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XXXII. On the Effect of the Motion of a Body upon the Velocity with
which it is traversed by Light.









By M. H. Fizeau[1].










MANY theories have been proposed with a
view of accounting for the phænomenon of the aberration of light
according to the undulatory theory. In the first instance Fresnel, and
more recently Doppler, Stokes, Challis, and several others have
published important researches on this subject; though none of the
theories hitherto proposed appear to have received the complete approval
of physicists. Of the several hypotheses which have been necessitated by
the absence of any definite idea of the properties of luminiferous
æther, and of its relations to ponderable matter, not one can be
considered as established; they merely possess different degrees of
probability.



On the whole these hypotheses may be reduced to the following three,
having reference to the state in which the æther ought to be considered
as existing in the interior of a transparent body. Either, first,
the æther adheres or is fixed to the molecules of the body, and
consequently shares all the motions of the body; or secondly, the
æther is free and independent, and consequently is not carried with the
body in its movements; or, thirdly, only a portion of the æther
is free, the rest being fixed to the molecules of the body and, alone,
sharing its movements.



The last hypothesis was proposed by Fresnel, in order at once to satisfy
the conditions of the aberration of light and of a celebrated experiment
of Arago's, which proved that the motion of the earth does not affect
the value of the refraction suffered by the light of a star on passing
through a prism. Although these two phænomena may be explained with
admirable precision by means of this hypothesis, still it is far from
being considered at present as an established truth, and the relations
between æther and matter are still considered, by most, as unknown. The
mechanical conception of Fresnel has been regarded by some as too
extraordinary to be admitted without direct proofs; others consider that
the observed phænomena may also be satisfied by one of the other
hypotheses; and others, again, hold that certain consequences of the
hypothesis in question are at variance with experiment.



The following considerations led me to attempt an experiment the result
of which promised, I thought, to throw light on the question.



It will be observed that, according to the first hypothesis, the
velocity with which light traverses a body must vary with the motion of
that body. If the motions of the body and the ray are like-directed, the
velocity of light ought to be increased by the whole velocity of the
body.



If the æther be perfectly free, the velocity of light ought not to be
altered by the motion of the body.



Lastly, if the body when moving only carries with it a portion of the
æther, then the velocity of light ought to be increased by a fractional
part of the velocity of the body and not by the whole velocity, as in
the first case. This consequence is not as evident as the two preceding
ones, though Fresnel has shown that it is supported by mechanical
considerations of a very probable nature.



The question then resolves itself to that of determining with accuracy
the effect of the motion of a body upon the velocity with which light
traverses it.



It is true that the velocity with which light is propagated is so
immensely superior to any we are able to impart to a body, that any
change in the first velocity must in general be inappreciable.
Nevertheless, by combining the most favourable circumstances, it
appeared to be possible to submit to a decisive test at least two media,
air and water, to which, on account of the mobility of their particles,
a great velocity may be imparted.



We owe to Arago a method of observation, founded on the phænomena of
interference, which is well suited to render evident the smallest
variation in the index of refraction of a body, and hence also the least
change in the velocity with which the body is traversed by light; for,
as is well known, this velocity is inversely proportional to the
refracting index. Arago and Fresnel have both shown the extraordinary
sensitiveness of this method by several very delicate observations, such
as that on the difference of refraction between dry and moist air.



A method of observation founded upon this principle appeared to me to be
the only one capable of rendering evident any change of velocity due to
motion. It consists in obtaining interference bands by means of two rays
of light after their passage through two parallel tubes, through which
air or water can be made to flow with great velocity in opposite
directions. The especial object before me necessitated several new
arrangements, which I proceed to indicate.



With respect to the intensity of light, formidable difficulties had
necessarily to be encountered. The tubes, which were of glass and
[image: ]. in diameter, had to be traversed by light
along their centres, and not near their sides; the two slits, therefore,
had to be placed much further apart than is ordinarily the case, on
which account the light would, in the absence of a special contrivance,
have been very feeble at the point where the interference bands are
produced.



This inconvenience was made to disappear by placing a convergent lens
behind the two slits; the bands were then observed at the point of
concourse of the two rays, where the intensity of light was very
considerable.



The length of the tubes being tolerably great, [image: ],
it was to be feared that some difference of temperature or pressure
between the two tubes might give rise to a considerable displacement of
the bands, and thus completely mask the displacement due to motion.



This difficulty was avoided by causing the two rays to return towards
the tubes by means of a telescope carrying a mirror at its focus. In
this manner each ray is obliged to traverse the two tubes successively,
so that the two rays having travelled over exactly the same path, but in
opposite directions, any effect due to difference of pressure or
temperature must necessarily be eliminated by compensation. By means of
various tests I assured myself that this compensation was complete, and
that whatever change in the temperature or density of the medium might
be produced in a single tube, the bands would preserve exactly the same
position. According to this arrangement, the bands had to be observed at
the point of departure itself of the rays: solar light was admitted
laterally, and was directed towards the tubes by means of reflexion from
a transparent mirror; after their double journey through the tubes, the
rays returned and traversed the mirror before reaching the place of
interference, where the bands were observed by means of a graduated
eye-piece.



The double journey performed by the rays had also the advantage of
increasing the probable effect of motion; for this effect must be the
same as if the tubes had double the length and were only traversed once.



This arrangement also permitted the employment of a very simple method
for rendering the bands broader than they would otherwise have been in
consequence of the great distance ([image: ].) between the
slits. This method consisted in placing a very thick plate of glass
before one of the slits, and inclining the same in such a manner that,
by the effect of refraction, the two slits had the appearance of being
very close to each other: in this manner the bands become as broad as
they would be if the two slits were, in reality, as near each other as
they appear to be; and instead of the intensity of light being sensibly
diminished by this expedient, it may, in fact, be greatly augmented by
giving greater breadth to the source of light. By causing the
inclination of the glass to vary, the breadth of the bands may be varied
at pleasure, and thus the magnitude most convenient for precisely
observing their displacement may be readily given to them.



