e-\-.fzn ·-\_,gz2

" -\-?hz3».-\- &c. & S pro k -\-lz» +-tnz2» 

-\- nz3" &c. fit autem ordinatim applicata z9-IR ~-~ S~-<-1 

in-a -\-.bz., -\~cz2n --\- dz3» &c. & fi ter1ninoru1n e, f, 
g, h, &c. & k, 1, tn, n. &c. reCtangula fint. 

ek fk gk hk &c. 
el fl gl hl &c. 
em fm gm htn &c. 
en fn gn hn &c. 

Et 



. 
Et fi rectangulorun1 "lloru1n coefficientes ntune-

rales fint refpeclive 

I 

r -\'A:::: s. S·-~'- = t. t -l-, A .::::: V. &c. ~-== r. 
I 

-\-1-t == t. 
I I 

r-\-~ == s. t -\-t..t ::::: V. v -\-~ == w. &c. 

~ -\-t..t::::: t. 
I " I Jl I I 11 0 

t -\- £-< == V. V -\-t..t ::::: W. w -\-~:::: x. 0{C. 

11 I I Ill Ill IJ • Ill 11 Ill 

&c. t -\- J.(::::: V: V·-\-P. == W. \V-\- P.:::::: X. X·-\- 1-' ::=:- y. 

area Curvre erit hrec 
-tgk 

~ c -s:.\-=1," fk B ~t' n A 
n -s'-\-I, e 1 -t''e m 

.!. a .!.b -s fk A 
J1 " - s'e 1 

z6R '-St-t in --1- -z" -\-
re k r-\-I, e k 

---- ----z..'24 
r-1 2, e k 

_ -v hkA 
-t -1-1, g kB -v' g 1 

~d -s -1-·2, fkC -t'-\-I, f 1 -v''fm 
n -s'-\-2, e 1 -t''-\-I,e m -v'"e n 

~\-· _ z3n :-\-1 &c. 
r+3, e k 

Ubi A denotat termini primi coefficientem datam· 
I . 

~cum :figno fuo -\_,vel-, B coefficientem datam 
rek 

fecundi, C coefficientetn datalVt,tertii, & fie deinceps .. 
Terminoru1n vera, a, b, c, &c~,:~ 1, m, &c. unus 
vel plures deeffepoffunt. Demonftratur Propofitio 
ad 1nodu1n pr~cedentis, & qure ibi notantur hie ob
tinent. Pergit autetn feries taliuni. Propofitionum in 
infini turn, & Progreffio ieriei 1nanifefta eft. 

PROP~ 
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PR 0 P. VII. THE 0 R. V. 

Si pt;o e +- fz"-\~gz2»-\-. &c. fcribatur R ut fupra, & 
in Curvre alicujus Ordinata ze±ncr R~-1--r maneant 
quantitates datre e, .,, ~, e, f, g, &c. & pro CT ac -r fcri ... 
bantur fucceffive numeri quicunq; integri : & fi 
detur area unius ex Curvis qure per Ordinatas in
numeras fie prodeuntes defignantur fi Ordinatx funt 
duorutn no1ninu1n in vinculo radicis, vel fi dentur 
arere duarum .ex Curvis fi Ordinatre funt trium no~ 
minurn in vinculo radicis, vel arere trium ex Curvis 
fi Ordinatre funt quatuor nominum in vinculo radi ... 
cis, & fie deinceps in infinitum : dico quod dabun ... 
tur are~ curvarutn omnium. Pro nominibus hie 
habeo terminos omnes in vinculo radicis tarn de ... 
ficientes quam plenos quorutn indices dignitatutn 
funt in progreffione arithmetica. Si~ ordinata 
ya4-ax3 + x4 ob tertninos duos inter a4 & --ax3 
deficientes pro quinquinomio haberi debet. At 

\Ja4J1-X4 binomium eft & y'a4_1~x4_xS trinonium 
. J a4 ' 

un1 progreffio jam per majores differentias proce ... 
dat. Propofitio vero ·fie de1nonftratur. 

CAS~ I. 

Sunto Curvarurn ~uarutn Ordinatx pz9-r R"'-1 & 
za \ .,.1 RJ..·l, & are~ pA & qB, exiftente R quanti

ate trium no1ninum e--\-fz» -\- gz2
".. ·Et cum per 

· Prop. 
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Prop. III. fit z9RA. area 'curvre cujus Ordinata eft 
se ~=~fz" :1t!i..,gz2

" in z6-1R h-1
, fubduc Ordinatas & areas 

prtores de area & Ordinata pofteriori, ·& 1nanebit 
~P =l~!,fzn =l=~M, gz2

" in zi-I R~-~ Ordinata nova Curvre,& 
-qz" . 

z6~~- pA-qB ejufdem area. Pone ee=p &. 
8f-\,~" f :::::·q & Ordinata cvadet 9 gz2" in ze .. 1R ~-~ & 

a ~~. ' . area z R~-aeA-efB-hnfB. JJ1v1de utratnq; per · 
sg-\-.~~ng, & areatn prodeuritem die C, & affumpta 
utcunq; r, erit r C area Curvre cujus Ordinata eft 
rz9-l-2 n-1R "-1

• Et qua ratione ex areis pA & qB 
aream rC Ordinat~ rzB-1-2~£-I R A-

1 congrucntem .inve
nimus, licebit ex areis qB & iC aream quartam 
puta sD, ordinatre sz6-l-3n-1R A-

1 congruentetn in venire, 
& fie deinceps in infinitum. Et par eft ratio pro
greffionis ab areis B & A in partem co~trariam 
I)ergentis. Si terminorum e, s-\-M, & s+2An aliquis de
ficit & feriem abrutnpit, affumatur area pAin prin ... 
cipio progreffionis unius & area qB in principio al ... 
terius, & ex his duabus areis dabuntur arere on1nes 
in progreffione utraque. Et contra, ex aliis duabus 
areis affumptis fit regreffus per analyfin ad areas A 
& B, adeo ut ex duabus datis creterre omnes den
tur. Q. E. 0. Hie eft cafus Curvarum ubi ipfius z 
index e augetur vel ditninuitur perpetua additione vel 
fubdud:ione quantitatis 11. Cafus alter eft Curva
rum ubi index "- augetur vel diminuitur unitatibus. 

Bb·b CAS. 

~-( z 
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CAS. II. 

