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 NEWTON'S INVESTIGATION OF LIGHT & COLOR

Historical Notes

Perhaps the greatest obstacle to an appreciation of the mag-
nitude of Newton's achievement and the full significance of Newton's
revolutionary ideas concerning white light and color is, that once
propounded and accepted, they seem almost self-obvious; so-obvious'
that it is hard to conceive how there could be any other view of the
matter. Yet we know from the way Newton's ideas were first received, -
that it is not something intrinsic in the nature of the phenomena, but
in the way we have learned - following Newton = to regard them. There
were, before Newton, other ways of regarding light; some with a long .
history, some firmly embedded in a comprehensive philosophic system;
most apparently finding some support in experience, and to many who
held such views, Newton's were hard to comprehend and even harder to
accept. Newton's original exposition, his first published work, in
1671, which must have seemed to him, as it doés now %o us, convincing
in its experimerital evidence and compelling in its logic - was met
with misunderstanding,skepticism, and direct hostility There ensued
a five-year-long public debate (in the pages of the Philosophical
Transactions of the Royal Society) which ended not only by clarifica-
tion and some reconciliation, but also by the expiring of some critics
and the exhaustion of Newton's patience. '

Many factors contributed to this debate: philosophical prejudices, |
personal rivalries, semantic confusion, and not least, ambiguities and
inadequacies in Newton's own initial account of his experiments and
conclusions. Newton had been experimenting in optics for many years,
designing and constructing and testing optical instruments, examining
optical materials, and pondering deeply on the many problems he encount-
ered. For several years he had lectured on optics in Cambridge; his
experience had grown and his ideas developed. . Now in
a few pages he lays out - in a beguilingly simple narrative, how step~
by-step his experiment leads him to his inexhorable conclusions. The
experiment evidence, properly laid out; seems to Newton to speak so
clearly, that he cannot imagine that those who do not share his exper-
ience and insight may have as much difficulty in picturing precisely
what has been observed, as in accepting the conclusions that follow
from the observatioms. : S : A

- It was not simply a matter of rival theorieg of light and the
productibn-ofacolors;-although that was indeed the issue for some -
eritics. For the task of examining the physical nature of light, the -
science of optics was still a relatively inarticulated subject. Many . .
of the elements of both scientific vocabulary and experimental tech- .
nique were known, but hardly in any systematic and generally used and ;
accepted form. Rays of light, images, slits, apertures, prisms, lenses, =
refractive power, the geometrical features of refraction and reflection, = '
all these notions were more or less current, but usually in a particular = -




1istorical Notes continued

context, rather than part of a conceptual scientific vocabulary. A

term which might have evoked some distinct concept to Newton himself _
could have created a quite different, or confused impression on some~
one not sharing hiS-experience,'let alone his viewpoint, Experiments

on light and optics were not yet at a stage where there existed gen-

erally understood and accepted patterns of standard procedures and

basic components - with all their implied assumptions and approximations - .
to be exploited in a particular way and to. demonstrate somé new phenomenon,: -
Each experiment represented a new arrangement, in toto as it were. The
essential functioning of the component parts and their relation to the
whole was rarely something that was, or could be, clearly expounded - or
{f expounded fully comprehended. Detail and principle, the essential and ~ }
the incidental, were neither clearly demonstrated nor easily discerned.
Optics in Newton's time was an old and venerable science; but the physics s
of light was new and unformed. ' : L

. If we stress the difficulties that Newton's conteniporaries

might have experienced in fully grasping the nature of Newton's work -
from his published account, it is not so much to suggest that had he pre- -
sented a much more detailed explication his views might have found a S
readier acceptance,. as to emphasise the great difference between exper= - |
iments as demonstrations of what'is know, (or believed), and experiments’
as a means of discovery.  When the conclusion is foregone, how readily = |
does one select what one believes to be egsential to one's argument,

and how readily one can dismiss or even overlook what one considers _
irrelevant circumstance, unimportant tdetail"! With the road well laid. .
and the destination clearly in view who bothers to examine each clue :
along the track, to.take bearings constantly, and constantly to examine =-.. -
and occasionally mistrust - one's instruments? This is only demanded " "
of the explorer. -Newton may have omitted to explain to his readers all
that he had observed and scrutinised before he reached his goal, but-we .
can hardly conceive that he himself had overlooked much, or taken too
much for granted. Indeed as the debate with his opponents proceeds we ﬂ
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 meet unforseen weaknesses in his views, as matters which he . -
had been aware of all along, that he had hoped he could leave to the ' o
imagination of his readers, but is now prepared patiently, though grud- -
-gingly, 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. Discourse with nature, by experi-
ment, is Newton's prime teacher: and it is our's too if we wish to o
understand how he learned, and what he has taught us. Or in Newton's
own words: = - - - o ’ SR




Historical Notes continued

"For if the experiments which I urge be defective,
it cannot be difficult to show the defects: but. if
valid then by proving the theory they must render
all objections invalid." o SRR

2. . There are several sources from which one can attempt'to re-
construct the train of experiments, observations and reasoning which
led Newton to his basic theory of color. Chronologically:

1) The optical lectures at Cambridge and other notebooks -
and correspondence of this period (1661-1671).
2y The debate, published in the Philosophical Transactions -
(1671-1676) stimulated by Newton's 1671 paper of -
- 1671/72. : - .
3) Newton's Optick's (1704/1718/1730) .

) Optics, ranging from the practical construction of instruments
to the mathematical formulation of principles, was a central interest
of Newton's from the period 1660-1675, and many of the tasks he under-
took, the problems he encountered, and the phenomena he observed
clearly gave: him frequent cause to ponder on the nature of colors and
the causes of their appearence, Historians seem to disagree - or at
least express uncertainty about the precise chronological sequence’
of his investigations. Did he. experiment with the prism before or
after his concern with the chromatic aberrations of telescope lenses? -
When did he first recognize the correlation of''refrangibility" with -
color, and at what stage did the ideaoccur that this difference in refrac-.
tion separated the colors rather than generated them? There seems
little prospect of settling these historical niceties definitively.
Different aspects of Newton's concern with 1ightIWEre-surely.inextri-
@bly interwoven, and though he may have been primarily concerned with
one or other aspect at any particular moment, it is almost inevitable
that manifold interests were at work simultaneously even if they were
not being deliberately pursued. R ' : L

For our purpose it should, and will, suffice to recognize some

four sorts of observation and experiment:’

i) Early observations relating to chromatic aberration
" of lenses, instruments, etc. . el e
). Early observations of dispersion by prisms :
) Deliberately designed prism experiments. to text a
more-or-less fully conceived theory of color;
~ especially.the experimentum crueis, =~ o
iv) General experimental tests of color appearances,
.. color mixing, etc. : e L

“and to discuss the experimental particulars in this order. - Roughly,
‘this is the order in which these matters appearqin_Newton‘s first

-3~




istﬁriéaleotes'continued'

aper and the sqbsequent‘debate (Item (i) above),. or at least one may infe;. 1?
ome such -sequence from Newton's narrative and its numerous allusions

nd»detours.