I proceed to describe the disposition of the tubes, and the apparatus
destined to put the water in motion.



The two tubes, placed side by side, were closed at each extremity by a
single glass plate, fixed with gum-lac in a position exactly
perpendicular to their common direction. Near each extremity was a
branch tube, forming a rounded elbow, which established a communication
with a broader tube reaching to the bottom of a flask; there were thus
four flasks communicating with the four extremities of the tubes.



Into one flask, which we will suppose to be full of water, compressed
air, borrowed from a reservoir furnished with an air-pump, was
introduced through a communicating tube. Under the influence of this
pressure the water rose from the flask into the tube, which it then
traversed in order to enter the flask at the opposite end. The latter
could also receive compressed air, and then the liquid returned into the
first flask after traversing the tube in an opposite direction. In this
manner a current of water was obtained whose velocity exceeded
[image: ]. A similar current, but in an opposite
direction, was produced at the same time in the other tube.




Within the observer's reach were two cocks fixed to the reservoir of
air; on opening either, currents, opposite in direction, were
established in both tubes; on opening the other cock the currents in
each tube were simultaneously reversed.



The capacity of the reservoir, containing air at a pressure of about two
atmospheres, amounted to [image: ] (half a cubic foot), that of each
flask to about [image: ]; the latter were divided into equal
volumes, and the velocity of the water was deduced from the section of the
tubes, and from the time of efflux of half a litre.



The apparatus above described was only employed for the experiments with
water in motion: with some modifications it might also be used for air;
but my experiments on moving air had been previously made with a
slightly different apparatus, of which more hereafter, and the results
had been found quite conclusive. I had already proved that the motion of
air produces no appreciable displacement of the bands. But I shall
return to this result and give further details.



For water there is an evident displacement. The bands are displaced
towards the right when the water recedes from the observer in the tube
at his right, and approaches him in the tube on his left.



The displacement of the bands is towards the left when the direction of
the current in each tube is opposite to that just defined.



During the motion of the water the bands remain well defined, and move
parallel to themselves, without the least disorder, through a space
apparently proportional to the velocity of the water. With a velocity of
[image: ] even, the displacement is perceptible; for
velocities between [image: ] it is perfectly
measureable.



In one experiment, where a band occupied five divisions of the
micrometer, the displacement amounted to [image: ]
towards the right and [image: ] towards the left, the
velocity of the water being [image: ].
The sum of the two displacements, therefore, was equal to
[image: ], or nearly half the breadth of a band.



In anticipation of a probable objection, I ought to state that the
system of the two tubes and four flasks, in which the motion of the
water took place, was quite isolated from the other parts of the
apparatus: this precaution was taken in order to prevent the pressure
and shock of the water from producing any accidental flexion in parts of
the apparatus whose motion might influence the position of the bands. I
assured myself, however, that no such influence was exerted, by
intentionally imparting motions to the system of the two tubes.



After establishing the existence of the phænomenon of displacement, I
endeavoured to estimate its magnitude with all possible exactitude. To
avoid all possible sources of error, I varied the magnification of the
bands, the velocity of the water, and even the nature of the divisions
of the micrometer, so as to be unable to predict the magnitude of the
displacements before measuring them. For in measuring small quantities,
where our own power of estimating has to play a great part, the
influence of any preconception is always to be feared; I think, however,
that the result I have obtained is altogether free from this cause of
error.



For the most part the observations were made with a velocity of
[image: ]; in a certain number the velocity
was [image: ], and in others [image: ].
The magnitudes observed have been all reduced to the maximum velocity
[image: ], and referred to the breadth of a band as
unity.













	 
	Displacements of the bands for a mean velocity of
water equal to 7.059 metres per second.
	Differences between the observed displacements and
their mean value.





	 
	0.200
	-0.030



	 
	0.220
	-0.010



	 
	0.240
	+0.010



	 
	0.167
	-0.063



	 
	0.171
	-0.059



	 
	0.225
	-0.005



	 
	0.247
	+0.017



	 
	0.225
	-0.005



	 
	0.214
	-0.016



	 
	0.230
	 0.000



	 
	0.224
	-0.006



	 
	0.247
	+0.017



	 
	0.224
	-0.006



	 
	0.307
	+0.077



	 
	0.307
	+0.077



	 
	0.256
	+0.026



	 
	0.240
	+0.010



	 
	0.240
	+0.010



	 
	0.189
	-0.041



	      Sum 
	    4.373    
	 



	      Mean
	   0.23016
	 











By doubling the mean value we have [image: ], nearly half the breadth
of a band, which represents the magnitude of the displacement produced
by reversing the direction of the current in each tube.



To show the deviations on each side, the differences between the several
observed displacements and the mean value of all have been inserted in
the Table. It will be seen that, in general, they represent a very small
fraction of the breadth of a band; the greatest deviation does not
exceed one-thirteenth of the breadth of a band.



These differences are due to a difficulty which could not be overcome;
the displacement remained at its maximum but for a very short period, so
that the observations had to be made very rapidly. Had it been possible
to maintain the velocity of the current of water constant for a greater
length of time, the measurements would have been more precise; but this
did not appear to be possible without considerably altering the
apparatus, and such alterations would have retarded the prosecution of
my research until the season was no longer favourable for experiments
requiring solar light.