Ordinatre pz9-rRA & qz9-b,..rR"-, qui bus arere pA 
& qB jam refpondeant, fi in R~feu e-\-.fzn+gz2

" du
cantur ac deinde ad R viciffim a pplicentur, eva
dunt pe ·-~- pfzn -+, pgz2

" X z9-1R'--1 & qezn -\~ qfz2n 
:-l,qgz3" x z9·IR '--1

• Et per Prop. Ill. eft az9R "-
area Curvre cujus Ordinata eft sae +!., afzn;~l~.~"" agz2" 
in z9-1R'--l., & bz9~h,R"- area Curvre cujus ordinata_ 
eft 9bez" -l-9bfz2

" -r:9bgz3., in z9-1R A-I. Et harum qua--- --h· -\-" - -, 
. ....j-An --2M 

_tu~r arearun1 fumma eft pA·~-qB;-\- azOR"-.-\-bze+nR" 
& fumma refpondentium, ordinatarum 

6ae +9-afz» -1-8 agz2n -\-6 bgz3n in z0-1 R ,__z, ~ 
1-.n -j-2An -\-n 

+pe 
:}:!be. -~6 bf 

-l-21-.IJ 

,_ n +qg -\-Atl 
-l- pf 

~\~pg 

+qe +qf 

Si terminus primus tertius & quartus ponantur fe
orfim requales nihilo, per primu1n fiet aae-~pe == o 
feu--ea=p, per quartum-Bb-nb-~Mh==q, & per 
tertium ( eliminando p & q) ~ == h~ Unde fecund us 
J:.. A1aff-4~nage ii O d • ft ut f , adeoq; u~ma quatuor r 1natarum e 
~naff-4Anage z9-ht-IRA-1 & fi ·d r. d . -r · , umma tot1 em re1pon .ent1um 
arearurn eft a z9 R "- ~-r 2~gz8-i-n R"':':"eaA-= 29-\-214hlf agBe 

Divi~ 
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D. "d h r. ,,aff-4AHage & 1v1 antur re 1Ummre per ' f · , fi Quotum 
pofterius dicatur D, erit D area curvre cujus ordi
nata eH: Quo turn prius z61-n-IR }..-I. Et eadem ratione 
ponendo omnes Ordinatre terminos prreter primum 
requales nihilo poteft area Curvre inveniri cujus Or
dinata eft z9•1 R ;\·I. Dicatur area ifta C, & qua ra
tione ex arei A & B in ventre funt arere C ac D, ex 
his areis C ac D inveniri poffunt alire dure E & F 
ordinatis z6-1 R "-2 & zB-b,..rR "-2 congruentes, & fie de
inceps in infinitutn. Et per analyfin contrariam 
regredi .: licet ab areis E & F ad areas C ac D, & 
inde ad areas A & B, aliafq; qure in progreffione fe ... 
quuntur. Igitur fi index "- perpetua unitatum ad
ditione vel iilbdutl:ione augeatur vel minuatur, & 
ex areis qure Ordinatis fie prodeuntibus refpondent 
dure fimpliciffimre habentur ; dantur alire omnes in 
infinitum. Q. E. 0. 

C A S. Ill. 

Et p~r cafus hofce duos conjunetos, fi tarn in.., 
dex e perpetua additione vel fubduCl:ione ipfius n, 
qua1n index ~-.. perpetua additione vel fubduetione 
unitatis, utcunq; augeatur vel minuatur, dabuntur 
arere fingulis prodeuntibus Ordinatis refpondentes" 
Q. E. 0. 

Bbb:J CAS~ 
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CAS. IV. 

Et fimili augmento fi ordinata confl:at ex. q,ua~ 
tuor non1inibus in vinculo radicali & dantur tres 
arearum, vel fi conftat ex quinqj nominibus & 
dantur quatuor arearum, & fie deinceps : dabun
tur arere omnes qu~ addenda vel fubducendo nurne .... 
rum n indici e vel unitatem indici t-. generari pofTunt. 
Et par eft ratio Curvarurn ubi ordinatre ex binorniis 
conflantur, & area una earum qu~ non funt geome
trice quadrabiles datur. Q. E. 0. 

PROP. VIII. THEOR. VI. 

Si pro e+fz"·-\-gz2"-\~&c. & k + lzn -\-tnz~-\-&c. 
fcribantur R & S ut fupra,& in Curvre alicujus Or
dinata z9j:ncr RA~J:T s~±u rnaneant quantitates datre e., 

. .,, "' P.' e, f,. g, k, I, m, &c. & pro er, T, & u, fcri
bantur fucceffive . numeri quicunq; integri : . & fi 

· dentur arere duarum ex curvis qure per ordinatas 
fie prodeuntes defignantur fi quantitates R & S funt 
binomia, vel fi dentur arere trium ex curvis. fiR 
& S conjuntl:im ex quinq; nominibus conftant, vel 
arere quatuor ex curvis fi R & S conjuntlim ex fex 
norninibus conftant, & fie dein.ceps in infinitum : 
dico quod dabuntur arere curvarum omnium. 

Demonftratur ad tnodum Propofitionis ihp_eriorise 

PROP~ 



• PR 0 P. IX. THE 0 R. VII. 

lEquantur Curvarutn arere inter fe quaru1n Or.
dinatre-flint reciproce ut fluxioncs Abfciffi-trum .-

Nam contenta fub Ordinatis & fluxionibus A·b
fciffarutn erunt requalia, & fluxiones arearutn funt 
ut ha?c contenta. 

C 0 R 0 L. I. 

Si affumatur relatio qurevis inter AbfcifTas dua
rutn Curvarum,. & inde per--Prop. 1 . qureratur 
relatio fluxionum Abfciffarum, & ponantur Ordi
natre reciproce proportionales fiuxionibus, inveniri 
poffunt innumerre Curvre quarum arere fibi tnutua 
requales erunt. 

-
CO ROL. II. 

Sic enim Curva omnis . cujus hrec eft Ordinata 
z&-x in e-t- fz" + gz2

" -\- &c.r~ ~ffumendo quantitatem 
quamvis pro ~ & ponendo ; == s & zs = x, migrat in 
aliam fibi requalem cujus ordinata eft !x"9-~~ in ,_ n-

e _+:_ f x" ~-\- gx2
" :-~ ~c.JA. 
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C 0 RO L. Ill. 

Et Curva o1nnis cujus Ordinata eft z9·I in 

a -~- bz"--=-T-""1 cz2n-~-- &c. X e-\-fZ" ·1-~ gz211 &c./A,affumen
do quantitatem quamvis pro v & ponendo ~== s & , 
zs == x, migrat in aliam fibi requalem _cujus ordinata 

eft ;xv9
, n in a+ bx'+cx2v-\-&c.xe-t· fxv-\-gx2~ -\- &c.j"· 

COROL. IV. 

Et Curva omnis cujus Ordinata eft z6-I in 
-a -·-\~--:;b z" -\- c z 2 " -\- &c. X e -1- fzn -1- gz 2" -1- &c.lA. 

x k -1-· lz" -1, mz2
" -\- &c.[J.C, affumendo quantitatetn 

quatnvis pro v & ponendo ~ == s & zs == x, tnigrat in 

· aliatn fibi req ualem cujus or din a ta eft ~ x va-, in a_\- bxv 
H ., I 

COR 0 L. V. 