‘. But there are more practical considerations. ~An attempt to
eproduce the path of observation, experiment and reasoning which
aised such animadversions and misunderstanding amongst his contempor~
ries must recognize that the optical experiments were for most part
ade with sunlight. : Impressive and convenient as it is, the sun is
ardly the "ideal" source of light, that abstraction - to which one re-
orts so readily In expounding or illustrating optical principles today.
If one experimented with sunlight today it would be to study the sun
ather than the nature of light!) | '

The sun, as a source of light, is, inter alia, of finite -
ngular size (approximately 30 arc-minutes (3°) in diameter), at a
listance virtually infinite in comparison with the scale of any ex-- Y,
ierimental apparatus. Thus from any one oint of the sun the (divergent) -k
-ays that enter any part of the apparatus are treated as parallel; but
1ot so rays from different points of the sun.  One cannot, of course,
n any simple, obvious direct way, block out all the tight from the sun . °
:xcept for one small region, as to achieve an effectively point source -
ind thus completely parallel light. But by the use of slits, screens
ind more sophisticatedly with lenses, an approach to the ideal of
yarallel light was, in effect made in pioneering optical experiments.
3ut the need for the signifance of parallelism, the precise manner .
in which it was created, and the degree to which it was attained, - all. .
-hese factors were rarely fully recognired and appreciated.. Even when = =
they were - perhaps intuitivdy:- recognivzed in practice, the clear and 'g
systematic explication of their significance in the reports and writ- BRI |
ings of Newton's time was rare. ‘ ' " o e

- .~ Newton himself was certainly fully aware of.these factors in - -}
his experiments, but the rather haphazard manner in which he deals E ;
with them - piecemeal and usually in response to some particular crit- o
jcism - illustrates the general lack of a systematic vocabulary of op~ - i
tical techniques and principles in his time. ''Ideal" optical arrange- AR
ments were not only far from achieved, they were usually not explicityly,
or in a. generally acceptable way formulated. If we dre to- try to repro-.
duce the success attained by Newton, and the obstacles that he had to W
surmount - both in convincing himself and his opponents, then it is. -
with actual imperfect sources of light, rather than with idealized = |
arrangements,made possible by the subsequent development of optics, that .. j
we must work,  Obviously the sun itself would be the proper choice; and -
if this is impracticable, then some, equivalent, source which replicates
as far as possible (and in a manner which is not concealed!) the real s
virtues and.limitations*of7sunlight;"This is far from trivial: in fact, .,

b




Historical Notes continued

it is the- most 1mportant aspect of any attempt to recreate - by sunless
but faithful, laboratory experiments - the proper significance of New-
ton's work. We return to this question below. Meanwhile we notice
that the observations of chromatic aberration need not invoke the pro-
perties of shafts of sunlight in any special way. The sun here provides
simply & source of general illumination; it, or some other source can
be used equivalently, just as Newton describes in his own observationms.
So one can, start.with some experiments that do produce phenomena as
Newton - and perhaps his contemporaries - saw them.  This may not be -
the exact historical sequence; but it is not violently anachronlstlc,"
and at 1east the observations can be faithful and meanlngful

3. It is a matter of taste and judgement how much ( or little!)
historical or other reading should precede experimentation, Ideally,
one might wish to begin experimenting with the sort of background,
experience (and prejudices) possessed by the pioneer in the field;

which means familiarity with an earlier phase of science and its hlS-
tory. - But it hardly is realistic to 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
usually expect. If one experimental-historical inquiry is preceded by
another, which provides a natural introduction, so much the better.

For Newton's Optics the precursors are Greek-Arabic-Medieval Optics
culminating in Witelo and Dietrich at the end of the 13th century;;the_i
resurgence of optics in the. 16th/17th centuries exemplified by Kepler's
Dioptrice (1611) -and Descarte's Dioptric (1637); and the more immedi- :
ate background provided by the publications of Hooke (Micrographia 1665),‘-¢
Robert Boyle (Experiments and Considerations Touching  on Colors, etc., :
1664); Grimaldi (Physico Mathesis 1665), and Erasmus Bartholinus
(Exp. Crytalli Islandi -- 1669). (For a list of useful introductory -
material see References in Bibliography) o

' Newton's first‘paper-of 1671/1672 (referred to as N.L), and
parts of Book I of the Opticks are suggested as a minimal basis of
primary readings, and as a framework for an experimental inquiry.

.. . ~ EXPERIMENTS
(see also Blue Book;:pp;43F45c)

1. Prellmlnary Observatlons of Chromatlc DlSpersion

: : Experlments descrlbed in Newton s Optlcks (Dover Edltlon)
pp.20-26, Prop. I. Theorem I. Experlments 1. 2

These are ea31ly repnduced experlments .as Newton writes " a -
novice mlght more easily try them'".. No specialiight sources needed.
Note that Newton used an artificial source (candle) in one of them!

A fairly large (2" dlameter should suffice) bi-convex lens of focal S
length 15-20 cm. can be used conveniently in Experiment 2. 1If 11ght‘--1_.lo

-5-



;xperiments.continued ‘

ackground is a problem, one can substitute for~Newton's.two-colored_;
:ard, color-transparencies (filters) with suitable fine markings, or
.olor film transparency with fine detail, and these can be illuminated
‘rom the rear, S ' .

- Diégersion by an (Equilateral Prism)

'~ To simulate the shafts of sunlight.WithdutgbVer-ideali%ing or
mnder-realizing the capabilities of these experiments, is as mentioned,
‘he most important problem. ' '

_ Obviously a luminous object at a distance sufficiently large
‘hat from each point of it the light could be considered parallel, and
et the whole subtending ¥° , is as impractical as using the sun
tself! (It would have to be several hundred meters away, and there- -
‘ore several meters in diameter!). But since one needs only a light
.ource which emits - more-or-less uniformly - over the angular range
:mployed, i.e. approximately %° , one can simulate this with a small
yright source at the focal point of a lens, '

L A carbon-arc, or a more.modem counterpart (e.g. a gas-

Filled concentrated-arc lamp made by Sylvania Electric Products)

:an provide an intense 'white light' source S of some 3 - 4 mm., diameter.
>laced at the focus of a 30 = 40 cm. focal-length lensel, this light
source is transformed into a ‘'source-at-infinity' with an angular

;pread of 1/100. The diameter of the lens need not be much larger -
‘han the 'beam' of light one intends to use: 4 cm, diameter is ample.

