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On the Unequal Sensibility of the Foramen Centrale to Light of
different Colours.

James Clerk Maxwell

[From the Report of the British Association, 1856.]

When observing the spectrum formed by looking at a long ve rtical slit
through a simple prism, I noticed an elongated dark spot running up
and down in the blue, and following the motion of the eye as it moved
up and down the spectrum, but refusing to pass out of the blue into
the other colours.  It was plain that the spot belonged both to the
eye and to the blue part of the spectrum.  The result to which I have
come is, that the appearance is due to the yellow spot on the retina,
commonly called the Foramen Centrale of Soemmering.  The most
convenient method of observing the spot is by presenting to the eye in
not too rapid succession, blue and yellow glasses, or, still better,
allowing blue and yellow papers to revolve slowly before the eye.  In
this way the spot is seen in the blue.  It fades rapidly, but is
renewed every time the yellow comes in to relieve the effect of the
blue.  By using a Nicol's prism along with this apparatus, the brushes
of Haidinger are well seen in connexion with the spot, and the fact of
the brushes being the spot analysed by polarized light becomes
evident.  If we look steadily at an object behind a series of bright
bars which move in front of it, we shall see a curious bending of the
bars as they come up to the place of the yellow spot.  The part which
comes over the spot seems to start in advance of the rest of the bar,
and this would seem to indicate a greater rapidity of sensation at the
yellow spot than in the surrounding retina.  But I find the experiment
difficult, and I hope for better results from more accurate observers.

On the Theory of Compound Colours with reference to Mixtures of


Blue and Yellow Light.



James Clerk Maxwell

[From the Report of the British Association, 1856.]

When we mix together blue and yellow paint, we obtain green paint.
This fact is well known to all who have handled colours; and it is
universally admitted that blue and yellow make green.  Red, yellow,
and blue, being the primary colours among painters, green is regarded
as a secondary colour, arising from the mixture of blue and yellow.
Newton, however, found that the green of the spectrum was not the same
thing as the mixture of two colours of the spectrum, for such a
mixture could be separated by the prism, while the green of the
spectrum resisted further decomposition.  But still it was believed
that yellow and blue would make a green, though not that of the
spectrum.  As far as I am aware, the first experiment on the subject
is that of M. Plateau, who, before 1819, made a disc with alternate
sectors of prussian blue and gamboge, and observed that, when
spinning, the resultant tint was not green, but a neutral gray,
inclining sometimes to yellow or blue, but never to green.
Prof. J. D. Forbes of Edinburgh made similar experiments in 1849, with
the same result.  Prof. Helmholtz of Konigsberg, to whom we owe the
most complete investigation on visible colour, has given the true
explanation of this phenomenon.  The result of mixing two coloured
powders is not by any means the same as mixing the beams of light
which flow from each separately.  In the latter case we receive all
the light which comes either from the one powder or the other.  In the
former, much of the light coming from one powder falls on particles of
the other, and we receive only that portion which has escaped
absorption by one or other.  Thus the light coming from a mixture of
blue and yellow powder, consists partly of light coming directly from
blue particles or yellow particles, and partly of light acted on by
both blue and yellow particles.  This latter light is green, since the
blue stops the red, yellow, and orange, and the yellow stops the blue
and violet.  I have made experiments on the mixture of blue and yellow
light—by rapid rotation, by combined reflexion and transmission, by
viewing them out of focus, in stripes, at a great distance, by
throwing the colours of the spectrum on a screen, and by receiving
them into the eye directly; and I have arranged a portable apparatus
by which any one may see the result of this or any other mixture of
the colours of the spectrum.  In all these cases blue and yellow do
not make green.  I have also made experiments on the mixture of
coloured powders.  Those which I used principally were "mineral blue"
(from copper) and "chrome-yellow."  Other blue and yellow pigments gave
curious results, but it was more difficult to make the mixtures, and
the greens were less uniform in tint.  The mixtures of these colours
were made by weight, and were painted on discs of paper, which were
afterwards treated in the manner described in my paper "On Colour as
perceived by the Eye," in the Transactions of the Royal Society of
Edinburgh, Vol. XXI. Part 2.  The visible effect of the colour is
estimated in terms of the standard-coloured papers:—vermilion (V),
ultramarine (U), and emerald-green (E).  The accuracy of the results,
and their significance, can be best understood by referring to the
paper before mentioned.  I shall denote mineral blue by B, and
chrome-yellow by Y; and B3 Y5 means a mixture of three parts blue and
five parts yellow.