Et Curva omnis cujus Ordinata eft z9-I in 
e -\ .f zn -\- gz2n -\-. &c.,A ponendo 'i = x _Inigrat in 

aliam .fibi requalem cujus ordinata eft xBfx x e-\-'fx·., 

-t-gx·2 • -t&d' id eft x e-~x-1\~ X £+ exi" fi duo f unt 

nomina in vinculo radicis vel x&+:-1-"" x g·-r fx" -\- ex21 A. 

fi tria funt nomina ; & fie deinceps. 
CO-



C 0 R 0 L. VI. 

Et Curva otnnis cujus Ordinata eft z&-I in 

e ·-\~ f ztt ·-\- gz2
" ·-\-- &c.fA x k -\-. lz» -\- ITIZ2

" ·- \- &c.(~ 
ponendo i == x migrat in aliarn fibi requalem cu, 

jus ordinata eft - 6i=x x e -I_, fx-n -\- gx-2
" · -~---~ &c.j"

x 

vel x9-\-I-\-2nA-hr/-( x g + fx., -\- ex2»r" X 1-t- kxnf~-' fi tria: 

funt nomina in vinculo radicis prioris ac duo in 
vinculo pofterioris : & fie in aliis. Et nota quod 
arere dure requales in noviffitnis hifce duobus Co ... -
rollariis jacent ad contrarias partes ordinatarurn. 
Si area in alterutra curva adjacet abfciff~, area. 
huic requalis in altera curva ad jacet abfciffre pro""
duchr. 

COR 0 L. VII. 

Si relatio inter Curvre alicujus Ordinatam y & 
Abfciffatn z definiatur . per requationem quamvis 
fetlam hujus formre,ya in e-\- fynz~·-\-gy2.,Z2~+ hy3t~z3~ 
+ &c. == z~· in k --\- 1 y" zJ -\- my 2" z 2 " + &c. h~c 

figura aiTumendo s == "-;J, x = ~zs & "- = C(~~~,, migrat 
in aliam fibi requalem cujus Abfciffa x, ex data-

Ordinata 

. .. 
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Ordinata v, determinatur per requationem non 
aifetram-~VO!" x e-\-fv 11_-\-gV 211 .~\- hv3n-\-&c.\" x k -\-lV" 
:_! 2n & -'1\. 

i. 1- tnv -[- c.l = x. 

C 0 R 0 L. VIII. 

Si relatio inter Curvre alicujus Ordinatam y & 
Abfciffam z . definitur per requationem quamvis 
atfeetatn hujus formre, y"- in e-\~fynzcl'~-gy2"Z2J' t-&c . 
. == z~ in k~-\~- lJnZJ'·~- my2"zicl' .. -\-&c. ·-\~zr in p-\-qy''zcl' 

_L ry 211 Z2J' _L &c. hrec figura affutnendo s == "-" x- !.zs . r.. 1 . ~ ,, -s, 
ad'-\-~" & ctJ'-\-r" • • t• fib. 

fJ. ==. n-J' V=:: ,-cl' ' ffilgrat ln a laffi 1 1 requalem 
cujus Abfciffa x ex data Ordinata v determinatur 
per . req ua tionem minus affeCl:atn vet in e -r fvn + gv2

" 

-\~ &c. == s~xP. in k -\-. Ivn :-\- mv2
" .-1---~ &c .. -\- s"x' in 

p -\- qvn .t .rv
2

" ~\-c &c. 

CO RO L. IX. 

· Curva omnis cujus Ordinata eft 7rz8
-l in 

w~--------------e :r-: f z" =l=~, gz2
" -\-- &c. x e ·-\~ f z" + gz2

n &c.(~- 1 x 

\a -\_, b \ ez" -\-". fzv-\-n -\- gz'-11
" -\- &c.r(', fi fit e == 'A. & 

affumantur x == ez" + fzv-h, + gz'-r2
" +&c.l"' , (/ =; 

& .3- == ~:y, migrat in aliam fibi requalem cujus~'ordi-
nata eft x~ Xa·+bxo-} u. Et nota quod ordinata prior 

• 
lfl 
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in hoc Corollario evadit fimplicior ponendo A·~~ ., 
vel ponendo rr == I & efficiendo ut radix dignitati 
extrahi poffit cujus index eft"'' vel etiam ponendo 
(cl== - I & A == I :== rr == (j . . 7r' ut alios cafus prrete ... 
reatn. 

CO RO L. X. 

Pro ezv '-\_, fz v-b• -\-r gzv-\-2" :-\1 &c. vezii-I ~=: fzv+n- t 

~=~., gzv-l-2
n-x -\- &c. k 1- lzn ·-~- mZ2

" ·-\--- &c. & nlzn-1 

;+ ~nmz~n-1 ·-\-&c. fcribantur R, ~' S & ~ refpetl:ive, & 
Curva omnis cujus ordinata eft 1rS~ ·-\~, Rs in R ~-~ S(.(-~ 
V aSu + bR'TI w fi fit p._-Ufl == ~ - tp 'T - (}' A_, - Q.. 

A ' A 'T-W,;-) - '11 -- -q, 

& R.,..Sq> == x, migrat in aliatn fibi requalem cujus or ... 
dinata eft x~ x a·-~,bxa-J"'. Et fl:Ota quod Ordinata 
prior evadit fi1n plicior, ponendo unitates pro rr, v, 
& a vel P.' & faciendo ut radix dignitatis extrahi 
poffit cujus index eft "', vel ponendo "' _::=_ ~I vel 
tJ.--:__ 0. 

PROP. X. PROB. Ill. 

Invenire figuras fimpliciffitnas cum quibus Curva 
qu~vis geometrice c~mpafi poteft, cujus ordinatim. 
applicata y per-requattonem non affeCl:am ex data ab~. 
fciifa z dete.r.minatur. · 

cc c 



C A S. I. 

Sit Ordinata az9~ t, & area erit taz9, ut ex Prop. V~ 
ponendo b::::: o::::: c::::: d == f:::: g == h & e:::: I, facile col
ligitur. 

C A S. II. 