I proceed to compare the observed displacement with those which would
result from the first and third hypotheses before alluded to. As to the
second hypothesis, it may be at once rejected; for the very existence of
displacements produced by the motion of water is incompatible with the
supposition of an æther perfectly free and independent of the motion of
bodies.



In order to calculate the displacement of the bands under the
supposition that the æther is united to the molecules of bodies in such
a manner as to partake of their movements, let



[image: ] be the velocity of light in a vacuum,



[image: ]' the velocity of light in water when at rest,



[image: ] the velocity of the water supposed to be moving in a direction
parallel to that of the light. It follows that



[image: ] is the velocity of light when the ray and the water move
in the same direction, and



[image: ] when they move in opposite directions.



If [image: ] be the required retardation and [image: ] the length of the
column of water traversed by each ray, we have, according to the
principles proved in the theory of the interference of light,
[image: ]
or
[image: ]
Since [image: ] is only the thirty-three millionth part of [image: ], this
expression may, without appreciable error, be reduced to
[image: ]
If [image: ] be the index of
refraction of water, we have the approximate formula
[image: ]
Since each ray traverses the tubes twice, the length [image: ] is double the
real length of the tubes. Calling the latter [image: ],
the preceding formula becomes
[image: ]
and the numerical calculation being performed, we find
[image: ]
Such is the difference of path which, under the present hypothesis,
ought to exist between the two rays.



Strictly speaking, this number has reference to a vacuum, and ought to
be divided by the index of refraction for air; but this index differs so
little from unity, that, for the sake of simplicity, the correction,
which would not alter the last figure by a unit, may be neglected.



The above quantity being divided by the length of an undulation, will
give the displacement of the bands in terms of the breadth of one of
them. In fact, for a difference of path amounting to [image: ]
undulations, the system of bands suffer a displacement equal to the
breadth of [image: ] bands.



For the ray [image: ] the length of an undulation is [image: ],
and the rays about it appear to preserve the greatest intensity after the
light has traversed a rather considerable thickness of water. Selecting
this ray, then, we find for the displacement the value
[image: ]



Had, therefore, the æther participated fully in the motion of the
water, in accordance with the hypothesis under consideration, a
displacement of [image: ] of a band would have been observed in the
foregoing experiments. But the mean of our observations gave only
[image: ]; and on examining the greatest particular values, it will be
found that none approached the number [image: ]. I may even remark that
the latter number ought to be still greater, in consequence of a small
error committed in the determination of the velocity of the water; an
error whose tendency is known, although, as will soon be seen, it was
impossible to correct it perfectly.



I conclude, then, that this hypothesis does not agree with experiment.
We shall next see that, on the contrary, the third, or Fresnel's
hypothesis, leads to a value of the displacement which differs very
little from the result of observation.



We know that the ordinary phænomena of refraction are due to the fact
that light is propagated with less velocity in the interior of a body
than in a vacuum. Fresnel supposes that this change of velocity occurs
because the density of the æther within a body is greater than that in
a vacuum. Now for two media whose elasticity is the same, and which
differ only in their densities, the squares of the velocities of
propagation are inversely proportional to these densities; that is,
[image: ]
[image: ] and [image: ]' being the densities of the æther in a vacuum and in the
body, and [image: ], [image: ]′ the corresponding velocities. From the above we
easily deduce the relations
[image: ]
the latter of which gives the excess of density of the interior æther.



It is assumed that when the body is put in motion, only a part of the
interior æther is carried along with it, and that this part is that
which causes the excess in the density of the interior over that of the
surrounding æther; so that the density of this moveable part is [image: ].
The other part which remains at rest during; the body's motion has the
density [image: ].



The question now arises, with what velocity will the waves be propagated
in a medium thus constituted of an immoveable and a moveable part, when
for the sake of simplicity we suppose the body to be moving in the
direction of the propagation of the waves?



Fresnel considers that the velocity with which the waves are propagated
then becomes increased by the velocity of the centre of gravity of the
stationary and moving portions of æther. Now [image: ] being the velocity
of the body,
[image: ]
will be the velocity of the centre of gravity of the system in question,
and according to the last formula this expression is equal to
[image: ]
Such, then, is the quantity by which the velocity of light will be
augmented; and since [image: ]′ is the velocity when the
body is at rest,
[image: ]
will be the respective velocities when the body moves with and against
the light.



By means of these expressions the corresponding displacement of the
bands in our experiment may be calculated in exactly the same manner as
before. For the difference of path we have the value
[image: ]
which by reduction and transformation becomes
[image: ]



Taking into consideration the smallness of [image: ] with respect to
[image: ], and the
circumstance that the coefficient of [image: ] differs little from
unity, the term in [image: ] may, without appreciable error, be
neglected, and the above expression considerably simplified. In fact, if
[image: ] be the index of refraction, and [image: ] the
length of each tube, we have approximately
[image: ]
whence by numerical calculation we deduce
[image: ]
On dividing this difference of path by the length [image: ] of an
undulation, the magnitude of the displacement becomes
[image: ]
the observed value being [image: ].



These values are almost identical; and what is more, the difference
between observation and calculation may be accounted for with great
probability by the presence of the before-mentioned error in estimating
the velocity of the water. I proceed to show that the tendency of this
error may be assigned, and that analogy permits us to assume that its
effect must be very small.



The velocity of the water in each tube was calculated by dividing the
volume of water which issued per second from one of the flasks by the
sectional area of the tube. But by this method it is only the mean
velocity of the water which is determined; in other words, that which
would exist provided the several threads of liquid at the centre and
near the sides of the tube moved with equal rapidity. It is evident,
however, that this cannot be the case; for the resistance opposed by the
sides of the tube, acting in a more immediate manner on the neighbouring
threads of liquid, tends to diminish their velocity more than it does
that of the threads nearer the centre of the tube. The velocity of the
water in the centre of the tubes, therefore, must be greater than that
of the water near the sides, and consequently also greater than the mean
of both velocities.



