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NEWION'S INVESTIGATIQN OF LIGHT & COLOR '’

MNistorical Notes

Perhaps the greatcst,obstacle to an appreciation of the mag-
nitude of Newton's achievcmcnl and the full significance of Newton's
revolutionary ideas concerning white light and color is, that once
propounded and accepted, they seem\almost self-obvlous: so obviqus
that it isjhard to counceive how there could be any other view of the
matter. Yct we know from the way Newton's ideas were first received,-
that.- it is.not someLhing intrinsgc in the naturé of the phenomena, but
"in the ‘'way.we have ledrned - following Newton - to regard them. There
were, before Newton, other ways'of regarding light; some with a long
h1Qtory, some fiimly émbedded _in a. comprehensive philosophic SystEm
most apparently finding some support“in anericncc and to many ‘who
held such“wiews, Newton's were hard to comprehend ‘and even harder to
accept. Newton's original expOQition his. first published work, in
1671, which must have geemed, to him, as it’ does now'tq us, convincing
sin itq experimental evidence atd compelling in its logic -~ was met
‘with miswnderstanding,skepticism, and direct hostility There ensued
-a_five-year-long pyblic debate (in the pages of. the Philosophical
Transactions of the koyal Society) which ended not only by clarifica-
tion and sohe reconciliation, but also by ‘the expiring of some critics
-and the’ exhauqtion of Newton s patience,

lv

Many factore contributed to this debate philosophical prejudices
porsonal rivalries, semantic confusion, ‘and not least;- ambiguities and -
inadequaciegs in Newton s own initial accgunt of his expeiiments and ,
conclusions. Newton had been experimenting iin optics for many yearq
. designing and constructing ‘and testing optical imstruments, examining .

roptigal materials and pondering deeply on the many problems he encount-
ered. ~ For scveral ,Years he had ‘lectured on aptics in Cambridge,\his
experitnce had gnown and his ideas developed . .« Now in

a few pages he, lays out ~ in a beguilingly simplecnarrative how step=
by-step his~ expeiiment leads him to .his ingxhorable conclusions The " -

A ‘experiment-evidence, proerly laid out, ‘seems to Newton to. kpeak S0 '
"clearly, that he cannoL‘imagine that those who do) not share his exper-
lence and igsight may have as much difficulty in pictufing precisely
what has be¢n observed, as in: accepting the conclusions that, follow
from.the ob rva?ions ' : ' ;

..{

A i Tt was not imply a matter of ;ival tbepries of light: and the
' _production of. .colors; although that was indeed the issié\ for sqme
ccritics. For the‘tnsk of ‘examin'ing the physiflcal naturé of light, the .
. science of optics was still a relatively iparkiculated subject. - Many
of the elements of both scientific vocabulary aqgd experimental tech~
- nique were known, but hardly in any gystematic ahd generally used and:
* accepted form. Rays of light, images, slits, Adpertures, prigms, lepses,

~ refractive power, the geometrical feéatures of refraction and reflect#sn, -
. all these notlonq we're more or less current but usually i a particular
- ¢ ’, L 2 " " ) . .," ~ ! -'.
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Historical'Notea continued

2 . . ‘ 4 L . . .
e .
context, rather than part of a conceptudl qci ntific vooabnlary .

term which might have.evoked some distinct ¢ 1cEpd to Newton imself
cpuld have created a quite different, or conflised impveqsioqfsn somek <
one not qharinp his experience, let alone hislyiewpoint. Experiments

on light ‘and optics were not yet at.a.stage where there existéd gon-j
erally understood and acvepted patterns of standard pro'\dures and -

“basic: components - with all their implied agsumptions . and approximations -’
to be exploited in a pafticultar.way and to demdpstrate some new pheromenon.

. Each experiment 1epresenttd a new arrangement in toto ak it were. The

“essential functioning of 'the component ‘parts and their relation to the, ~*

. whole was rarely qpmething that was, or could.be, clearly expounded - Qr -

B

.

if expounded fully cowmprechended. Detail .and principle theé essential and -

“incidental; were npeither clearly demonstrated nor. easily discerned.
OPptics in NewLon s time was an old and venerable science; but the phy/ics
of light was ney and unformed. -

If we stress the difficulties that Newton S coptemporaries

might havé experienced in fully grasping the nature of Newton's work "’
from his published account, it'is not so much to suggcst that had he pre-
sented a much more detailed explicatiord his views might have found a
readier acceptance, as to emphasise the great difference-between exper-
iments as demonstrations of what is know, (or believed), anrd experiments .
as a means of discovery. When the conclusion is foregone,,how readily
does*one select what one believes to be éssential to one's argument, |
and .how readily one can dismiss or even dverlook what one considers
irrelevant circumstance, unimportant ”deLail”' With the road well laid
and. the destination clearly in view who bothers to examine éach clue
along the. track to take bearings constantly, and constantly to examine - “ .
and occ351onally mistrust = orfe!s inqtruments? This is” only demanded
,of the explorer. Newton may have omitted to explain to his readers alt

-

. that he had observed and scrutinised héfore he reached his goal, but we

can handly conceive that hé himself had overlooked muth, or taken too °

,mich for granted. Indeed as the debate with his opponents proceeds we -

see him supplying progressively more detail, expounding and elucidating
each point more’fully, meeting specific criticism with further evidence - .,
and fuller argument, There are not so much new arguments or new obser=- |
vations to weet unforseen weaknesges in his views, &s matters which he: ° |
had been aware of .all along; that he had hoped he could leave tg -the _
magination of his readers, but is now prepared patiently, though grud--
éingly,.to ‘supply. For Newton is not so much debating with his opponents‘

as reiterating publicly the dialogue he has already held privately with: .
nature To recapture the spirit of Newton's discovery it is to this .- |
private conversation we must listen. Di5cou13e with nature, by experi-. ¢
ment, is Newton's prime teacher: and it is our's too -if we wish #o0 - ‘f“‘g
‘ underqtand how he learnod, and ‘what he has taught us. Or in Newton's ' i
own words: . i - - ; . ﬁ;
N ‘ . L .

. e bt T e SN ‘y . | o
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‘Histoﬁical Notes'continued

. When did he- first recogniye the ¢oirelation of"

‘ oo . i - :.
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"Lor if the oxpegiments which.1 urge be de[ective,-
"{t cannbdt be" difficult to.show the defects: but if

.+ valid thcr by proving the' theory they must render . i
rall’obje tions invalid." , _ B .. '
4 i .
B : \>' ot . - ‘ ’ ’ - ,\‘
2. . Therc are several gpurces from which one cam gttempt to re-

construct the train of éxperiments, observations and weasoning which
,led Newton Lo th basic theory of color ChTonologically

’ \

1) The optical lectures at Cambridge- and other notebooks s

. and correspondence of this -period (1661-1671):
~.2). The dehate“ published in the Philosophical Transactions :
§ - (1671-1676).stimulated by Newton's 1671 paper of
167/, | L :
. 3) Newton's Optick's (1704/1718/1730) L S

- \ a
N

of Newton's from the period 1660-1675, and many of the ,tasks he Under--
took, the pioblems he encountered, and the phenomena he observed
clearly gave him frequent cause to ponder on the nature- of‘coiors -and
the causes of their appearence. Historians seem to dissgree - or at

" "least express. uncertainty about thé precise chronological sequence

of his ihvestigations. Did he experiment with' the prism before or
cafter.his concery wikh the chromatic'aberrations of telescope lenses?
Qb rangibility" with

colox, and a ;t what stagé did the tdea occur that this di¥ferénce in refrac-
‘tion separated the colors rather than generated’ them?‘ .There seems g
little prospect of settling'these historical niceties definitively
Different aspects of Newton's concern with light were surely. inextri-
ably interwoven, and though he may have- been‘Primarily concerned with

- one: or other: aSpect at any parxticular moment,” &t is almost inevitable

;that manifold interests were at work: simultaneously even if they were

not be{ng aeliberately pursued S - y ..'3) '
For our purpose itﬁshould and will, suﬁfice to recognize some

,four sorts of observation and experiment- SR Y I

, Sy - Farly obqervations relating to chrgmatic aberration
« L 7 of lenses, instruments, etc., -
o ii; Earty observations of dispersion by prisms
S &

'Deliberately designedégrism experiments to text a
[ more-or-less fully combeived theory of color;

v . egspecially the- experimentum crucis. : ,b S
- 1v) ' General experimenta1 tests. of color appearances ' '/
- color mixing, etc.,

\

'and to discusq the experimental particuIArQ in this. order Roughly;
this 1s the order in which these matterq appear in Newton s first

L
. ‘»
.

