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~ THE HISTORY OF CHRONOPHOT OGRAPHY .

~ By Do J. Magey,
Member of the Indtitute of Franee,

.
—

By chronophotography * is meant a method which analyzes motions
by meany of a series of instantaneous photographs taken at very short
and equal intervals of time. By thuy representing, for éxample, the
suceessive attitudes and positions of an animal, this.art renders it pos-
sible to follow all the phases of the creature’s gait, and even to con-
struct exact drawings of it to scale.  Of late years, chronophotography
has taken anotheir direction—that of the syluhl%is- of motion. The

unnlytic jmdgesare made to appear before the spHctators’ eyes in uni-
form sequence, so as to reproducethe appearance’of the motion itself.
Everybody is familiar with such animated views. _ '

The International Exhibition of 1900 enabled us to hring together .
the documents relating to the invention and successive improvements
of chronophotography. _ e L '

‘ : ' PART 1.

' . DESCRIPTION OF THE APPARATUS, * : _

Thg principal instruments which, in the course of the development
of chronophotography, have been devised by those who have pursued
this art were collected in a large show case (fig.-1).° They were
arranged according to the dates of their several inventions. In addi-
tion four large frames contained photographs ‘resulting from the

‘application of chronophotography to various branches of science.
_ No. 1 is Junssen’s. nstronomical revolver, invented by that astron-
. N 3 omer in 1873 in order to show successive positions of the planet

¢
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Venus near the limb of the sun at her transits. ‘

At the foeuy of a telescope pointed at the sun was a photographic
.camera, und the sensitive plate, which was circular, turned about its
center by leaps, 5o as to bring into the field a different portion of ‘its

* Tranulation from *“Exposition d’instruments” et d'images. relatifs A 1'Histoire de
la Chronophotographie, par le Docteur Marey, Membre de I'Institut,”” printed in
pamphlet entitled Musée Centennal de la Clagse.12 (Pliotographie) & I"Exposition
Universelle Internationale de 1900 A Paris—Métrophotographie and Chronophoto-
graphie. . . R ' : : .
* Photochronography wasthe form of the word originally employed hy the writer,
but.it has been modified in conformity to a decision of the Congress.” S,
- *The exhibits were arranged in chronological ‘order and numbered, but the illus-
tration (fig. 1).in Dr. Marey’s article was on:too small a scale to show details and ig
~here omitted, : T REE cao

S .
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horder at the end of every 70 seconda of time, "ha that wi v series, of
images were obtained (fig, 2) which showed the suceessive positions of
_the planet on the s She was secy (v penetrate the limb, to eross
“the disk. and finally to depurts and the interval between the imagoes
being known, the veloeity of the movement could be mensured, l|n~

‘experiment seems to have heen the earliost acliievement of a chrono- -

phetograph: for though others “hefore Janssen conceived bolder

Fic. 2.

attempts, there was, in an exhibition of veal things, no plice to show
plans or projects impractieable at the time of their inv ention™

Noo 2o dualysis of the motions of andmuls by the wmrthod ar’ M-
hridye, lhu‘s --Thix celebrated phototu lpllu' of San Francisco suc-

" In an article’on th(ﬂ "Bq_rnnnngq uf the Cine ln.ltwrr.lph in Camera Ohseora for
1«-hmu} 14901, Mr. Charles \l(.!\\(l);_'lt)\\hlxl refers to an ingenions idea of 1857 of
Charles Adolphe Reville of bringing into a stereoscope i succession of donlle photo-

graphs of the phases of a phenomenon.  But for that purpose it would have been .

necessary to take the photographs of the objects in motion, w hich at that date weuld
have heen inpossible, except at the lowest velocities,  The same article figures an
apparatus devised in Ameriea about 1861 by Coleman Sellers.. It was called a
“stereophantaseope,” and was intended to obtain the same result as Reville.  The
most remarkable condeption was, by all odds, that of M. Ducos du Hauron, who in
Mareh, 1864, took out]a patent for an apparatus for photographing awny scene with- ull
the h(tmg[armaltorm whjch it nughl g0 lhr:)uﬂz in«a given time.  How to take the photo-

v
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u-v(lml in fixing in suceossive instantaneous photographs all the phases
of the guits ef a horse. even at the swiftest gallop. e studied by the
sme nu-lhml the motions of uan, as well as-the plmu]ml types of
quadvaped locowmotion. .

Hix arrangement was as follows: Multiple cameras, numlwring from
[2 to 24 according to circumstances, were arranged in series and
pointed on a tinek where a horse was galloping.  Each camers had o
quick-neting shutter worked by an electro-magnet.  In passing along -
the trick the horse suceessively hroke a series of wires, each of whie h
in breaking set froe the shutter of one of the cameras. Things were
so arranged that. as he pussed along, the animal caused the wm-m-ssi'\'(!
]no(lm tion of a series of m\t.mt.lm'om photographs (fig. 3).

Muy qui(rv ;&mvthod was, ,shm'tl\ after, used hy Anxvhut/.. of Lmu.
“who seems to have mado some 1mpx ovements in it. In par ticular he

- was favored by fortune in being able to use the newly. (llscovered
plates of gelatino-bhrontide of silver.  Some fine series of photowrnph\
by Arm hiitz were shown in the glass case. L

Noo s Chronophotography on « plate fred 714)70; ¢ ot mm(qu obscura,
J/rml/. I'\.S,.’.wlhv analysis of motion by chronophotography was
already worthy of attention in 1882, The apparatus was, however,
too costly, while the measures of distances and tinies were defective,
when tlw writer endeavored at once to snnphl\ the L\ponmcnh md

gmplw ‘uul how to pva(tthom in annn.uml forn s thoroughly ex plamml und (lp,-
ured in the patent of M. Ducos du Hauron; but the idea was entirely impracticable
at the time. .