[t is convenient to use a variable stop, A, (0-2 cm.diameter) after the.

lens, and close to the prism. : L TJ}'f;;ﬂr
e S ' o B

, - . . 5
. 159 R —aT

ST : ) . - ‘ . i - : . .
The quality of the beam transmitted through this aperture can be ob-
served on a distant screen, L meters away, where it should appear as.
a uniform disc of light of diameter L cmj and- this diameter should
be more~or-less. independent of the size of the opening A.

- -

- SeogENING -
el

o With such a light source, and without the use of additional
lenses, the sharpness or diffuseness of spectral-images, ete., is -
determined primarily by .the linear scale of the experimental layout
and the %° angular divdrgence of the light, unless additional aper-

tures are used to select a restricted angular range of the light.
' Thus Newton using a 22 foot long room observed a "breadth"

of some 2 5/8" ( =22 ft. X 1/100), which is much larger than the hole of
1/3" diameter in the window shut. Twenty-two feet may well be "

-6~




Experiments continued

inconveniently large; so a roughly half-scale version of the exper-
iment may be used: : ' ‘

"Apertute in front of prism ~ 5 mm. diameter
 Distance from prisim to screem <~ 3 meters
Size of image ~ 300 X 1/100 cm. = 3 cm. (=1%")

The "white-light" source mentioned above is stated by the manufac-
turers to have an equivalent temperature. of some 3000° Abs. = The

sun's surface temperature is ~ 6000° Abs., so that one might expect_t.d

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
is presumably much redder than the. prlmary light on account of at-
mosPherlc fllterlng

Since the 1nterpretat10n of the s aRe of the spectrum was
central to Newton's ideas - and the ensuing controvery - it was, as

Newton recognized, important to show that this could be controlled or

changed., (Newton promptly addresses himself to this question (April

1672). in reply to comments he receives from the Royal Society on his

first publication). In several ways this maybe done, w1th results
demonstrably consistent with Newton s 1nterpretat10n

(a) A long- focal length 1ens (focal length 2- 3 M.) can
be used to focus ‘the diaphragm A onto the screen. Then,

as Newton reports , ''...the streight edges of the oblong
_image were dlstlncter than they would have. been without

the Lens."

~(b) Experiments with a source producing less angular di-
- vergence than the sun, to_wit, a planet, Quoting Newton
- again: : : o _ o

' "ConSLderlng that the rays coming from the Planet Venus
are much less lncllned one to another, than those, which
come from the opposite parts of the Sun's disc T once
tried an experiment or two with her light. And to make it
sufficiently strong T found it necessary to collect it
“first by a broad lens, and ‘then interposing a Prism be--

' tween the Lens and 1ts focus at such distance, that all
the light might pass ‘through the Prism; I found the focus,
‘which beéfore appeared like a lucid pOlnt to be drawn
into a long splendid line by the Prism's reflexionm.'

(Slc -surely a mlSprlﬂt for refractlon'?)

: The spectrum of Venus. observed might make a good ' special
project" - But more prosalcally and practically, . the. influence of
the ngular size of the 1lght source can readlly ‘be studied with

_‘ -7-._
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ixperiments . continued

che artificial source, viz: Change the 1ens L to one of longer.
focal length, say 60-80 cm. The effective angular size is reduced
from 1/100 to 1/200.  (Not as good as Venu$; but, the change in the
shape of the spectrum will be quite pronounced!)' '

3. Supplementary Observetions (c.f. N.I. pp. 3076, 3077)

~a)  Check influence of size of aperture A on shape of
spectrum,
b) Check influence of thickness of prism-glass traversed
(By small lateral displacements of prism). ' : :
"¢) Note how position and shape of spectrum depends on
- prism orientation (observe "minimum deviation"). Partic-
ularly relevant to Pardies criticism (Ref.i = ). '
d) . Verify linearity of rays emergent from prlsm - by
moving the screen.
_ e) ‘Repeat experiment ‘with two similar prisms (p. 3076),
- showing colour production is not due to surface irregu-
larities.

to Egperlmentum Cruc1s

This is the one experiment that Newton returns to time and
1gain, as the most direct and conclusive verification of his basic
srinciple: The composite ("difform", 'mixed", "comingled", etc.)
iature of white 11ght . It should be performed with the thoroughness
Lt deserves - : S '

There are, in Newton's own writings, several versions- and
subsequent scientific and historical documents spawned innumerable
rariations - many ficticious, spurious, and even incorrect. The
lescription in N.I., p. 3078; (which is essentially the same as the
fuller account in Newton's second reply to Pardies (Ref. ii, '

>, 5016) although the apertures are not in precisely the same loca~-

zion in the two versions), 1is followed here

Rrr - ‘-f’l“ [ e 3om—

P ,/4’/5%3:::@

SOUV‘G

=T AL

#ith7the'layout'aeproximately as“ehbwn, the length‘Of.the'spectrum

Screen

it the second aperture, A'  will be about 6 cm. and width about 2 cm.
\perture A about 6 mm. less). A" should be an adjustable slit, with

senbirvn '




Experiments continued

openings in the range 1 to 5 mm. Both Py, P, are set orlglnally in
the symmetrlcal p031tlons (minimum devratlon)

Turnlng Pl about 1ts axis by a few degrees changes both the
color and the position of the light on the screen; turning P, changes
neither (at least to first approximations). The effect of displacing
P, from the position of minimum deviation, and of altering the aper-
tures A,A' can then be studied - and explained! One can also examine
the effect of transposing A' to the opposite side of the prlsm

That the colored rays are not associated with some sort of
curved trajectory - (as might be 1n£erred from some earlier, cartesian,
conjectures) - can also be readily checked: S$imply by changing the
position of the screen and noting the position and size of the color-
ed image (N.I. p. 3078). Another demonstration of this is the use
of two prlsms one transverse to the other. The spectrum is now dis-
played at 45° to the axis of both prisms (Refiii,p. 5092). '

_ The llght emergent from P, can be further 'analysed' by
another prism P3, to verlfy that successive refractions do not change
the color of 'homogeneal': light. . Likewise, the light may be reflect-
ed from an ordinary mlrror or scattered from a whlte surface w1thout
change of color.