.\!;4 '—-3_-5

: Optics ranging from the practical construcﬁion of 1nstruments%?r
to the mathematical formulation of principles, was a gentral intereat :




Historical Notes continfied .5 - ‘ _ B
- paper and the subsequent debate (Ttem (ii)'above), oy at least one may infer
some ,such sequence from Newton's narrative and its numerous allusions
and detours., ’ e - ' '
o _ But there are more'graqtical considerations. An attempt to
reproduce the path of observatign, experiment and reasoning which® .
. raised such animadversions and misunderstanding amongst his contempor-
aries must recognize that .the optical experiments were for most part
made with sunlight. Impressive and convenient as .it is, the'sun is
hardly the "ideal" source of light, that bstraction” to which one re-
sorts so readily in.expounding or illystr ing optical principles today. .
(If one experimerted with sunlight today it would be to study the sup ..
- rather than' the nature of light') - |
The sun, as a source of light, is, inter alia, of finite
‘angular size (approximately’ 30 arc-minutes (%¥°) in diameter), at a °
+ distance virtually infinite in comparison with the scale of any ex- ° Ny
~perimental apparatus. Thug from any. one point of 'the sun the (divergent)
- rAys that enter any part of the apparatus are treated as parallel; but
not so rays from different points of the sun. One cannot, of-éourse,;“
in any simple,  obvious direct way, block out all .the light from thé sun
except for one small région, as tq achieve an effectively point source
and thus completely parallel light.  But by the use of slits, screens
. ' and _more sophisticatedly with lenses, an approach to the ideal of
;- parallel light was, in effect made in pioneering optical experiments. ..
- But the need for the signifance of parallelism, the preciSe manner
in which it was created, andthe degree to which it was attained, - all
these factors were rarely fully recognized and appreciated. Even when
they were - perhdps intuitivdy - recognized in practice, the clear and )
- systematic explicabion of their significance in the reports and writ- °
"ings of Newton's time was rare, " ‘ - T

-

e

: * Newton himself.was cértainly fully aware of these factors ‘in
his experiments, but the rather haphazard manner in which he deals _
with them - piecemeal and usually in response to some particular crit-
fcism - illustrates the general lack of a systematic¢ vocabulary of op-
tical techniques and principles in his time. "Ideal" optical arrange-
ments were not only far from achieved, they were'usually not explicityly,
or in w generally acceptable way .formulated.  If we .are to try to repro#4
duce the succéss attained by Newton, and the obstacles that he ‘had to -

- surmount. - both in convincing-himself and his opponents, then it is
with actual imperfect sources of:light, rather than with idealized
arrangements, made posstble by the subsequent dewelopment of .optics, that

. we must werk, Obviously the sun itself would be the prgper choice: and
if this. is impracticable, then some, equivalent, source.which replicates

. as far &g possible (and in a manner which is not' eoncealed!) the real

~ virtues agd limitations @f sunlight. This" is far from triviale ‘in fact, .

M, é
.

»

[ 4




. - . .. \‘ . B - ' i N -~ . . .- )
) . . . |

. ,Historibdi”Notes continued .

At is the most important aspect of any attempt to recreate - by stnless

7 but faithful, laboratory experiments - £he proper significance of New-
ton‘» work. ,We return to this question below. Méanwhile we notice .
that the obscrvations of chromatic aberration: Peed pot -invoke the'pro—“\
perties of.shafts of sunlight in any spécfal way. The sun here provides
simply a source of general illumination; it, or some other source can,
be used equivalently, just as Newton describes in‘his owrt observations:
So one Bam, start with some'éxperiments that do produce phenomena as
Newton - .and perhaps. his contempotaries: - saw,them. This may not be
the ecxact historical sequence; but it is. not viglently. anachronistic,
and at least the observations can be faithful and meaningful

o .

3. Lt is. a matter_of.taste. and Judgement -how-much ( or- 11tt1e )
historical or other reading should precede experimentation. Ideally,
one miyht wish to begin experimenting with the 'sort of backgroimd,
experience (and prejudices) possessed by the piomeer in tHe field;

- which means -familiarity with an earlier phase of science’ and its his~

.tory. But it hardly is iealistic Lo expect this background to be Sup -+
plied by extensive reading’ in ‘the - primary literature, ‘Some synoptic,
secondary sources (plus verbal instruction) are the best that one can

'uspally ‘expect. T1f one experiméntalt historical inquiry is preceded.by : »
another, which provides a natural introqpction g0 much the better,

‘'For Newton's Optics the precursors are Greek- Arab1c-Medieva1 Optics .
culminating in Witelo and Dietrigh at the end of the 13th centurxy; the
resurgence of optics in the 16th/17th ‘centuries exemplified by Ke ler's

" Dioptrice ¢1611) and Descarte's Dioptric (1637); and the more immedi-

ate -background provided by the publicatigns’ of Hobke (MICrographiw/j665),
" Robert Boyle (Experiments and Corisideyations Touching on Colors, etc.

1664); ermaldl (Physico Mathesis 1665), and Erasmus Barthollnus

(Exp. Crytalli Islandi -- 1669). (For a list of 'useful introductory

material see References in wlbliography) . 4

L

K . Newton's first paper of 1671/1672 (referred to aL N.®), and
partsp;j Book I of the.Opticks are suggested as & minipal basis of
primax

regdings, and as a framework for an experimental inquiry

J ' ‘ ' EXPERIMENTS AP

- . n ° -

60, Blue Book. pp.43-45¢) ) \

1 Prefimidhry Observations-of Chromatic Dispersion
4

EXperiments described 'in Newton's Opticks (Dover Edition)
PP. 20 26, Prop I. Theorem I. hxperiments 1. ,2

These arg easily remmduced experiments as Newton writes " -a
» novice might wmore easily try them', ‘No%spec1allight sources needed,
.. ' Note that Newton used an artificial source (candle) in one of then'
4175 A fairly large (2" diameter should suffice) bi-convex lens of fooal
~ " length 1520 cm. can be used conveniently in Experiment 2. 'If light

ratAn e e

\.)‘“ ) ‘ ". _5_1 8 ' :-, . N ‘e
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T Experfments éontinued . §_,

.. background is a’ problem one can substitute For NeWton 8  two- colored
uﬂﬂrd,‘00101 -trdnsparencies ‘(filters) with suitable fine markings ,or
“color- {ilm trangparency with fine detail, and these can be illuminated
'from the rear. \ < R . '

2. /DisPerslon bx_sn (Fquilate£al_ﬁrism

A

To simulate the shafts of. sunlight without over-idealiring or
_ under-realizing the capabilities of these experiments, ig as . mentioned,
L the. most, important problem . v
. . . . ;o 5
L : Obv1ously a luminous object at a distance suffi01ent1y large
-~ that from -€ach" point of it the, light could bg consideréd parallel, and
yet the whole subtending %“. |, is as impractical as using the sun
itself (It would have to be several.hundred meters away, ‘and there-
+ - fore several meters in diameter ). .But since oné needs-=orily a light
source which emits. - more-or- less- un1fonnly - oveér the angular range
employed, f.e. approximately %% | ore can. simulate this with a small
bright source at the focal point of a lens .

