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Fig. 2.—BROKEN ARM, OVERLAPPING.

(Due 1o defective seiling.)

Fic. 1.—HEAD.

Fig. 3.—Rins. Fic. 4.—KNEE, KNICKERBOCKER BUTTONS,
BuLLET 15 FEMUR.

FROM SCIAGRAPHS BY PROF. DAYTON C. MILLER. § 204.





















Fros MAGNETOGRAPHS BY Pror. McKay. p. 23

1. Platinum wire, 4. Tin-foil, 7. Silver coin.
z Copper gauze, g, Gold-foil 8. Platinum-foil,
3. Iron gauze. 6. Brass protractor. g. Brass.

1o, Lead-foil. 12. Magnesium ribbon.

e Aluminum. 13. Copper objects.

-

From Sciacrari oF Variovs OBJECTS.  P. 139

By rof, Terry, U, 5. Naval Academy.
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SOME EXPERIMENTS PRIOR TO LENARD'S.









ARRANGEMEXNTS FOR TAKING ELECTROGRAPHS, 2 35, p. Ig.

FroMm ELEcTrocrArHS OF CoOINS. § 35, p. IG.
Taken by Prof, hlckay.







Fic. 1.—HAMMER's DUST-FIGURE oK GLASS. £ 36a, p. 21.

2. —HAMMER'S HISTORICAL COLLECTION OF INCANDESCERT LAMPS,

FiG. iC DESH
CONTAINED IN CASE HAVING THE DUST-FIGURES. 3 3ba, p. 2I.






DISCOVERED BY WILLIAM J. HAMMER

DUST-PORTRAIT ON GLASS, 8 36b, p. 213,
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FroMm SCIAGRAPH OF

Foor DeErForMED BY POINTED SHOES.
By Prof. Miller.

Frowm HaMMER'S MOLECULAR SCIAGRAPH. § I17a, p. T
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FroMm ScIAGRAPH OoF CAT's LEc, BY Pror. WiLLiAM F. MAGIE.
Copyright, 1846, by William Beverly [—I:Lri:mntpuh. of X-ray pictures,

0 Fifth Awve., New York Cily.
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that t‘Eu: length of the spark between spheres was 15 cm. Upon
charging the right hand tube and generating cathode rays, it
was determined by means of magnetic deflection, phosphor-
escence and other effects, that the cathode rays traversed the
highest possible vacuum (§ 19, near end, where energy must
have passed through the high vacuum to produce luminosity in
the inner bulb). The external and internal rays were certainly
different forms of energy. Inasmuch as he noticed that rare-
fied air was less turbid and less absorptive than air at ordinary
pressures, it occurred to him to make a very long tube, namely,
1 m, or a little over 3 feet. He employed very severe steps for
obtaining an exceedingly high vacuum, the operation occupying
several days. The pump used was a Toepler-Hagen, while a
Geissler pump was employed separately for the discharge tube.
The pencil of cathode rays traversed the whole length of the
long tube. See a portion of the apparatus in Fig. G, at begin-
ning of this chapter, One disk was of metal and perforated with
a pin hole and the other was a phosphorescent screen, so that
when the cathode pencil passed through the hole in the plate a
patch was seen upon the phosphorescent screen. The phosphor-
escent spot was always, no matter what the relative distances of
the disks were from each other, and from the end of the tube,
substantially the same as it would have been by calculation as-
suming that there was no turbidity effect. The patches, in each
instance, were a little smaller in diameter than the calculated
ones. For example with one measurement, at certain distances,
the actual diameter of the patch was 2.5 mm., while the calcu-
lated diameter was 2.9 mm. In his experiments with light un-
der the same conditions, the luminous spots were also a little
smaller than the calculated or geometrical. The disks had iron
shoes and were moved to different positions by a magnet. He
concluded, therefore, that in what may be called a perfect va-
cuum, light and cathode rays have a common medium of propa:
gation, namely, the assumed ether. Prof. Fitzgerald, in 7%e
Elect. Lon , Mar, 23, ’94, does not agree broadly with him in this;
neither does he contradict him. He argues rather on the point
that the cathode rays and light rays are not identical, but Len-
ard does not affirm this, because the magnet will attract the
former and not the r. Prof. Fitzgerald admits this and calls
fo mind that even in a vacuum, as obtained by Lenard, there
were still ten thousand million molecules per cu. mm. and there-
fore he thinks it is better to look to matter rather than ether as
the medium of propagation of cathode rays. § 614 On the
other hand, Lenard agrees with certain other predecessors,
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74. CAvusE oF LuMiNOsITY OF Gas OUTSIDE THE DISCHARGE
Tuse.—At ordinary pressures, in the cases of hydrogen and air,
as has been noted, the gas became luminous in the observing
tube, the effect being, of course, the same as entering open air,
represented in Fig. A, beginning of this chapter. In order to
determine the luminosity at less pressures, the gas, of which-
ever kind, was enclosed in a rather long observing tube and
only at rather high vacua did the bluish and sometimes reddish
gaseous luminosity disappear. Upon grasping the tube with
the hand or approaching any conductor connected to earth, of
large capacity, the column stopped at that point so that the re-
mainder of the tube, beyond the hand, measured from the dis-
charge, was dark. The phosphorescence on the glass wall of
the tube produced by the cathode rays was not influenced in
any way by outside conductors, such as thehand. Cathoderays
themselves were not stopped apparently by the hand, because
the phosphorescent screen and glass, located beyond the hand,
became luminous. He concluded, therefore, that the glowing
of the gas had no close connection with the cathode rays. He
proved this also by deflecting the cathode rays in the discharge
tube from a certain space, and yet the gaseous luminosity 1e-
mained. As an exception, the cathode rays sometimes appeared
to be closely associated with the light column., He attributed
the luminosity of the gas in general, at low pressures, notto the
cathode rays, but directly to the electric current or some kind of
electric force, § 11 and 14, which, as already remarked, per-
mitted sparks to be drawn from the aluminum window and sur-
rounding points.