Now the slits placed before each tube to admit the rays whose
interference was observed, were situated in the middle of the circular
ends of the tubes; so that the rays necessarily traversed the central
zones, where the velocity of the water exceeded the mean velocity[2].



The law followed by these variations of velocity in the motion of water
through tubes not having been determined, it was not possible to
introduce the necessary corrections. Nevertheless analogy indicates that
the error resulting therefrom cannot be considerable. In fact, this law
has been determined in the case of water moving through open canals,
where the same cause produces a similar effect; the velocity in the
middle of the canal and near the surface of the water is there also
greater than the mean velocity. It has been found that, for values of
the mean velocity included between
[image: ], the maximum
velocity is obtained by multiplying this mean velocity by a
certain coefficient which varies from [image: ]. Analogy therefore permits us to assume that in our case the
correction to be introduced would be of the same order of magnitude.



Now on multiplying [image: ] by [image: ], and
calculating the corresponding values of the displacement of the bands,
we find in place of [image: ] the values [image: ]
respectively; whence it will be seen that in all probability the
correction would tend to cause still greater agreement between the
observed and the calculated results. We may presume, then, that the
small difference which exists between the two values depends upon a
small error in estimating the real velocity of the water; which error
cannot be rectified in a satisfactory manner, in consequence of the
absence of sufficiently accurate data.



Thus the displacement of the bands caused by the motion of water, as
well as the magnitude of this displacement, may be explained in a
satisfactory manner by means of the theory of Fresnel.



It was before observed that the motion of air causes no perceptible
displacement of the bands produced by the interference of two rays which
have traversed the moving air in opposite directions. This fact was
established by means of an apparatus which I will briefly describe.



A pair of bellows, loaded with weights and worked by a lever, impelled
air forcibly through two parallel copper tubes whose extremities were
closed by glass plates. The diameter of each tube was [image: ], and its effective length [image: ];
the direction of the motion in one tube was opposite to that in the
other, and the pressure under which this motion took place was measured
by a manometer placed at the entrance of the tubes it could be raised to
[image: ] of mercury.



The velocity of the air was deduced from the pressure and from the
dimensions of the tubes, according to the known laws of the efflux of
gases. The value thus found was checked by means of the known volume of
the bellows, and the number of strokes necessary to produce a
practically constant pressure at the entrance of the tubes. A velocity
of [image: ] could easily be imparted to the air;
occasionally greater velocities were reached, but their values remained
uncertain.



In no experiment could a perceptible displacement of the bands be
produced: they always occupied the same positions, no matter whether the
air remained at rest, or moved with a velocity equal or even superior to
[image: ].



When this experiment was made, the possibility of doubling, by means of
a reflecting telescope, the value of the displacement, and at the same
time of completely compensating any effects due to accidental
differences of temperature or pressure in the two tubes, had not
suggested itself; but I employed a sure method of distinguishing between
the effects due to motion, and those resulting from accidental
circumstances.



This method consisted in making two successive observations, by causing
the rays to traverse the apparatus in opposite directions. For this
purpose the source of light was placed at the point where the central
band had previously been, when the new bands formed themselves where the
source of light had previously been placed.



The direction of the motion of the air in the tubes remaining the same
in both cases, it is easy to see that the accidental effects would in
both observations give rise to a displacement towards the same tube,
whilst the displacement due solely to motion would first be on the side
of one tube and then on the side of the other. In this manner a
displacement due to motion would have been detected with certainty, even
if it had been accompanied by an accidental displacement due, for
instance, to some defect of symmetry in the diameters or orifices of the
tubes, whence would result an unequal resistance to the passage of air,
and consequently a difference of density.



But the symmetry given to the apparatus was so perfect that no sensible
difference of density existed in the two tubes during the motion of the
air. The double observation was consequently unnecessary; nevertheless
it was made for the sake of greater security, and in order to be sure
that the sought displacement was not accidentally compensated by a
difference of density, which, though small, might be sufficient totally
to mask such displacement.



Notwithstanding these precautions, however, no displacement of the bands
occurred in consequence of the motion of the air; and according to an
estimate I have made, a displacement equal to one-tenth of the breadth
of a band would have been detected had it occurred.



The calculations with respect to this experiment are as follows. Under
the hypothesis that the air, when moving, carries with it all the
æther, we have
[image: ]
[image: ] being equal to [image: ] at the temperature [image: ].



This experiment having been made in air, the maximum illumination was
due to the yellow rays; and this maximum determined the breadth of the
bands. Hence the value of [image: ] corresponding to the ray [image: ] being
taken, we have
[image: ]



Now so great a displacement could certainly not have escaped
observation, especially since it might have been doubled by reversing
the current.



The following would be the results of the calculation according to the
hypothesis of Fresnel:—
[image: ]
[image: ]


Now a displacement equal to [image: ]
of the breadth of a band could not be observed; it might, in fact, be a
hundred times greater and still escape observation. Thus the apparent
immobility of the bands in the experiment made with moving air may be
explained by the theory of Fresnel, according to which the displacement
in question, although not absolutely zero, is so small as to escape
observation.



After having established this negative fact, and seeking, by means of
the several hypotheses respecting æther, to explain it as well as the
phenomenon of aberration and the experiment of Arago, it appeared to me
to be necessary to admit, with Fresnel, that the motion of bodies
changes the velocity with which light traverses them, but that this
change of velocity varies according to the energy with which the
traversed medium refracts light; so that the change is great for highly
refracting bodies, but small for feebly refracting ones such as air.