-

L
-

A carbon-arc, or a more modem counterpart- (e, g. a gas-
fllled concentiated -arc lamp made b¥ Sylvenia Flectric Products)
can provide an. intepse 'white Yight' source S of some 3 - 4 mm..diameter.
Placed at the focus of a-30 - 40 cm. focal- length lense ., this light
source is transformed- into a 'source-at- ‘infinity' with an angular
. spread- of 1/100. The diameter of the leng need not be much larger

than the'beam' of light one ihtends to use: 4.cm, diameter is ample,.
It is convenient to Wse acVariab}e stop, A, (O 2 cm, dlameter) after the
~ lens, and close 'to the "prism. -

-
-3

» The quallty of the béam transmitted through Lhiseapaiture cah be @b~ '
"~ served on a distant screen, L meters away, where it should appear  as

& uniform disc of light of diameter L cm; and this diameter shouLd

be more-or-less 1ndependent of the size of the opening A, _

~ . "With such Jight source, and without the’use of, additional

'le&sés, the sharpn&is or diffuseness of spectral-images, etc., is

determined.primayily by the linmear ‘scale. of the experimerital layout

and the %° angular divdrgence of the light, unless additiongl aper- -
. tures are used Lo select a restrlcted an uldr range of the ight.

v
. . Yy

, : Thus Newton using a 22 foot long room observed a, "breddth"
w  of-some 2.5/8".( = 22 ft. X 1/100), which is much larger- - then the hole of -
Y 143 diameter in the window shut, Twenty-two féet.may well be

. . .
. N . . o - Ly
¢ . R .
> B A . . .
‘! . . i
ot - ‘. . M
. . .
: R .
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* Experinents continued

A ]

\ : \ - - :
- inconveniently large; so a roughly half-scale version of the exper-
- iment mpy be useq; ' ] ' . S ' . .
Aperture in front of pfism ~ 5 mm. diemeter W v

.~ Distance from prisim to screen ~ 3 meters.
",8ize of image ~ 300 X 1/100 cm. = J.cm. (= 1%")

.

The "white-light" source mentioned above is stated by the manufac-
‘turerg to have an eqpivalent temperature of some 3000° Abs. The .-¢€ :
sun's surface température is ~ 6000° Abs., So that one might expect T
- the artificial light’ to be much redder than-sunlight, In fact it is ,
~_ not.a bad match to ordinary sunlight (at the earth's surface) which . . . __
.~ 1s presumgbly much redder than the primary light on account of at- ‘
= mospheric filtering. ' :

. .
¢ . . . ik

. Since thefinterpretation»of-the shape oE‘thé Spectrpm'was
central to Newton's ideas - and the ensuing controvery - it was, as
~. Newton recognired, important to show’ that this could be contrdlled or ,
changed. (Newton promptly-addresses,ﬂimself to this questign (April e
-1672) in reply to comments he receives from the Royal Society on his . .~
“"first publication). 1In seve 1 ways this maybe'dong,'wi h results =~ .
demons trably consistent with Néwton's'interpretationg f ' A
(a) A long-focal Length lens (focal-length »2-3-M.)" can
| _ be used to fogus®’the diaphragm-A onto the scréen. Then, -
. as Newton repoits , "...the streight edges of the oblong
‘ image were distincter than they would have been without
the-Lens.'" - : ' T o
' C L - . ' | - '
(b) Experiments with a source producing less angular di-
"vergence - than the sun, to wit, a planet. Quoting Newton -
-again: : .
'"Considering that the ‘rays comingifrom the Rlanet Venus
are much less inclined one to another, than those, which =~ . &~
| come from the opposite parts of the Sun's disc I once -
« - tried an experiment or two with her light®, And so make it
sufficiently strong I found it necessary to collect it -
. ;irst by,a broad lens, and then interposing a Prism be-
tween the Lens amd its focus at such distance, that all
r the light might pass through' the Prism; I found the focus;,
" which before -appeared.like a lucid point, to be drawn \
into a, long splemabid line by the Pristh's reflexion. -
(Sic!-surely a misprint for 'refraction'?) '
. : B : ) : t '

-~

0
f

/ _ . N
The spectrum of Venus obsérved might make a good '"'special

~ brqject". But more prosaically and practically, the influence of
¥ the angular.size of the light source can readily be studied with

-




Expefiments continued . S/
- ) Y . ) . ' .
~ the artificial source, viv: Change the lens 1 to one of lb\\ger -
focal length, say 60- 80 cm.” The effective angular size is reduced .
. from 1/100 to 1/200., (Not as* good as Venu$; but, th? chdnge in the
shape of the gpectrum will be quite pronounced ) o
A

3. Supplementary 0bservatgonq (c £.,N. I pp. 3076 ?077)

-

o . X
(- . a) Check inf]uence of size of aperture A on :ﬁo{f N

spectrum, :
'//) . b) Check influence of thickness. of prism-glass traversed
’ By -small lateral displdcements of prism). /

ey Note how position and shape of spectrum depends on )T

prism orientation (observe "minimum deviation'"). Partic<
¢ ularly relevant to Pardies criticism (Ref.i ' ).
- 4) Verify linearity of 1%gs emergent from prism - by
moving the screen.

T e Repeat experimeny with two similar prisme (p. 3076),
showing colour -production is not ‘due lo surface Arregu-
larities. , . .

- - \ N . ‘,-"

4, Expcrimentum\grucis' . : -

S - ¢ L
. Ikis 1is the one experiment that Newton returns to time .and

again, as the most direct and conclusive verification of his basic

principle: The composite ("difform'", '"mixed", "comingled", etc.)
nature of white light. Tt should be performed with the thoroughness
it deqcxves - . - . , . _

There are, in Newtdn s own writings, several versions: and:
subsequent’ SCiLntlfiC and historical documents spawned 1nnumerab1e
variations - many fictlcious spurious, and even incorrect. The = .
description in N.I., P\ 78, (which is essent1a11y the ‘same as the
fuller account in Newton s second reply to'Pardies (Ref. 1ii,

p. 5016) although the apertures are not in precisely the same loca-
tion in.the two versions), 1s followed here.

o | Soovce
_ P o | “ ,
Scmcn o - - 37‘ J?‘//‘ | / .. |

With the layout épproximately ae.shown, the length of the spectrum |
at the second aperture, ‘A'  will be about 6 cm. and.width about 2 cm.
¥ (@perturc. A about 6 mm. less). A' should be an adjustable slit, with

~ . . -~
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Exgg}imcnts continued -: - o o : ib;7?l

openings in the range 1 to 5 mm. BgtH'Pi,Pz'are set ofiginaily.in_“ﬁL,m.
the symmetrical positions (minimum deviation)- -

-

_ _ Turning Py about its axis by a few degrees changes both the .
color and the position of the light on the screen; turning P, changes S
neither (at least t6 first approximations) . The effect of digplaging '
Py from the position of minimum” deviatioh, and of altering th er-
tures A,A' can then be studied - and explained!' One can’ also.examine * .-
the ¢ffect of transposing A to ‘the opposite’side of .the prism, ‘
‘ 4 . .. . J '-‘-‘:-‘ e
. 2. That the colored rays are not associated with some sort of .
curved, trajectory - (as might be inferred from ‘Somé earlier, cartesian,- =~ —
. conjectures) - can also be readily checked: . Simply by changing the’ ‘
position of the screen.and.noting the position and size of.the coloxr- .
ed image (N.I. p. 3078) . Another. demgnstration of this is the use. -
of two prisms, one transyerse te. the oth_r\.)Thé"Spectqum.is'néw dis-"

, -

et
s

played at ASOtO\ theaxfa‘of _.._;tg;‘i)iﬁl{_‘p-ri_@ﬁsl' '(Raﬂ__ﬁri' , pf._;.f§09?_-. , P e é” Ll
T e I A i T
The light emergent frbmszﬁqubef{urthettfﬁnglyged"bY*" R

another prism Pj, to verify. that succgssive refracﬁ.~ﬁ§?dﬁﬁﬁbggchpngg;¢}Uf¥f

N 3T
%
.

the coler of 'homogeneal' light. Likewise, the light may-bé refleets ' 4

. 4 o . - ~ L e

ed from an ordinary mirror, or scattered from a'white surfacg&yithgugigg .

change of color. ' ' o . RS - R
v - - @

1t is this "ekpérimqntﬁﬁ crucis" apd its variations that = ~
form the basis of Newtoh's principle that the element in optics is )
‘a ray of colored light; "colgred' in the particular sense that it~ . 7 .
- possesses a definfte'refrangibility,_elementary'ip thevsenge that '
subsequent physical processes - reflection, rpfraétion,‘transmissions -
do not change its ¢olor o refrangibility.* Newton's revolutionary, .
idea is not simply the as ertion that white light is composite; it is- '
- also the introduction of the possibility of a persistent, colored ray .
or beam of light. “All earlien~investigatiohs had interpreted colory/
as some sort of modification, of white light introduced by its passage
through apertures and/or refracted media with boundaries, and not
necessarily, o1 even usually, a uniform modification of the whole
beam. Moreover, successive transmissions introduced successive changes
in the color-structure of the light. Color then, was a transient
property of light ip particular c¢ircumstah  In contrast, for
Newton, color was a basic intrinsic property f light; ‘and_the ideal

light was a ray of un%ﬁyrm, constant, singlé color.