: It is thls'”experlmentum cruc15“ and its varlatlons that

form the basis of Newton's prlnc1p1e that the element in optlcs is
a ray of colored light; 'colored' in the. partlcular sense that it
possesses a .definite refranglblllty, elementary in the sense that
subsequent phy51ca1 processes - reflection, refraction, transmissions -
do not change its color or refrangibility. Newton's revolutlonary '
idea is not simply the assertion that white light is composite; it is
also the introduction of the possibility of a persistent, colored ray
or beam of light. All earlier investigations had interpreted color
as some sort of modlflcatlon of white light introduced by its passage
through apertures and/or refracted media with boundaries, and not
necessarlly, or even usually, a uniform modification of the whole

beam. ~Moreover, successive- transmissions introduced successive changes_‘_f;

in the color-structure of the light. Color then, was a transient
property of light in partlcular circumstances, - In contrast, for
Newton, color was a basic intrimsic property of 11ght' and the ideal
11ght was a ray of unlform, constant SLngle color,

Nature of Colored nght and Illumlnatlon

In Newton s scheme there are three classes of llght-'

a)- Pure colors of a partlcular, constant refrang1b111ty
No further separat1on p0851b1e :




ixperiments continued

b) Light which may'appear similar to a pure color, but ”
is nonetheless mixed. By refraction, transmission, etc.,
its components can be separated.

't). White light, a special combination of all colors,
", ..the confused agreggate of Rays indeed with all sorts
- of colors, as they are promisculously darted from the

~ various parts of luminous bodies." (N.I. p. 3082-3083)

_ Numerous experimental tests can be made of this conceptual
framework; it can also provide a ready explanation of some well attest-
2d phenomena - e.g. the colors of the rainbow; or the different colors
>f semi-transparent objects viewed in reflected or transmitted light

(N.I. p. 3084)

Transmissions and Reflections

_ Use a conical flash with various colored solution Observe
the transmission (and reflection) of "monochromic light" of differ-
ent colors, selected by prism~refraction. Also view different
colored minerals - cinnebar, red-lead, indigo, etc.~ illuminated
by different light. |

Reconstitution of White Light

White 1light can not only be analysed into its components,
it can also be synthesised from them. The experiment described by
Newton {(N.I., p. 3085-3086) can be reproduced - on a somewhate re-
duced scale. R . S o

S A 30-50 cm. focal 1ength-1én9é, of 3-4 cm. diameter and
placed 30-60 cm. from the prism,is satisfactOIy..;Reconstituted -
white light can be observed on a screen some 100-40 cm. from the
lense. B o SR - '

From Newton's description of this experiment - and. from a
scaled-down reproduction of it - it appears that he is focussing an
image of the aperture just inffrontﬁof the prism on to the screen.
Images corresponding to different colors will be separated by disper-
sion, by an amount of approximately Ax=LxA) x M. (4 is the dis-
tance between the aperture and the prism,4f the typical angular dis-
persion, and M the optical magnification. Since is only a few inches,
say 4'"; 4@~ + 2/3, and M about 2, the color separation on the screen .
is typically ¥ 1/10". This is much smaller than the magnified image
of the aperture Newton uses, which is~ 2 x 1/3" = 2/3" .diameter, SO
that will be good overlapping of the different colors. (Notice the.
difference between this use of a lens, and when used to sharpen the -
spectrum, c.£, p.7(a),above). (N.L., p.3087) ' '

-10-.




Experiments continued

: There are other versions of this experiment to recomstitute
white light. 1In Opticks, Exp. 11, pp. 142-143, a second prism is
used in place of the lens. . Later, Opticks Prop. XI, Prob. VI, pp.
186-189, a more sophlstlcated arrangement with a lens symmetrlcallyﬁ
placed between two prisms is used (Fig. 1 ). By the principle of
the rever31b111ty of the rays of light, the whole spectrum can be .
recombined into a white circular patch of the same size, and in ‘the
same position relative to the second prism as is the aperture to the
first. (Typical scaled-down values: . £=25 cm.; separation of prisms
90 cm.; aperture close to prism, For the symmetrical arrangement
the distance between object and image is 4f.)

Figure 1 (on page 1lla following)
The.effeet of changing the apertures, and the position of screen
should be observed and explained! :
Interception of any part of the spectrum; at the lens, results

in a colored image (not a pure color!). More striking support of
Newton's hypothe51s of the complex1ty of white light is prov1ded by

experiments in which all but a narrow segment of the spectrum is inter- o

cepted at the lens (Fig.2,plla) by a diaphragm B. - A more-or-less uni-
form color is seen on the screen. (Observe the effect of changing
the primary aperture A). As aperture B is moved across the spectrum,
the color at the screen $ changes successively from red to violet or
vice-versa. If this change is speeded up, by using a slotted wheel

_ Flgure 2 (on page lla follow1ng)
(Typlcal Dimensions AP~4cm ; AE~FS~&5cm, f of lens= =24 cm. )

which can be rapldly rotated, the appearance to eye is of a uniform
whitish image. White light has now been reconstituted, not only by
simultaneopus, but. alSo'by succe351ve'superposition'of all its consti- -
tuent colors ( Ref.iii, p. 5097); and by the latter means the transi-
tion from separate colors to whiteness can be made gradually (See
also Opticks, Prop. VI, Prob II, PP- 154-158, and Exp. 12, Pp.- 1A4-
145) :

‘In yet another demonstratlon of the same principle, a board
covered with numerous strips of colored paper is illuminated by strong
light, and the light reflected from this surface is used to illuminate
a (neutralj'whlte paper screen. . If the distance between board and’
screen is sufficient the screen appears white; when closer to the _
=board remnants of the colors can be dlscerned

-11-
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Experiments continued

' One final example: A fine froth of soap-bubbles illuminated
by white light. when examined close-up shows distinct, localired
colors (The colors of their films, as described orlglnally in Hooke s
Micrographia); At some distance these appear to merge into a uniform
whiteness. ( Ref.iii, p.5101, 1693)

There are more elaborate experiments to display the differences

between composite light which looks white, and natural white light,

For example, using two prisms and light sources, blue and red light.
when mixed on a screen appears: whitesh; but examination through a
prlsm readily reveals its true comp031t10n - (Ref.iv, p. 6088.) These
experiments are partly. to refute Hooke's original hypothe51s that

white light - and indeed all colors - can be compounded of two basic
colors: yellow and blue {(c.f. Ref. v, p. 6108) '