I was thus led to anticipate a sensible displacement of the bands by
means of the motion of water, since its index of refraction greatly
exceeds that of air.



It is true that an experiment of Babinet's, mentioned in the ninth
volume of the Comptes Rendus, appeared to be in contradiction to the
hypothesis of a change in the velocity of light in accordance with the
law of Fresnel. But on considering the conditions of that experiment, I
detected the existence of a cause of compensation whose influence would
render the effect due to motion insensible. This cause proceeds from the
reflexion which the light suffers in the experiment in question. It may,
in fact, be demonstrated that if a certain difference of path exists
between two rays, that difference becomes altered when these rays suffer
reflexion from a moving mirror. Now on calculating separately the two
effects (of reflexion) in the experiment of Babinet, their magnitudes
will be found to be equal and opposite in sign.



This explanation rendered the hypothesis of a change of velocity still
more probable, and induced me to undertake the experiment with water, as
being the most suitable one for deciding the question with certainty.



The success of this experiment must, I think, lead to the adoption of
the hypothesis of Fresnel, or at least to that of the law discovered by
him, which expresses the relation between the change of velocity and the
motion of the body; for although the fact of this law being found to be
true constitutes a strong argument in favour of the hypothesis of which
it is a mere consequence, yet to many the conception of Fresnel will
doubtless still appear both extraordinary and, in some respects,
improbable; and before it can be accepted as the expression of the real
state of things, additional proofs will be demanded from the physicist,
as well as a thorough examination of the subject from the mathematician.











[1]Translated from the Annales
de Chimie et de Physique for December 1859.
The original memoir was presented to the Parisian Academy of Sciences,
Sept. 29, 1851; and a translation of the brief abstract published in the
Comptes Rendus was given in the Phil. Mag. for December 1851,
p. 568.





[2]Each slit was a rectangle [image: ], and its surface was equal
to one-fifth that of the tube.







Shortly before the publication of the above interesting memoir in the
Annales de Chimie, M. Fizeau presented to the Academy a second
memoir, containing the results of his experiments on the effect of the
motion of a transparent solid body, such as glass, upon the velocity
with which it is traversed by light. The Comptes Rendus of
November 14th, 1859, contains a brief extract from this memoir; and from
it we gather the principal results of his experiments, and the
principles upon which the same were based.



The method of experiment which was employed in the foregoing researches
on air and water being no longer applicable, recourse was had to the
following property of light established by the researches of Malus,
Biot, and Brewster. When a ray of polarized light traverses a plate of
glass, inclined towards its direction, the plane of polarization of the
transmitted ray is in general inclined towards that of the incident ray.
The magnitude of the rotation of the plane of polarization which is thus
caused by the two refractions at the two surfaces of the plate of glass
depends, first, upon the angle of incidence; secondly, upon
the azimuth of the primitive plane of polarization with reference to the
plane of incidence; and thirdly, upon the index of refraction of the
glass forming the plate.



The angle of incidence and the azimuth of the primitive plane of
polarization remaining the same, the rotation of this plane increases
with the index of refraction of the glass plate. Now since this index is
inversely proportional to the velocity with which waves of light are
propagated through the glass, it follows that the magnitude of the
rotation of the plane of polarization increases when the velocity with
which light traverses the glass plate diminishes. The determination of
any change in this velocity is, therefore, reduced to that of the
corresponding change in the rotation of the plane of polarization.



In the first place it was deemed necessary to determine the change in
the rotation which any given increase or decrease of the index of
refraction could produce. By direct and comparative measurements of
these indices and rotations, in the cases of flint and ordinary glass,
it was found that when the index was increased by a small fraction, the
rotation increased by a fraction [image: ] times greater than the
first.



The question next arises what change, according to the hypothesis of
Fresnel, ought to be produced in the velocity of light when it traverses
glass in a state of motion? The answer is based upon the following data.



The greatest velocity at our command is unquestionably that of the earth
in its orbit. At noon, during the period of the solstices, for instance,
the direction of this motion is horizontal and from east to west; from
this it follows that when a plate of glass receives a ray of light
coming from the west, it ought to be considered as really moving
to meet the ray with the immense velocity of
[image: ]. When, on the contrary,
the incident ray comes from the cast, the glass plate must be
considered as moving with this velocity in the same direction as
that of the propagation of the waves of light, by which latter
it is in reality overtaken.



Now, according to the theory of Fresnel, the difference between the
velocities of the light in these two extreme cases would be sufficient
to produce a change in the rotation of the plane of polarization equal
to [image: ] part of the magnitude of
that rotation.



In order to test this result by experiment, a series of glass plates
were interposed in the path of a polarized beam of parallel rays of
light. The primitive plane of polarization was determined by a divided
circle, and the rotation which this plane underwent by the action of the
plates was measured by means of a second graduated circle fixed to a
convenient analyser. The instrument could, moreover, be fixed in any
direction so as to study the influence of all terrestrial motions upon
the phænomena.



In order to make the two necessary observations conveniently and
rapidly, two mirrors were previously fixed on the east and on the west
of the instrument, and upon each, alternately, a beam of solar light was
thrown by means of a heliostat, and thence reflected towards the
instrument.



The greatest difficulties were encountered in the annealing of the glass
plates of the series; and as perfectly homogeneous plates could not be
obtained, it was necessary to employ various compensating expedients,
all which will be found described in the memoir itself.



The conclusions to which M. Fizeau was led by means of more than [image: ]
observations are thus stated:—



1. The rotation of the plane of polarization produced by a series of
inclined glass plates is always greater when the light which traverses
them comes from the west than when it comes from the east; the
observation being made about noon.



2. This excess of rotation is decidedly at a maximum at or about noon
during the solstices. Before and after this hour it is less, and at
about 4 o'clock is scarcely perceptible.



