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NEWTON

The following extract presents a part of Newton’s (p. 30) paper entitled
“A New Theory About Light and Colours,” published in the Pbilosopbical
Transactions, Abridged, Vol. I, p. 128, under date of February, 1672. The
paper describes his demonstration of the composite nature of white light.
Newton subsequently presented the same general discussion in his Treatise
on Optics, published in 1704,

The next extract is from the Fourth Edition of Newton’s Optics. When
Newton found that he could not complete to his own satisfaction his study of
diffraction he closed his exposition and added a set of Queries, which were
increased by successive additions as one edition after another of his work was
published. Some of these Queries are presented here, in which Newton
suggests the corpuscular theory of light which, largely owing to his eminence,
remained dominant in physics for over a hundred years.

Dispersion oF LiGHT

In the year 1666, (at which time I applied myself to the grinding
of optick glasses of other figures than spherical) I procured me a
triangular glass prism, to try therewith the celebrated phaenomena
of colours. And in order thereto, having darkened my chamber,
and made a small hole in my window-shuts, to let in a convenient
quantity of the sun’s light, I placed my prism at its entrance,
that it might be thereby refracted to the opposite wall. It was
at first a very pleasing divertisement, to view the vivid and intense
colours produced thereby; but after a while applying my self to
consider them more circumspectly, I became surprised, to see
them in an oblong form; which, according to the received laws of
refraction, I expected should have been circular. They were
terminated at the sides with straight lines, but at the ends, the
decay of light was so gradual that it was difficult to determine
justly, what was their figure; yet they seemed semicircular.
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Comparing the length of this colour’d Spectrum with its breadth,
1 found it about five times greater, a disproportion so extravagant,
that it excited me to a more than ordinary curiosity to examining
from whence it might proceed. I could scarce think, that the
various thicknesses of the glass, or the termination with shadow
or darkness, could have any influence on light to produce such an
effect; yet I thought it not amiss, first to examine those circum-
stances, and so try’d what would happen by transmitting light
through parts of the glass of divers thicknesses, or through holes
in the window of diverse bignesses, or by setting the prism without,
so that the light might pass through it, and be refracted, before
it was terminated by the hole: But I found none of those circum-
stances material. The fashion of the colours was in all these
cases the same.

Then I suspected, whether by any unevenness in the glass or
other contingent irregularity, these colours might be thus dilated.
And to try this, I took another prism like the former, and so
placed it, that the light passing through them both might be
refracted contrary ways, and so by the latter returned into that
course from which the former had diverted it. For by this means
I thought the regular effects of the first prism would be destroyed
by the second prism, but the irregular ones more augmented,
by the multiplicity of refractions. The event was, that the light,
which by the first prism was diffused into an oblong form was by
the second reduced into an orbicular one, with as much regularity
as when it did not at all pass through them.

Then I began to suspect, whether the rays, after their trajection
through the prism, did not move in curve lines, and according to
their more or less curvity tend to divers parts of the wall. And
it increased my suspicion, when I remembered that I had often
seen a tennis ball struck with an oblique racket, describe such a
curve line. For, a circular as well as a progressive motion being
communicated to it by that stroke, its parts on that side where
the motions conspire, must press and beat the contiguous air
more violently than on the other, and there excite a reluctancy
and reaction of the air proportionably greater. And for the same
reason, if the rays of light should possibly be globular bodies, and
by their oblique passage out of one medium into another, acquire
a circulating motion, they ought to feel the greater resistance
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from the ambient ether, on that side, where the motions conspire,
and thence be continually bowed to the other. But notwithstand-
ing this plausible ground of suspicion, when I came to examine it,
I could observe no such curvity in them. And besides (which
was enough for my purpose) I observed, that the difference *twixt
the length of the image, and the diameter of the hole, through
which the light was transmitted, was proportionable to their
distance,