"It may be added, in all these .|pp¢1r‘1tn~4 the pere eption of nm\('lm‘nt i due to the

o persistence of wlm.ll unprvaalon \\}nvh was the principle of Platean’s l)huldl\l.‘ltl-

seope of 1833,

*We place the experiments of Mny hrulge 'lhmg with those of chronophotography,
although this ingenious experimenter did nat suececd in taking his instantancous pho-
tographs at equal intervals of time,  For the velocity of the harse not heing quite
uniform, the equidistant wires were not reacheil at equal intervals of time.  Besides,
the wire was more or less stretched hefore rupture took place. From these causes
* there was a certain inequality in the rates of succession which Muybridge Jdid not
suceeed in satisfactorily 0\'mommg hy lLttlng off the shutters independently of the

horse’s motion. 5
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at the sume’ tmw to give thvm plmmnn. 'I‘h‘o principle of the first
. method employed was as follows: '

Suppoge an ordinary:camera to Iw pointed at a perfectly dark tield,

“and thit an opaque disk in front of the lens is piereed with’ DALTOW
openings and turns” about its center, By ery time an opening passes
before the objective the light would be admitted. if there wereany
“Jight in“the field. - But there being no light, none penetrates the.
camera: and whoen the pl.xlc' ix (l('\(‘l()pu(l it is seen not to have heen
.1ﬂv(twl I westrongly-Hehted maw or animal we Te to cross the dark”

field, eicl admission, of . Hight would produee an. iniage of the animal,
and as the Fatter moved, photographs of it would he taken on the pl.lto

at ditferent pk’uv\ and in different attitudes.  Such an are angement,
hm\(_\\am. would not answer.  Fig. 4 shows the apparatus in its veal
form.* Within a cubicalhox is seen the camera with its lens.  Behind

it is the plate holder-or hack, C, which slides in grooves,  Between
o ! the plate “holder and the
camera vevolves the slitted
disk  grazing  the sensitive
plate- inshort, whatisealled
a plate-shutter. ” This disk,
DU with its narrow openings,
f. ixs worked by A clock move-
ment furnished with a spéed
governor, and is set in mo-

N

FIG. 5. —CHRONOPHOTOGRAFH OF A WHITE DUCK IN FLIGHT.

tion by a handle.  Fig, 5
(PL 1) shows the #light of a
~white duck, w hich Passese
before t}m dead black back-
ground.  The sucression of
images is from left.to right.

E w‘hl different attitudes dre ~hm\'n (lunmr one complete stroke of the
wings. - They reveal the details of "the mechanism of flight.  In order
“to appreciate the dimensions of the uunml and the extent of its flight.
a divided rule is placed hefore the dark’field. It is photographed and
T oserves ax a seale, Finally. in order to shew the intervals of time

”

between the successive images, at the lower right-hand eorner of the
dark field is placed a chronograph. consisting of « dial. whic h has a
white hand completing an entire revolution in“a second. Al,\;m‘\ time
‘the shutter disk admits light and causes a ph()t()"l‘l])h of the hird this
hand ix Hkewise photographed.  Since it is seen to oceupy eight suc-
cessive cquidistant positions on the dial. it is evident that the interyals
“have :nll heen one-eighth of & second. =
Noo 4o Dark #eld for r/:1'0110/)/:ulm/m])/la/ on a fiwed plate.—No body

is (|lllt(‘ hl acks Chevreul showed that’absolute blackness can only be
. procured by means of « hole into a cay ity Wlth hlackened walls, upon
~which no lxght ix allowed to shine.  [That is! thefe should he another

] . .
&

Smithsonian Report, 1501.—Marey.

‘
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black hole facing the first.] * In order to approximate to these ideal
conditions, the writer constructed a deep shed tapestried with black
velvet and facing so that no light penctrated it. . In that way very
sharp images are obtained upon an wiclouded hackground.

Fia. 6.

No. 5. Figures i relicf obtained-by the use of c/rrono]}]mtograp/z.y.-—
A singleapparatus only gives the projectiot of the niotions on a plane
perpendicular to the optical/ axis of the instrument.” But if three
chronophotograph -cameras are focused on dark fields or dead-black

Fi6. 7.

~ backgrounds perpendicularly to one another (fig. 6), the animal repre-

sented will be seen from three different points of view, which will

‘enable us to understand its real attitudes by reference to the threc.

dimensions of space. Fig. 7 showsn series of ‘bronze figures, united :
e1901—o1 SRR ~
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. . ‘ S
each-to the next. and vepresenting the successive attitudes of 1t son-
cull in flight. , o - .

Noo 60 Dhotographic gun, 1852, ~In the study of the fight of birds
the necessity of operating before a dark field of dead-black haek-

Y -

Fis, ~,

ground restricts extremely the number of possible experiments. -In
order to analyze free light it was requixite (o he able o operate in case

-

of need on the bright sky and to avrange an appuratus eapable of heing

IR

: . ’ .
aimed at a moving bird likea gun.  The. photographic gun (fig. 8) con-
tains in its barrel a long-focus objective. In its breach therd turns a
cireular plate, which presents to the focus of the objective different

points of its border. In short the apparatus 15 analogous to the astro- -

_HISTORY' OF CHRONOPHOTOGRAPHY. .. . +328

nomical revolver of Janssen, with this, différence, that it produces
pictures about 800 times more frequently, which calls for a pretty deli-

- cate mechanism. Fig, 9 shows the photograph of o gull in free Hlight.

Ned 70 M Lond s apparatus with wenltiple objectives, 1883, —Return-
~ing to the method of Muaybridge, with a very important improvement,
M. Londe.aided by M. Dessoudeix, constructed an apparatus in which
i xeries of twelve objectives form their inmges upon different parts of
a rectungular plate of large size.  An ingenious arrangement: causes
“the successive opening of these objectives at equal intervals as shortas
- may_he desived. The analysirof the motion is conseiuently very per-
feet. The order of the images can not he deranged, since they are all
obtained on one plate.  But the nuinber of pictures is limited by the
neeessity of having a separate objective for cach.  General Séhert by
 similar method analyzes the phases of the motion of torpedoes.
Noo S Multiplication o the number o pictures: 1. Purtial Photo-
araphs. 2o Dissaciation af the inages before. the-darle freld. 3. Photo-
riphs o filue pilbon in motion, 1S87-88.—A perfect anulysis of

s

R T Ry

rj_

Fra, 11,

motion requires that the photographs he taken at as short intervals as
may he, yet for as long a time as possiple.  If we merely make the
rotation of the shutter-disk faster. the number of images will, it is
true, be augniented, but the animal's locomotion not hein‘Lr therehy
aceelerated, the result will he that the photographs will he taken so.
" close together that they-interfere with one another and produce the
confused effect seen in figure 7. A first way of avoiding this confusion
i€ to photograph, not the entire hody of the subject, but only certain
poitits or lines whose position is significant of the facts we desire to
know. A man dressed completely in black (fig. 10), and consequently
fuvisible upon‘the dead-blck background, wears certain bright points
and lines, strips of silver lace attached to his dothes along the axes of
his limbs.  When this man, so rigged, passes in front of the apparatus, -
photograjihs will result that will be #tccurate dingrams to scale (fig.
11), showing without confusion the postures of upper and lower arms,
thighs, lower legs, and feet at cach instant, as well as the oscillations
of the head and of the hips. ~The method also allows the play of the
joints to he studied. - : ' : :
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Still, it was desirable to multiply the images while showing the
whole hody.  For that purpose the insufliciency of the advance. of the
subject has to he made up for by a displacement of the image on the
plate. This can be hrought about in several ways. In the first place,
the camera, with its attachments. can he-pivoted on its support and
caused to turn about a vertical axis.. The difficulty of -moving the

considerable mass uniformly caused, however, the abandonment of thiy -

method in favor of the rotation of a mirror hy clockwork, causing the
reflection to strike ditferent points of- the plate.  In this way a series

of complete photographs are obtiined, following one “another at,

extremely short intervals of time.  Indeed. the frequency of the

photographs may be made very great. Their total number is, how-

ever, restricted because the optical axis of the instrument, heing dis-

&

pliced along the black background, soon reaches theend of it. - A
final solution wus to take the photographs upon different points of a
tong fillet which moves along the focal plané of the ¢camera and is
stopped long enough for each exposure. _

