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ARAGO'S PLAN FOR PROVING THE TRUE THEORY

OF LIGHT.

Among the papers published in the Smithsonian
Report is a translation by Alfred M. Mayer, Professor
of Physics, Pennsylvania College, Gettysburg, of a
very clear essay on the velocity of lizht, by M. Delau-
nay, of the Institute of France. From this translation
we extract the following account of the plan proposed
by M. Arawo for determining experimentally the long
dispnted question whether lixht is an emissionor an
undulation.  Arazo’s eyesizht being impaired, he
was unabled to try the experiment himself, but in
1850 the trial was made by M. Faucault, also by MM.
Fijeau and Breunel, these gentlenen having tirst ol-
tained the assent of Arago, Lefore proceeding with
an experimeut suggested Ly him. .

The first step in this direction was the most difli-
cult to make, and it required all the daring of genius
to attempt it. We find it in an experiment projected
by Arago, and communicated to the Academy of
Sciences ol Paris during its meeting on the 3d of De-
cember, 1838. In the project it was not as yet pro-
posed to measure the velocity of light, but simply to
compare the velocities with which light moves in air,
or in a liquid such as water, or Lisulphide ot carbon;
it was proposed to find Ly experiment which of these
two velocities was the greater, which would decide in
an irretutable manner between the two systems im-
agined by physicists to explain’ optic:l phenomena,
viz:—the system of emission and that of vibration or
undulation. We cannot do better than here allow
Arago to speak for himself. The following is what
he says in the notice printed in the proceedings of
the meeting:—

““ T propose to show in this communicaticn how it
is possible to decide, unequivocally, whether light
be composed of little particles emanating trom radia-
ating bodies, as Newton supposes, and as the greater
part of modern geoyieters admit; or whether it is
simply the result of the undulations of a very rare
and very elastic medium which physicists have
azreed to call etker. The system of experiments
which T am about to deserih» will no longer permit,
it seems to me, to hesitate between these two rival
theories. It will decile mathematically, (I use de?
sienedly this expression); it will decide mathemati-
cally one of the grandest and most dehated questions
ot natural philosophy.

““ Besidez, mv communication is the fulfilline of a
sort of engaxement to the Academy [ accepted at
one of its last secret sittings.

¢7 discussed the admirable method, by the aid-of
which Mr. Wheatstone attempted the solution of the
problem of the veiocity of electricity over metallic
conductors. I had hardly terminated the enumera-
tion of the important results obtained by that inge-
nious physicist, when several of' our members, whose
names are authority in such matters, stated that my
report was far teo approbative. ‘In supposing it
well determined, the inferior limit agsigned by Mr.
Wheatstone to the velocity of electricity will not
have,’ said one, ‘any markedinfluence on the pro-
gress of the sciences; besides, limits of the same
orler, and even more extensive, can be deduced in-
directly from various electric or magnetic phenome-
na. As tothe method of the revolving mirrors, it
does not seem to be susceptible of application, but
to the simple questions already studied by the in-
ventor.” T tried to refute this last opinion. T be-
lieve myself thas the new instrument, suitably modi-
fied, would lead to results that Mr. Wheatstone was
not aware of. I already foresaw that, even in sup-
posing it inclosed in the narrow limits of a small
room, it could serve to measure the comparative ve-
loeities of lightginoving through air and through a
lignid. I was not slow in learning, and without
having hardly the right to be astonished or to com-
plain that my assertions had been received with in-
credulity. Nevertheless, I intend to vindicate it to-
day in all its parts.

““Principle of the method :—Let a ray of Iight fall
upon a plane polished mirror; it will be reflected, as
every one knows, in forming with the surface of the
mirror an angle of reftection exactly equal to the
angle of incidence.

““Let us now suppose thal the miirror turns
through an are, ¢, arownd the point of its surtace
from which the reflection takes place. If this motion,

for example, increases the quantity, a, tke orwyinal

angle of wmcidence, it will diminish as much ¢ke:

ortginal angle of reflcction. The latter will, therefore,
after the displacement of the mirror, be smaller than
the first by the quantity 2a; thus it must be increased
2a to render it equal to (ke new angle of incidence;
hence that angle increased 2a will give the direction
of the reflecte ray in the second position of the mir-
ror; and thus the incident ray remaining the same,
an angular motion, «, of the mirror occasions a double
angular metion in the reflected ray.