The gradual removal of these suspicions at length led me to
the Experimentum Crucis, which was this: I took two boards,
and placed one of them close behind tke prism at the window, so
that the light might pass through a small hole, made in it for
the purpose, and fall on the other board, which I placed at about
12 feet distance, having first made a small hole in it also, for some
of the incident light to pass through. Then I placed another prism
behind this second board, so that the light trajected through both
the boards might pass through that also, and be again refracted
l‘>efore it arrived at the wall. This done, I took the first prism
m my hand, and turned it to and fro slowly about its axis, so
much as to make the several parts of the image cast, on the second
board, successively pass through the hole in it, that I might observe
to what places on the wall the second prism would refract them.
And I saw by the variation of those places, that the light, tending
to that end of the image, towards which the refraction of the
first prism was made, did in the second prism suffer a refraction
considerably greater than the light tending to the other end.
And so the true cause of the length of that image was detected
to be no other, than that light is not similar or homogenial, but
consists of Difform Rays, some of which are more Refrangible than
others; so that without any difference in their incidence on the
same medium, some shall be more Refracted than others;and there-
fore that, according to their particular Degrees of Refrangibility,
they were transmitted through the prism to divers parts of the
opposite wall.

Now I shall proceed to acquaint you with another more notable
Difformity in its rays, wherein the origin of colours is unfolded:
?oncerning which I shall Jay down the doctrine first, and then for
its examination give you an Instance or two of the experiments,
as a specimen of the rest.

The doctrine you will find comprehended and illustrated in
the following propositions:
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1. As the rays of light differ in degrees of refrangibility so
they also differ in their disposition to exhibit, this or that particular
colour. Colours are not qualifications of light, derived from
refractions, or reflections of natural bodies (as ’tis generally
believed) but original and connate properties, which in divers
rays are divers. Some rays are disposed to exhibit a red colour
and no other; some a yellow and no other, some a green and no

‘other, and so of the rest. Nor are there only rays proper and

particular to the more eminent colours, but even to all their
intermediate gradations.

2. To the same degree of refrangibility ever belongs the same
colour, and to the same colour ever belongs the same degree of
refrangibility. The least refrangible rays are all disposed to
exhibit a red colour, and contrarily those rays which are disposed
to exhibit a red colour, are all the least refrangible: so the most
refrangible rays are all disposed to exhibit a deep violet colour,
and contrarily those which are apt to exhibit such a violet colour
are all the most refrangible. And so to all the intermediate
colours in a continued series belong intermediate degrees of
refrangibility. And this Analogy twixt colours and refrangibility
is very precise and strict; the rays always either exactly agreeing
in both, or proportionally disagreeing in both.

3. The species of colour, and degree of refrangibility proper
to any particular sort of rays, is not mutable by refraction, nor by
reflection from natural bodies, nor by any other cause that I could
yet observe. When any one sort of rays hath been well parted
from those of other kinds, it hath afterwards obstinately retained
its colour, notwithstanding my utmost endeavors to change it.
I have refracted it with prisms, and reflected it with bodies,
which in daylight were of other colours; I have intercepted it
with the coloured film of air, interceeded two compressed plates
of glass; transmitted it through coloured mediums, and through
mediums irradiated with other sorts of rays, and diversely termi-
nated it; and yet could never produce any new colour out of it.
It would by contracting or dilating become more brisk, or faint,
and by the loss of many rays, in some cases very obscure and dark;
but I could never see it changed in specie.

4. Yet seeming transmutations of colours may be made, where
there is any mixture of divers sorts of rays. For 1n such mixtures,
the component colours appear not, but, by their mutual allaying
each other, constitute a midling colour. And therefore, if by




302 A SOURCE BOOK IN PHYSICS

refraction, or any other of the aforesaid causes, the difform rays,
latent in such a mixture, be separated, there shall emerge colours
different from the colour of the composition. Which colours are
not new generated, but only made apparent by being parted;
for if they be again entirely mixt and blended together, they will
again compose that colour, which they did before separation.
And for the same reason, transmutations made by the convening
of divers colours are not real; for when the difform rays are again
severed, they will exhibit the very same colours which they did
before they entered the composition; as you see blue and yellow
powders, when finely mixed, appear to the naked eye, green, and
yet the colours of the component corpuscles are not thereby really
transmuted, but only blended. For when viewed with a good
microscope they still appear blue and yellow interspersedly.

5. There are therefore two sorts of colours. The one original
and simple, and the other compounded of these. The original
or primary colours are red, yellow, green, blue, and a violet-purple,
together with orange, indico, and an indefinite variety of inter-
mediate gradations.