Tt 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
ray of 11ght etc.). Apparent identity of appearance (sensation) is
nowhere taken as conclusive evidence of physical 1dentity, but change
in appearance is ‘taken as evidence for some change in the physical
composition. Of course there are also many instances, - particularly
in the successive transmission through prisms of rays of pure color -~
where the constancy of'appearance,is consistent with Newton's hypo-
thesis, and therefore in support of it. But it is the impossibility
of effecting any visible change by any physical means available, that
is the real test of the purlty or elementarity of the 1nd1v1dua1
colored rays. :

Postscrlpt

- An attempt to repllcate these begulllngly 's imple" experi-
ments of Newton soon reveals that.there are recurrent subtleties in
the (geometrlcal) optics involved, which Newton himself is not always
at pains to explicate fully, and. whlch were surely neither fam1llar

to the optlcal art of his day, nor- obv1ous to his contemporaries. For
some these difficulties were really a source of confu51on for others
they provided an opening to criticise the validity of his experlments,
or more often, his conclusions from them. Pardies was at first misled,
later conv1nced (Ref.i,ii ); Hooke, defendlng his own theories, is hlghly
critical -of the dramatlcally new. Newtonian hypothesis (Ref. v11 y: the -
great Huygens genuinely skeptical. (Ref. iv ); and the lesser lights
at Lleée quite unequal to the task of reproducing Newton's results,’
let alone fully understandlng them( Ref. vi ). But beyond these re=-
actions to Newton's theory of white light and prismatic colors, there
was another real complication whose full significance, or even the
relatlon to his experiments, was only partly grasPed by Newton him-
self. This was the observation by Grimaldi, a few years earlier, that

Lo-12-




Postscript continued

colors appeared near the edges of shadows cast by fine obstacles and
slits in the path of light. To be sure the dimensions of apertures
in this case were of a different order from the rather coarse. open-
ings (even the smallest of them) used by Newton; and Newton was
correct in dlsregardlng Grimaldi's findings as 1rrelevant to the.
main issue at stake in his own work. _ . oL

(T
re R R fy s, 0 gt
o S a0 T {7 e ¢ I

-Yet the observatlons of Grimaldi, like the colors in their
plates,bubbles, films described by Hooke, were real enough, and Newton
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 after he had concluded his findings on the nature of
white light; and he set 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 Opticks, which
was published some 30 years later ( - when his mdjor critics,Huygens and

Hooke, were both dead. It is here, in the letter of 1675, and later
in OEtlcks‘that one finds the full expression of Newton's hypotheses;
and speculations about the nature of light, the famous

"corpuscular' theory, the theory of alternate Ufits'' of easy reflect-
tion and transmission; together with remarkably precise -experiments on
Newton's Rings" in which, effectively, thée wavelengths of dlfferent
colored light is determlned for the first time,

There are only occasional hlnts of this later conceptual
edifice in the pre-1675 ertlngs of Newton The contrast between the
first’ paper (1671/1672) and the 'second’is striking. In the first, and
in its defense, he denies all pretensions to hypothesiring: his experi-

ments-demonstrate the true nature of light; the second is a long elabor- |

ation of an involved hypothesis of particles and ether, supported from
time-to-time by appeal to experiment. In‘the Opticks one sees an
attempt to combine the experimental-logical style of his earlier work
with the wider embrace of his later speculations and explanations.
Ironically, Newton's earlier conclusions so well-grounded in inference
from experiment aroused immediate sharp criticism, while his Opticks,
with its far more ambitious and speculative hypothe51s was acclaimed.
But of course by 1705 Newton' s reputation rested on a far more impos~-
ing base than his optical work. It required, as we know, a century or
so before his ingenious and compelllng ideas were really challenged, and -
then overthrown. But his early work, his masterly analysis of the
nature of white light, endures,  not only as, perhaps, the greatest
single contribution to the understandlng of the nature of light, but
also a. great pioneer: example of the power and ‘purpose of scientific .-
experiment and inference. ,

-13-




Details of Apparatus:

' This experiment uses essentially standard, inexpensive items |
commercially available.. ' :

1. ‘Source of Light: The crucial item is, as already emphasired,
the light source. The most convenient is a modern version of the high-
intensity arc, but this is not inexpensive! (We have used the Cenco

100 watt lamp, #87341 (about $50/Life: 375 hours) with the power supply -
#87345 (about $200) ). | | .

Alternatives are:

1) The sun. Cheap, if available. A simple mirror arrange-
ment just near the entrance aperture to the dark-room can be
‘used to keep the sunlight-beam in convenient position. -

2) A high-intensity filament lamp (eg. 36 Watt car lamp).
By suitable blackening of the glass, an effective source
size of some 4 or 5 mm may be arranged, but the brightness
‘will be considerably.less than optimum. (Also the color
~ is more "yellow" than sunlight) o |

3) An old fashioned arc-lamp. Excellent brightness, but
messy to use; - unless an automatically regulating arc is
used, which is expensive. (Simple arc: Sargent-Welch
#3680K; Leybold market an expensive automatic model)

In all cases to simulate the sun the source is placed‘at'the.
foecus of a converging lens of focal length, £, chosen so that f~-100 d,
where d is the "diameter" of the light source. This simulates the sun.

2, .'Optical Bench and Fittings:';OnLy the simplest optical -bench,
with fittings to carry slots, screens, lenses, etc. is necessary, but .
robust equipment is probably a sound investment!

- A graduated bench is convenient, but certainly not essential.
The equipment listed by Sargent Welch #'s 3621, 3624, 3626, 3620(A) or
Cenco #'s 72220, 72210, 72322, etc., should be adequate. One 100 cm
and one ‘200 cm bench together suffice for most experiments described
above. - : ' e ' 3

3. .. .Lenses: A few bi-convex lenses 20-50 focal length of moderate
quality, and with diameter of about 4 em.; with lens-holder (e.g. Cenco
§:72288 or Sargent Welch #3629). - . '
b, Prisms: (Three) Equilateral (60° ) prisms (glass or luCite)"
‘with 1" face width and 2" - 4" high are adequate, I '

-14-




:tails of Apparatué.continued

Diaphragms: <A simple fixed slit of width~2 mm.,
a variable width, is
A more éelaborate ad-

. Slits,
1ich can be turned about its axis to obtain
1fficient (to select part of the spectrum).
1stable slit is convenient, but not. essential.

diameter) - (from an old camera?) -
A pair of simple platforms, which
mount the prisms.