- Chronophotography on g ,ﬁ/n;.g"ibb(»), Mavey, 1887 In consequence
of theinvention of the kodak, long paper fillets of gelatino-hromide of
silver had become articles of commerce. A little later transparent
films made their appearance; and these were still more appropriate for
the chronophotography of long series of pictures: Three patterns of
-apparatus were exhibited in the case under No. 8. These showed the
suceessive steps of invention. . ’ .

Type a: The apparatus (fig. 12) worked in the red light of the dark’
room. The objective:vus pointed outward across a conical shade. In

the. place. of the ordinary plate-holder was placed a shelf carryinga’

V

“electricity was given up, and the motion
and stoppages of the film, instead of be-

|
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clockwork R, which led’ s long papér ribhon over rollers.  The rota-

tion of « the disk made an eleetric contact-at cach passage of a slit, in
consequence of which anwlectro-magnet squeezed the band and stopped
it long enough for the exposure. B S

Type b: It Witk necessarfy to avoid the extreme inconvenience of
only being able to photograph ‘within the dark room. A small porta-
ble box, B, was therefore made for the fillet, whichi, having been filled
in the dark room, could he carried out
with the rest of the chronophotographic
apparatus, as shown in fig. 3. The
results were more satisfactory.

Type ¢ Ultimately the application of

+ -

ing governed by an independentf clock-
work, were connected with tlu%
ments of the disk. \ .
No. 9. Doublezaction chronophoto-
graphy.-—With a view of -obtaining an
apparatus which should, at pleasure,
cither work upon u fixed platesorupon:e moving film, an instrament,
was constructed 1'_opn-sentu(l ])_\"-Lﬁg)‘,_”g}_i‘l_l_bvth() glass case.  Thiy apphmtus '
(fig. 14) is composed of.a fore part, which slides in grooves. This'fore:
part earries the objective and is cut o as to allow the shutter-disk to
pass.  The movement of the latter is governed by a rod of variable
LT N

uove-

Fui. 13,

~

s et s e ot dmanden L+

Fio. M. ’ <

length (so'as to permit fdcl}sing) connecting with clockwork within the
after part of the apparatus._ In this after part can be placed an

_ordinary plate holder for chronephotography on & fixed plate; or, if

desired, the, plate holder being removed, movable films may be intro-
duced. These go into a back chamber, the open lid of which is.shown

"in the figure. The tilm ribbons could be inserted 1n da?gh_t{u con-

sequence of their Being prolongo'd at hoth ends by ribhéns of opaque

R
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‘ ~. ] : A
paper (fig. 15). © When the whole was wound ap round its spool hefore
being put in; the fibn was protected from light by outer layers of

opaque-paper; and when the work was done and the film Was wound’

upon the other spool it was equally protected hy the other terminal.of
opaque paper so that it could’ he.removed from the appartus in the
Tight wi»thout'bécumiﬁg clouded. o ' e
This apparatus, which was casily used, sufliced for three vears for
the writer’s researehes into the motions of man and of animals.  Like
: o Muybridge,  Anschiitz,

T T o and Demeny he aimed to
. Pelhicule sensiblo

method. the reprodaction
of the analyzed motions,
At the exhibitionof 1884,
azootrope moved by elee-
fricity showed animals
e - : inwmotion. ws wellax men,
birds. horses at different gaits.  But since the zootrope-does not allow
many figupes to be shown, the writer was restricted to exhibiting short
movements. . 1e therefore east about for methods of showing scenes
of long duration. : . T
No. 100 Chronophotographic projector, 1893, This apparatus carries
_an endless helt of photographs to the focus of an objective which pro-
jects them upon a screen.’ Fig, 16 shows the path of sthe rays in the
projector. A peneil of parallel -rays. réflected by a helioktat comes

- N

<

'ﬂg‘;l'nf'vf'w.g,?'

'

Sortic
des rayons

\g . R Fio, 16, ¢

from S, and falls upon a convex lens' /. This pencil bronght to a
focus, passes at ¢ through a hole fu o dinphragme ineets the shutter-
disk «, which is turned by a Ak, passes through every window that
comes, thendiverges aid, mpeting the fens /, similar to the first, rérnins
“its, parallelisn, is reflected at 45 from a mirror forming the lid of the
box, falls vertically fipon nuother mivror ut the <ameinclination, and
now passes to the objective. - But in this last part of “its course it

“obtain, by Plateau™
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traverses the film, 7. which carriey the positive photographs, and these
photographs, maguitied by the objdctive, are thrown upon the screen.
“Phe motion of the il at its halts at each flash ave brought-about by

“an apparatus not shown in the figure. It is similar to that of the

simple chrohophotographic apparatug, with the difterenee’ that the -

positiye: film, having its ends fastened togethier to make an endless

helt, passes over a series of rpllevs:which stroteh it tant. The prinei-
pal imperfection of the (-.1’11'_«nmplu')lugrn'phi(- projector was a jerkiness |
due to imperfeet equality of the intervals, o o

Non L1, Flisow’s Finctoseope, 1805, Mr. Edison found a means of

cequalizing the intervals. It was to perforate the sensitive tilm hy

-

series of equidistant holes wind gear it to a pineylinder. -1t was impos-
sible to procure a kinetoscope to exhibit in the glass cases hut eyery-
body, of late years, has scen this remarkable instrument in action. It
shows living scenes aeted out for mora than a minute with absolute
precision, In Edison’s apparatus the film-ribhon never was arrested;
but the images were rendered sharp by the extreme brevity of -the ..
iHumination, which was only ;%6 of 2 second. A single speetator,
looking through < eyepicees, could “see theliving pictures of the
kinetoscope. ' ~ ‘ £
Now 12, Lumiere's einematograph, 1895.—-This instrument finally
gave the desired result—that i to say, the projection on a screen of

<
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“living scenes visible' to an assembly and presenting a perfect illusion.

The,success of this. invention was jmmense, and has not-passed away. .
Fig. 17 shows the cinematograph open and arranged for taking photo-
graphs. A film, perforated like that of Edison is rolled up in a closed

box c'¢ on the top of the apparatus. It passes,’in an intermittent -
manner, to the focus of the objective, being drawn forward by a sys-

- -temrof-elaws which-catch. in the. holes: of. the film. . The reciprocating :
~motion of these claws gives intermittency to the motionigf the ribbon.”