The negative glow light in Geissler tubes, § 30, is also to be
regarded as gas illuminated by cathode rays. (Compare Hertz,
Wied. Ann., XIX,, p. 807, '83.) Between that phenomenon and
the glow observed here and attributed to irradiation, there ex-
ists a correspondence, inasmuch as in both cases the light dis-
appears at high exhaustions, § 53, appears fainter and ]:arger
when the pressure increases, § 54, and then hecnme_s brighter
and smaller, § 54. But, whereas, the glow in the Geissler tube
has become very bright and small at o.5 mm. pressure, the gas
in our experiment remains much darker up to 760 mm. pressure,
and yet the illuminated spot is much larger. This difference
cannot, therefore, be attributed to an inferior intensity of the
rays here used. But it will be explained, § 76, as soon as we
can show that at higher pressures cathode rays of a different
kind are produced, which are much more strongly absorbed by
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gases than the rays investigated hitherto and produced at very
luw pressures.

Fig. I,p. 52, illustrates the apparatus by which he studied the
rectilinear propagation and whereby he found that it was recti-
linear only in a very high vacuum. In the figure, the gas is at
ordinary pressure, and it will be noticed that the turbidity of
the same is indicated by the curved lines while the dotted lines
show the volume that would be occupied by light or other rec-
tilinear rays, unaccompanied by any kind of diffusion. In the
observing tube, there was a disc having a central hole at a.
Beyond this disc, measured from the aluminum window, was a
fluorescent screen which, as well as the perforated disc, could
be moved to different distances by means of a magnet acting on
a little iron base. It'is evident that upon moving the fluor-
escent screen to different distances, the diameter of the lumin-
ous patch would be a measure of the amount of turbidity. The
curved lines intersecting the peripheries of the luminous spots
indicate, therefore, the field of the cathode rays, so that said
field would appear like a kind of curved cone if the same were
visible. Although hydrogen is the least turbid gas, yet the
phosphorescent patches were all larger except with a high va-
cuum than they could have been with rectilinear propagation.
An additional characteristic of the phosphorescent spot, was its
being made up of a central bright spot and a halo lessluminous,
appearing like some of the pictures of a nebula, see Fig. I', p. 52,
the darker or centre indicating the brighter portion. In a per-
fect vacuum the halo did not exist. He performed a similar
experiment with ordinary light. No halo occurred on a paper
screen which was used instead of the phosphorescent screen,
but upon introducing a glass trough of dilute milk between the
window and the perforated disc, or between the disc and the
paper screen, nuclei and halos were obtained, illustrating a case
of the effect of a turbid fluid upon light, and assisting in prov-
ing that gases act as a turbid medium to cathode rays as milk
and similar substances do to light; also in other gases than hy-
drogen, and by the use of cathode rays, nuclei and ha1a5+ were
not obtained at high exhaustion, all the gases becoming limpid.
Taking into account pressure and density, all gases behaved the
same as to the power of transmission when they were of _th':
same density, without any regard whatever to their che_:mical
nature. Density alone determined the matter, according to
LETTT%ATHDDE Ravs oF DiFreRENT KINDS ARE VARIABLY Dn‘v-
susep.—He discovered the remarkable property, contrary to his
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HAND, BY OLIVER B. SHALLENRERGER, TAKEN WITH FoCUS-TUBE.
& 137, p. 136.
















Tue Paysican InsTiTurTE, UNMIVERSITY 0F WURZBURG,

WHERE PROF. ROENTGEN HAS HIS RESIDENCE, DELIVERS HI5 LECTURES, AND
PERFORMS HIS EXTPTERIMENTS.