'~ An adjustable iris (0-%"
£ some sort should be. available.
an be turned in their mounting’is also needed to

Apart from the obvious need for a dark

: Light:Scréeniggf'
y light from source, and

oom, it 1s necessary to screen off stra
specially so if more than one optical set

-up is being used in the
oom. ' If the layout in the room is convenient this may be.accomplished
ith appropriate black curtaining; but, a more flex:ble ( and maybe
afer) arrangement 1s a metal box enclosing the source, and equipped

ith a small inexpensive blower to aid convection (the lamp dissipates

00 W.). See accompanying diagram.

. Miscellaneous:

. _ Many other items - colored objects, screen,
tc. - are easily home~made. ' '

n color mixing an ordinary comb may

e used; or alternatively, a card-wheel (4" diameter) with radial _
1ots about 1" long, 1/10" wide and spaced %'' apart. This can conven-
ently be spun by hand at the appropriate speed. (See p. lla, Fig. 2) -

For the observations o)
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,hronology continued
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exhibit.

( gog0 )

. B%..&:.u%b. . S

1 Icallthat Light homogeneal, fimilar or uniform, wh
rays are equally refrangible. e

o

gible..

and Colors and thofe rays which agree in refrangibility’as
gree alfo io the other two,and therefore may well be defined

homogereal, efpecially fince men ufuaily call thofc things hos.
mogencal,which are {o in all qualities that come under theiy

koowledg, though in other qualities that their wscs_nmmmu.. ._

tends not to there may pofliviy be fome heterogeneity,

* 3..7Thofe colorsi call iimple, or humugeneal, which are ex»

hibited by hemogeneal Lighe. o .
4. Acod chofe compound or heterogeneal,which are exhibi-

- ted by heterogeneal lipht.

om.... .

2. And that heterogeneal,whofe rays are wm..n@.l_m__w.__,mwamuﬂ :
Note.There are but three affe@ions of Lightin ﬂmmnw I rm_q_a__
obferved its raysto differ, viz Refrangibility, Refl xibility,

5, Different colors [call not oply the more eminent {pe-

cies,red,yellow, green, blew, purple,but all other the minn-
teft gradations ; much after the fame manner. that pot only

‘the more eminoet degeees in Mufick, but all the lcaft gradatis

ons are efteemad differeatfounds. -

o .. - Propofitions.

1. The Bun’slight confifis of rays
degrees of Refrangibility. _ . :

2. Rays which differ in refrangibility , when parted from
one another do proportionally differ ia the colors which the
Thefe two Propofitions are matter'of £:&.
3. There are as many fimple or homogencal colorsasde-

 greesof refrangibility.  For,to every degreeof refrangibi-

rat

lity belongs a different color,by Prop.2.And that color is fimple .
by Def. 1.and 3. S L -

&m.;imm by indefinite

4. Whiteoefs in all refpedts Jike that of the Sun’s immediate

light and of allthe ufual objells of our fenfes cannot be com-

"_mﬁ:m.ﬂﬁg wa i.and 33 and ther:foreit cannot be like that
of the Sunsiight,by Prop. 1 3 Nor,for the [ame reaflon, like that

‘af ardinarr wohite Al o iée

- pounded of ‘two fimple colors aloge. For fuch a compolficion - -
muft be made by rays that have only two degrees of refran-

ot n kb LA frpr O

Tt

.. politicns that follow,

Ry S

) uo
o v from refradtion | _

ey

.. g, Whitenefin all refpedislikethatof the Son’s immedis
.+ ate light cannot be compounded of fimple colors without an
. jndefinite variety of them,
- " arerequiite rays indued with all the indefinite degrees of res
. frangibility,by Prop. 1. Aud thofe infer as many fimple colors,
. by Def. 1:and 3.and Prop, 2. and 3. :

For to fuch a compofition there

Tomake thefe a lictle plainer, I have added allo "r_w Pro-

6. The raysof light do pot alt oo one aoother in vwE_:m

- through the fame Medium. This appears by {everal paflages

mn%n@.ﬁaa\aaaﬁ?h.mom?mowm;_oo.mnmmno_.mnamm
capsble of further proof. - L
. "o, The raysof light fuffer not any change of their quaalities -

© 8, Nor afterwards from the adjacent .a_:.mnn Mediune Thefe

_:...m‘..,.,_,._.n.n&o Propufitions are manifelt de facoias homogeneal light,
- whole color and refrangibility is not at all changeable cither
" by refraion'or by the -contermination of a quiet Aedinm,

And as for heterogeneal light, ie isbut an aggregate of feveral -

.. {ortsof homogeneal light, no coe fort of which fuffers any
.. 7. more alteration than if it were alone, becaufe the raysall not

‘on one another, by Prep, 6. And therefore the aggrepate can
fuffer oone. Theletwo Propofitions alfo wmight be further pro- -
ved apart by Experiments, too long to bz here deferibed,
0. There canno homogeneal colors be educed out of light
by refra@ion which were not ¢ommixt in it before ¢ Becaule,

. by Prop, 75 and 8,Refradion changeth not the qualities ofthe:

?.ém.wcncsx?wﬁmamE&.ﬂévmn:.vmenmmcm;@:u::nmugq_
meaues of their different Refraogibilicy, . - = = io
1o, The Sun’slight is an aggregate of an-iodcfinite varie.

ety of homogeneal colors 5 by Prop. 1, w_.,_n_s.m 9. And hepee

it 13, that I call homogeneal colors alfo primitive ororiginal.
Aod thus muchconcerping Colors. LT T e




e

. compounded. Neither doIfee, why Mr. Newton doth notcon-
' be much more eafy to find an Hypothefir by Motion, that may

” “there are of others Colors. And till he hath found this Hype-

L £,854 _ ,, _
‘ _we_.n.rnn Mwn._:mr.ﬂmm. place of the yeilow color.may not alla= =~
__ lone produce that effet, and I'mean to try it at the firlt cons

S N 6086 3

- Paris, comlaini . ; : _
mmlano ining fome Canfiderations upon Mr.Newtons da-
‘dioms of the Rays inTele[copical Glafier, ;

Hive ?nmuros__ En.géaa endeavours to maintain his new
meoQ_.nOn.nnE:ﬁ Colours. Me thinks, thitthe Bo,ﬁ im
portant Objellion, which ismade againft him by way ow.,n@u&.