5 Nature of Colored Ligﬁt_nnd I1lumination . ; .
N A In Newton's scheme there are three %}asses of light: |
- . \ .(' ) .
. . a) Pure:icolors, of a particular, constant *refrangibility.
T - No further separ?tion possible. B »
. : . . , & . N
/ o .

"Tj, -fm”r“t _tm_r.‘ _%_?iuul_twwgh_  o -_J’f/-\

~" . . N
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'f - c) White light _\speciai combinatidn of ' a11 colors, ;. .-

‘(N.I. p. 3084)

- . - . x . . { X . & R ‘ S ey s - B R ,,__.._, ; . .' ..._.:, L . 'm‘
LA N (‘_ yN ) ! i ¥ R ' , oo , .
o o - R I 5 E PN ) f'; y ) . . ) {
. . . . . '.‘"' R , . - . - . - ~ . '
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fErperiments contindzd _ S ;_ ég - ' J
[\ » ‘ : K N - . N L ~ |

‘s .-, - b) Light which may appear simi ar to a pure color, but | .

2 - 1§ nonetheless mixed. By refractipn transmissiona exe., T

" 1t8 tgmponents can be qeparated v o

. #the confused, agreggate of Rays indeed:wi'th all sorts ' . ) j.

‘?’g"‘ ~¢,pof coloxs -as they axe promisculously darteéd from the - ) '
] . various parts of 1uminous bodies.'" (N*I..p. 3082-3083)-:
: Numerous exgerimental ‘tests ‘can be made of thiiﬁconceptual . .
-wﬂﬁ:framework {t. can ‘#lso prgvide a ready explanation of soje well attest- . °
""" ed phenomena'.~ €.g. the colors of the rainbdw; or the different colors . I

of semi- tranSparent~objects viewed in reflected or transmitted light -

P ' . D ' . ’ . ’

- Ty

v el
Transmissions and.Reflectia' R CRRENE

‘by different light. _r_

:Reconstitution ‘of White Light

4

" Use aiconical flash with various colored solution - Observe

" the transmi381on (ahd refleption) of "'monochromic. “light" “of” differ-

ent colors, selected by piﬁsm-refraction Also view different ’

colored minerals - cinnebar, red-lead; indigo,,etc.- iliuminated . X

~ < . -
Ve "

it can also.be synthesised- from thém. * The experiment described by .
- Newton (N.I.} p. 3085-3086) can be reproduced - on a’ somewhate re-

- scaled-down repko

_‘ -8ion, by an amouht of appromimately AXm(xAﬂ x M. ( ‘C is the dis- QS
'tance between the |aperture: and the’ prdsn\AO the typical angular dis- - .- .V

.persion, and M the optical magnification.  Since is only a few inches, Ta
‘say 4" 40~ t 2/3, and M about 2, the color separation on the screen; -

- of, the aperture N¢wton uses, which is~ 2 x 1/3" = 2/3" diameter,. so . : X
. that will be good?overlappino of the diffeérent colors. - (Notice the :““‘

. difference- &ptwee this use of a leng, and when used to sharpenhthg,t\
+ . ‘gpectrum, Cnf P 7(a) above) (‘.E,, P. 3087%' ‘ | g

(.. . ,_
i . 'y

Whﬁte 1ight can not only be analysed into its components, n

duced” scale ' PO - I D . -
o » ' a ¢ ’ ' - ' - N . / -
A 30 50 cm. focal length 1ense, of 3 & c .diameter and. |
om the prism, is satisfactory- constituted
gerved on a screen gome 10Q-40 cm, from the .

&' *

From-Newtion'q description af this experimefnt:i- and froma . . - °
oductidn of it - it appears that he is focussing -an : "
image of the apertjure just in front of the prism on to the screen. .~ -
Jmages cérresponding'to different colors will be separated by disper- .

is typically f /10", This is much~smaller than the magnified image fﬁgg

\r&%

_10-

v,
ke
)




PREEE \T o Al
g‘* . - ‘
- N% - - ’ . . e
a ‘.} . .
L LY ‘f~‘ s * \ - . -
R ) . - f
v
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. * There are other-versions‘of-this-eXperimenp to reconstitute

white light. n opticks, Exp. 11, pp. 142-143, a gecond prism is .

used in place of the idns. Later, Opticks Prop. Xl -Prob. VI, pp. .

H

186-189, a niore gsophisticated arrangement with a-lens symmetr cally
u ‘placed between tWwo prigms is used (Fig. 1 ). . By .the principle of
( _ the reversibllity of . €he rays of light, the whole .spectrum can.be L
. '_recnmbiped:into'a‘white circular ‘patch of the same gize, and in the .
sane posififon relative to the second prism as 4s the aperturc to the’
firgt.’ (Fypical gcalgdfdown valuqs:"fmﬂﬁ cm, ; separation oft prisms
90 cm.; apgrpure‘close:to prism.” For th? symmetrical arrangement .
. the distance betweem object and image. is’ 4f.) . PR -

| » ’ .
e, >
e b e oo e e o ‘
i g : X e ' ’
. | .- 3 U PR [ - .
l | ‘ e e T
| —
N ) N 7 - ) . ‘
.
. . . B ‘
. e .
.

Figure 1 -(on page 11a following) T L,
« 2 'S

o -
’ v £

. The cffect of changing the-apertuﬁes, and the position of écrdﬁn I S

"(ﬁ'.)/should'be obgerved and explained! = 7 . S N .
o Iriterceptioh of afy part of the "spectrum, at “the lens, results’
. , in a.colored image (not a pure color'). More. striking support of
+y ' Newton's hypothesis of the complexity -of white light. is provided by
» ) : . 3
Co experiments in which all but a naxyrow segment of the spectyrum is iAter-
-~ cepted at ‘the léns (Fig.2,plla) by .a diaphrfggm.B. A more-or-less uni~
1+ form coloy is seen on tle screen. (Obserye the effect of .changing
f-the'Primgrzﬁ;’iiperturé A). As aperture B {s moved across the gpectrum,
© ,thg coldr st the screen § changes successively from red to violet or
~ fvigcervebrsa. L ‘this change_gs‘speeded up,. by using a slotted wheel .

I ~

SR S S I :

: . LIV ' C o

r_\ s RS _Figure 2 (on page lla following) . !
/}w T | f}"v . . L ' . > ; .
L ,*-JéTypicaT D&mensions,AP=4cm.; AF~TS~45cm; £ of lens=24 cm.) .
.f:nu‘._ v D e .:' s .;‘ ;‘ . ) g N 7 . . '

L S : » . S Ay v
L égwhicﬁ can be rapidly rotated, the appearance to eye is of a‘uniform _
'Qf;' < Whitigh image. white light has now been reconstituted, not only-‘by . N\
' .gﬁimuLEhneous,’bﬁt also by successive superpositron”of all its consti-
_xcgfig%gi colors: ( Ref.iii, p. 5097); and by the 1atter_means‘thé“transiJ o
”jﬂgﬁtﬁqﬁ from sepafate colorsito'whiteness can be made gradually! (See ~ .