. "After exposure the film is received in another closedibox, invisible

. in the figure. It was ‘important to make the claws acc i )
thieir velocity as gradually as possible, so as not to tear ti
‘Messrs. Lumiére succeeded in effecting this by means of a triangular
cam, fig. 18, which is the essential pa'rgof the apparatus. During
* two-thirds of the whole time the film isat rest. . S
-~ For the projection of the positives, the Messrs. Lumiére make use
.of a special arrangement. A powerful electric lamp brilliantly illu-
minates the film. In this way very bright projections.are obtained of” -
25 by 19 feet (7.75 m. by 5.80 m.), the: figures on the film mensuring .
: . conlyl by % inches (25 by 22 mm.). In
| . the glass case by the side of the cinemato-
i graph several ribbons printed on paper
showed the perfection and happy choice
of thie photographs obtained with this
instrument. -
The success of the cinematograph gave
birth to many forhs of apparatus for the
_projection of living pictures. - Most of
them differ very little from the instru-
ment of Messrs. Luniiére, and were not
shown. - Twotypes;y however, of marked
originality merit special mentiof; -
No.- 1. Captain Gossart’s apparatus -
“with oscillating  objective,. 1897.—This
instrument gives photographs- of very
_ Jarge dimensions. Its author has applied
Fio. 1%, - it to the study of the gaits of the horse.
' . . Fine specimens of its work were ex-
. hibited. - It is not adapted to projections. . . - IR
No.-15. The Alethorama. of Messrs. Chéri- Roussear. and Mortier,

- *1897.—This is a projecting apparatus in, which the perforated film-
ribbons, as they pass along, give reflections of their pictures from a
scries of prisms. The projections are exceedingly bright and steady,

.~ and altogether make a fine effect. The appafatus, however, seems to. -

~ be hard to adjust, and. does not appear to have béen taken up .

“practically. . v Ll
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PLATE Il

. Fig. 20.—CHRONOPHOTOGRAPHIC GUN.
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No. 16, dnalyzing and projecting chronophotogeaph, Marey, 1898.—
The writer has pushed the improvement of his”chronophotographic
sipparatus, so as to obtain perfect equidistance, of -the. views, and has
suceeeded in doing so while preserving . the main principle.of not -
perforating the films. For perforation, besides wearing, so as no
longer to bring the pictures around regularly, also occupies a zone of
¢ of an inch (2.5 mm.) on each v(l(r(\ of the ribbon, a loss which is
more important. the narrower the film.  The writer has succeeded in
obtaining perfeet regularity in exposures by modifying the first pair of
rollers which takes the film,  The apparatus is shown in fig. 19 (PL 1I).

" In making projections, a further difficulty arose, namely, the posi-
tive film undergoes some shrinkage in the successive developments
l'oqui\-ito to obtaining it, in consequence of which the pictures, being
too near together; pass by too soon. and tend to leave the field of
the sereen. A simple drag or hrake upon the magazine spool corrects
this fault. Positive ribbons of different Iumdth&’"\\ue exhihited,
showing the sharpness and equidistance of the phut(url‘uph\

No. 170 Microscopic  ehronophotography,  1899.~The writer has
.uhptod the vhmnophotowr b to the study of motions which take
place-in the field of the microscope. Inor der to avoid exposing the
animals studied to the heat of an intense illumination, an arr mgcment{
was adopted in which the shutter-disk only effects the lwhtmg up of
the. preparation during the time of exposure, which is about one-
five-hundredth part of a second.  This done, the brightest light no

“longer produced any injurious effects. Nunierous )h()t()("l.l shs were
o

aexhibited, together with the instrument.

No. 18. '/U'mm])/wtm/m/)/m gun with a film. )/Nm» 1899. —In lts'
original form the plwtmrmphu gun only gave twelve views, For a
more extended series. an instrument of a new type (fig. 20, PL 1)
was constructed, in which the successive photographs are t.xl\cn ona
“band 66 feet (20 m.) long. The shutter is formed of a light-cock,
which is far less cambrous than a disk.  In the stock of the gun is a
clockwork moved by a dynamo. Whenever the trigger is pulled the
“cireuit is closed and the film beging moving, and" does not stop until
the trigger is let go.  Light accumulators, or a portable pile, furnish
the necessary current. -

PART II.

-,
SCIENTIFIC APPLICATIONS Qb CHRONOPHOTOGRAPRHRY.

Amumted prolectlons. mtu'estmfr as they m‘c, are of little advan-

" tage to science, for they only show what we see better with our own

eyes.” At best, they serve to slow a motion which is too quick for
direct observatlon or to nccelerute it if its extreme slowness causes us
to miss some of its features,
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B the Tormer vase photographs are Lihen at the e of 4o or 20 o
the second and e projected®in three or four times the originad tine
We enn this <hoy e-horse ealloping dia Bird, lying =0 =lowly that
the eve cun follow the motions of the iilll!h. In the other case the
photowriaphs e fken at very long intervals and are projected in
Srapid succession. For this purpose the w Vit chronophotograph
{fie. [0 L TE i fuenished with i arhor apon whichsy i the dank ix
fitted, the effect i that anly one photoaraph i taken st eneh tuny
The <lowest, ahinost it]l]‘l‘l'l'l'\)“l)l“ motions of clotd-. ‘lzll\“('ll at’ lone
intervals and rpidly projected. are Daenslted into s rapid and ~trik-
ing aitation, ' o N l
© O What i< cenerally inportant T he <tindy of o motion i~ to ohtain a
aeometricnd drawing of i Clhironophiotosiphy npon fimwk plate C Fig. 41
vives snehoa drwine 1o seale exetdy. Chivonophiatography on !
movable il may do o by e aid of cortain deviees which will he
deseribed helow, Chronaphotogephy i fiaed plite has Furnished
the experimentad soltion of ey problems of ceonetrs . neeliiies,
physicssad ply dedowy that o other methiod conldgosrendily hive
~olved. o , :
A(';.l-itl\ll-i'l‘l.:\. _/';"/’.'v-fl"/.'!'u S »\/‘-"7 ';/‘_'.'r"' n//"""//'//-5,'”1" . I:/‘//A/'u Al -
i, Geometer detine i< sort of fignves by ing that they are
jjwn«-}';llt--l by ~traioht sfines oy cnrves of dnter nt forms (lisl»l:u'«--l n
different ways. Clivonophiotoseaphy reidizes this w't:nl'c‘plliull-‘A‘IIIN'
pletely . Before e piteh ok tieldn white rod e hted up aunl <ub
jm:lml Lo <H~|v|:|~'r-lllvnl.'H\»~p_:|'t'|'. ey es on I_‘lu- ]»huir'j_"l':l]lrlir' il\:llv the
) -\'1-<l'1.«_'|-; ol s suevessive llll\.{(‘h‘lll;. It cenertes on thee plane of IJI[ Kig. 2.
phite the projection of the Henre o three dinden=ions which it las
fornmed. D that sy b heen li}ll:l‘.l‘IhW' (i 20 PR TUIT the projection
“of a spheveon 4 i:\:mv. A bned of pipers white oneone Sde, Blaek on
the other, wis curved into o cemieirentn forne il pptated about i~
chord, The ieure <o foried worlid denve altowetier the :.]"l‘)l':ll':lll("'
of o ~odidd aphere 10 n ';‘!'l'::lll'l' frequency of the Hlmninations tad pres
vented the discontinuity of he ~nefsee vonersted, .
Ije, 2o T the l)l'l:jl‘('l'lnll ol jone Jieetedd \\_\'])wl‘hulhigl of
evolution, wis cencrted hya String phaced Sl o the vértiend
asi~ round which it tnrned. .
O Genres with their velich are ~oncht. the l'}]|!\14';:'l':l|)ll~ <houdd b
Giken with o slercoscopic apparitis. iy, un (P TED shows i this
Wity an ll_\']wr!mlu'ui-\\'i(h i1~ as) mptotic cone. The e examples, taken
from very sinple enses of geometyy. cnschle - Lo imaeine what variety
Gl Torms woild e obtainedwiih compley curves ~tihjected to varied
motions. - There wonld he very siniple experitnental Solutions ol proh-.
femns of geoteliy sometines ot coniplivited, ‘ ’
Miciastes,  Mechanios is founded on the low ~ of motion. kuws of
spaees deseribed. of velocities. and of accelerations, The ditlieultios
' ' . Fig. 4.
... GHRONOPHOF OGRAPHY.
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- Fig. 2.
CHRONOPHOTOGRAPHS OF WATF_R IN MOTION.