6. The same colours in specie with these primary ones, may
be also produced by composition. For a mixture of yellow and
blue makes green; of red and yellow makes orange; of orange and
yellowish green makes yellow. And in general, if any two colours
be mixed, which in the series of those generated by the prism are
not too far distant one from another, they by their mutual
alloy compound that colour, which in the said series appeareth
in the midway between them. But those which are situated at
too great a distance, do not so. Orange and indico produce not
the intermediate green, nor scarlet and green the intermediate
yellow.

7. But the most surprising, and wonderful composition
was that of whiteness. There is no one sort of rays which alone
can exhibit this. ’Tis ever compounded, and to its composition,
are requisite all the aforesaid primary colours, mixed in a due
proportion. I have often with admiration beheld that all the
colours of the prism being made to converge, and thereby to be
again mixed, as they were in the light before it was incident upon
the prism, reproduced light, entirely and perfectly white, and
not at all sensibly differing from a direct light of the sun, unless
when the glasses, I used, were not sufficiently clear; for then they
would a little incline it to their colour.
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8. Hence therefore it comes to pass, that whiteness is the usual
colour of light; for light is a confused aggregate of rays indued
with all sorts of colours, as they were promiscuously darted from
the various parts of luminous bodies. And of such a confused
aggregate, as I said, is generated whiteness, if there be a due
proportion of the ingredients; but if any one predominate, the
light must incline to that colour; as it happens in the blue flame
of brimstone; the yellow flame of a candle; and the various colours
of the fixed stars.

9. These things considered, the manner how colours are
produced by the prism is evident. For, of the rays, constituting
the incident light, since those which differ in colour proportionally
differ in refrangibility, they by their unequal refractions must
be severed and dispersed into an oblong form in an orderly suc-
cession, from the least refracted scarlet, to the most refracted
violet. And for the same reason it is, that objects when looked
upon through a prism, appear coloured. For the difform rays,
by their unequal refractions, are made to diverge towards several
parts of the Retina, and these express the images of things coloured,
as in the former case they did the sun’s image upon a wall. And
by this inequality of refractions, they become not only coloured,
but also very confused and indistinct.

10. Why the colours of the rainbow appear in falling drops of
rain, is also from hence evident. For those drops which refract
the rays, disposed to appear purple, in greatest quantity to the
spectator’s eye, refract the rays of other sorts so much less, as to
make them pass beside it; and such are the drops on the inside
of the primary bow, and on the outside of the secondary or exterior
one. So those drops, which refract in greatest plenty the rays,
apt to appear red, toward the spectator’s eye, refract those of other
sorts so much more, as to make them pass beside it; and such are
the drops on the exterior part of the primary, and interior part
of the secondary bow.

11. The odd phaenomena of an infusion of Lignum Nephbriticum,
leaf-gold, fragments of coloured glass, and some other transparently
coloured bodies, appearing in one position of one colour, and of
another in another, are on these grounds no longer riddles. For
those are substances apt to reflect one sort of light, and transmit
another; as may be seen in a dark room, by illuminating them with
familiar or uncompounded light. For then they appear of that
colour only, with which they are illuminated, but yet in one
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position more vivid and luminous than in another, accordingly
as they are disposed more or less to reflect or transmit the incident
colour.

12. From hence also is manifest the reason of an unexpected
experiment which Mr. Hook, somewhere in his Micrography relates
to have made with two wedge-like transparent vessels, filled the
one with a red, the other with a blue liquor: namely, that though
they were severally transparent enough, yet both together became
opake; for if one transmitted only red, and the other only blue,
no rays could pass through both.

13. I might add more instances of this nature, but I shall
conclude with this general one. That the colours of all natural
bodies have no other origin than is, that they are variously quali-
fied, to reflect one sort of light in greater plenty than another.
And this I have experimented in a dark room, by illuminating
those bodies with uncompounded light of divers colours. For
by that means any body may be made to appear of any colour.
They have there no appropriate colour, but ever appear of the
colour of the light cast upon them, but yet with this difference,
that they are most brisk and vivid in the light of their own daylight
colour. Minium appeareth there of any colour indifferently,
with which it is illustrated, but yet most Iuminous in red, and so
bise appeareth indifferently of any colour, but yet most luminous
in blue. And therefore minium reflecteth rays of any colour,
but most copiously those endowed with red, and consequently
when illustrated with daylight; that is, with all sorts of rays
promiscuously blended, those qualified with red shall abound
most in the reflected light, and by their prevalence cause it to
appear of that colour. And for the same reason bise, reflecting
blue most copiously, shall appear blue by the excess of those rays
in its reflected light; and the like of other bodies. And that this
is the entire and adequate cause of their colours, is manifest,
because they have no power to change or alter the colours of any
sort of rays incident apart, but put on all colours indifferently,
with which they are enlightened.