re, is mwmrﬁvﬁrmn there be more than two {oris of Oowom_?. i

For my part, 1 believe, that an Hypathefir, that thould Qv_&m

mechanically and by the pature of motion the Colors Fellom

- and Blerw, would be fufhicient for all the reft 5:in regard that

thofs others, being only more deeply cha

ofe.ot _ ply charged (asa

the m_.__ﬂBﬂw of Mr. Heok ) do produce n_dmmns:m or %WMMWWWM
and Blews; and that of thefe four all the other colors may be

tent himfelf with the' two Colors, Yellow and Blew; for it will
explicate thefe two differences, than for fo many diverfities as

thefis, he hath not taught us, what it is wherein confifts the na-
ture and difference of Colours,but only this accident ‘?&mow,
MMMmEJ isvery confiderable, ) of their &ﬁm._...m.an,meqsww@m- __
As for the compofition of #hite madeb all the Colorsto
gether, it may pufiibly be, that Tellow and M@E ‘BEMM%MM an
{ufficicot for that: Which is worth while’ to try s and it
may be doneby the Experiment,which Mr.Newton propofeth
by receiving again(t a wall of a darkn’'d room the no_o:a‘ow\
the Prifme, and to calt their reflected light upon SZK.@% :
per. Here you muft hinder the Colorso ﬂsn”nx:wam&mm__._S.u._,__.. ,
:,_n“ Red and Purple, from firiking againft the:wall, and leave -
only the intermediate Colors, yellow,green and blew, tofee, -
whether the light of thefe alone would mon,_‘auwﬂn:m ?%nm “
appear white,as well as when they all give light, | even doubt;

R

. An Extralf of a Letter lately written by asn ingenioin perfon W_&\w Lo

of Colors, as alfo upor the effelis of the differens Refra. £

CNEPITLY P ST RO R IO RN R PR e

7 gprees Dot with what Mr. Newion holds.

“pow. Meantime you may {ce ,that if thefe Experiments do
" {ucceed, 1t €an 0O more be faid, that all the Colors are necefla-
1y to compound White, and that 'tis'very probablejthat all the

. reftar

o _%m.mew_

e nuthing but degrees of Tellow and Blew 5 move or lefs

“¢charged. :
Laftiy, touchiog the Effect of
the Rays in Telefcopical Glafles,

the different Refraftions of

*tis certain, that Experience

For to confider

nsq_m_v._wc"nu_..«as.ﬁfm made by an objedt-glafs of 12 feet in

. adark room, we fee, it istoo diftiné and toowell defined to-
be produced by rayes,that (hould ftray the 57th, o

. Compare herewizh -

© part * of the Aperture. So that, (as | believe zha arr. New-
1 havetold you heretofore ) the difference of oo c?.wr s
. M Cow- i LInbe | TTY :
_the mr&.._.m:ﬁ_v:_a doth not, it may vnu._ﬂﬁmmmm h__a%_ﬁs?_%um._ r
follow 'the famé proportion in the great and sz,

fmall inclinations of the Rayesupon the furface’
of the Glafs T I
2r. Newtons Anfier to the foregoing Lelter further explaining
bis Theory of Light and Colors, and particuiarly that of While-
togerher with bis continued bopes of perfeding Telefeopes
by Refl:Zionsrather than Refralions. e T

oncerning the bufinefs of Colorss in my faying that

B ﬁ when Morfieur N. hath fhewn how White may
" be produced outoftwo ccn.oavoc:ana.ncgo?.” will tel! him,
" why he can conclude nothing from that; my meanirg was, .

that {uch a White, (were there any fuch,) would have Jifles

T+ rent ?cvn:mnwfcﬁ the White, which 1 had refpe@ to, when

B3

1defcribed my Theory, thatis, from the White of the Suu’s
- immediate light 5 of the ordinary objelts of our fenfes; ard
of all white Phenomenathat have hitherto falo under my ob= . .
fervations And thofe differcnt properties weuld evince it to
be of a differeot contitution : {nfomuch that fuch a produtti-
~onof whitewotldbefo far from contradicting, that it.would
L rather illuftrate and confirm my Theory ; becaule by the dif-
“ - fer¢pce of that from other whites it would appearythat other-
. ... Whites are not compounded of only two colours like 1hat.
. e TN would prove any thing,itisres

A ‘Y &
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lors a white which tothe naked eye fhall appear like c&wm |

whites, bu

4 t alfo fhall agree with them in zll other proper-
tles. LT _

‘Butto let you underftand wherein fuch a white ?.ocE

differ from other whitesand why from thence it would fol-
wile compounded , Ifhall lay

low that other whites are other
dowa this pofition.

ZThat a compounded color can be refolved iuto no waore
lors thes thoje of which it is compounded,

This feemms to be felf evident, and L have m_wc, nc,:& it feve-
ral ways, and particularly by this which _ S

follows, Let ereprefent an oblong picce -~ A N
of white-paper aboutjorjofan ioch ] T
broadyand illumipated in a dark room e
with a mixture of twocolourscaftupon B

it from two Prifms, fuppofe a deep blew '1ilf!i
and fearler ; which muft feverally beay * Al ;
uncompounded as they can convenieat- jii
ly bemade. Thenata conveniznt di- €
ftance,fuppofe of {ix or cight yards,view

¥t through a clear triangular glafs or cryltal Prifm held paral-

lel to the paper, and you fhail fee the two colors parted from
ope anotherinthe fathion of twoimagesof the paper,asthey
arz reprefented at €and 4, where fuppole 4 the fearlee and

the blew, without greem or any . other color between
them, SR

. Now from the aforefaid Pofition] deduce thefe two con-
clufions. 1, That if there were found out a way to compound

whitz of two (imple colors only,that white would beavatare-

- " - N“.u.
folvable into no more thuptwo. 2. Thatif other whites (as

" that of the Suns light, ¢z, bz refolvable intomore thentwo

fimple colours (as I find by Expariment that they are ) then
they muft be compounded of more thantwo.’

To make this plainer, fuppof that A reprefentsa white bo-

" dy illuminated by a direc baaws of theSun tranfinitred through
-oay y : g

a fmall holeinto adark room, and « fuch another body it~

t ~ 9 Tl e

Sireple ,3._.