-sit Ordinata azO-r x e -j-; fz» -\- gz2
"/ ~-r ·-\-: &c. & fi 

curva cum figuris reftilineis geometrice corn parari 
poteft, quadrabitur per Prop. V. ponendo b == o::::: c 
:. ==d. Sin minus convertetur in aliatn curvam fibi 
-requalem cujus Ordinata eft ~x~ x e-\- fx.~-gx~&c.li\-I 
per Corol. z. Prop. IX .. _ Deinde fi de dignitatu1n 
. d. 'b 9 
tn 1c1 us ~!f- & ~-I per Prop. VII. rejiciantur uni-
tates donee dignitates illre fiant quam tninimre, de ... 
venietur ad figuras fimpliciffirnas qu~ hac ratione 
colligi poffunt. Dein harum unaquc:rq; per Corol. 5. 
Prop. IX. dat aliam qure nonnunqua1n fimplicior 
eft. Et ex his per Prop. Ill. & Corol. 9 & r o, 
ProP,. IX. inter fe collatis, figurre adhuc fimpliciores 
quandoq; prodeunt. Deniq; ex figuris fitnplicif
fimis affumptis. faeto regreifu coinputabitur_ area 
quxfita. 

CAS. 
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C A ~'. Ill. 

Sit -Ordinata z6-x x a -\• b-z, :-\- cz 2
;, -\-- &c. 

x e + fz» + gz2
" .+ &c.\h-1 

, & hrec figura fi quadrari 
poteft, quadrab1tur per Prop. V. Sin minus, di-
ftinguenda eft ordinata in partes zB-r x a x e ·+ f z• 
-\- gz2

" -\- &c.IA-1
, z9-1 x bzn x e ~\- fz, t-g Z2"-\-&c./h-1

, 

&c. & per Caf. ~. inveniendre funt figur~ fimpli- _ 
ciffimre cum quibus figurre partibus illis refpon
dentes _cotnparari poffunt. Nam arere figurarum 
partibus illis refpondentium fub fignis fuis + & -
conjunC:tre component aream totam qurefitam. 

CAS. IV .. 

Sit Ordinata z 9•1 x a + b z» -\- CZ2
" -\ ..... &c .. x 

e+ fzn -\~ gz2» -t- &c.\~-~ x k -r- lz" -\-mz2"-l-&c.JL-'-1
: 

& fi Curva quadrari poreft,quadrabitur per Prop. VI. 
Sin minus, convertetur in fimpliciorem per Corol.4.
Prop. IX. ac deinde comparabitur cum figuris fim ... 
pliciffimis per Prop. VIII. & Corol. 6, 9 & I o..
Prop. IX. ut fit in Cafu ~ & 3. 

()A S. V. 

Si Ordinata ex variis partibus conftat, partes 
fingulre pro ordinatis curvarum totidem habendre 
funt,& curvre illre quotquot quadrari poffunt,figil!a ... 

Ccc 2 t1m 
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tim quadrand~ funt, earumq; ordinatre de ordinata 
tota de1nendre. Dein Curva quatn ordinatre pars 
refidua d fignat feorfi1n ( ut in Cafu ~, 3 & 4,) 
cum figuris fimpli~iffi1nis comparanda eft cu1n qui
bus comparari poteft. Et fumn1a arearu1n omnium 
pro-area Curvre propofitre habenda efto. 

COR 0 L. I. 

Hinc etiam Curva .omnis cujus Ord1nata eft· ra
dix quadratica affetla req:nationis fux, cum figuris 
fimpliciflimis feu· retlilineis feu curvilineis con1 ... 
pari poteft. Nam radix illa ex duabus partibus 
femper conftat qure feorfin1 fpeetatre non funt requa ... 
num radices -affeetre. Proponatur requatio aayy 
~-\_, zzyy-==- ~a~y ·-\- 2z3y- z4 

, & extrat\:a radix erit 
- · al -\-- z3"""\- aya4-\-l,az1-z4 cujus pars rationalis 

Y- aa -\- zz 

a 3 ·-1-z 3 . . . a va 4 
-\- ~a z 3 

- Z
4 

aa-\-zz & pars lffationaliS aa-\-zz · funt 
ordinatre curvarum qure per banc Propofitione1n 
vel quadrari poffunt vel cum figuris fitnpliciffimis 
comparari. cum q,uibus collationem geo1netricarn ad~ 
mittunt. 

re 0 R 0 L. II. 
~ 

Et curva on1nis cujus Ordinata per requationem 
quam vis atfeeta1n definitur qure per Carol. 7. Prop. 
IX. in requationem non affeetam migr t, vel qua

dratur 
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d'ratur per han Propofitionem 11 q uadrari potefr vel 
cornpar~tur cum figuris ~mpliciffimis cum quibus 
cornp~r1 potefi .. Et hac .rattone ~urva omnis quadra ... 
tur CUJUS requat1o eft tr1u1n termrnorum. N a1n a:qua
tio illa fi affetla fit tranfmutatur in non affetlam per 
Carol. 7. Prop. IX. · c deinde per Carol. '2 & 5. Prop. 
IX. in fimplicffirnam. rnigrando, dat vel quadratuL'" 
rain figur~ fi q uadrar1 potefi, vel curvatn fi1n plicif--
fimam quactun comparatur. , 

C 0 R 0 L. Ill. 

Et Curva o1nnis cujus Ordinata per ::equationetn 
quarnvis affeC:tarn definitur qux per Carol. 8. PropQ 
IX. in requationem quadraticam atfeclarn migrat ; 
vel quadratur per hanc Propofitionern & huJuS-Co ... 
rol. I. fi quadrari potefi, vel cornparatur cum figu ... 
ris fimpliciffimis cum qui bus collatione1n geometri= 
cam admittit. 

- - - _., 

Ubi quadrandre funt figur~; ad Regulas hafce 
generales fernper recurrere nimis tnoleftutn effet : 
prreftat Figuras qure fimpliciores funt & tnagis ufui 
effe poffunt fernel quadrare & quadraturas in Ta-:
bulaln referre, deinde Tabulam confulere quoties 
ejufinodi Curvar~ ~liquam· quadrare oportet. Hl!
jus autem gener1s funt. Tabulre dua: fequentes, 111 
quibus z denotat Abfcdfam, y Ord1natam reCtan~ 

gulam 
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gulam & t Areatn Curvre quadrand~, & d, e, f, g, 
g. h, " funt quantitates datre cum fignis fuis_-\• &--. 

TABULA 
Curvarumjimpliciorum qute quadrari pojJunt. 

Curvarum formre. Curvarum arere. 

Forma prima. 

dz"-r == y. 

Forma fecunda. 

dztt-1 

ee-~2efzn-\-ffz2 == Y • 

Forma tertia. 

d -z•• = t 'I .e 

1. dz_·~ Ve-\~fztt= y. -in~ R3 = t, exiftente R -=-.·ve.-+,fz., 
-4e-\-6fzn 

~. dz:: ve·-\-fztt == y. I snff dR3 == t . 
d 3,. 1 -\-c. _ t6ee-24efz.,-\-3offz2., dR _ 3· z_l ve lZt~-y. los"f3 3-t. 

d 4 ,., 1 1 f n -96e3-\-144eefz.,-t8oeffz2.,-\-2rof323ndR . 
4· Z.i v e-r z == Y · 94snf4 3_= t. 
Forma quarta. 

dzn-r 2d 
I. == Y· 

Je-1-fz., ;r R == t . 
dz2n-r . 