From photograph by G. Glock, Wiirzburg. (Not referred to in book.)
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(This was not suggested again in his second anouncement.) He
stated that the hypothesis needs a more solid foundation before
acceptance. The reason why Roentgen termed the energy X-
rays is simply because X in algebra represents an unknown
quantity.

g3. At the Johns Hopkins University, U. 5, in 1884, Sir
William Thomson, (Kelvin) delivered a lecture in which he
argued that the production of longitudinal vibrations,by electrical
means, is reasonable and possible of occurrence. J. T. Bottomly,
in Nature, Lon. Feb., (see also Elect. Eng., N. Y., Feb. 1g, "96, p.
187) called attention to this lecture as being of interest in view

SHALLENBERGER ArramaTus aAND Focus TUBE. £ gI.

of Rti_:enlgen’f-; suggestion about longitudinal vibrations. Lord
I:Ce-:lmn called attention to what had been developed in connec-
tion with the electromagnetic theory of light and referred to his
own work in 1854, in connection with the propagation of electric
impulses along an insulated wire surrounded by gutta percha,
but he said that at that time no one knew the relation between
electro-static and electro-magnetic units. The part of the lecture
referring particularly to the possibility of longitudinal waves in
luminiferous ether by electrical means reads ;is follows. “ Sup-
pose that we have at any place in air, or in luminiferous ether
(I cannot now distinguish between the two ideas) a body that
through some action we need not deseribe, but which is r:uni



























From ScCIaGRAPH of Fro, THROUGH SMALL HoLE 1% DIAPHRAGM,
As IN FIG. I, p. 100.












MuLTIPLE ScracrarHs. FiG. 1, § 101, p. g5

MuLTirLE SciacrAaPHS. FIG. 2, § 101, p. 95.
























PLATE 3

A PLATE 1

STINE'S EXPERIMENT. FIG. 1, § 108, p. 103,

STINE'S EXPERIMENT.

Fic. 2, § 108, p. 103.
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caused by diffraction. To completely demonstrate this point
the experiment illustrated in Fig. A was undertaken, Here A,
to A, are brass plates one inch wide and s81inch thick, and of the
length of the dry plate employed. They were first fastened to.
gether, so as to leave two parallel slots X§ of an inch wide.
These plates are placed within #6 of an inch of the bulb, were
one inch apart, and rested 1% inches above the dry plate. The
resulting sciagraph is shown in Fig. B. In the diagram S, Sa
the edges of the penumbral shadow are very sharp and distinet.
The direction of the rays is indicated, showing that there was
absolutely no diffraction. This experiment has been modified
in a variety of tests, with always the same result.”

11ica, JEAN PERRIN'S NonN-DIFFRACTION. omples Rendus, Jan,
27, '96. From trans. by Louis M. Pignolet.—The active part of
a tube was placed before a very narrow slit; 5em. further,
there was a slit 1 mm. wide ; 10 cm, further, there wasthe pho-
tographic plate. An exposure of nine hours gave an image
with sharply defined borders, upon which there was no diffrac-
tion fringe.

£LECLENG., VY.

STINE'S ExpERIMENT, Fic. B. £ 110.

159. Non-RerFracTiON.—Refraction was attempted with pris-
ims of paraffine and of wax, but no refraction was noticed.

111. SCRIBNER AND M'BERTY's EXPERIMENT. SOURCE coF X-
Rays DETERMINED BY INTERCEPTION OF ASSUMED RECTILINEAR
Eays FroM THE CATHODE. ZElect Fng., N. Y., Apr. 8, '96, p.
358 ; Amer. Inst. Elec. Eng., Mar. 25, ’g6. Waest, ﬂrfwf.'xﬂr.—liefer
now solely to Fig. 1, 5. and M'’s experiment. Notice the rela-
tive arrangement of the elements. First, the discharge tube
with the cathode at the upper part and the phosphorescent rSth
opposite thereto ; then below a thick lead plate with a Su.ig]e
opening ; then a second lead plate with two small openings
placed laterally at such a distance that if, there were rectilinear
rays from the cathode they could not strike (by passing through
the small hole), the covered photographic plate which was the
next element in order. The description did not state that the
photographic plate was covered, but the experimenters .mu:-st
have had the usual opaque cover upon it or else the luminous
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process, the oxide of aluminum was so thick as to be opaque to
light. With magnesium, also, a mirror was pmducedqof a
lavender color, by transmitted light., In the case of aIun;inum
h.e was able to obtain a visible spot at the phosphorescent pnrj
tion, but only after a great many hours of use, See cut from a
photograph of a discharge tube used for several months by
Prof. Dayton C. Miller, and having a heavy aluminum de;;usit
oPpnslit& the aluminum cathode. With the increase of the
deposit, the power of the X-rays diminished, but, he thought
not on account of the absorption, but because, “ through lack nf
elasticity at the surface.”