3. The numerical values deduced from the numerous series of observations
present notable differences, the cause of which may be guessed, though
it cannot yet be determined with certitude.



4. The influence of the earth's annual motion, as determined by
calculation on the hypothesis of Fresnel, leads to values of the above
excess of rotation which agree tolerably well with the majority of the
values deduced from observation.



5. Theory, as well as experiment, therefore, lead us to conclude that
the azimuth of the plane of polarization of a refracted ray is really
influenced by the motion of the refracting medium, and that the motion
of the earth in space exerts an influence of this kind upon the rotation
of the plane of polarization produced by a series of inclined glass
plates.

















*** END OF THE PROJECT GUTENBERG EBOOK ON THE EFFECT OF THE MOTION OF A BODY UPON THE VELOCITY WITH WHICH IT IS TRAVERSED BY LIGHT ***



    

Updated editions will replace the previous one—the old editions will
be renamed.


Creating the works from print editions not protected by U.S. copyright
law means that no one owns a United States copyright in these works,
so the Foundation (and you!) can copy and distribute it in the United
States without permission and without paying copyright
royalties. Special rules, set forth in the General Terms of Use part
of this license, apply to copying and distributing Project
Gutenberg™ electronic works to protect the PROJECT GUTENBERG™
concept and trademark. Project Gutenberg is a registered trademark,
and may not be used if you charge for an eBook, except by following
the terms of the trademark license, including paying royalties for use
of the Project Gutenberg trademark. If you do not charge anything for
copies of this eBook, complying with the trademark license is very
easy. You may use this eBook for nearly any purpose such as creation
of derivative works, reports, performances and research. Project
Gutenberg eBooks may be modified and printed and given away—you may
do practically ANYTHING in the United States with eBooks not protected
by U.S. copyright law. Redistribution is subject to the trademark
license, especially commercial redistribution.



START: FULL LICENSE


THE FULL PROJECT GUTENBERG LICENSE


PLEASE READ THIS BEFORE YOU DISTRIBUTE OR USE THIS WORK


To protect the Project Gutenberg™ mission of promoting the free
distribution of electronic works, by using or distributing this work
(or any other work associated in any way with the phrase “Project
Gutenberg”), you agree to comply with all the terms of the Full
Project Gutenberg™ License available with this file or online at
www.gutenberg.org/license.


Section 1. General Terms of Use and Redistributing Project Gutenberg™
electronic works


1.A. By reading or using any part of this Project Gutenberg™
electronic work, you indicate that you have read, understand, agree to
and accept all the terms of this license and intellectual property
(trademark/copyright) agreement. If you do not agree to abide by all
the terms of this agreement, you must cease using and return or
destroy all copies of Project Gutenberg™ electronic works in your
possession. If you paid a fee for obtaining a copy of or access to a
Project Gutenberg™ electronic work and you do not agree to be bound
by the terms of this agreement, you may obtain a refund from the person
or entity to whom you paid the fee as set forth in paragraph 1.E.8.


1.B. “Project Gutenberg” is a registered trademark. It may only be
used on or associated in any way with an electronic work by people who
agree to be bound by the terms of this agreement. There are a few
things that you can do with most Project Gutenberg™ electronic works
even without complying with the full terms of this agreement. See
paragraph 1.C below. There are a lot of things you can do with Project
Gutenberg™ electronic works if you follow the terms of this
agreement and help preserve free future access to Project Gutenberg™
electronic works. See paragraph 1.E below.


1.C. The Project Gutenberg Literary Archive Foundation (“the
Foundation” or PGLAF), owns a compilation copyright in the collection
of Project Gutenberg™ electronic works. Nearly all the individual
works in the collection are in the public domain in the United
States. If an individual work is unprotected by copyright law in the
United States and you are located in the United States, we do not
claim a right to prevent you from copying, distributing, performing,
displaying or creating derivative works based on the work as long as
all references to Project Gutenberg are removed. Of course, we hope
that you will support the Project Gutenberg™ mission of promoting
free access to electronic works by freely sharing Project Gutenberg™
works in compliance with the terms of this agreement for keeping the
Project Gutenberg™ name associated with the work. You can easily
comply with the terms of this agreement by keeping this work in the
same format with its attached full Project Gutenberg™ License when
you share it without charge with others.


1.D. The copyright laws of the place where you are located also govern
what you can do with this work. Copyright laws in most countries are
in a constant state of change. If you are outside the United States,
check the laws of your country in addition to the terms of this
agreement before downloading, copying, displaying, performing,
distributing or creating derivative works based on this work or any
other Project Gutenberg™ work. The Foundation makes no
representations concerning the copyright status of any work in any
country other than the United States.


1.E. Unless you have removed all references to Project Gutenberg:


1.E.1. The following sentence, with active links to, or other
immediate access to, the full Project Gutenberg™ License must appear
prominently whenever any copy of a Project Gutenberg™ work (any work
on which the phrase “Project Gutenberg” appears, or with which the
phrase “Project Gutenberg” is associated) is accessed, displayed,
performed, viewed, copied or distributed:


    This eBook is for the use of anyone anywhere in the United States and most
    other parts of the world at no cost and with almost no restrictions
    whatsoever. You may copy it, give it away or re-use it under the terms
    of the Project Gutenberg License included with this eBook or online
    at www.gutenberg.org. If you
    are not located in the United States, you will have to check the laws
    of the country where you are located before using this eBook.
  