-““ This mode ol reasoning applies as well to the
case where the motion of the mirror, acting in a con-
trary direction, woull diminisk the first angle of in-
cidence.
it is also that of all reflecting nautical instruments.

meeting in their course any other medium than air
To be more definite, we will suppose that the mirror,
seen from the position the observer occupies, turns
from the right to the left. Well, it the theory of
emission be true; if light be material, the upper
point will appear o the lertof the lower point. I¢
will appear to the right, on the contrary, if light re-
sulls from the vibrations of an ethereal medium.

¢ Instead of two isolated radiating points, suppose
that we instantaneously present to the mirror a ver-
tical luminous line. The image of the upper part of
this line will oe formed by rays which have traversed
the water; the image of the lower part will result

from the rays which have throughout their whole

The pr:nciple is, therefore, general; and |course traversed the air. In the revolving mirror the
: image of the gingle line will appear broken; it will be

¢ The reflection {rom the plane mirrors can serve j composed of fwo vertical luminous lines, of two lines,

to project the luminous rays in all parts of space,
without, however, altering the relalive positions;
two rags parallel Lefore reflection; those at first in-
clined to cachother 1 minute, 10 minutes, or 20 min-
utes, etc., will form precisely the same angle after
the reflection has deviated them.

‘“ Instead of a single ray, let us consider two hor-
izontal rays setting out trom 210 neighboring points
situated in the same vertical. Admit that they strike
on two points of the median line (also vertical) of a
plane vertieal mirrors Suppose that this mirror re-
volves on itself uniformiy and in a continuous man-
ner aronnd a veértidal axis whose prolongation coin-
cides with the median line just mentioned, the direc-
tion in which the two horizontal lines will be reflected
will depend evidently upon the moment they wmay
reach the mirror, since we have snpposed that it
turng. If the fwo rays have setout simultaneously
Jrom the Liro conliquows points, they will also reach
simultaneously by the mirror. Their reflection will take
place at the same instant; consequently in the same
position of the turning surface; consequently as if
that surface was stationary with respect to them.
Therelore their primitive parallelism will not Le
changed.

“In order that .the rays which primitively were

sary that one of them should arrive at the mirror
latér than the other, It i3 necessary that iff‘its
course from the radiating point to the reflecting and
turning snrface, the velocity of the ray should be ac-
celerated, or what will be precisely the same thing,
it is necessary (the velocity ot the first ray remaining
constant) that that ot the second should experience
a diminution. It is necessary, finally, that the two
rays should be reflected one after the other; and,

consequently, from two distinct positions of the mir- .

ror, forming with each other a sensible angle.

¢ According to the theory ot emission, light moves
in water notably faster than in air. According to
the wave theory, it is precisely the opposite which
takes piace: the light moves faster in air than in
water. Suppose that one of the rays (the upper ray
for example) has to traverse a tube filled with water
before it strikes the mirror. It the theory of emission
be true, the upper ray will be accelerated in its pro-
gress; it will reach the mirror first; it will be reflect-
ed before the lower ravy; it will make with it a cer-
tain angle, and the direction ot the deviation will be
such that the lower ray will appear in advanceot the
other, that it will appear to have been deviated more
by the turning mirror.

¢ Circumstancesremaining the same, let us admit
for a moment the truth ot the wave system. The tube
of water will retard the progress «of the upper ray;
the ray will arrive at the reflecting mirror after the
lowerray; it will e reflected not the tirst, as in the
former cage, but thesecond in order, and from a po-
sition of the polished reflecting face in ddvance of
the position it had when it reflected the npper ray a
moment before; these two rays will make with each
otherthe same argle as in the other hypothesis, ex-
cept (and we should well remark it) the deviation
will take place precisely in an opposite direction the
upperray will now be in advance, always indicating
thusthe direction in which the mirror revolves.

“To recapitulate: two radiating points, placed
near each other on the same vertical line, flash in-
stantancously before a revolving mirror. The rays
from the upper point, cannot reach the thirror until
after traversing a tube filled with water; the rays

F

which will not Le prolongations of each other.