~. = y. 
J e-\-fzn • 
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dz3n-x 

3· = Y· 
Je-j-fzn 

I6ee-3efz .,-j- 6ffz2u 

- xsnf3 dR ==- t. 
dz4u-I 

4• .Je-1-fzn == Y • 
-96e3-\-48eefzn-36effz2,-j-3of3 Z3tl 

- xosnr.~ d R == t . 

TABULA 
Curvarum jimpliciorum qute cum Ellipji & 

Hjperhola compJ/i pojfunt. 

Sit jam a G D vel P G D vel G D S SeGl:io 
Conica cujus area ad Quadraturatn Curvre pro- Fig. 5,6,7,8. 
pofitre requiritur, fitq; ejus centrum A, Axis K a, 
Vertex a, Sen1iaxis conjugatus A P, datutn Abfciff:.:e 
principium A vel a vel .ct, Abfciifa A_B vel aB vel 
o. B:::: x , Ordinata reCtangula BD:::: v , & Area 
AB D P vel a BDG vel o. BDG == s, e·xiftente a G Or-
dinata ad punetutn tt. J ungantur KD, AD, a D. Du-
catur Tangens DT occurrens Abfciifre AB in T, 
& compleatur parallelogram mum AB D 0. Et 
fiquando ad quadraturam Curvre propofitre requi~ 
runtur arere duarum Settionem Conicarum,, d.ica-
tur pofterioris Abfcitfa ~, Ordinata r, & Area (fo 

Sit autem ~ differentia duarutn quantitatum ubi in ... 
certum eft utrum pofterior de priori an prior de po-
fteriori fubduci debeat. 

Curva ... 



Fig. 5· 

Fig. 6, 7· 

Curvarutn Fortnre. Seetionis Conicre. ·Curvarum Arere. 

Forma prima. 

dz.,..1 

I. \f =y e.-- z., . . 

dz2n-x 
'l. e-\-fz• = Y • 

dz3n-I 
3 o e.J,fz,. == Y· 

l 

Forma fecunda. 

~ 

Abfciffa. Ordinata ~ 

Z"'==X. ~-=V. !.s==t ·= rt.GDB 
e-j-fx 11 n 

d 
e-1-fx ::::: V. 

d e r z"-its == t. 
'n n 

Z"== X. 

d 
e-1-fx ==V. 

d de \ ee 
i;ifZ2"-jjiTZ"--nffS == t. Z" ==lx. 

dzin·I 
---=-- =: y • I d · • I d e 2XV..:.. 4S 4 A D G I. ~I C~u • v-e L-f-==x. V-- .,...xx==v. . =t==- a. 

1 zn f t . n n 

dzit~·l "" -y .,d ·v ... - . v-- d e e-\~fzn e-1-fzn- X. -f~ rXX ==V. 
2de z n 1 4es-~exv ::: t. - _T_f_ nt 2 n .. 

dz~trl 

3. · ~f = y. ,/_d_ =x. v~ ~xx=v. 2de z3"- ~z.!!.-j-. 2eex_v~=t. e.- Z" V e-1-fz, f ~ t - 3 n f :z. ., ff 2 n ff 

Forma 

~ 

lV 
0 
0 

L-J 



Forma tertia. 

Fig.6,7,8. I . ~ ye-1-fz., == y. 2~ =·xx. yt-1-exx ==V. ~in ~3x -s-- t== ~in aGDT, vel in APDB~ TDB. 

Fig. 6. 

0 
P
p. 

Vel fi 1 vr 8dee • I fv ~ ffv =~.c --- 8dce • GDA _L ffv 1e, -" :::::: X. x-tex.x: :::::: V. -zr-r· In S--X V__, -- - == t :::::: -ff Ill a 1 -
ZtJ 111. 2 4e 4eex " 1 4eex • 

1. __!_ ye-1-fzn . y. ZL:::: xx. Vf-1-exx:::::: v:2
dS- t:::::: ~ APDB, feu 2daGDB. 

Z n n H n H -1-I 
V 1 fi I V 4de • I fv 4de GDK e 1e, - =- X. f.x:-1.-exx ::=:V. -r Ill S--XV-- == t == -f X a . z11 nr 2 2e . fl 

3 _2d ve-1-fzn =-y.-ZI·==x. yfx-1-exx-=v. ~s==t=~ X -aGDB vel BDPK. "z n lt . tJ If -rr 
d A I e-1-fzn _ 1 _ A 1 · _ 3dfs-2dv3 _ 

4 - v 1 - y.--X. -yfx-1-exx-v. 
6 

-t. · z 3» zn ne -rl 
. 

Forma quarta. 

d I V 4d • I - . 4d • PAD 1 . GDA 
I :::: y.- ::::::XX. f-1-exx:::::: V. -fIll -XV ...:... S ==: t:::: -f Ill ve Ill a . 

• A j- ZtJ " 2 • 11 
Zv e-r-fzn 

V 1 fi 1 v- 8de • I fv ~ ,- 8de • GDA .. e . 1e, -=x. fx-j-exx==V .. . -ff Ill S--xv--::::t::::::-f:f Ill a . z., ., 2 4e n 

d -
1 

A I - 2d • 2a · POD 1 · AODG ~ :::::: Y· z- ==XX. V f-1-exx:::::: v. - Ill s-xv:::::: t::::- Ill ,ve Ill a .. ·• znAJ- n -· 11e ,e +I V e-j-fzn 

Y el fie, ~ = x. Vtx-t-ex-~ = ·v. ~in ~xv ~ s = t = ~ in aDGa, zn . _ . ........... 11r 2 -· .. n1 

:) . z "A-If -1-, . 

r. 
1\) 

0 
M 

L....J 



' 

~ 

3. 
7 

2• ~ __ >= Y · -J • ..: x. V rx+eXX ·:·v · ~ in 3 s + ~ Xv '.;.. t :- ~in 3 aDGa ..;. AaDB. 
'-1- I e-\-fzn , 

4 
d ' ==·y !.. _ ,./f -1- =. V 1odfxv-I~dfs-2dexxv _ t 

• 3H. 1- . z,- x. V X exx "-- • ' ' 6i1ee ' - e 

~~,v~~ -

Forma ·quinta. 

dz.,-I _ " 1 d _ " Id \ ff-4eg _r _ 

I. e-\-fzn-j~gz2,--:- Y · V e-\~fz 1t-}gz211 -X. V g -- 4gg XX- V. 

Vel fie V dz 2" == - "' I ~-\- ff-4eg -
' e-\-fzn-\-gz2t~ X. V e · · 4ee XX - V • 

XV-lS ::::: t. , 
2S-XV- t - . --

" 
. .. 1 d ·- ,. 1 d ff-4ecr • 

~ -~z~!'~~-- ~ Y·~V e-l-fz,f1-gZ2t1 ::=X. V g -+- 4gg o XX== V.~d!T-j~,fs-fxv _ 
• e-\-fzn-1-gzzn £ \ t: 1 _ 2 .. o-- - t · z.,--gzz11 = c.,• _ _ "O - - e-t-~ - T. 