. . alo Opticks, Prop. V], Prob. II, pp. 154-158, and Exp. 12, pp. 1&4-

- o, "
B ‘e
AN «

.. ‘ Q-‘.l:‘,-' ‘-‘Tl‘z‘s) . o | .. ‘ . ' ] » . .o }
N e o - S
'{f%ﬁ‘i;g; In yet arnother demonstration'qﬁ‘the gsame principle, a board, '~

;‘5?}{??»éovered with numeroug. st¥ips of dolored paper is”illumiﬁated;by strang

TRV lighe, and ‘the 1ighg}féf1ectqd.from this surface is’used to illuminate
L0 a (neutral) white paper screen. _1f ‘the distance between board and

- . 7. screen is sufficient the screen appears white: when closer to thé

' ' board,remnants of thé colors can be discernéd. o

i - ¥ ’ . -

-
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.at Liege quite unequal-to the*tasks
‘let alone fully understanding thém( 'Ref. 'vi' . ). But beyond these re-
actions to Newton's theoty of white 1ight ‘and prismatic colors, there -
- was another real complication whose ‘full significance, or'even the ) .
-relation to his experiments, was only partly grasped by Newton him- C.
i, self. This was the.obsqrvation by Grimaldi, a few years earlier, that L

[N

Experiments gontinued

ot

Onc £inal cxample A fine froih of soap- buhbleq i]}uminated._

'by white light vwhen cxamined close- -up showg ‘distinct, Xocalired

colors (The colors of their filmg., as described origi ally in Hooke' g

Micrographia);. At gome dis'tance theqe appear to merge into a uniform-
.whitenéss.. .( Ref, iii p.5101, 1693) : | : L.

- - A
. . o
+ . . i « .

There are more claborate equrimentq to display the differcnceq

" between composite light which 1ooks white, and natural white light .,
 For example, using twe prisms and light sources, blue and red light

whén mixed on a scrgen appears wvhitesh; but examination through a
prism readily reveals'its true compoqition (Ref.iv, p.6088.) These

--experiments- are partlpy to refute Hooke's: original hypothesis that - -

white light - and indeed all colors - can be.compounded of two basic

colors: ytiiow and blue. (c f. Ref. Vv, P. 6108) "

S

. It is well worth remarking that Newton was always fully -
aware of the difference between what we might call the psychological .
sensation .of color and the physical concept of a pure color ( of a
r&y of light, etc.).. - -Apparént identity of appearance (sensation) is
nowhere. taken as conclusive evidence of physical identity; but change
in appearance is taken as evidence for some .changeé in the physical
composition of course there are also many instances, - particularly
in the successive transmission through prisms of rays of: pure color -
wheye the constangy of appearance is consistent with Newtan's hypo-
thesis, and thexefore in support of it. But it is the impossihility /.
of effecting any visible change by any physical neans ‘available, that! .
is the real test of the\furity or elemenLarity of the individual

- colored rays. o _ _ . lf

Postqcript

An attempt to replicate these beguilingly 'simple" experi- |
ments of Newton soon reveals that "there are recurrent subtleties in ‘

the (geometrical)- optics gpvolved which Newton himself is not always

at pains to explicate fully, ‘and which were surély netther familiar .
to the optical art of his day,.nor obvious to his contemporaries. For

some these difficulties were really.-a source of eonfusion, for 'others

' they provided an opening to criticise the validity of his experiments)

or more often‘ his .conclusions from them. Pardies was at first misled,
later convinced {Ref.1i,ii ); Hooke defending his own theories  is highly
critical of the dramatically new Newtonian hypothesis (Ref. vii )i+ the. '
great Huygens genuinely skeptical (Ref. iv ); and. Lhe‘lesser lights

of’ repquucing Newton's results,
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. Po qcrip&;continued ] , _ _ //. o

Olors appeared near the ed&os of Qhadows cast by fine obstacles and

slits ih the path of light. . To, be sure the dimensions of apertures

in this cade were af a different order from the-rather coarse open-

ings (evcn the smallest bf them) used by Newton; and Newton was

' corroct in diqregarﬁing Grimaldi's findings as irrelevant to the
main issue at stake {n his own: work -

Lot

" Yet the obscrvations of- Grimaldi ‘1ike the colars in their .
p]ateé bubbles, films described by H00ke were recal enough, and Newton , S
could not long ignore them if he were to defend, and extend, his own
theory of light and color. These matters seem to have occupied Newton's

- -attention-shortly afper he.had.conc¢luded.his. findings .on the nature of .
white light: and h#sét out his extensive ideas and speculations in a
letter to the Royal Society.in 1675. «This so called "Second Letter" may
be read as a preliminary draft of a large-part of the Optieks, which
was pub]ished some 30 years later (- - when his major critics/Huygens and

.Hooke, were both dead It is here, -~ in the letter of 1675, and later
in Opticks, that one finds the full expxesqion of Newton's hypotheves
and speculations:about the ngture of light, the famous ,
Meorpuscular" theory, the theory of alternate "fits" of easy reflect-
tion and trangmission; togethér with reahrkably précise experiments on

"Newton's Rings" in which, .effectively, the wavelengths of different
colored 1ighe is determlned for the first time ] .

o There are only occasional hints of this later conceptual
n/' - edifice in the pre-1675 writings of Newton. The contrast between -the.
\ ‘first’ paper *(1671/1672) and the 'second 'is striking. 1In the first, and
- in its defense, he. denies all pretéensions to hypothesiring: his‘experi-
ments demonstxate the true nature of light; the second.is a long elabor-
~ation of an ‘involved hypothesis of particles. and ether, supported from rﬁ/
time-to-time by appeal to experiment. In the Opticks one sees an (
attempt to comBine the experimental-logical style of his earlier work L. -
“with the wider embrace of his later speculations and explanations. s
Ironichlly, Newton's earlier conclusions so well-grounded in inference
from experiment aroused immediate sharp criticism, while hisvOptic
with Its far more ambitious and speculative hypotheqis was acclaimed
.But of course by 1705 Newton's reputation rested on a far ‘more impo*-
ing base than -his optical work. It required, as we know, a century or’
so before his ingenious and compelling ‘ideas were really challenged, and
then _overthrown. But his early work, his masterlv analysis of the
nature of white light, endures, '° nof only as, perhaps the greatest
single contribution to the underqtanding of the natiwe of 1ight but
also a great pioneer example of the power and purpose of scientific\
experiment and infe1ence :

4
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*.Details of Apparatus: \
] S :

A

Thié_expafiment uses essentially stanﬂarp,;ihequnsive'items
] r R .,
commercially avﬂfiable" _ . - .

- - . ‘ Id # id

r

A ) »

L. . Sourge df Lights The ‘orucial item fg n§ already empﬁasirea,

—]

the Light source. - The wost convenient is & podern.versionof sﬁe high-
.. intens{ty'arc, but thig i1s not inexpensive' ™(We have used the Lenco oML
100 watt "lamp, #8%7341 (about $50/Life: 375 hours) with the power supply
. : . g ) - < .