These things being so, it can be no longer disputed, whether
there be colours in the dark, or whether they be the qualities of
the objects we see, no nor perhaps, whether light be a body.
For, since colours are the qualities of light, having its rays for
their entire and immediate subject, how can we think those rays
qualities also, unless one quality may be the subject of, and sustain
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another; which in effect is to call it substance. We should not
know bodies for substances; were it not for their sensible qualities,
and the principal of those being now found due to something else,
we have as good reason to believe that to be a substance also.

Besides, who ever thought any quality to be a heterogeneous
aggregate, such as light is discovered to be? But to determine
more absolutely what light is, after what manner refracted, and
by what modes or actions it produceth in our minds the phantasms
of colours, is not so easie; and I shall not mingle conjectures with
certainties.

The rest of the paper contains suggestions of various experiments by which
the views presented can be tested.

THE NATURE OF LiGHT

Qu. 28. Are not all Hypotheses erroneous, in which Light is
supposed to consist in Pression or Motion, propagated through a
fluid Medium? For in all these Hypotheses the Phaenomena
of Light have been hitherto explained by supposing that they arise
from new Modifications of the Rays; which is an erroneous
Supposition.

If Light consisted only in Pression propagated without actual
Motion, it would not be able to agitate and heat the Bodies which
refract and reflect it. If it consisted in Motion propagated to
all distances in an instant, it would require an infinite force every
moment, in every shining Particle, to generate that Motion.
And if it consisted in Pression or Motion, propagated either in
an instant or in time, it would bend into the Shadow. For Pression
or Motion cannot be propagated in a Fluid in right Lines, beyond
an Obstacle which stops part of the Motion, but will bend and
spread every way into the quiescent Medium which lies beyond
the Obstacle. Gravity tends downward, but the Pressure of
Water arising from Gravity tends every way with equal Force,
and is propagated as readily, and with as much force sideways
as downwards, and through crooked passages as through strait
ones. The Waves on the surface of stagnating Water, passing
by the sides of a broad Obstacle which stops part of them, bend
afterwards and dilate themselves gradually into the quiet Water
behind the Obstacle. The Waves, Pulses or Vibrations of the Air,
wherein Sounds consist, bend manifestly, though not so much as
the Waves of Water. For a Bell or a Cannon may be heard
beyond a Hill which intercepts the sight of the sounding Body,
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and Sounds are propagated as readily through crooked Pipes as
through streight ones. But Light is never known to follow crooked
Passages nor to bend into the Shadow. For the fix’d Stars by the
Interposition of any of the Planets cease to be seen. And so do
the Parts of the Sun by the Interposition of the Moon, Mercury or
Venus. The Rays which pass very near to the edges of any Body,
are bent a little by the action of the Body, as we shew’d above;
but this bending is not towards but from the Shadow, and is
perform’d only in the passage of the Ray by the Body, and at a
very small distance from it. So soon as the Ray is past the Body,
It goes right on.

The rest of this Query is omitted.