¢« The upper rectilinear image, is it hehind the one
below? Does it appear to the left?

“ Light is a body.

‘ Does the contrary take place? Theupperimage,
does it show itself to the richt ?

“CLight s an undwlution.,

‘¢ All that procedes is theoretically, or rather spec-
ulatively exact. Now {and hereisthe delicate point),
it rem1ins to prove that, notwithstanding the prodig-
ious velocity of light, that notwithstanding a velocity
01'190,000 miles a second, that notwithstanding the
small length that we will be oblied to give to the
tuhe filled with liquid, that no‘withatanding the lim-
ited velocities of rotation that the mirrors will have,
the comparative deviations of the two inages, to-
ward the right or toward the left, of which I
have ilemonstrated the existeuce, will ve perceptible
in our instruments.” i

Arago then enters into the most minute details of
all the parts of the experiment—thc velocity of ro-
tation that can Le given to a mirror, the visibility
of the image formed by light after having traverse.l
the necessary length of liquid, the posibility of reduc-
ing that length of liquid, or the velocity ot rotation

1 of the mirror Ly employing simultaneously several ro-
parallel may diveree after theirreflection, it is neces-:

tating nirrors from which the licht would he success-
ively reflected, and also in substifutine for water hi-
salphideof cerbon, which acts more powertully on
the velocity of light, are, on his part, the object of a
thorough examination. He then terminates thus:—

‘¢ Suppose in the experiment that T propose to
execute we make use of electric sparks, or of lizhts
sucessivelv screened and unscreened by the use ot
rotating disks, as their emissions should only last
during a tew thousandths of a second, it may happen
that anobserver, looking in the mirror irom a given
direction, and with a telescope ot limited field, will
only by chance perceive the light. To this Iimme-
diately reply that in renewing very often the appari-
tions of light—every second, for example—that if,
instead of a single mirror, we rotate a vertical prism
of eight or ten facets, that with the concurrence of
several obgervers, placed in diflerent directions, and
each with his telescope, we cannot tail to have nu-
merous and clear apparitions of the reflected rays.
But these are detailson which I shall not dwell to-
day. I will reserve foranother communication the
exposition of the system of experiments in which we
willrender sensible, and in which we wil]l measure,
to a certain degree, the absolute velocity of light
without having recourse to celestial phenomena.”

Before proceeding further in the perugal of the
essay of M. Delaunay, it is necessary that all who
have not given especial atiention to the study of
recent optical research, and who desire to appreciate
the beauty and importance of the remainder of this
essay, should understand whky light should move
faster in water than in air according to the emission
theory, and slower in water than in air according to
the undutatory theory. This is not explained by the
author, and without this knowledge it is impossible
to appreciate the excellence of these classical experi-
ments of Arago, of Fizeau, and of Foucault.

We would advise the above class of readers to
study the points here spoken of in the ¢¢ Lectures on
the Undulatory Theory of Light,” by Professor Banard,
Smithsonian Report for 1862. In the admirable
“Traite de Physique,” by Daguin, Paris, 1862, and
in Pouille’s ¢ Trait dr Physigue,” will be fonnd de-
tailed accounts of the apparatus mentioned in this

from tke second point arrive at the mirror Wwithout
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essay, illustrated with engravings. The origina
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memoirs in- the transaction of the Aeademy of
Sciences of Paris should also be continued.

RECENT AMERICAN PATENTS.
Mariking Wheel.—This invention consists in a re-
volving type wheel arranged in a suitable handle in
combinaticn with an ink roller, in such a manner
that by carrying the type wheel over the cover of a
bei, orover anV other surfuces, the types on the wheel
produce an impression, and the marking of & bdx or
other article can be effected neatly and distinctly
with little loss of time. The ink roller is composed
ot a hollow eylindrical reservoir pertorated with small_
holes, and surroundeéd by a strip of cloth or other ab-
sorbent material, so that the same is capable of
holding a supply of itk for a large number of im-
pressions. The type wheel is provided with yielding !
rims or flanges made of india-rubber or other elastic :
material, so that the types can be depressed on thef
surface to be warked with the requisite force to pro-
duce the desired impression, and a coiled or other |
sprine is applied to said type wheel, in such a man- |
per that it carries the same back after each impres- |

sion to the starting point, and thereby the types are.