.- #87345 (about $200) ). | o )
L. | B o RS R3 <L
Alternatives ‘are: ‘ - ! . - -

- ) ' e s ) . ‘_, ) ) '. . .’. o —_
f~*"'”"“““_'“1)““Ih6‘suhg“"Cheap,’if available. A simblg mirro: arrange-
-, ment just near the entrance aperture_to the dark-room can be
used to keep the sunlight-beam in coﬁﬁenientzposition.
S o o, . toe L a .
e i2). A hhgh-ihted%ity filament lamp- (eg. 36 Watt car lamp).
By, suitable blqckening'of the glass, an effective source ).
. "~ 8lze of‘some 4 pr 5 mm may be arranged, but thp brightness ‘
will bé considerably less thag optimum. (Also the color . '
- is more "yellow" than sunlight) - - ° :
:; . 3) An old fashioned arcfiamp. Exce}lébt brightness, but
¥ messy to use} .- unless an automatically regulating arc is
' - used, which is expensive., (Simple. arc:’ Sargent-Welch
o «  #3680K; Leybold market an expensive automatic model) ’
_ In all cases to.simulhtewthé sun the source.is placed at the ‘;
.~ focus of a converging lens of“focal length, f, chosen so that f:~-100 d, %
whére d is the "diameter" of -the light source. This simulates the'sun.
} 2. - Optical ‘Bepch and Fittidgsf Only the simplest Opticaf,bench,-
with fittings to carry slots, screens, ‘lenses, etc. is necéssary, but
robust equipment’is probably a sound investmenqi . . ,
. A grédﬁated Qgﬁéﬁ is é&nvénient, but certainly not’ essential.
The equipment listed by Sargent Welch #'s 3621, 3624, 3626, .3620(A) or
Cenco i#'s 72220, 72210, 72322, efc., should he adequate. One 100 cm
~ @hd one 200 cm bench together suffice Far’most experiments described
) o N ) Y R B A
- 3. ‘Lenses:. A few bi-convex lénses 20-50 .f¢cal length of moderate |
" .47 quality, and with diameter of'about"ﬁ em.. with lens-holder (e.g.. Cenco
#72288 or Sargent Welch #3629) . . T i ' vy
4. Prisms: KThrcé)-Equiié&eraiQ(ﬁOé ) prisms (glass Qt‘Lucite)
~ with 1" face width and 2" - 4" high 3;9 adequate, ’ o ]
. / . -‘-._ ) o : .r . r I . ] '- :
o= R R, e g w,,, 'x S L;:"f‘ i ;;\ \1 ‘"X”c TR ”' o NETRE
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DcLails.of Ap aratus continued~ — B
5. Qlitgl Diaphrogms: « A simple fixed slit of width~2 mm?,

~ which can be turned about its axis to obtain a.variable width; is | .
r gufficient (to select part of the spectrum). A more elaborate/pd— .
justable slit 19 convonient but not £sqential o . N
- /f
An adiustnb]e iris (O- k" diam Ler) (ﬁrom an old camg&a”)
of some sort should be available. A. pafr of é&mplc platforms; which )
can be turncd in their mounting is alao needed’ to mount the pfismq “T e
. g . _.,,_ .
6. Light Sc;eening Apart from the obvious neeh‘for a darku
room, it is necessary to screen off stray light .from-. source, and
_“_"_L_;eqpeoiaily so.if more ‘than one optical set-up is being useéd in the . .
room. If the layout in the room is convenient this may be accpmp1i9 ed
with appropriate black curtaining, but, a more flexible ( and maybe
- safer) arrangement is a metal box encloqing the source,and equipped
with a small inexpensive blower to aid oonvection (th? 1 anip dissipates
100 W.). See gccompanying diagram.

, ’ , : NG y
7. Miscellanecous: "Many other items - colored objects;.screen,
etc. - are easily home-wmade. N b ;

For the observations on color mixing an ordinary comb may . .
| be used; or alternatively, a card-wheel (4" diameter),with radial
slots about 1" long, 1/10" wide and spaced %" apart. This can conve?7/
iently be spuniby\hand at the appropriate speed. (See p. lla, Fig:.?/
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e 1604 - Johannes Kegler (1571- 1630). '"ad Vitellionem Paralipomena il
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( 6690 ) e
) Definitions.
‘1 Tcallthat Lwht homogeneal, fim]
ra}s ate equally lctmnmblr' -
2. And that httczogcof‘al,whofc raysare unco uuy rcﬁm_
sible.
§ Note Thereare bdt thrc.afﬁ&nons of Light in whsch Ihave
obfcn ed its raysto ditfer, viz* Rcfrmplbn ey, Rell xabitiey,

d Culor; and thoﬁ Fays, W hich agree. rdmnmb,],,y e
yrcc alo jo the other two,and therefore any well bé defined
homezenzal, efpecially ince men uffially eall chofc thingsho-
* mogevncalwhich arefo inall qualiti¢s that come w»dcr thur
kbuwleu, thou:h mothcr qunhms tRae cheir knowlcdf EXop

ends nux to there may polliny befome helerogeneity,,
3.4 “hol: cud ()r>!u!lun*\lc ur hum)ou)uxl \/hrch are eye

hiticed by homegensal by, :ht

4. Au'i thole con‘pound or hctcrrd:f;cneal,ryhich are cxh‘zbi-

" ted byh teroceneailinhe, S

ST RE vz colors call not only the more eminent fpg-
cies,red,yellow, green, blew, purple, but all other che minu-
tc[tbr‘m*:zws much aftcrthc {ame manner thie pot ouly
" the more eminzat degreers in Mufick, but all the leatlt gradatis
ous are efeemad difierent fouads.

. Prapof; ‘Tions.

t. ThaSan's1i- 50t confilis of rays diffiriog by iedefinite

dcqrc sof Refrossitility

i\a)s waich ditier ta rcfranplb:hty when parted from
cne enother do proportionally differ in the colors which- they
cxmbm Theletveo Propofitions are matter of ..

3. Thege arcos many fimple~or homogencal colorsas de-
grees of retrgnzibility. For, to every dwr\.L of refrangibi-
lity belepgs a’dm&rgm color by Prop 2.And that color is rmplc
by Defe l.‘tmd

4- thcmefa 0 311 re F\c&s Ike thdtofthc Suv’s immediate
light and of allthe ufial objz€ts of our fenfes cannot be com-
p\)undcu of two fimple colors alone. For fuch a compofcmn
mult be made by rays that have only two degrees of refran-
gibility,by D/ 1.and 53 and ther: fore it cannow be like that

of thg. Suns] zhe,by Prop. 15 Nor,for the fime reafon, like that
of erdinary whm. objets.

b B

(VRN

5, Whitenefs

~

c 25 ~ .

ar orumfm‘n;';v‘hgg'\

|

s capadble of further proof,

s e it g i e v 3
-

“ate ,,(,ht cannotbe compounded of fimple c

ety of homg

v

T " Ceopr )y,
", Whlténcﬁ io all refpeélslikethae of the S?Jns :mmcdto

fadcfeics varie ty of them, Forco fucha compo(‘uou there
are rcquﬁc raysindued with all the inde§oitd deerees of ros
frangibility,by Prop. 1,Aud thofe infer as man) r'npk colorsy
by Def. 1. and 3. and Prop, 2 and 3. )
Tomake thefe a litele pl mucr, hwc addc alfo théPto-
pofitions that follow, , . N
6. The rays o(«ﬁ@htdo not a& 6n oné another in p‘lmno

" through the fame Medium. This appears by (everal paitges
5100, arQCi 5101, :md is

4n thc'fran[a(]rom peg. 5097+ 5b98

7. The rays of light fuffer not any change ofthcxr qm‘mcs
from refration, .
8, Noi afterwards frolp the adjacent quict ]Ifec..mr: Thefe
two Propolitions. are makfclt de fidoia homogeneal lighe,
whole color and rcfrang,lblhty}s not.at all changeable clthcr

by refration or by the contefmination of a quict Asdinr,

nd.u for heterogeneal light/fic isbutan aggregate of feveral
fortsof homogeneal light, no od¢ fare of which fuflers a: ny

more altcr.mou thao if itwere alone;becaufe the rays at pot™ >

on one another, by Prop, 6. And therctore the aggregate can

fuffer none. Thefegwo Propofitions alfo mightbe further pro-

ved apart by Experhncots, too long to bz here deleribed,

9. There canno homogeneal colors be cduced out of light
by refration which were not commixt io it before » Becaule,
‘by Prop, 7, 2nd 8,Refraction changeth not the qualities ofthe
rays, but only fcparatcs thofe whichArive divers qualities 5 by
meanes of their different Refraogibilicy.