Given Colour.     Standard Colours.          Coefficient


V.    U.    E.           of brightness.



         B8    , 100  =   2    36     7   …………   45

         B7  Y1, 100  =   1    18    17   …………   37

         B6  Y2, 100  =   4    11    34   …………   49

         B5  Y3, 100  =   9     5    40   …………   54

         B4  Y4, 100  =  15     1    40   …………   56

         B3  Y5, 100  =  22   - 2    44   …………   64

         B2  Y6, 100  =  35   -10    51   …………   76

         B1  Y7, 100  =  64   -19    64   …………  109

             Y8, 100  = 180   -27   124   …………  277

The columns V, U, E give the proportions of the standard colours which
are equivalent to 100 of the given colour; and the sum of V, U, E
gives a coefficient, which gives a general idea of the brightness.  It
will be seen that the first admixture of yellow diminishes the
brightness of the blue.  The negative values of U indicate that a
mixture of V, U, and E cannot be made equivalent to the given colour.
The experiments from which these results were taken had the negative
values transferred to the other side of the equation.  They were all
made by means of the colour-top, and were verified by repetition at
different times.  It may be necessary to remark, in conclusion, with
reference to the mode of registering visible colours in terms of three
arbitrary standard colours, that it proceeds upon that theory of three
primary elements in the sensation of colour, which treats the
investigation of the laws of visible colour as a branch of human
physiology, incapable of being deduced from the laws of light itself,
as set forth in physical optics.  It takes advantage of the methods of
optics to study vision itself; and its appeal is not to physical
principles, but to our consciousness of our own sensations.

On an Instrument to illustrate Poinsot's Theory of Rotation.

James Clerk Maxwell

[From the Report of the British Association, 1856.]

In studying the rotation of a solid body according to Poinsot's
method, we have to consider the successive positions of the
instantaneous axis of rotation with reference both to directions fixed
in space and axes assumed in the moving body.  The paths traced out by
the pole of this axis on the invariable plane and on the central
ellipsoid form interesting subjects of mathematical investigation.
But when we attempt to follow with our eye the motion of a rotating
body, we find it difficult to determine through what point of the
body the instantaneous axis passes at any time,—and to determine its
path must be still more difficult.  I have endeavoured to render
visible the path of the instantaneous axis, and to vary the
circumstances of motion, by means of a top of the same kind as that
used by Mr Elliot, to illustrate precession*.  The body of the
instrument is a hollow cone of wood, rising from a ring, 7 inches in
diameter and 1 inch thick.  An iron axis, 8 inches long, screws into
the vertex of the cone.  The lower extremity has a point of hard
steel, which rests in an agate cup, and forms the support of the
instrument.  An iron nut, three ounces in weight, is made to screw on
the axis, and to be fixed at any point; and in the wooden ring are
screwed four bolts, of three ounces, working horizontally, and four
bolts, of one ounce, working vertically.  On the upper part of the
axis is placed a disc of card, on which are drawn four concentric
rings.  Each ring is divided into four quadrants, which are coloured
red, yellow, green, and blue.  The spaces between the rings are white.
When the top is in motion, it is easy to see in which quadrant the
instantaneous axis is at any moment and the distance between it and
the axis of the instrument; and we observe,—1st. That the
instantaneous axis travels in a closed curve, and returns to its
original position in the body.  2ndly. That by working the vertical
bolts, we can make the axis of the instrument the centre of this
closed curve.  It will then be one of the principal axes of inertia.
3rdly. That, by working the nut on the axis, we can make the order of
colours either red, yellow, green, blue, or the reverse.  When the
order of colours is in the same direction as the rotation, it
indicates that the axis of the instrument is that of greatest moment
of inertia.  4thly. That if we screw the two pairs of opposite
horizontal bolts to different distances from the axis, the path of the
instantaneous pole will no longer be equidistant from the axis, but
will describe an ellipse, whose longer axis is in the direction of the
mean axis of the instrument.  5thly. That if we now make one of the
two horizontal axes less and the other greater than the vertical axis,
the instantaneous pole will separate from the axis of the instrument,
and the axis will incline more and more till the spinning can no
longer go on, on account of the obliquity.  It is easy to see that, by
attending to the laws of motion, we may produce any of the above
effects at pleasure, and illustrate many different propositions by
means of the same instrument.