1
i

brought in contact with the ik rollers and supplied |
with the requisite quantily of ink for the subsequent ;
impression; and, furthermore, the type wheel re-:
adjusts itgelf in the required position for starting. |
Horace Holt, of No. 264 Broadway‘, New York, is thel
inventor.

Checking the Recoil and Operatiiiy and Pointing
Cannon.—Much time is lost in the ordinary method
of controlling, by meuns ot friction, the recoil of
heavy gung, in consequence of the time consumed in
tightening and relieving the compresscrs which
produce the required friction. Much danger is also
incurred in workioy heavy guns on board of ships
during bad weather at sea because the compressors
must be relieved in order to roll the gup out after
being loaded. Auy sulden lucch of the vessel while
the compressers are thud relieved, renders the gun
uncontrollable, and endangers the lives of the gun-
ners as well as the safety of the gua and carriage.
Much difficulty and danger are also experienced in
trainingor pointing heavy guns on board of ships,
particularly during bad weather., The object of this
invention is to overcome the difficulties thus enum-
erated. 1n order to save the time lost in tightening
and relieving the present friction gear of gun car-
riages, a rotary compressor is employed, kept under
constant pressure, composed of a serfes of circular
metallic disks secured to an axle which passes through
the side frames of the gun carriage, this axle having
attached to it pinions, the teeta of which work into
toothed racks bolted to the inside of the gun slides.
Between the metallic disks are inserted wooden ones
fised within a cylindrical box made of brass or iron,
the circumference of which is provided with .coge.
Into 1his toothed cylindrical box wheel is geared a
pinion, which, by means of suitable haud gear, en-
ahles the gunpers to run the gun in and eut; and by
it the box wheel may also be instantly locked, and
the movement of the gun carriage thereby checked :
at any time. The training or pointing the gun is
effected by means of a toothed rack attached to the
slides upon which the gun carriage moves, said rack :
being actuated by a pinion attached to the lower end
of u vertical shaft which the gunners turn round by
means of winches and cog wheele. John Ericsson,
ot New York City, is the inventor. :

Wood-tenoning Machine.—This invention consists
in so arranging the cutter heads of a wood-tenoning
machine, that while they can be adjusted with regard
to each other, to any thickness of tenon which it is
desired to form, they can be, after such adjustment,
brought to any position with regard to the end of
the board or plank upon which they are to operate
without disturbing their relative position with regard
to each othcr, as previously adjusted. H. B. Smith, |
of Lowell, Mass., is the inventor. |

Qlass Mold Board for Plows.—Messrs. O. F. Bur-
ton, of this city, and L. B. Hoit, of Cedar Falls,
Towa, obtained a patent through this office, on the
9th iust., for making mold boards for plows, ot glass !
The idea is quile novel, but we are toid that on the
prairies they have been tested with the best pragctical
results.

-| Application for patent tor improvement in steel-facing

,coversall the improvements which he claims.

Funcombined state, rather than in combination or

PATENT-OFFICE DECISIONS.

vises and various other articles of iron.

S. C. Fessenden, for the Board.—The anplicant savs:—
*‘T do not clalm the brazing process of itself ; neither
do I claim the hardening of steel by heating it, and
subsequently suddenly cooling it. But what I do claim
as my invention is, the combination of the two process-
ies of brazingand hardening the piece of steel, or fac-
ing, with that of sofirmly holding the facing piece of
i steel to the iron while the hardening process is being

the brazing metalfrom between the contiguous sur-
faces against which it may be.” The Examiner rejects
the application; first, on the ground that the specifica-
tion presents no patentable feature; and second, that
the patent already granted to theapplicant, No, 44,739,

We have compared the Letters Patent, No. 44,739,
with the application now under consideration, and we
fail to perceive that the specification in said anpplica-
tion is similar to any specification in the forimer=Let.
ters Patent, and for which the patent was issued. It
is well put, that, in the Letters Patent, the invention
covered consisted in brazing and hardening the steel
under one and the same heating of it, such as may be
requisite for effectin@ the melting of the brazMmg metal
to accomplish the brazing.