P
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iy makeit alfo appear of a white color

,_ 6089 u‘ H R _.__
¢ Annpm:%_._wﬂ_ A. Then:

¢ a cobvenient diftance view thefe two whites through a
at @ ¢ ,

 Prifm,and A will be changed ioto a fexies of all colors, Red,

Yellow, Green, Blew, Purple,with their. intermediate mnwﬁnm
, O _ -

ficceeding in order from B to C. Bute, according 8_” € mm

forefaid Experment 5 will only yield thole two. colors ©

~ohich "twas noEmoc:mnmu_ and thofc oot couterninate like

che colors at BC,but feparate irom one another a5 atcand 3

by meaos of the different refrangibility of the rays to which

they belong. - And thus by compariog thefetwo swwmmmu MNMW..
would appear tobe of adifferent non?n:ﬁ_om_w usE._ n__w,ammw
G of wiove colors thenar 50 that what Mon _.ncw.n ,m.nﬂmh.,?:ﬁw
for, would rather advance my YTheory w%mﬂrﬁ mm.nﬁbw. Mo .
kicd of Er.:mmwrﬁm nmﬂ_o_nfwwwmu_mm it, But w_n,n._ no hope:
inz fuch a white. : :
om»wmw,%.mwwwwmmmw N his expreflion,that T maintain my dodtring

with fome concern , Iconfelsitwasa little ungrateful to me

~orwich objzftions which had been anfwered vﬂm.o_,ﬁ.
Mmmmmwﬂ”nﬁw.qmsw “:,E leaft reafon given me why %o.mn mm.?ﬁmm_
were infufficient, 'The atifwers ,..::nwm fpeak of are EM” 1€
“Tranfaltions from pag. £og3topag. 5102 b_na EEEWMJM_.Q
Pz, 5095 3 to fhew thac there arg other fimple colors beli s
biow and yellow, I inftanceina fimple or woBommmmﬁ_ﬁEmm”
fich as cannot be made by mudeg bizw and yellow or any nww
ther colours. Aund there allo khew why, Emnommm__ _Euﬂmmm
colors might be produced out of two, yet it would nonwo -
1ow that thofe two are the only Original _no_n:.wﬁuo_ R.».Mmmm
I defire you would coinpare with what hath been now mﬂv.o.
Whits, And fo the neceflity of all colors to produce W mﬁa
micvht haveappear’d by theEx periment p4g. 5097, where 1 mwmm
that if any celor at the Lews. be tntercepted, the mew:n:m 5
(whichis compoundzd of them all) will be changedinto (the
el the aothercolors. o L
g mmww_wwﬁ.nm:nw there feems to have happened ﬂoﬁm mif-
underfandinp between us, 1 (hall mp@gqop..no QE»E. _Ewmn_m
3 littke further in thefé things according to the following me=
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collect nuwmma equal diftances, he will find -howw much M,_m_w |

miltaken, and that I have not been extravagint,as he imaging,
in preferring Reflexiors. And as for whae he fays of ehe diff. .
culty of the praxis, I know it is very difficalt, -and by thole
ways whichhe attempted it I believe it unpralticable,
there isa way inflouated inthe Tranfattions pag.3080.by whicl
it is net improbable but that as much may be done tilargeTe-
lelcopes, asI havethereby done in fhore ones; but yet not
without more thea ordinary diligence and curiofity. =~
A Relation froze Danizick, sbout an odd el of Thunder asd
Lightning spow Wheat and Rye in the Gromaries of that i
commiunicated in aLetter sfjune u:m,_._.mm.w..@m._k.ﬁrlmu.mwmwwmda
SIR, . 2 o T
-M,\OG doubtlefs know, how much this City is famed

s

i for its pumerous apd convenient Graaaries, it beiog
the Repolitory of all forts ofgrain, the fruitful Kingdomof -

Polandaffords, Inthofe Granaries are laid up chicfly Wheat

and Rye ia parcels, of 20, to 30 and 6o Lalls io oe chaw.
ber, accordiog toits largeaels, ‘and the drynefs of the Corn

which they turo over 3> 45 5, 6 times a week, as need pee
quires to keep it fiveer,and Gt for thipping.  Now it hapned,
that about the lateer eod of Aurch and dpril laft we had
muchand violent Thunder and Lightning; which had this
unhappy effet upon all the parcels of Wheat and Rye of'the

lalt years growth, thar, though over-night-they were dry, -
{fweety and fit for fhipping , the next moraing they had loft
aed were become clammy and -

all thefe good qualitics |
ftinking,, and confequently unfit to be thip’c away for the

prefent: So thatche Owuaers, if they would not loofe theis -

grain, were forced to caufe it to be tury'd overtwo or three
times a day, and yet it required fix weeks; if mot longer,
before it was recover'd, R
Thisis a thing, which often happens to Cora’ that hath
not Liain the Granary awhole year, or not {wet thorough-
ly io the ftraw before it be thrafl'd out. An accident lirtle

-noted, yet in my judgment worth the inquiring into. - For,

though the Alterations, caufed by Thuader in Liguors, be
taken notice of, and probable reafons given for them; yet I
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h_moww_u___H_

L pedationa -CORIL, ; .53\@» comrnnicated by
L elation of as un coranion ﬁ% in .
SR hwwm feme . from. Damzick s a Lerter of March n_m.
N <2 k : o . . ’ .

o n” m.,

nm“_nmm omit acquainting you with anodd Accident,late-

- 1y come to my koowledge. A Minifter omm_u_mucﬂ Foyears
of age, being much iodifpoled, and often relapling into a &m.
{tecper accompanied with vomiting and purging, %a @Ww Ie
rian, wheno I had the opportunity of {peaking with him about

_ _ his cure was ob-
3 ild me, that he was wmlcpn_mmn that ) ..

. mmcn%na gwgrm Patient’s being obliged to (tudy : For when
by the help of the medicines, prefcribed to and ufed by him,

zas broughr to a confiderable degree of recovesy , his
MMMM_M_H_MN ms%ﬁwnmnrm:_m. made him confiantly Hnmm_mmw._,u.:__m
appearing tome fome-what firange, that .bc&uw and mmocm.
fing fhou!d calt 2 man into {uch violent %mnﬂ_mmnmm, and the
Rmumonm. given by the Doltor for it, not prevailing SMWBF.
hz one day furprifed me by relating what hialelt had fzen; .
giviog the faid Miciker a vifie, which might confirm his coa-

o e sy from the {o-
. jefture concerning the Spirits belng drawn away from the &

a¢ aving the digeftive power languid 3 which vvas,
%mwuﬂ_mmmv_nnmw\nr%n m.___:%m_ mzﬁom a mw_.mvmw mm_ﬂ. a mmw%o:_
preached by him, and Vomits commiog {troogly cvo% if,
he calt out, amonglt other matter, feveral _u_mmﬁu_ @cﬂn as
large as theend of a Maos fioger, fome lefs. ofa fubltance,
to the touchand eye perfetly refembling Tullow | momﬂ%_aﬂw
vvhereof vveighed half an ounce, What may be inferre

wgnmmon.ﬂvmmwmmcﬂomogno&ouu I muft leave to _c%nﬂ .

N ¢ ngmam?_ .
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