Forma fexta, ubi fcribitur p pro -~ ff- 4eg; · -

., ..... 

' • I 2dg_ - " Id _j -f-FP 
dz.!n-t s V f-p-\-2gzn - X. V 'I_, a XX == V. 

I . 2 == Y· 2b 
e-\-:-fzn-\-gZ21J ) 2dg :::::: __ -f~p _ 

z2XV-4s-1.~j-l-4tr ::::: t. s nP {.V t-l-p-j-2gzn ~· V d \ -2g ~~ - T • 

2dez11 . Vd --f-1-p · · , == X ·-- ---- -XX :::::: V. . dz±.,.I. ._ ~Vfzo-pzo-1-•e • · j 2e ( 4s--•xv-4.r+•~r == t 
'- • e-1-fzn-\-gzzn- Y · • / 2dez11 == • ,. 1 d + -f-=p ~~ :::;:: y, S »P ~ 

V fz,.-\-pzu-1-ze ~ V ... , ~e . 

Forma 

.., 
tv 
Q ! 
tv 

'--' 



- 4 

~Aj'> roJ../'3 . 

Fig. 6,7. 

Fig. 6. 

t:;j 
0.. 
p.. 

~ 

Forma feptima. 

I • ~ ve+ fz"+gz2n :::: Y· 5 ~" = x. vef fxT~-~ V. (4dee.;"f-\·2def~2dffv-8deecr-]-4dfgs = t. 
2 ~Zn :=:- ;. V g -}--J~ 1- e~;::::: ')"• s ~ 1'~ : · 4neg-nff 

1.dz_~Vetfz"-\-gz•":-Y· z•=X. ve-rrX+gxx V. ~s=-t=~ inaGDB. 
' \ d df 3· dz:~ye-\-fz»-f- gz2t{::::y. z"==1X. v~·-\-fX-j---gxx::::V. 3.,g Vj- 2,g S=t . . 

4· dz3n. 'e~\-fz" _\- gz2n = Y. z" == x. v' e -f- fx-\-gxx == v. 6dgx-~df vl.-\- ~dff-4ctegs == t . ·1V I . I 2419gt, " I6ngg • 

Fonna oG.lava. 
, -d ,.., - . :. 1 

. ,---, z ' ~- ~~-;:...._ 1. - ::::: y .z" == X.y €-\-fx~-g~x = V.8dgs-4dgxv-2dfv _ _ Sdg . ~ Ve-\-fzn-i-g2»
1 

_ . .4neg-nff - t -~ .4tJeg-nff lll «GDBi~DBA. ~ 
dz""1 · , , ·· · · 

. L-.J 2 •• I = y. z• = x. v' e ·j fx -)-gxX = V. -4dfs·t·d~V-1-4dev --V e-l·fz.-jogz2n 4neg-off - t. 1, 

d '3tJ-l 

3 
z 

I 3 ctff s -2dff d f ',/ = Y· zn=x. \j'e-1-fx+gxx= V. -4deg -j-4degXV\2 e V_ V e-j-fzw+g~21l . · 4negg-,ffg - t. 
dz4n~ t · , , . • _ . . 4• .I ·- » ,/ 36defg s ·I·Sdegg -28defg -J-16dee V <>-\-fz,-j-qz

20 
- Y • Z = X. y e·-\-fX:+ gx;x::;:: V._, sdeff .c.2dffg XXV +IOdeff XV ±I c1deA'V = t, b ~ · · 24nea?-=6 ff: -t?. .. _.n~ 

... 

Forma, 



Forma nona; 

1 8 dz_" Ve-\-fz" 1 
= y ~ I d -::--- '• /d.t eh-f: · . 

4
fg S ~2fg I 2dfv 

r g-\-hzo . • V g-\-hZ., -X. V 1i +~ h gXX:: V. -4eh +2ehXVTX 
'd L I . . , . - "fh , - ::::: t. 

~. z.:v e+fz• - · ---~;...._- = y • I d . . df 4egh -2egh \ 
- g-\-hz• •V g-j-hzu == x.'/ h-+_eh~fgxx:::: v.-4fgg5+2fggXV-~~dh~-~dfg~::::: t 

nfhh 
0 

Forma decima .. 

Fig. 6,7. 
dzn-t 

I • . '= y. V 4 _ • JM \ eh-fg 2xv-.4s 4 

g+hz" Je-f-fzN g+hzo- X. V h -- h XX:::::: V. f == t == -f ADGa " , . 
dz2H-T- ... - · ~dv ~. - ---~ = y. • I d _X , /df .J eh-fg- 4gs-2gxv-\--

V g-\-hz, - • V - 1- -- -- XX == V. x - t 
·g-j-hz" Je+fzo h h - n f h -- • 

Forma undecima. 
. 

· - - ~~-- eh-f f 

d 
-lA I e+fzn ~~V g -\-yhz.,_ == x. V h g-\-i1XX := v.~d;<v3z"'H-4dfs-4d~tr _ · ·.· 

I. z V 1 h - Y· - f h - t~ · ~ - zn A 'h -\- -n _ .. Jfg-eh \- ~ _ y · ., g-ne · 
-V gz -~· V g- g~;- · 

-- ~- ,....--, -- .....,.\.... - ~ 

d ""I e-\-fztt _ A I -\ h _ .. feb.-fg \ f - _ 2d 
~. z.lv g-=\-gz.,- Y· V g - zn- x. V h ·-~h XX- V. "iiiis::::: t. 

-3dfa S - ---~- ----- dhxv3 ° 
dz2tt4 I _e:-\-fzn _ .. 1 . + h " _ r , feh-fg J !_ ~ _ · -deh _ 3· .. ,.v g~\-hz~-Y vg z .=- X ~ v h ~-,-hxx--v. 'l .. fhh .. -t't 

. ~ ~ In 

., 
~ 
0 
~ 
L-J 
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In Tabulis hifce, feries Curvaru1n cujufq; for1nre 
utrinq; in infinitum continuari poteft. Scilicet 
in Tabula pritna, . in. numeratoribus arearurn for
m~ terti~ & quartcr, nun1eri coefficientes initialiutn 
terminorum ( -1') --4-, I 6; -9 6, 86 8, &c.) generan·
tur multiplicando numeros-.2, -4., -6;L r o,&c. 
in fe continua, & fubfequentiu1n termino"rum coef ... . 
ficientes ex initialibus derivantur multiplicando 
i pfos gradatim, in F or!na q.uidem tertia , per --~, 

( 7 9 Tt & . t I ~ - 4, - 6 ,. -~, -1o c. 111 q uar a vero. per - 2 , -- ,., 

-~,--- r,-~0' &c. Et Denominatorum coefficient~s 
3, 15, I os, &c. prodeunt multiplicando numeros 
1, 3, 5, 7, 9, &c. in ie continua. 