Yo. The Sun’sli aggregate of an mdcﬁmxc variza
veal s s by I'rop. x, 3,and
it i3, that Jcall homogcneal colors alfo prlm,;)vc or orvg,mal
And thyfmuchconcerning Colors.

s without.an £

A nd henée

4

|
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|
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"' an hcn how Mr. I\ap!(m cndcavours to Maintaiy, Ris Nery
2 Lheory comcrmm Co onr;y, In

Portan: Objeg 100, v,
re, Is thae, \V hcthcr there bc More

hers, being oroly More dccr>ly chargped

as
. 2047 do Produce t)ye ¢ darl\or
W3 and t!_mt of thek. lo‘xr all the Otier ¢ Icrsmay be

e Buchmor, c2{y to find aq Hj,/ot/xﬁf by Fnouon
fetwo diff- :cnccs, th:mfor!o
t lere gre- of:others Colors And tilLhe hath found this Byp,.

# hc.fm ) ‘ 5, What it s wherun confifts thegg.
turefing ¢ Werenee of (,ulous)butun!) IS Accidene Cwhich

¢ ol B
ccnar').J Svery Cenliderab)e y) of thur diflerens Refrangiyi.

As for thc Compolition of 4 bite
Rether, jr M2y pofiibly b
thae »

Co!nrs to-

made by 4 the. :
B/rm mrqht alfo bc

s th: at Tc//om .md

and blew, 1o fee,
Would not 1naf e the paper

}w"' *Wier the Lighee Place of the'yeligw color may por all a-
1T PT0duce 1 g tletan’y; FEMO try it ar the firft cirpe
IR Y, cy (r?ms.thoug_htncvcr crtﬁmto my mmd but juit
, S - now

) . 4 - 7’ .

v e arxe,.

Many dzvcrlrtus as.

lcxcndoubt -

e

LI : ’..)"{;:. l \ .
P '\ ._’\’_..'.‘ T o :}L . 5
r-}*.: : “\f‘/u . & & s S
« . . L . N
‘ ' :{Sl' ! 3!;.-‘;" FOREEI . : : "; R . . # ‘
_.'.;L._.*_--.;-:-,‘;\.*.,‘-ﬁ:' RN ( 408 ) . R
4 v 5 4 : 0 7 *

‘ﬂQﬁ Mcan umc }’ou may {ce
fid,

‘Teftare nbthlng but dcgrccs e.chl lof and Ble
-chugcd

'thé Rfl i Tclcfcop;cd Cla[‘c«

s that if thrf'c Fxpenmcnts do
* fucceed, it can NOwore be f1id, thae all the Colors re necef]y.
Whi hite, and thye " tis, cry-: probablc,thataﬂrh,e

(y,lo compound _
w, more or lcfs

L; Atk

4,\muchmg the -Effe& of thc d!ﬁcrcnt Refra@ions of
'tis cory 2idy that Expericoce
confider

\ "t’%‘xbwuh what Mr. N _exr.‘m holds, «For to

Igreasyr
u%ly' dre, nﬁrcb.ls‘madc by an objeg. “8lals Of 13 faey in
Cadark s wwe fee, it is ko0 d) Riott and (o0 ell dcﬁ ned to
be prpdt}ccd\by rayes,ehiat (houy)d (tray the §2¢h, . ‘,w/mm’_:_,"
part * of e (ip‘crturc.z "Sa that y(ast belioye mhat 2ty N
Ihaveeold: You "!rcﬁtofb-re) the diflerence of T tn

. _Whyhe can conclud’fﬂgorhig
@ (uch a Wlm (wc_‘_,, ﬂgﬁeh

. Nrence of that from other

. Father illuftrate and coy,

the Refeanpibtt i’k}“ﬂg_h-

17];-. Newtons i wm\ i".we fbregoimr‘!

Nugh, ok f
% it nay be, slwayes <k ,['er,.am "pag,
teton” m-‘gbd' great and 37~
q.aycs upon thc fusface
\)

follow ‘the § fame.
fmal] inclinatip st
of the Glafs. R

Jw £

dlc‘ﬂK Surther e.xp.’wm no

bis Ibeor) tgl}t Y by #Ha 4r{;c':.ar1) that of 1y hij -
1265 5 togetBer with b c‘om:tmelﬂevpe’: Qf ptrfe&'mg 7e/cﬁ opu
by ite f?«-(’?mm ratber {%:d’k[f{/!ad |

Tt

onccmmz. el

- s when M, .% e
be produced outo gw '-‘mpoundcd coldes;
from Y 5 'my- Meanivg wag,
{ubh,) would have . ffe,
i.l had w fpc&(o hen
ofy _iﬁgr) ob;e(l's Ufour fenfes.,
I’/.wndmenat‘h:t;[ad‘rc nhcrto Yalo under my '
¥k Sy euld evince it ro,
fuch a produ&r-

¢rvation,
¢ of adifferene cnnﬂ.tut;onﬂ{_‘{_m_g

0 of white WoLld be fo fuj, T difin &,thuu ould
fien y;m eory &i’duq by ¢ e%édzf-

hue&;c W ot d!p _t"';-‘ h
%! of 991) twa '-f.-.r. .

N, \\’0'
produ" '

~ @ms are not compoyy,
. [
' rcforc:f Munﬁcur
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"¢ lorsaWhitewhichtothe naked eye Sl appear ik oty |y siakeioal® TP of e o e ey oMo
————whites, but alfo thalt agree with thicw ia a1l othier proper- | :» @ convenrent: iftanee-yicw-thele two. Eol solors Rogs 7
tee, ' o . , Prifin,and A_will be changed 10t0a ferics-of all colors, Red,
Butto let you underftand -wherein fuch a white would vllow, Gr@, Blew, Purple,with their intermedidte dclfr;rccs
",!"‘. ' . ¢ - ) < ~ - . Siw s . 3 * ?, > A\ ( 2 3-
gutcr‘trom other whitesand why from thence ic would {ol- fl.cceeding 1n o‘rdcx from .B to C., B.U;d“’ :}xu{ordl‘tllg ctglo:s- of
jow C.mt.(‘)'[hcr whites are otherivife compoundyd , Tihall 15y e, forefaid Bxpeanuent, wl!l ouly yield thols “'.U' . s
dowva chis polition, v Y which "twas compounded, and thofewnot, conternunate M
. _ : : the colors at BC,but feparate trom one nnfo:}hcr as at c:anl:l.;,;;
P . . - . « T thility 2 rays to-wnicy,
'Ib.uﬂco.;.paum!ed;olor capbe refolued vty 1o raore /,‘,,,1,/6. o by meavs of the dlm.if)!)t rgfrangr‘bl.htyc}) Fﬁlu'. }’:Hit .
lorsthenthoe of wahich.it i componncled, chay belong. And'thus by comparing thefe two whites, tacy
o] would appear to be of a differcur canftituiion, an‘dyt\ to con-
This feems to be felf evident, and Thave alfo tryed it feve it of wore golors thet . S0 dhat whue Mowfieur ‘\;;-'C‘L}m\“—‘“ds .\
I YRV ~ : . T enehoreadvane The - sof 4 new
. ra]‘y 2ys, aud particularly by this which _— -+ for, would f‘“h“ 'MYJ,BL(.’ 3‘?,‘1 l}?u{x‘ty. bygmé ;“i“?i sn(z) l?o :3 ‘
Achiows. Let areprefene an ublong pieea A S . liind of white .th:m. conclude againft it. | ut-1 fe pes
Yof white-paper about* or * of do inch A ] of compouading (UC‘.} a whise, . e
broad,and illuminated in o dark'room 7 T “s 7 psfor pMoofieur Nhis expreflion,that Tmaintdin my doCirinz
withamivture of twocolourscaltupon = B e g - ¢ - ~ witafomecoocern ;-1 confefs it was a-Jitcle ung ratefl;_l N
# from two Prifams, fuppoliea decpblew LA ' i ey M to jucet with objeltions which h'nc beeo anlwered b‘ch_)r:',. X
snd fearler , which wult feverally be a ‘ l | ’l :I' Rt “5 idhout having the leafk reafon givel wic why th;)fe qnfwc}rs
; ’ ’ [} -\‘L ! . TR N . c SR e N e . et io r : 1 o
uacompoundedas they can convenicor- THILL Lalil i {1 wele infullicicut, 1}y‘c‘:mlw~xs Vh-kh !Kc“ik Oa 't??‘ﬂlt :; -
ly bemade.  Thenata convenicne di-- € S . Brivia&lons frompag. Soys topag. $102, Aud particylarly

c v Muminaced ber o sy
¢y Ulumtinace oy adicd

. Wchrough a cle

Aoty .;CB

~micatdd by awistues of too Guple coloss, wvhich if poflhle’

v M 3 ru\ \- "I 3 ‘~. [ X2 v .y
ftance luppole of (1:: oi eizhy ygrds,view
- ] . . ~ et