1.E.2. If an individual Project Gutenberg™ electronic work is
derived from texts not protected by U.S. copyright law (does not
contain a notice indicating that it is posted with permission of the
copyright holder), the work can be copied and distributed to anyone in
the United States without paying any fees or charges. If you are
redistributing or providing access to a work with the phrase “Project
Gutenberg” associated with or appearing on the work, you must comply
either with the requirements of paragraphs 1.E.1 through 1.E.7 or
obtain permission for the use of the work and the Project Gutenberg™
trademark as set forth in paragraphs 1.E.8 or 1.E.9.


1.E.3. If an individual Project Gutenberg™ electronic work is posted
with the permission of the copyright holder, your use and distribution
must comply with both paragraphs 1.E.1 through 1.E.7 and any
additional terms imposed by the copyright holder. Additional terms
will be linked to the Project Gutenberg™ License for all works
posted with the permission of the copyright holder found at the
beginning of this work.


1.E.4. Do not unlink or detach or remove the full Project Gutenberg™
License terms from this work, or any files containing a part of this
work or any other work associated with Project Gutenberg™.


1.E.5. Do not copy, display, perform, distribute or redistribute this
electronic work, or any part of this electronic work, without
prominently displaying the sentence set forth in paragraph 1.E.1 with
active links or immediate access to the full terms of the Project
Gutenberg™ License.


1.E.6. You may convert to and distribute this work in any binary,
compressed, marked up, nonproprietary or proprietary form, including
any word processing or hypertext form. However, if you provide access
to or distribute copies of a Project Gutenberg™ work in a format
other than “Plain Vanilla ASCII” or other format used in the official
version posted on the official Project Gutenberg™ website
(www.gutenberg.org), you must, at no additional cost, fee or expense
to the user, provide a copy, a means of exporting a copy, or a means
of obtaining a copy upon request, of the work in its original “Plain
Vanilla ASCII” or other form. Any alternate format must include the
full Project Gutenberg™ License as specified in paragraph 1.E.1.


1.E.7. Do not charge a fee for access to, viewing, displaying,
performing, copying or distributing any Project Gutenberg™ works
unless you comply with paragraph 1.E.8 or 1.E.9.


1.E.8. You may charge a reasonable fee for copies of or providing
access to or distributing Project Gutenberg™ electronic works
provided that:


    	• You pay a royalty fee of 20% of the gross profits you derive from
        the use of Project Gutenberg™ works calculated using the method
        you already use to calculate your applicable taxes. The fee is owed
        to the owner of the Project Gutenberg™ trademark, but he has
        agreed to donate royalties under this paragraph to the Project
        Gutenberg Literary Archive Foundation. Royalty payments must be paid
        within 60 days following each date on which you prepare (or are
        legally required to prepare) your periodic tax returns. Royalty
        payments should be clearly marked as such and sent to the Project
        Gutenberg Literary Archive Foundation at the address specified in
        Section 4, “Information about donations to the Project Gutenberg
        Literary Archive Foundation.”
    

    	• You provide a full refund of any money paid by a user who notifies
        you in writing (or by e-mail) within 30 days of receipt that s/he
        does not agree to the terms of the full Project Gutenberg™
        License. You must require such a user to return or destroy all
        copies of the works possessed in a physical medium and discontinue
        all use of and all access to other copies of Project Gutenberg™
        works.
    

    	• You provide, in accordance with paragraph 1.F.3, a full refund of
        any money paid for a work or a replacement copy, if a defect in the
        electronic work is discovered and reported to you within 90 days of
        receipt of the work.
    

    	• You comply with all other terms of this agreement for free
        distribution of Project Gutenberg™ works.
    



1.E.9. If you wish to charge a fee or distribute a Project
Gutenberg™ electronic work or group of works on different terms than
are set forth in this agreement, you must obtain permission in writing
from the Project Gutenberg Literary Archive Foundation, the manager of
the Project Gutenberg™ trademark. Contact the Foundation as set
forth in Section 3 below.


1.F.


1.F.1. Project Gutenberg volunteers and employees expend considerable
effort to identify, do copyright research on, transcribe and proofread
works not protected by U.S. copyright law in creating the Project
Gutenberg™ collection. Despite these efforts, Project Gutenberg™
electronic works, and the medium on which they may be stored, may
contain “Defects,” such as, but not limited to, incomplete, inaccurate
or corrupt data, transcription errors, a copyright or other
intellectual property infringement, a defective or damaged disk or
other medium, a computer virus, or computer codes that damage or
cannot be read by your equipment.


1.F.2. LIMITED WARRANTY, DISCLAIMER OF DAMAGES - Except for the “Right
of Replacement or Refund” described in paragraph 1.F.3, the Project
Gutenberg Literary Archive Foundation, the owner of the Project
Gutenberg™ trademark, and any other party distributing a Project
Gutenberg™ electronic work under this agreement, disclaim all
liability to you for damages, costs and expenses, including legal
fees. YOU AGREE THAT YOU HAVE NO REMEDIES FOR NEGLIGENCE, STRICT
LIABILITY, BREACH OF WARRANTY OR BREACH OF CONTRACT EXCEPT THOSE
PROVIDED IN PARAGRAPH 1.F.3. YOU AGREE THAT THE FOUNDATION, THE
TRADEMARK OWNER, AND ANY DISTRIBUTOR UNDER THIS AGREEMENT WILL NOT BE
LIABLE TO YOU FOR ACTUAL, DIRECT, INDIRECT, CONSEQUENTIAL, PUNITIVE OR
INCIDENTAL DAMAGES EVEN IF YOU GIVE NOTICE OF THE POSSIBILITY OF SUCH
DAMAGE.


