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Assume now that liglit occupies no time in travelling fromn
the lamp to the first mirror, through the first telescope, across
the space between the two telescopes, and back again after its
reflection by the second mirror. Assume, in fact, that the
velocity of liglit is infinite, then it is perfectly clear that an
observer would keep on seeing that star of light whether the
wlieel remained at reist or were put in motion. But now as-
sume that light does take a certain very small time to make
the journey spoken of, and that the wheel can be turned with
just such a velocity- that when the liglit reaches it on its
return it will meet, flot an openixig, but one oftlie cogs. Thcn
the liglit would not be visible : it would find itself a cog be-
hind, so that, if liglit travels very fast indeed and the wlieel
is made to travel with a great and known velocity and the
relation existing between the velocîties be known, the velo-
city of liglit can be measured in this way. That is the way
in whicli Fizeau measured it, and he gave the veloeity as
being 190,000 miles per second.

It may be thought perliaps that this being the first attempt
in a matter of this kind it was not very wortliy of credit; but
the similarity of the resuits which have been obtained in al
8uch experiments proves that they are ail very worthy of
credit, and that this velocity must be accepted as established
within narrow limits.

We corne now to Foucault, the man to whose genius science
owes the experimental proof of the eart.h's rotation, to which.
reference lias already been made. He also attacked this ques-
tion of the velocity of light. Going to, work in quite a dif-
ferent way fromn Fizeau, lie succeeded in enriching science
with a metliod quite as reliable in its operation and as oc-
curate in its results.

A pencil of liglitcoming from a sitat (see Fig. 40, Page 224)
impinges upon the plane mirror R, which is capable of turning
round a vertical axis. This inirror reflects tlie liglit falling
on its surface, and tlie action of the lens, 1, causes an image
to, be formed on the surface of the concave mirror, M, the centre
of whicli coincides with tlie axis at R. This concave mirror
reflects tlie image backwards on its patli to tlie slit. Foucault's
arrangement, as lias been said, was to have tlie miiror, a,
made to rotate. If. therefore, a be turned about its axis
while tlie liglit from the slit, s, is falling upon its surface, for
so long as the liglit falîs on the lens so long will the image
of.tlie slit be formed on the surface of the distant mirror.
Similarly for so long as the reflected image falîs upon tlie
lens, so long will the image be reflected back to the slit. Now
if tlie mirror were made to, rotate rapidly, and liglit were in-.
finite in its velocity, then once during each reýrolution of the
mirror at once particular angle the liglit would be reflected
back to the slit ; buttassume that liglit takes some very smal
fraction of time to travel over tlie space between the mirrors,
it will be observed that the image will not be refl.cted back
to tlie slit but will suifer a deflectioli in one direction or tlie
other according as the mirror turne from. left to, riglit or from
riglit to left, and, the velocity of the rotating mirror being.
known, the amount of this displacement will enable the velo-
city of liglit to be determined.

With twosuch different methods it miglit be supposed that
the recuIts obtained were very differcuit. Not so, liowever ;
tlie velocity obtained bv Fizeau was, as I have said, 190,000
miles per second, tliat by Foucault i 85,000 per second.

It 80, happens tliat both tliese methods have been gone over
quite recently, Fizeau's method by anotlier Frencliman, M.
Cornu, and Foucault's by Mr. Miclielson, an oflicer in the
American navy.

Mr. Michielson modified Foucault's method somewliat, tlie
fault in which was that the displacement obtained was s0 ex-
tremely samaîl, being but tlie fraction of a milimetre ; and
wlien it is remembered that the image is always more or less
indistinct on account of atmosplieric conditions and imper-
fection in tlie lenses and mirrors employed, it will be seen
that it was difficult for Foucault to attain to any very great
accuracy. Mr. Michielson therefore used an apparatus which
would give hima a greater deflection than that obtained by
Foucault. As before, s (Fig. 41) was tlie slit, a the rotating
mirror in the principal focus of the lens, but the distant mir-
ror, instead of being concave, was a plane one, and the lens
one of great focal lengtli, for a reason that will appear imme-
diately. This lens, in cousequence of the smallness of its
diameter in comparison with its great focal length, was not
entirely convenient. In order tliat the displacement should

be great,*it is necessary that flie distance between R anid M,
the distance from the revolving mirror to the slit, and the
speed of rotation should be the greatest possible.