In fecunda vero Tabula, feries Curvarum formre 
primx, fecunda?, quintre, fext::e, nonre & decimre ope 
folius divifionis, & formre reliqure ope Propofitio
nis terti~ & quartre, utrinq;. producuntur in in..,. 
finitum. 

Qui.netiam hre feries mutando fignum numeri ,1 

variari folent. Sic enim, e. g. Curva £ye-\- fzat::::; y; 
evadit .d yff-ez"==Y 

1 Zjn-,- I 

P R 0 P. IXL T H E 0 R. VIII~ . 

fSit AD I C Curva qurevis Abfciffam _ha bens Fige tJ 
AB=z &OrdinatamBD=y, & fitAEKC Curva 
alia cujus Ordinata BE requalis eft prioris arere 

ABC 

. .., 
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AD B ad unitatem applicatre, & A F L C Curva 
tertia cujus Ordinata B F cequalis eft fecund~ arere 
AEB ad unitatem applicatre, & AGMC Curva 
quarta cujus Ordinata B G requalis eft tertire arere 
A F B ad unitaten1 applicatce, & A HNC Curva 
quinta cujus Ordinata B H requalis eft quartre arere 
A GB ad· unitatem applicatre, & fie deinceps in 
infinitum. Et funto A, B, C, D, E, &c . .i-\.rere Cur
varum Ordinatas habentium y, zy, z'"y, z3y, z~y, 

& Abfciifam communem z. 
Detur Abfciifa qucevis AC=t, fitq; BC=t-z 

·::::x, & [unto P, Q, R, S, T arere Curvarutn Ordi..
·natas habentium x, xy, xxy, x3y, x4y & Abfciffam 
C01lll11Ul1ein X. 

Terrriinenter autem h~ arere otnnes ad AbfcifTam 
totam datam AC, nee non ad Ordinata1n pofitione 
datam & infinite produ6la1n C I : & erit arearum 
fub initio p~fitarutn pri1na AD I C=A===P, fecunda 
AEKC=tA-B=Q.Tertia AFLC ~ ttA-~tB-1-c == ~R. 

Quarta A G MC = t~A-3ttB;r3tc-o = ~s . Quinta 
. A H N c = t4A-4t~B -1- 6ttC-4tD + E = I T 

24 24 • 

CO-
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eo R o L. 

Unde fi Curvre quarum Ordinatx funt y, zy, 
z"y, z3y, &c. vel y, xy, x~y, x1y, &c. q uadrari 
poffunt, quadrabuntur etiam Curvre ADIC, AEKC~ 
AFLC, A.GMC, &c. & habebuntur Ordinatre BE, 
BF, BG, BH areis Curvarutn proportionales. 

SCHOLIUM. 

Quantitatum fluentium fluxiones effe pritnas , . 
fecundas, tertias, quartas, aliafq; diximus fupra .. 
Hre tluxiones funt ut termini ferierum infinita
ruin convergentiutn. Ut fi zn fit quantitas fluens & 
flucndo evada t z -\- ol~, deinde refol va tur in feriem· 
(QflVergentefi1 z"-\- nozt~·I,_,_,. n ~11 QQZ tt·2 + n3-3 J1~ + 2HQjzt~-j 

·-\-. &c. tertninus prim us hu jus feriei z» er it quan~ 
titas illa fluens, fecundus noz»-r erit ejus incremen
tum primum feu differentia prima cui nafcenti pro ... 
'portionalis eft ejus fluxio prima, tertius •m~n ozn-2 

erit ejus incrementum fecundum feu differentia fe
cunda cui nafcenti proportionalis eft ejus fluxio 

. fecunda, quartus "3 ._ 3~ + 211 o3z»"'3 erit ejus incremen
tum tertium feu differentia tertia cui nafcenti 
fluxio tertia proportionalis eft, & fie deinceps in 
infinitutn. 

'_ Exponi 
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E:xponi aut em p~ifunt hre fluxiones per Curvarutn 

-Ord1natas BD, BE, BF' BG BH &c. Ut ft 
0 • ADB ' ) . ) • 
· rd1nata . BE ( ==--;- ) fit quant1tas fluens, er1t 
·ejus fluxio pritna ut ordinata BD. Si B F ( == A~B) 
fit quantitas tluens, erit ejus fluxio pritna ut Or
dinata BE & fluxio fecunda ut Ordinata BD. Si 
B H ( === A~B) fit quantitas fluens, erunt ejus fluxio, 
nes, prirna, fecunda., tertia & quarta, ut Ordinatre 
BG, B-:F, BE, BD refpecl:ive. 

Et hinc in requationibus qu~ quantitates tantu1n 
\duas incognitas involvunt, quarum una eft quan
titas uniformiter fluens & altera eft fluxio qurelibet 
quantitatis alterius fluentis, ·inveniri poteft fiuens 
illa altera per quadraturam Curvarutn. Exponatur 
enitn fluxio ejus per ·Ordinatam BD, & fi hxc fit 
fluxio prima, qureratur area AD B ==BE x I , fi 
fluxio iecunda, qureratur area A~ B == B Fx 1, fi 
Huxio tertia, qureratur area A F B === B G x 1, &c .. 
& area in venta er it ex_ponens fluentis q urefitre .. 