In the new process. the tempering of the steel facing
of an article is not accomplished under the heat pro-
duced by brazing of the facing to the article. but after
the process of brazing has been comvleted. and the
steel is in asoft state, the article is filed and finished.

To harden the steel facing requires a re-heating of
the article. Under ordinary circumstances this womld
be destructive of the brazing, as it would melt the
brass, which would run out of the joint.

Evidently the one process is not the same with the
other. N. claims t]lélt he has discovered a process by
which this loss 6f the brazing is prevented, which is
both novel and useful. He describes this process. It
is that of so firmly holding the facing to the article, in
connection of brazing and reheating, by 'a clamp, as to
fﬁmse them to retain the brazing in position between

em,- -

It is true that ¢ the mere matter of clampingarticles
together for any purpose is not new;” but the matter
of clamping them togrether for this purpose, although
very simpfe. apparently, is new.

It was tield by Mr. Chief Justice Marshall, in David
+s. Palmer. 2 Brock 298:—¢ That it was not every
change of form or proportion which was declared to
be no discovery, but that which was simply a change
of form or proportion, and nothin2 more. If by chana-
ing the form and proportion a new effect is produced,
there is not simply a change ot form and proportion,
but a change of principle. The question will be,
therefore, whether the change has produced a differ-
ent effect. B

-Here the clamping is toa certain degree accompa-
nied by certain effects which could not otherwise be
produced.and withowt which there would be no im-
provement, as allezed. Ry the affidavitsof experts, N.
shows. moreover. that his process is in its results as
described by him in his application.

In the opinion of this Beard, the decision of the
Examiners in this case should be reversed.

Washington, Dec. 20, 1865.

THE USE OF AMMONIA AS A MANURE.

It is a curious fact that plants cannot obtain the
pitrogen that they need from the atmosphere, but
that this element must be supplied by costly manur-
ing. What makes this fact so curious is, that only 2%
per cent of the substance of plants is nitrogen, while
this element forms the principal portion of the at-
mosphere—76'9 per cent. Furthermore, plants ob-
tain their carhon, which forms about half of their
substance, principally from the atmosplere, although
the proportion of carbon in the atmosphere is not
more than one-seventh of one per cent. The expla-
nation of this is of course to be found in the relation
of the chemical affinities.

Of all the eighty elements at pres:nt known, ni-
trogen has the feeblest affinities. 1t has no desire to
enter- into union or comhination with other sub-
stances. It istheold bachelor—the recluse—the sol-
itary among elements. 1t prefers to exist in its free

Iearried on. as to prevent the displacement or escape of

|

union with any others; and if, in exceptional clr-
cumstances, it is induced to combine with other ele-
ments, the slightest cause is sufficient to hreak up
the union and restore nitrogen to its free and inde-
pendent existence. In the atmosphere it exists in
company with other substances, but though with
them it is not of them—the association is a mechan-
ical mingling—not the close union of chemical com-
bination. :

Before nitrogen cau enter into the constitution ef
a plant it must be induced fo combine with some
other element which will carry it in. A plant may
‘be perishing for want of a few grains of nitrogen,
and though three-fourths of the wind that fans its
leaves are constil uted of this element, not a single
particle can il drink in to save its existence. This
was long in dispute, but now seems to be settled. Dr.
¥. Grace Calvert, in a recent lecture before the So-

ciet,y:of Arts, England, after a very learned sur.mary
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of the investigatlons on the subject, remarks—

An animated discussion, based upon a long serles
of researches, ensued between Boussingault and Ville,
the latter contendin® that plants could absorb nitro-
gen from the atmosphere and fix it as a part of their
organism ; the former contending that the nitrocen
contained in plants was derived either from ammonia
or nitric acid. This discussicn was still proceeding
when Mr. Lawes and Drs. Gilbert and Pugh published,
in the ¢ Memoirs ot the Chemical Society of London,”
1863. such a complete and elaborate series of re-
senrches that chemists came to the conclusion that the
nitrogen existing in plants was not derived from the
atmosphere as nitrogen. There can be no doubt that,
the general tendency of scientific as well as practical
mvestigation. as above ‘stated. proves that it is most
probably under the form of nitric acid, or moreso in a
state of nitrates, that nitrogen penetrates into plants,
and becomes one of the essential elements of the
formation of albumen, fibrin, legumin, or other nitro-
izeglated substances which are found existing in vege-
ables,