* Transactions of the Royal Scottish Society of Arts, 1855.

Address to the Mathematical and Physical Sections of the British


Association.



James Clerk Maxwell

[From the British Association Report, Vol. XL.]

[Liverpool, September 15, 1870.]

At several of the recent Meetings of the British Association the
varied and important business of the Mathematical and Physical Section
has been introduced by an Address, the subject of which has been left
to the selection of the President for the time being.  The perplexing
duty of choosing a subject has not, however, fallen to me.

Professor Sylvester, the President of Section A at the Exeter Meeting,
gave us a noble vindication of pure mathematics by laying bare, as it
were, the very working of the mathematical mind, and setting before
us, not the array of symbols and brackets which form the armoury of
the mathematician, or the dry results which are only the monuments of
his conquests, but the mathematician himself, with all his human
faculties directed by his professional sagacity to the pursuit,
apprehension, and exhibition of that ideal harmony which he feels to
be the root of all knowledge, the fountain of all pleasure, and the
condition of all action.  The mathematician has, above all things, an
eye for symmetry; and Professor Sylvester has not only recognized the
symmetry formed by the combination of his own subject with those of
the former Presidents, but has pointed out the duties of his successor
in the following characteristic note:—

"Mr Spottiswoode favoured the Section, in his opening Address, with a
combined history of the progress of Mathematics and Physics; Dr.
Tyndall's address was virtually on the limits of Physical Philosophy;
the one here in print," says Prof. Sylvester, "is an attempted faint
adumbration of the nature of Mathematical Science in the abstract.
What is wanting (like a fourth sphere resting on three others in
contact) to build up the Ideal Pyramid is a discourse on the Relation
of the two branches (Mathematics and Physics) to, their action and
reaction upon, one another, a magnificent theme, with which it is to
be hoped that some future President of Section A will crown the
edifice and make the Tetralogy (symbolizable by A+A', A, A',
AA') complete."

The theme thus distinctly laid down for his successor by our late
President is indeed a magnificent one, far too magnificent for any
efforts of mine to realize.  I have endeavoured to follow Mr
Spottiswoode, as with far-reaching vision he distinguishes the systems
of science into which phenomena, our knowledge of which is still in
the nebulous stage, are growing.  I have been carried by the
penetrating insight and forcible expression of Dr Tyndall into that
sanctuary of minuteness and of power where molecules obey the laws of
their existence, clash together in fierce collision, or grapple in yet
more fierce embrace, building up in secret the forms of visible
things.  I have been guided by Prof. Sylvester towards those serene
heights

"Where never creeps a cloud, or moves a wind,


Nor ever falls the least white star of snow,


Nor ever lowest roll of thunder moans,


Nor sound of human sorrow mounts to mar


Their sacred everlasting calm."



But who will lead me into that still more hidden and dimmer region
where Thought weds Fact, where the mental operation of the
mathematician and the physical action of the molecules are seen in
their true relation?  Does not the way to it pass through the very den
of the metaphysician, strewed with the remains of former explorers,
and abhorred by every man of science?  It would indeed be a foolhardy
adventure for me to take up the valuable time of the Section by
leading you into those speculations which require, as we know,
thousands of years even to shape themselves intelligibly.

But we are met as cultivators of mathematics and physics.  In our
daily work we are led up to questions the same in kind with those of
metaphysics; and we approach them, not trusting to the native
penetrating power of our own minds, but trained by a long-continued
adjustment of our modes of thought to the facts of external nature.

As mathematicians, we perform certain mental operations on the symbols
of number or of quantity, and, by proceeding step by step from more
simple to more complex operations, we are enabled to express the same
thing in many different forms.  The equivalence of these different
forms, though a necessary consequence of self-evident axioms, is not
always, to our minds, self-evident; but the mathematician, who by long
practice has acquired a
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