PLATE V.
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which Galileo and Atwood surnonnted to determine these Tows will for
the futare he saved i all analogons eases for those who shall employ
(qunophniﬂnl phy-for the purpose.  We shall only have to allow the
hody whose motion (fig. 2k PL 111) s to be studicd to fall hefore the
piteh-dark background, and ifs ]m\ltmn\ will he marked upon the sensi-
tiveplate: the chronograph will give the interval of time which elapses -
between the body's arrivals at the positions figured: the se: le of milli-
meters will measure the distances deseribed. The same arrange ament
enables nx to make interesting studies of the vesistunee of the air,
Hydrodynumies i< commonly taken to he one of the most compli-
cted seiences. The nature of undulations, the nature «),l violent

waves, the internal motions of molecules ina shaken Tiguid, the man-

ner in which stream lines behave when they meet-obstacles of ditferent.
Forms. all these questions are il discussed as if tlu-\ were dillieult.
Al these problems find llwn pxperiment: l| solution in ¢ lnunnphutmr-
raphy.

AfFthat is wanted s to lumlm' dxibles and .llmw Adsible, hefore

“dirk backeround, those parts of the liquid of which we wish to know

the motion.  For that purpose into a canal_formed of transparent
plate glass ix to be poured some very clear water. .\ mirror inclined
at wconvenient angle and placed ander tiis canal reflects the ligh
the sun, which then traverses the Tiguid mass froahelow upw: ard,/The
watter ix not illuminated: but af the surfagp of the water, at thie pmnt
where the wall of the glass is moistened hy the lu|u|(l. A meniseus is
formed. and the under convex surfiee of this meniseus sends by total
reflection a very hright thread of Hght.. ‘whieh oscillates like the sur-
face of the liguid itself.  The |)hnl<mt iphie objective will muke upon
the =ensitive plate a |:hn1tm1'-1ph of this ne with all its movements,

The interior of the Tiquid i= not lighted-up. T order to vender cer-
tain point<of this mass and to perecive the (ll\l)l wements which they
mundergo it is only necessiey (o put- into suspension in the water small
silvered pearls to which has beew given the precise specific gravity of
(he Tiquid,  These pearls by the agitation which they undergo will
express the motion of the molecules of the water at ditferent parts of
the mass (g, 25, PLIV). 7 . -

“Other phvnmnvn vof the sume elass ean be studied by ehronophotog-
raphy. Thus, a thin inelined plane being presented toa liquid cur-
vent, the hright pearls will express by the direction of their course the.

~motion of liquiid tillets. By the distances Between theiv images they

will eXPress the rapidity of the ‘cwrrent. A scale of millimeters
inmersed in the water will measure the extent of the motions, while
the known interval of time ivhich separates the “llashes affords the
means of eviduating the veloeity, © That having heen expluined, one
vlanee at the s |'I¢- dingrm (!i}_:'. 26, PLOIV) will suflice to <how what
movements will fake place at the surfaces of liquids underconditions
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however varied, and also how the molee ules tln'mw]w» wilP move lt
the different pmnh thy murhnut the mass. T
Motions of the air, - Ananalogous arvangement. makes it possible to
render visible by means of smoke certain fillets of air in-the midst of
“arvegular current. | We aseertain in that case py (hu(noplmtolr aphy
the (h inges of. (11100(1011 and of \olucit\' of this cur Tentw hen 1[ meets
ghstac lv\ of different forms. ; ’ '
Ina l.u'go anal having wi alls of plate «rl ass and }wfmo a dark hack:
ground a draft of air is created hy means of a'ventilator. JIn or der,
to regulate the current. it is filtered Ilnough avery fine silk gauze. At
the top of . the « ‘m.ll) we set free, by means of a-series of little tuhes,
. Millets of smoke whick descend parallel to one another like_the three
cords of a lyre.  Now. if we place in the interjor of the canal obsta-
< cles of different. forms, we immediately see the threads bend on these
wbstacles, slide over them, and form behind them eddies of viried
Cforms, - Figs, 27, 28, and 29 (PL. V) show the same experiinent uftder
different conditions.  In fig. 27 a magnesium {lash light illuminates
the phenomenon for a very. short time.  We see how the fillets of
air lick. the ple, slide on it, and form backwater hehifd it. Fig.
28 shows the same phenomenon with chronophotographic indica-
tions.  The series’of little tubes which bring- the smoke arcanade’ to
vibrate ten times a second. so that the smoke o longer appears_in
rectilinear fillets but as sinusoidal undulations, more or less clongated
at each point according to the velocity of the current.  The motion
slows up uponapproaching s obstacle and is aceelerated at the sides
of the obstacle. Tt will e remarked that the conceptions-of -time and
space which are peculiar to chronophotography are hrought together in
- this experiment. * Finally, in fig. 29 the chronography is suppressed.
The illumination is no longerinstantaneons, hut ix prodyeed by the com-
. : hustion  of magnesium
‘ ~ ribhon, o that a sort of
/ mean state of the current
. is recorded,
% : /.z)rwf.\'/rl/u'r; af the aivto
Hying  apparatus.—QOne,
= " of the applications of the

[\\,w.\ W \g\\\\\\\‘;&_&;

‘ to make comprehensible

T = the action of the airon
Fua 2o, d Y,

" apparatus of  diflerent

forms which move in this fluid,  Fig. 30 shows.more dirvectly the effects .