1.F.3. LIMITED RIGHT OF REPLACEMENT OR REFUND - If you discover a
defect in this electronic work within 90 days of receiving it, you can
receive a refund of the money (if any) you paid for it by sending a
written explanation to the person you received the work from. If you
received the work on a physical medium, you must return the medium
with your written explanation. The person or entity that provided you
with the defective work may elect to provide a replacement copy in
lieu of a refund. If you received the work electronically, the person
or entity providing it to you may choose to give you a second
opportunity to receive the work electronically in lieu of a refund. If
the second copy is also defective, you may demand a refund in writing
without further opportunities to fix the problem.


1.F.4. Except for the limited right of replacement or refund set forth
in paragraph 1.F.3, this work is provided to you ‘AS-IS’, WITH NO
OTHER WARRANTIES OF ANY KIND, EXPRESS OR IMPLIED, INCLUDING BUT NOT
LIMITED TO WARRANTIES OF MERCHANTABILITY OR FITNESS FOR ANY PURPOSE.


1.F.5. Some states do not allow disclaimers of certain implied
warranties or the exclusion or limitation of certain types of
damages. If any disclaimer or limitation set forth in this agreement
violates the law of the state applicable to this agreement, the
agreement shall be interpreted to make the maximum disclaimer or
limitation permitted by the applicable state law. The invalidity or
unenforceability of any provision of this agreement shall not void the
remaining provisions.


1.F.6. INDEMNITY - You agree to indemnify and hold the Foundation, the
trademark owner, any agent or employee of the Foundation, anyone
providing copies of Project Gutenberg™ electronic works in
accordance with this agreement, and any volunteers associated with the
production, promotion and distribution of Project Gutenberg™
electronic works, harmless from all liability, costs and expenses,
including legal fees, that arise directly or indirectly from any of
the following which you do or cause to occur: (a) distribution of this
or any Project Gutenberg™ work, (b) alteration, modification, or
additions or deletions to any Project Gutenberg™ work, and (c) any
Defect you cause.


Section 2. Information about the Mission of Project Gutenberg™


Project Gutenberg™ is synonymous with the free distribution of
electronic works in formats readable by the widest variety of
computers including obsolete, old, middle-aged and new computers. It
exists because of the efforts of hundreds of volunteers and donations
from people in all walks of life.


Volunteers and financial support to provide volunteers with the
assistance they need are critical to reaching Project Gutenberg™’s
goals and ensuring that the Project Gutenberg™ collection will
remain freely available for generations to come. In 2001, the Project
Gutenberg Literary Archive Foundation was created to provide a secure
and permanent future for Project Gutenberg™ and future
generations. To learn more about the Project Gutenberg Literary
Archive Foundation and how your efforts and donations can help, see
Sections 3 and 4 and the Foundation information page at www.gutenberg.org.


Section 3. Information about the Project Gutenberg Literary Archive Foundation


The Project Gutenberg Literary Archive Foundation is a non-profit
501(c)(3) educational corporation organized under the laws of the
state of Mississippi and granted tax exempt status by the Internal
Revenue Service. The Foundation’s EIN or federal tax identification
number is 64-6221541. Contributions to the Project Gutenberg Literary
Archive Foundation are tax deductible to the full extent permitted by
U.S. federal laws and your state’s laws.


The Foundation’s business office is located at 809 North 1500 West,
Salt Lake City, UT 84116, (801) 596-1887. Email contact links and up
to date contact information can be found at the Foundation’s website
and official page at www.gutenberg.org/contact


Section 4. Information about Donations to the Project Gutenberg
Literary Archive Foundation


Project Gutenberg™ depends upon and cannot survive without widespread
public support and donations to carry out its mission of
increasing the number of public domain and licensed works that can be
freely distributed in machine-readable form accessible by the widest
array of equipment including outdated equipment. Many small donations
($1 to $5,000) are particularly important to maintaining tax exempt
status with the IRS.


The Foundation is committed to complying with the laws regulating
charities and charitable donations in all 50 states of the United
States. Compliance requirements are not uniform and it takes a
considerable effort, much paperwork and many fees to meet and keep up
with these requirements. We do not solicit donations in locations
where we have not received written confirmation of compliance. To SEND
DONATIONS or determine the status of compliance for any particular state
visit www.gutenberg.org/donate.


While we cannot and do not solicit contributions from states where we
have not met the solicitation requirements, we know of no prohibition
against accepting unsolicited donations from donors in such states who
approach us with offers to donate.


International donations are gratefully accepted, but we cannot make
any statements concerning tax treatment of donations received from
outside the United States. U.S. laws alone swamp our small staff.


Please check the Project Gutenberg web pages for current donation
methods and addresses. Donations are accepted in a number of other
ways including checks, online payments and credit card donations. To
donate, please visit: www.gutenberg.org/donate.


Section 5. General Information About Project Gutenberg™ electronic works


Professor Michael S. Hart was the originator of the Project
Gutenberg™ concept of a library of electronic works that could be
freely shared with anyone. For forty years, he produced and
distributed Project Gutenberg™ eBooks with only a loose network of
volunteer support.


Project Gutenberg™ eBooks are often created from several printed
editions, all of which are confirmed as not protected by copyright in
the U.S. unless a copyright notice is included. Thus, we do not
necessarily keep eBooks in compliance with any particular paper
edition.


Most people start at our website which has the main PG search
facility: www.gutenberg.org.


This website includes information about Project Gutenberg™,
including how to make donations to the Project Gutenberg Literary
Archive Foundation, how to help produce our new eBooks, and how to
subscribe to our email newsletter to hear about new eBooks.



OEBPS/8767291099889838350_70863-cover.png
On the effect of the motion of a body upon
the velocity with which it is traversed by
light

H. Fizeau






OEBPS/toc.xhtml

    
      
        		
          XXXII. On the Effect of the Motion of a Body upon the Velocity with which it is traversed by Light.
        


        		
          THE FULL PROJECT GUTENBERG LICENSE
        


      


    
  