- Sed & i!:t requationibus qure fluentem & ejus 
:fluxionem prin1am fine altera fluente, vel duas 
ejufdetn fluentis fluxiones 9 primam & fecundam, 

-vel fecundam & tertiatn, vel tertiam & q uartatn, 
&c. fine alterutra fiucnte invol vunt : inveniri pof ... 
funt fluentes per quadraturaJn Curvarum. ·sit 
:.rq ua tio a a v· = a v -\-. vv , ·exiften te v === B E , 
·~ = BD, z ==AB & z == I , & req uatio illa co1n~ 
.plendo .dimen~ones fluxionum, evadet aa~ :== av~ 

' - r. a a V • J fluat V Ul11. c.ormt" ter' &' -r-·wvz., r eU av+ \'V = z, am 1~ 

fit 
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fit cjus fiuxio y::=:I & erit av-~~vv === ~, & quadrando 
Curvam cujus Ordinata eft av~~vv & Abfciffa v, ha ... 
bcbitur fiuens z. Adh~c fit requatio aav===av-\-vv 
exiftente v==BF, ~==BE, ~==BD & z==AB & 
per relationetn inter ·v & ~ feu BD & BE invenie
tur relatio inter AB & BE ut in exemplo fuperiore. 
Deinde per hanc relationem invenietur relatio in
ter AB & B F quad ran do Curva1n A E B. 

lEquationes qure tres incognitas quantitates invol
vunt aliquando reduci poffunt ad requationes qure 
duas tantu1n involvnnt, & in his ca-fibus fluentes 
invenientur ex fluxionibus ut fupra. Sit requatio 

• • • • • • 
a-bxm===cxyny ·-\-dJ 2"YY· Ponatur yny===v & erit 
a-bxmcxv-\~dvv. H~c requatio quadrando .cur
vam cujus AbfciiTa eft x & Ordinata v dat aream 

• • 
v, & requatio altera y"y==v regrediendo ad fluentes 
.dat .,-~-.ryn-\-r =v. Uncle habetur fluens y. 

Quinetiatn in requationibus qure· tres incognitas 
involvunt & ad requationes qure duas tantum in
volvunt reduci non poffunt, fluentes quandoq.; 
prodeunt per quadraturarn Curvaru1n. Sit requatio 
a X m -1- b xnf == f e Xr-I ys ·-\-Se xr y YS..I -fy yt' exiftente 

. 
X= I. Et pars pofterior re xr-I ys -\-se xr y ys-I_ f y yt, ~ - . 
regrediendo ad fluentes, fit exry5

- ~ yt-1-r qure 
t -\- I ' 

proinde eft ut area Curvre cujus Abfciifa eft x & 
Ordinata axm 1- bx1P, & inde datur fiuens y. 

E e e Sit 
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Sit reqpatio x.· x a xm·-1- bx"JP ~ dy y,..r • Et flu ens . 
.ve-j-tylf 

cujus · fluxio efi: . x x a x~ -1- b x~\P er it rut area Curva! 

cujus AbfcifTa eft x . & Or~inata eft .a xm ·-\- bxnlP~ 
Item fluens cujus fiuxio eft d~yn-r erit ut area Curvre 

'\f'e-\-fylf 

cujus Abfciffa eft y & Ordinata dy:yn-I id eft 
.v'e-1-fy, ' 

( Eer Cafum I o ~ Formre q_uartre T.ab.~. I.) ut area 
.2d "' I I f p 2d "' I ;£ v e-\- Y"· on~. ergo ;;f v e -.~--fyt~ ~qualem area! 

Curvre cujus Abfciffa eft x & Ordinata a x:r:~\-. bx,:P 
& liabebitur flu ens y; 

Et nota quad· fluens omnis qure ex fluxione prim:r 
colligitur augeri poteft vel minui quantitate quavi~ 
1'1on·· fluente. Qux ex fluxione fecunda colligitur 
a-t1geri poteft vel minui- quantitate quavis cujus 
tluxio iecunda nulla eft. Qure ex fluxione terti~ 
eolligitur augeri poteft vel minui quantitate quaNis 
cujus fluxio tertia nulla .eft. Et fie deinceps in in-
:hn i tun'l~ · 

Poftq uatn vera- fluentes ex fluxionibus colleB:[B 
__ funt,,. fi de veritate Conclufionis dubitatur, fluxio,.. 
Des fluentium inventarrun viciffirn." colligendre funt 
& cumfiuxionibus fub initio propofitis comparandre. 
N am fi prodeunt req~ales Conclufio retl:e fe ha ... 

bet :. 
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bet : fin minus, corrigend~ funt fluen.tes fie,~· ut · 
~arum fluxiones fluxionibus fub initio propofitis 
requentur. Nam & Fluens pro lubitu affumi po
teft & affumptio corrigi ponendo fluxionern flu
entis affu1npt~ ~qualem fluxioni propofitre, & ter~ 

minos homologos inter fe comparando .. 

Et his vrincipiis. via . ad · majpra . ftern·tur~ 

FIN- IS~ 

, .. ~~-------------~---------------- · 
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. are two l(_a)'s, p.2].1.6. in the Margin put Fig.14 f$ I), P·3o.l.7. MN, 1.9. M, p. 
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Part r. Part2. p.I22. 1.9. indico, P· qo. 1.I9· to the Angle, p.q2.l.6. by the bright-
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cles can, P:7I.l.r7. given breadth, p.84.1·4·.are tothofe, P• 96. I. 2f· Ohfervation of 
thu Part ojthu Book, p.103.l·I7· WM t? tfoe thzcknefs, P· ros.I. I9o of this white RJ.ng, 
p.107. I.zo. become equal to tke third_ of thofe. . 
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NEWTON'S OPTICKS (1704) 

Annotations and corrections in Sir Isaac Newton 's Opticks, or, A treatise of the reflexions, 
refractions, inflexions and colours of light : also two treatises of the species and magnitude of 
curvilinear figures (London : Printed for Sam. Smith, and Benj. Walford ...,   1704), in the copy in 
Rare Books and Special Collections, McGill University Library. 

Page numbers in brackets [] mean that the only correction on the page is the correction that listed in 
the Errata (p.212 of the second pagination). 

Underlined page numbers indicate that other corrections in addition to those in the Errata appear on 
the page. 

Page numbers neither underlined nor in brackets [] contain additional corrections and / or 
annotations.

A)  Book I: 

pp. 2, [3], [5], [6], 7, 8, 13, 21, [27], 28, 29, 30, 35, 37, 42, 44, 45(?), 50, [52], [57], [60], [64], 65, 66,
[67], [68], [71], [72], 73, 80, [86], [89], 91, 93, 94, 102, [105], [118], [119], 122, 125, 126, 
[130], [132], [135], [136], [137], [138], 139, 140, [142], [143], 144. 

The corrections called for in the Errata on page 144 have not been made; 144 is an error page 114. 

B)  Book II: 

pp. 4, 9, 10, 12, 17, 25, 36, 47, 50, 66, 73, 74, 75, 83, 95, 96, 97, 99, 107, 115, 117, 125, 127, 131, 
134, 135, 143, [144], 145, [146], 154, 155, Tab[le] III. 

The corrections called for in the Errata were not made on the following pages: 5, 7, 11, 17, 25, 31, 
55, 65, 71, 84, 103, 105, 107 in Book II. 

C)  Tractates: 

pp. [168], [176], 180, 182, [183], [185], [188], [190 but correction incorrectly made in line 18 not 
19], [192], 193, 199, 203, 205, 209 and on Errata leaf — Book. II. p. 10. l. 24. 10000 to 
1024

D)  On the verso of rear fly leaf. 

6 October 2008 
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