Unfortunately, the second condition clashes with the fir5t,
1 for the distance from tlie revolving inirror to the slit, or the
"iradius " is the difference between the distance of principal
and conjugate focus for the distant mnirror, m, and the greater
the distance the smaller the radius. Two methods were clu-
ployed by Mr. Michelson in evercomning this difficulty : first.
lie had his leus of great focal length, 150 feet, and he placcd
tlie revolving mirror. not at the principal focus, but fiftecll
feet within if. H1e thus managed fo get a distance befween
the mirrors of 2000 feet wifh a radius of f hirfy feet and bis
mirror made 256 revolutions per second. H1e tlien obtained
a defiection of 133 milimetres, that being about 200 titfles
greater flan the defleefion obtained by Foucault. This de-
flection lie measured to within three or four hundredths of a
milimetre in each observation.

Mr. Michelson's experiments were made along an alnl05t
level stretch of sea wall at the Naval Academy.

We are therefore justified in saying, as the results of these
experiments of Fizeau and Cornu, Foucault and Midhelsofi,
that liglit lias a velocity of some 186,000 miles per secand.

If that be so, tIen, if the statemen4 fIat the earth revolves
about the sun le truc, this must follow. In Fig. 42 a b c d
represent fIe earth in différent parts of its orbit around the
sun ;the contention is that if there be fIs revolution of the
earf h round the sun, and if ligît really travels witli auything
short of an infinife velocity, tliun tIe position of a star mnuet
change, for the reason that tIc telescope of tIc astronoIller
muet always be pointed in advance of tIc star f0 catch its3
light in the same way that to catch the falling weight we l'ad
to incline the tube in the direction of its motion.

When any observation is made on any star in the heaven1s,
the telescope of tIc astronomer must therefore lie pointed il'
advance of the star fo catch its ligît, aind taking, as in the
diagram, four different points in the earth's orbit, it is obVl-
ous that ftle telescope at these four different points must be
pointed la four different directions with regard to the star.
For instance, if we take a point at c, wliere the cartî is traVel'
ling in the direction of tIc arrow, and the point at wvhich the
star would be seen if the earth were at rest, or fIe velocitY Of
liglit were infinite, be indicated by the star in the figure c i
the direction in whicli the star would be ceeu, and in whit'î
the astronomer's telescope must be pointed to catch its ligî't.
Similarly with the eartli at d the telescope must be poillts'
to d', and so with the eartî at a we muet have it pointing
towards a'. It was this strange anomaly which puzzled Dr*
Bradley in fIe year 1729. fie noticed tliat the stars moved
in ellipses every year round a mean point. This fact of aber-
ration, then, is a real thing. It lias been said that thc angle
at which the tube had to be inclined to, receive the weiglf
pepended upon their re.3pective velocities, thaf fIe faster thle
tube travelled, the greater muet be its inclination, and tîcre'
fore the greater fIe angle the greater the earth's velocity With
reference to, the velocity of light. lu tIc case of tIc majoritY
of the stars what we get is an ellipse, an in an ellipse we have
certain differences whicli have to be taken inio accounf, the
last difference of ail being that an infinitely elongated ellipse
is a straigît hune, and it is found that from one particulej
point of the heavens where, in consequence of this aberrationl1

motion, the orbits of the stars round their mean places are ý1
most circular, we at last get to a point where the motionl 1
simply an oscillation of fIe star backwards and forwardo t<>
and from ifs mean place ;we are dealing, ini fact, with that
form of thc ellipse wîen It is in tIe form of a straigît hO0 'e
Whien we deal witî an ellipse îve no longer talk of the radius'
but of the semi-axis major, which is haîf thc greafest le0 gth.
The angle of aberration of whidli I have spoken only aIfloUf t6

to 20 4451, but thougli small,'it is quite enough to prove tb"4
the carth does revolve. and fIat consequently the suni15 th
centre of tIe system to which the carth belongs. Now 1 t
order to show thc importance of physical inquiry Iu this nk
ter, there is another statement whicî- must be made. If Ve
consider titis aberration questiou fully, we find in it wh8t I
perliape flic most perfect way of determining the distance of
the sun from the earf 1, and it will be seen that it is perfect11

simple, so simple in fact, that the wonder is that more atW0o
tion lias not been given fo it in our tex-books. We have is
tlie fact that the inclination of the tube depeuds upol' the
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