Qu. 29. Are not the rays of Light very small Bodies emitted
from shining Substances? For such Bodies will pass through
uniform Mediums in right Lines without bending into the Shadow,
which is the Nature of the Rays of Light. They will also be
capable of several Properties, and be able to conserve their Proper-
ties unchanged in passing through several Mediums, which is
another Condition of the Rays of Light. Pellucid Substances
act upon the Rays of Light at a distance in refracting, reflecting,
and inflecting them, and the Rays mutually agitate the Parts of
those Substances at a distance for heating them; and this Action
and Re-action at a distance very much resembles an attractive
Force between Bodies. If Refraction be perform’d by Attraction
of the Rays, the Sines of Incidence must be to the Sines of Refrac-
tion in a given Proportion, as we show’d in our Principles of
Philosophy: And this Rule is true by Experience. The Rays of
Light in going out of Glass into a Vacuum, are bent towards the
Glass; and if they fall too obliquely on the Vacuum, they are bent
backwards into the Glass, and totally reflected; and this Reflexion
cannot be ascribed to the Resistance of an absolute Vacuum,
but must be caused by the Power of the Glass attracting the Rays
at their going out of it into the Vacuum, and bringing them back.
For if the farther Surface of the Glass be moisten’d with Water
or clear Oil, or liquid and clear Honey, the Rays which would
otherwise be reflected will go into the Water, Oil, or Honey; and
therefore are not reflected before they arrive at the farther Surface
of the Glass, and begin to go out of it. If they go out of it into
the Water, Oil, or Honey, they go on, because the Attraction
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of the Glass is almost balanced and rendered ineffectual by the
contrary Attraction of the Liquor. But if they go out of it into a
Vacuum which has not Attraction to balance that of the Glass,
the Attraction of the Glass either bends and refracts them, or
brings them back and reflects them. And this is still more evident
by laying together two Prisms of Glass, or two Object-glasses of
very long Telescopes, the one plane, the other a little convex,
and so compressing them that they do not fully touch, nor are
too far asunder. For the Light which falls upon the farther Surface
of the first Glass where the Interval between the Glasses is not
above the ten hundred thousandth Part of an Inch, will go through
that Surface, and through the Air or Vacuum between the Glasses,
and enter into the second Glass, as was explain’d in the first,
fourth, and eighth Observations of the first Part of the second
book. But, if the second Glass be taken away, the Light which
goes out of the second Surface of the first Glass into the Air or
Vacuum, will not go on forwards, but turns back into the first
Glass, dand is reflected; and therefore it is drawn back by the Power
of the first Glass, there being nothing else to turn it back. Nothing
more is requisite for producing all the variety of Colours, and
degrees of Refrangibility, than that the Rays of Light be Bodies
of different Sizes, the least of which may make violet, the weakest
and darkest of the Colours, and be more easily diverted by refract-
ing Surfaces from the right Course; and the rest as they are bigger
and bigger, may make the stronger and more lucid Colours, blue,
green, yellow, and red, and be more and more difficultly diverted.
Nothing more is requisite for putting the Rays of Light into Fits
of easy Reflexion and easy Transmission, than that they be small
Bodies which by their attractive Powers, or some other Force,
stir up Vibrations in what they act upon, which Vibrations being
swifter than the Rays, overtake them successively, and agitate
them so as by turns to increase and decrease their Velocities, and
thereby put them into those Fits. And lastly, the unusual Refrac-
tion of Island-Crystal looks very much as if it were perform’d by
some kind of attractive virtue lodged in certain Sides both of the
Rays, and of the Particles of the Crystal. For were it not for
some kind of Disposition or Virtue lodged in some Sides of the
Particles of the Crystal, and not in their other Sides, and which
inclines and bends the Rays towards the Coast of unusual Refrac-
tion, the Rays which fall perpendicularly on the Crystal, would
not be refracted towards that Coast rather than towards any
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other Coast, both at their Incidence and at their Emergence, so
as to emerge perpendicularly by a contrary Situation of the Coast
of unusual Refraction at the second Surface; the Crystal acting
upon the Rays after they have pass’d through it, and are emerging
into the Air; or, if you please, into a Vacuum. And since the
Crystal by this Disposition or Virtue does not act upon the Rays,
unless when one of their Sides of unusual Refraction looks towards
that Coast, this argues a Virtue or Disposition in those Sides of
the Rays, which answers to, and sympathizes with that Virtue
or Disposition of the Crystal, as the Poles of two Magnets answer
to one another. And as Magnetism may be intended and remitted,
and is found only in the Magnet and in Iron: So this Virtue of
refracting the perpendicular Rays is greater in Island-Crystal,
less in Crystal of the Rock, and is not yet found in other Bodies.
I do not say that this Virtue is magnetical: It seems to be of another
kind. I only say, that whatever it be, it’s difficult to conceive
how the Rays of Light, unless they be Bodies, can have a perma-
nent Virtue in two of their Sides which is not in their other Sides,
and this without any regard to their Position to the Space or
Medium through which they pass.

What I mean in this Question by a Vacuum, and by the Attrac-
tions of the Rays of Light towards Glass or Crystal, may be under-
stood by what was said in the 18th, 19th, and 20th Questions.