“of this resistance. Tt shows how a little paper soaring model left to
fall vertically behaves and how it receives from the resistance of the air
changes of direction and of velocity which are faithfully represented.

T//uwfmu.\ af cords.—These motions are ensily seen upon hright

LOldb vibrating before a dark backeround.  Our learned fnllow-uut- '

-

previous experiments is

<

mitrsanian Report, 19')].—Mamy‘
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demician, A. Cornu, suceeeded in this way in rendering perceptible in
i eord vibrations of three kindg - the longitidinal, the transversal, and
the torsidnal. A very light little mirror attached-to thé cord indi:
ated.these three kinds of motion on a plate baving a uniform transla- .
tion.  Fig. 31 ixthe negative resulting from this experiment.
Puvysiorocy.—It is to the physiological study of the different gaits of
animals and to the functional motions of their different organs that.
* chronophotography hu.:'"'pg'in- : '
cipally heen applied. ™ Some
types -of  the experjments
which it ias rentdered possible
-may here bo illustrated.
dervestrial locomotion..
The sseries  of" photographis
taken on moving films have
represented all the phases of
, -, motion of man and of quadru- .
R s LU VBB DITNR DL U BC S arttel: o
: = 34 (PLVI) represent the three
normal gaits of the horse, ’ S v R
One can easily follow the succession of attitudes during the advance of -
the animal. The sequence of time is from above downward., A dis-
puted question of animal mechanies was whether a cat turns overin
falling, and, if so, how she does it without any application of external
force. Experiment has proved that, usa fact; she does so, thus enabling
mechanicians to correct a current error of classical treatises.

l0. X

Fui, 31,

Fig.A33. y

- 3. Locomotion in water has also been studied by il photography.
CHRONOPHOTOGRAPHS OF HORSES IN MOTION. |

Thesefphotographs are brought together in order to facilitate the com-
parison of them. The locomotion of ‘the eel (tig. 85) shows the pro-
gression of undulations of the. body of the animal from head to tail.
Lines are drawn to show the direction of ‘motion and the advance of
the animal. e ’ ' :

ettt 00t b Qe o e 8 et 4k 8t 4R 400 24 i cara N A 4 A4 A 848 A AR A8 S A A A4t b manhe 4 0n S 49 d et §aa 60 an s Ale sraa b 0a smtaa o o
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In certain fish theaandulations take place in the lateral finse The
vay (fig. 36, PL VI is shown in side view swiniming without advane-
ing, its progress heing impeded. JThe same fish seen from the front
" has motions which strongly reeall llmw of a flving hird g

inseets, studied l)\}nunn])llnhm‘l aphy. ~shows the details of its
mechanisne The extreme v llmllt\ of these motions  =everal hundred
persecond - requires extremely short exposures, To ~m>|<l iy dofect
of ~|1upm-~~ dite’” to the velocity of the wiie: the swriter has rediped

Only isolated plmlm-l.q)h~ have heen obtaificd, but even these” are
Wehly instruetive. Fie, 37 (PL V1) is 0 motionless rne-five fien 58
(PL VI shows'it in flight. The torsion of the wing under the mesist-
ance of the air, u phenomenon which theory had predicted: and avhich
exphains the mechanism of inseet light3is hown ja the picture, -
Frunetional ol fonis, 'l'n(lup(-mlvnll\' ol aets nzlm-mnnlinn the dif-
1
TR R RRLY T U DR R ROMIE IR0 IR h‘ SV R N R R TR T I T T
’ tication thv ln\\vl' jaw takes (h-pl Seements that one would not b e
anticipated, - The ribs.in vespivation, vise and se pa el way Chad
was of old Tnknown.  In certain joints the hones tighve ahout a fixed
center, while in others there isut mllmu motton ofthe mml\ lgs over
the surface in contact with them.
Haek hackground gives n (h':u\’inn 1o mll«unl .1ll (In-w motions,
Bright lines or pmnh fixed to the orean vwmber examin mun interpret
thé trajectory upon the photogr 11)hu- pl e, T
Thus the motions of the lower jaw in thé set of opening the mouth
are represented (fig. S0, PLV [y h\ those of o rad hent at an angle
and foreed to move with the jl\\ > 1t will be seen that the motion is

- l)):'(;}/l:»//‘/)/: b the i -Not only tlu- l]|u]|t of_ _I'U(lr _Jzul that of o .

the duration of the (Ll to less than one twenty-thousandth of a see uml»v

Aerent paris ol the hody arxee utv var l(blh moveinents, the observation.
o)

R R T Y e AT A ]

not a rotation. round the joint Hut takes plice abowt instmitancous

centers in the upright branch, while the condyle itself slides over the
surface of the glenoid cavity, which is convex downward. ’
In respiration bright points V\(-d upon the ribs are dl~pl wed with
the latter and interpret the motions of the vising vibs on w civeular are,
The heart of an animal, laid havetod brilliantly illuominated. gives on
- the moving film the suceessionol systole and diastole of ftsauricles and
ventricles, The.motions of the eves themselves have heen studied at
the physiological station hy M. Orchansky.  He has ehronophoto-
‘winphed the dotted trajectory of the eyes in reading, sind in this motion

has heen aple to distinguish the components. due rispeetively to the.

octlar museles and to the displacements of the head;
Motions of the aive Tn the wbleranee of the vowdls, “The eminent pl)\'~-
icist, R. Kamig, conceived thv iden of making the <onorous vimratiohs

due to instruments or to thé voice act uwlm with membranous .