An atom of ammonia is composed of three atoms
of hydrogen and one of nitrogen, N H,, and as an
atom of nitrogen is fourteen times as heavy as an
atom of hydrogen, the proportion by weight is three
pounls of hydrogen to fourteen of nitrogen. Am-
monia contains more nitrogen in proportion to its
weight than any other compound. Nitric acid is
composed of nitrogen and oxygen in the atomic pro-
portion N Oy, and as the atomic weight of oxygen is
8, the proportion by weight is forty pounds ot oxygen
to fourteen of nitrogen. Dr. Calvert concludes that
the nitrogen is first taken from ammonia to form
nitric .acld before it enlers into the combination of
plants. He says—

If the conversion ot' nitrogen int o nitric acid, under
the influence of certain mineral subsfances. has been
known by its results for a long period in what is ealled
the nitrification in the walls of our dwellings, still the
demonstration of the conversion of ammonia into
nitric acid is the result of comparatively recent re-
searches,

The most interesting series of researchespublished
on this subject are thos: due to M. Millon, which you
willfind in the * Comptes Rendus de V’ Academie de Sci-
ences, 1864, in which he has shown that the prow.uc-
tion of niter is in ratio with the quantity of vegetable
mat ter, especially humic acid, that a soil contains, and
that the most favorableland for the production of niter
is .that which is calied mold by gardeners. He further
ascertained that if he made a mixture composed of
ordinary earth, 20 parts. ashes 4. mold 3, the produc-
tlon of niter was most active, and also that the oxygen
of the air had a great influence on its produetion, con-
vertigg the ammonla resulting from the decay of the
organic matter into nitric acid.

These facts are well illustrated 1n the following table
quoted from his researches :—

Nitritication, Parts.
Barth-.. .. .. oo, 20
Soil {Ashes ..........coviiiiininn .. 4

Decayed manure

Upp-ar layer
Middle layer
Bottom layer
From the above yon will gather that in the upper
part of a bed (one meter in depth, and comnosed as
above showR)there is far more niter than in the lower
portions of it. These researches of M. Millon threw
much licht on those published some years since hv M.
Bonssingault, who ascertained the rate of proportions
of niter that existed In varlousqualities of snils and
also theinflnence of manured land on the production
of niter in soils. Thus, M. Boussingault found that the
quantity of niter in non-manured land was a mere
trace; in uncnltivated Tand there were from 1 to 85 in
1.000 parts of snil, while in cultlvated land, snA4 in
highly-manured ground. 18 partsin 1.00n. He fu-ther
observed thHt it he manured a plece of land. ~fter 7
days there were 12 parts of niter ver 1.000 ; in 17 davys,
81 parts; in 15 davs more, 23%; in 15 days more. 280 ;
and in 15 davs further, 260 ; and then the quantity de-
creased rapidly.

Continental Telegraphic Convention.
An imperial decree has just been published in
Paris promul2ating a convention, concluded in May
last, between France on the oue part, and Belgium,
Austria, Baden, Denmark, Spain, Greece, the city of
Hamburg, Italy, Holland, Portugal, Prussia, Rus-
sia, Saxony, Sweden and Norwav, Switzerland, Tur-
key and Wurtemberg on the other, and which has for
its object the organization of the entire telegraph
system, and theestablishment of a fixed international
tariff. The digpatches are classed under three
heads—those of the State, or Governmental dispatch-
es, those connected with the puhlic service, and,
lastly, private teleerams. The tariffis will affix the
amounts to be received by each country as regards
transmission, receipt, and transit. The ratifications
have been exchanged between 2all the powers, with
the exception of Greece, Portugal, and Turkey, in
which there has been some delay, and the convention
was to come into operation on the first day of the pres-
ent year. This arrangement will be of essential ser-
wvice to the comuercial world by doing away with in-
consistencies, anl sotting up a regular and fixed

scale of charges.
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