! art -|~‘.‘7£§.l'?-’{_¢'§'~“5 or Cry
lel to the pager, cu

(tal Prifia held paral-
_ you il fve che two colors paried frow
oos ;mochr:'.:m th.e fullsion of twoi apres of the paper,as they
areranceizared st Cuad 5y wrhera mof: 8 the fearlet and-

3 ‘-“h » 1Y \‘\ 1 . P ¥ ) . B .
the blew, withour yrera o Aoy other color betwesn
theo.- - ' ' '

‘Now from th

e aferefaid Pofitionl deduce thefe tivocan-
duﬁons._ t That i€ there were found oug a way (@ cowpound
whicg of two lianle colors onlyythat whice vsould be ayaio re-
1 1260 00 widre taun vl 2. Chatif othie whicy (as

that oy the Suns hiehit, e, b refolvable fntosmors than o
finple colours (as [ liad by Experiment thae they ore ) dien ”
they mult becompounded of morethan twe. ¢

To aake tLiz phiner, fhonols that A reprefents a
1t
b

a [l hoRies adais veow,

white bo-
agoidieSaa traonfinieced diroyah
and e fuch acother Lody ilu-

. Ly

~

blg:w and yellow, | iuﬂmg; o4 .- .
~ fuch as caunot be wade by wixiog blew and'yeliow or any o«

.. colors might be produced out of t

. Whice. And fo the neced

%
Y
.

pis, 5095 3 to thew chacthiere are other fimple colors ‘belidey
¥ isa (iwple or homogeneal Greeb;
ther colours: Asd there alfo Ihew why , fuppofing, that all
w10, yet.itwould not fol-

logrthat thofe two are thg/only Original colors. The feafons |
I delire you would copire

withwhat hath be¢n pow faidof
y of ‘all colors to produce white -~
mighe bave appear’d by theEx pcrim_\:mp.zg..sog»7,whe'r¢‘rfgy: -
that if any color at tae Lews be mtcr.ceppcd, the }_-,h".em,s .
(vhichis compounded of them g.l‘l) will be changed into (thc“

14

palult of ) the otker colors,

. However, fince there fecms to have happened fome mif- -

between us, 1 fhall endgworto exPlain mylelf

underftanding D : . '
in thelt chings according to the following mex

2 lizede further
thod,.- |

v

S
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~culty ot the praxis, [koow ic is very diflicalt,

A, '

: . s K

?

( 6091 )" __
colleCt raysatequal diftances, tie will fiad howr rauch he is
miltakeo, snd tha Ihave nos been extravagant,

' as hcim.xgins,
in preferring Reflextors, And as for what he {a

_ and by thofe
ways whichhe sttempged it I believe it unpralticable. Ry

there isaway iofiouwated 1n the Ar.eafaltions p4¢.3 2 80.by whidh
1t is uet noprebable Lut chie as audhy way be done iuhrgc]'c,
lefcopes, asi havethercby done in (hore ones, byt yet noe

- withourmore theo ordioary diligence and curiofity.

A Rc’/.:tiou/}v.‘.‘) Danmzicl, obons an odd:! (jfc(‘? of Touuder qudd
Lightniug wposz [Fhest ud Lyein the Grogaries of thutCisy,
coresuaseatedin aLetter of June 24.1673.0y.10.C hrittICirkt .,

SLR, © T
"ﬁ\‘ 7O U doubtlelh know, how much this City is famed

for its pumierous aed convesient Granaries, it beieyg

" the Repolicory of all fores of gtainy the fruitful Kingdom of

Polandaffords,  Inthofe Granaries are laid up chicily-Wheat
and Rye irpurcels,y of 20, to30 and 6o Lalls iq od¢ chai-

er, accordingto its largenels, and the drynefs of the Cora
which they turoover 3, 4, 5, 6 times a week, as oneed yeo
quires to'keep it fiver,and fit for hipplag.  Now ithapned,

th.t about che latter cod of Azurch’ and April 1aft we had

much and violent, Thunder and Lightning, which had this
uchappy elfeCt uponall the parcels of \heat and Rye of the
Lalt years growth, that, thoush over-night they were dry,
fiveet, and fie for fhipping, the next moratpg they had loft
all thefe good qmalitics | and were become clammy and
ftinking, aud conlequeatly unfic to be (hip’c away (or che
prefeats Su that the Owners; if they would not logfe their

: ! / QI
‘grain, wcrc.furced_ to caule it to be turn'd over &vo oF threa

tmss a day, and yet it required (ix weeles, if mot longer,
betore it wasgecoverd.

Thisis athine, which often happens-to Corn-that Tath

A

rot hinin the Granmary awhole yeat,. or not-fivet thorough-
Iy 1o the Braw before'te b thrathd out. Ao accident little
noted, yet in my judgment woreh the inquiring'into..  For,
though the A'terations, caufed by Thuander in Liiguors, be
takenhotice of, and probable reafons piven for thems yet I

j+ e ehis fomewhat more abftrule,and therefore more worth
wailetobecorfiderd, S 4
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"SIR,

A Migifter of about 5o vears

1[ Cangot omit acquainting youwith anodd Accident,late-

ly come to my koowledge.

ot age ) IS 2t Tt - Ther  hic Dhefie
cu“féc,r accompanied with vomiting abd purging, his b

Zian, wheo I had the opportunity ofl”peaking.x_vi(h hioy _qbouc
it cold me, that he was perfuaded, that %;s cure was-ob-.
b i . ' . N - - 3 ~ s .y
_ firuted by the Pacient’s being obliged to {fhidy : For when

by the help of the mcdicir').cs,‘ preferibed to and ‘ufm'i“by ha}u?,
he was brought.fo a coodiderable dc‘g'r\cc o rc‘cqmriry ’Tl”'s
ftudying and.prcach%)ga_mndc him Cmm;u_wtl):j rc:u%wé.n‘ \.__ns
appearing tome fomt-what frange, thut ftudy 2od difcour-

fio » fhould calt amaninto fuch violent diftempersy and the
N 3

reafons, given by theDodtor for ity not prz VM‘hlug\mlt}}me’
e one ' - iog v % ad (een
he ona day furprifed me by relaticg whathualelt ,

friving the faid Misilter a vifit, which might confirm his coa-
riving

cLd o e
jecture concerniny the Spirits being drawn away from tive flo
mach, and Jeaving che digeftive powrer languid 3 Whnc\h vvas,
b < . . ‘ ' )
That the Preacher falling into a’rclaple ‘efter a Sermon

preached by him, and Vomits comming (trovgly upona him, .

he caft out, amonaft other matter, feveral pieces, lome ag
large as the end of a Maos finger, fomc lefs. of a (ub(h.ncc3
to the touch and cye perfeltly refembling Tullow 5 foue pr:c:;i
h ighed half an ounce, ~What way be loterre

hence for the do&rine of Concottion, I muft leave to others

N 3
B

a
to conﬁd‘f.‘% o , | ‘

¥

Opo.'ooo-z ,

being much iodifpofed, and dfteo relaphnz into adie

'. A Relstides of ans 1B-éoryeross Cafe in Phyfiek ; evigritaEicated by

ty