>
’

J N

'

‘

.
H

" . ¢ Smitnsonian Report, I?Ol,—Mnmy.»
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PLATE VI,

© Fig, a8,

CHRONOPHOTOGRAPHS OF RAY AND CRANE- FLY.
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walls pl wed on dittle gas-hurners. . These “manomettic flames ™

vibrate in unison with the sonorous waves.  Their images, dissociated

‘ inarevolving mirror, .lmw.n- with indented mantling of varions forms,
- } ' : according td the sound. But this fugitive phehomenon ¢ould not h(, ‘

e i e —»-————————~——-~~————--—--——~———--»-—-—hwd bv-photogeaplry until M. Marage, who has chirge-of-the acoustic
v work at the Physiological Station, rendered the flames photogenie by
substituting ae v(\lvnv for ordinary iflluminating gus. He has taken
the photographs by ¢ hronophotoer: phy onacribhon of sensitized paper
wfia havi ing 11.1||,~I.1(|m| of 2 meters per second (100 feet in 0.254 minute),
Fig. 40 (PL.VIHI). dhows the vibrations of the air for the French vow-
els vy oo 7o d0 0 At the same time as the vibrtions of the vowels,
those of aspeeial burner aeted on by o tuning fork of 45 V. D: ure

photographed also! <o.as to determine the piteh,

/y/;um nlitions of mollons. 1y seal /}/(/I(/(\ contoramed to v/ul/:l/:
phitographs—The impressions by chronophotographs on & moving
film, complete as they are, arg had’to wtilize, on wecount 6f the difti- -
3 “1(1‘11’1 y ("f‘ftl‘ll‘l]flrlll"" 11(1:::(:1».11"110 photographs, — In some ¢ .1:(v‘:‘l"lvxli‘.7"('~()11|- i
parizon, can be facilitated by Brinegine the ])ll()ln(’l.ll)]l\ togethor, 1t '

it wonld he more satisfactory (o be able to armnge lhvm ach inits
place. on asingle picture to seale. The writer Jus u-mmpli‘\']wd this
by means of suceessive projections and counter proofs on thv S
sheet of paper., .

Lt o gvnmast throw a weight,  (This is (lnnlu»I)hutoul"lplw(l on a
ribbon.)  Let us pmpﬂ the tirst photograph and ¢ u'vlull\' vounter-
prove the Torm of the hody.®

After this first projection, let us projeet e socond photograph upon
the same sheet, and then a thivd, taking care to preserve the registry
exaet by fixed points which we have chosen,  (That is, theé horizontal

line and objeet - will have been sharply drawn on the back of the
drawing paper: and in making subsequent projections care is faken to
have that line and objeet: fall upon preeisely the same places))  We
shall thus have obtained a series of counter-proofs representing the:
suceessive attitwdes of the gvimast.  Fig, 1 las heen construeted in
this way. Tt alfords complete information as to the extent and velocity
of each of the motions represented,

Fig. 40.
CHRONOPHOTOGRAPHS OF JAW MOVEMENT. AND OF AIR MOTION IN VOWEL SOUNDS , : ' i h
. L . Tothiscase only every third photograph has been drawn. in order
to avoid confusion in the pictire toseale; buat while 1'cduvinw th(! ntm-

CETEposE T Thedns That the perverted négative s projected, of i some way ﬂl.ll
thie projection is perverted, and that the projection i made on a hoard., “Thiy pro-
jeetion must show the fixed n):jc(t » (at the left of the horizontal line), whigh, with
Hu-lmrlmul.ll ling, is photograplied from nature in all the photographs.  He attaches,
1 suppose, ‘to the BLoard a sheet of carbon paper, and over it a sheet of drawing paper,
face down.  The projection appears’on the hack of the latter, and he marks with an
agate stylus the ontlines.of the gymnast's body, the horizontal line, and the object r.
These outlines are thug drawn correetly on the face of tlu, dmmng paper. That is
how I understand his deseription, —TRANSLATOR,
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Bgltl?ef ::::::; (\)yfht]!:; :‘tt(l)llet(, \1\ ‘( ll}ll"ht]~llo\\' l][ the sticeessive p(mnom - 'l'hi.s lnst .npplicution of chronophotography is somnetimes somewhat -

of tb(;sc positions would har \( M have been very numerous.  Thaseries laborious. It ix only mentionéd to show the extreme power of -the
S e given the law of the motion impressed 1. method and the mllll‘lpll('ltY of its upph(utlons.

' ’ . In cosing it may beadded that since the exhibition new npphcatlons

ut /lu'om)plmtu«rl.1})ln have been made at.the physiological station, |

which promise the experimental s()lutlon of Lu'tum problems hitherto

_loo]\(‘d upon as insoluble.

¢

[Subsequent notes by D, Mardy, teanstated (rom the Comptes Rendus of the Academy uf Sejences,

‘\v-l CXXXN, p. 1201, mecting of June 3, 1908}

Since the. communication which 1 had the honor to make to the .
Academy on the 27th of May, 1900, I have scen that my apparatus
needed to be entively reconstrueted in a better form, hut the resources
“of my own laboratory did not permit it. ‘ .

Our <onr'~p0nd(‘nt ‘Mr. Langley, who is intcrested in these studies,

“obtained from the Smithsonian Institution, whose Secretary he is, a
~subsidy which has pvrmlttul me-to - resiume-my-experiments,-and to—+
present to fhe Academy these new results. I have also awnaited the,

. result of the remarkable experiments of Professor Hele-Shaw, and it
on the Pl'0]ectllo, zmd the accelerntion wouldrhaye given in its turn the ] has scemed to. me desirable to bring tocrether these two Kinds of
mcasm'c of the forces developed by the gymnast at cach- instant. ' research, wkn,h have a common purpose, th.lt of fixing by means of

We can ceven push the analysis of muscular action so far as pmm‘um\iﬁ imagey phenomum which escape direct observation,
in the succ&salve pictures to scale, the pOSlthn\ of the ske Besides this; (-_e my last communication I have learned of the

: labors of My, L;; ,h which are so (-losolj, lduted to -my own that
I notice them in gwmw the hisfory of the new methods which seein
destined to numérous d.pp]lCﬂ.thl]S.

It was on the 11th of March, 1893, that 1 hud the honor of present-
ing to the Academy my first experiments, made by means of chrono- -
phOtO"‘ldph\ ()ll’]lqllld waves or movements of the intérnal molecules
of these waves, and also-of the changes of speed and direction in cur-
rents which meet bodies of diverse foyms. After Mr. Mach’s com-
munication of hix experimegts on the hehavior of a current of air
under analogous efrcumstances. he developed this research in a later
(ommnn_w'ltlou on the use of an inbaling turbine, passing a steady
current of air into a quadrangular prismatic tube, whose section was

18 by 24 cin., The face of this tube turned toward the observer, was
formud of hnmpm ent glass; the opposite face was blackened to form
a dark chamber, and_an are lamp pm}utod its light into the interior
of the tube, = -

Mr. Mach pl.\cod hodies of different forms and made of. tmnspment :
substances inthe air current, and took different ways tp-sender the
. , movements of the air in the vicinity of the bodies visibl¢g." Sometimes
the Sub]c(,t with the phases of e\tenslon and contraction of the prin. . _ he projected light bits of paper or silk in the air curipnt sometimes
cipal muscles, whose insertions upon the skeleton are, of wl ise, o tine dust. sometimes smoke, and aomctlmcs he hung flexible sk

lmowu‘. Fig. 49 COntama such details.. - | : . o sM L01-—22

Fis, 41,

to grive,
leton within
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“threads. which the current mowed along: while sometimes he explored -

the direcetion of the air movements hy means of little ous flames, \\'hi('l}
~ he applied at different points of the bodies that were in the tube. But
tho lmlhod which gave him the best vesults was that of Schlieren,

which consists of” rendering visible the movementsof vy small streams

of air by changing the index of refraction. which i dimo hy sending
current n\l hot airintoa colder current. The small streams or threads,
which are warmed, then \'h()\s’ either clearer or-darker than the sur-
rounding air, and tlw m: urmmum ﬂ 1~h light pe rmits us to ])]l(xl()lll‘ll)ll
thd pln-nnnu-lmn. . '

Mr. Machs experiments have given resulty” quite confornuble to
those,which T obtained in the movements of Lquids under similar eir-
cumstanees,
divides and re-forms hehind them without producing many whirlpools,
and when the plane is inclined under different angles and solidx of
different forms these disturb the airas if it were water. Mr. Mach

So. for instance, on meeting the bodies theair current

measured the speed of hisair currents by means of ansanemometer,

regulating “the indications oft the instriment by an acoustic method
devised by his father. Prof. k. Mach, The vibration caused hy
Koeniz-flame intodueed into the air e urrent gives the appearance of
i cluster of little clonds, which move on while keeping their respee-
tive distance. and ax the latter correspond to known intervals of time
they enable one to measure the speed of the curgent..

Mr. Mauels noticed @ lack of fixity in the direction of air currents,

which showed continual oscillations, and heattributes these movements

‘to changes in the aerodynamic pressure.

These studies were not known to me when I presented to the Aead-
emy the f‘

ent bodif= in an air current placed in conditions identieal to those
whieh 1 had studied with the Toguid (-'ul'lft-nts. To follow the move-
meptx of the air. T used smoke threads, which., drawn along with the
air by the action of ventilators. entered with it and at the same speed

into the gliss tube. The air and ~nmlw were filtrated through fine-

meshed cloth and '1(]\.111((-(1 pu'-lllul to each ullm lll llw inte nm of the '

tube ax long as the cturrent met no obstacle.

These expe riments, like those of My, Mach have shown th.n at the

rates emploved air and liquids hehave in substantindly the e Wi ay.

“At this tinme Me Bertin, anrengineer of the-Nuvy: hmmrht me firto
unn-\lum(lmm- with Mr. Hele-Shaw. of Liverpool. whi had been pur-
suing sjhilar 1'\1)('lllll(‘llt\ in closed chambers for several vears, Th
clear images given by photogr: ll)llllltr colored glyveerin threads showed
how the In(()lll])l(‘\\l’]llllt\ of liquids affect eddies inan inextensible
spiee, while the eddies always oceur in different degrees helyind hodies
1nnn(‘1'~ml in an air carrent, or even in a liguid current if it ix moving
in an open tube. '

sttt of experiments where I had studied theaction of differ-

means of the metrie seale.
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In the construetion of my new apparatus the seetion of the dir tuhe
was inereased from 20 to 50 ¢ and the number’ ol threads of smoke
from 20 to 58, The tiltering eloths were replaced by silk gauzes with
a very small mesh.and T Ginally introduced into the experiment a

chronographie system which allows us to measure the speed of each

smoke thread in different parts of its course,  For this purpose the
system of lltllv lulw\ which hnuu the smoke thrends which are about
ta be aspived isx subjeet to a lateral shake, lvponb}gfl ten times every
second.  An eleetrie vibrator regulates this |nn\vn&ut with the above-
named frequency, and under this influence the smoke threads do not
form straight, parallel lines. but sinusoidal- curves. These inflections
are preserved during their whole path.  In the interior of the tube a
stadl seade 207 em, Tong. in the same plane as the smoke threads serves
to measure the space traversed h\ the molee ul(-~ of air in each tenth
of u second. ¢

Some examples of the results obtained will enable us to appreciate
the progress which has heen made in the new construetion.

When there ix no obstac l«-‘nlhn-(l to the air current the smoke
threads remain reetilinenr and parallel. I we place an inelined plane
in the curreat the smoke threads enlarge in meeting it, which indicates
that” they lose velocity before following opposite divections,  Some

. . 2 .
mount toward the upper edge of the plane, others &lide upon each

other without mingling iand eseape by the lower edge, - On each side
of the obstacle the smoke threads continue their motion very close
together. leaving behind the inelined plane w0 spaee where the air is
motionless, and only givesasmoky elowd.

This space where the eddies
or \\'llirlp(ml((u-vur is lurger in

proportion ax the obstacle to the air
current is lurger, :

To note the kpeed of (he air eurrent in different pul\ of its course
we repeat the experiment. subjecting the smoke threads to the above-
mentioned vibrations, and then the threads instead of heing reetilinear
present i sevies of lateral inflections \\hu I are puwnwl during all
theircourse.  These inflections reinain equi'distant it the speed of the
current is everywhere (.Iw same, but if the cnerent_speqgd diminishes
the inflections wre elosers if it.i "npid' they are more distant {from
seh othery and the space niov vd over in o given time is measured hy

ave just seen e observed” by i magnesium
thort a time, that each smoke thread seems
wl longer the aspeet of the figure would
“condition of the air current as we see it

immovable,
change and.

in fig. +*, where tis Fproduced by the prolonged combustion lasts
~about seven seconds: ' '

’

“This fige. 4 corvesponds to fi, 28, PLov, of the foregoing paper on ¢ ln-mnplmlo"-
raphy, where are also showyt othier figures here referred o by Doctor Marey.
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We can not enumerate all' the numerons applications of this method,
- sinee the form and dimensions of the bodies in the air current and the
velocity of this current itself can be varied without end.-

I have never observed the = jumps™ noted hy Mro Mach, as nmkine
J - RN

the current deviate from one side to another,  These jumpsT micht
possibly be due to the unequal temperature of the moving air.
may be vegarded., T think. as a proot ST Drecision of nye method
that i an experiment is vepeated “under the same conditions” the
ohserved images are identical and superposihle on each other.

I'helieve Tmay add that this wethod will give the mechanieal <olu-
tion of many problems relating 1o propelling apparatas, fuids, and
questions of ventilation, ete, .

[To Mr. Marey’s interesting article we adds two other iltustrations

from his own experiments, sinee received from him by the Smithsonian -

Institution.  These are munbéred v.and 4. heing a form producing
very little eddy. while 4 (4 form not noticeably ditfferent) produces a
very great one. These seem to be well calenlated to show- the impor-
tance and the delicaey, of the method. |

'
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