124. Fruorescent Lame, Inan English patent of '82, granted
to Rankin Kennedy, there is described a vacuum bulb in which

DiscHARGE TUgBg, § 123,

the electrodes are covered with fluorescent or phosphorescent
substances, intended for the purpose of obtaining greater candle
power by impact of cathode rays upon anode of platinum,
covered with alumina or magnesia. Edison coated the inner
wall of the discharge tube, for generating X-rays, with calcic
tungstate in the crystaline form. The luminosity, when meas-
ured, amounted to about 2% c.p. As to the efficiency, he
stated that this was accomplished “with an extremely small
amount of energy.” Such a coating was found {o weaken the
X.rays radiated therefrom, which, of course, was natural, be-
cause they had been converted into phosphorescent light. The
spectrum showed strongly at the red line, thereby suggesting
the reason why the light was of a pleasant character.






EpisonN (AT RIGHT) AND T, CoMMERFORD MARTIN USING THE SCIASCOPE.
507, p- 84.

Cut also shows Sprengel vacuum-pump.  Discharge-tube is in the box,
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RoexToeN RAYS AT THE UNIVERSITY OF MINNESOTA.

fqin. o, Collepe badges in mahogany 1 . 3. COpper coin.

1 heavy velvet-lined mahogany boxj nk space contains aluminum,
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SCIAGRAPH OF RATTLESNARE BY Use oF Stors. § 107a, p. 1OIL.
By Leeds and Stokes.



























HAlos 1 FT. DIAM., IN CLEAR AIR, AROUND INCANDESCENT ELECTRIC LAMTS
OF USUAL SI1ZE. (ROSS AT CENTER OF EACH HALO. % 140, p. 143.

Ubserved by means ol a photograph, in 184z, by Willlam | Hammer.

MorTIFICATION OF THE ULKA. & 204a.

From sciagraph by Prof Miller,







































FroM SCIAGRAPH OF KKEE-]OINT. STRAIGHT, FroxT VIEW.

By Prof. Goodspeed., FPhofo. Trwces, July, "o6,


















THoRAX. 5 zob.

By W, J. Morton, M.ID, Fluorescent screen used (§ 151).

Normar Errow. £ 204.

By Prof. Miller









FroM SciacrarH oF PexciL, Ky, FOUNTAIN-PEN, AND Coi¥. § 161,

By Prof, McKay, Packer Institute,

FroM SCIAGRAPH BY ProF. MILLER. & 156.
1. Real diamond, 2. Paste, 1. Glass. 4. Real diamond mounted in gold ring.
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an exposure of #ree fowurs showed perfectly a lead shot intro-
duced into the vitreous media of the eye of a full grown rabbit.
Therefore the opacity of the media of the eye was not absolute.

In a second series of experiments by Dr. Wui illomenet a
human head was used, but the results w ere negative in spite of
a great intensity of the m}s and a long exposure, § 82.

161, FERNAND RANWEZ'S EXPERIMENTS, APPL IC.-'L’i'Jﬂ‘wr OF THE
X-RAYS TO ANALYSIS OF VEGETABLE MATTER. Comples Rendus,
Apr. 13, ’¢g6. From trans. by Louis M. Pignolet.  Sciagr raphy
can render wvaluable services in analytical researches and
specially in the analysis of vegetable foods where they will show
the most usual adulterations consisting of mineral substances.

)

BAS-RELIEF SCIAGRAFPH, & 159, BY ProF. DayTon C. MILLER.

This method offers several advantages for small samples of
the substances can be examined. The samples are not chemi-
cally changed. A great number of tests can be made in a short
time, Lastly, the sciagraph obtained affords a permanent
record.

The tests were made on samples of adulterated saffron com-
posed of mixtures of pure saffron and saffron coated with sul-
phate of barium. A sciagraph taken with an exposure of three
minutes showed scarcely visible imprints of the pure but strong
impressions of the adulterated. See sciagraph of pen, {m.iu_
eral) in holder, (vegetable), in cut at upper part of p. 164, which
also shows the graphite in a wooden pencil,















ROM SCIAGRATH BY PROF. GOODSPEED, SHOWING CURVATURE OF THE
RADIUS, DUE TO ARRESTED DEVELOPMENT OF THE ULNA AT ITS
DisTaL ErIPHYSIS. ONE BoOME SHOWN THROUGH ANOTHER.

Amer. Four, Med, Sei,, Aug, "g96,
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FROM SCIAGRAPH OF NORMAL ELBOW-JOINT ;
SUPINATION,
By A. W, Goodspeed.

STrarGHT, IN PosiTioN OF

FPhot. Times, July, ‘o8,

Copyright, 18g6, by William Bewverley Harricon, Publisher of ** X.ray " Pictures, New York.






FROM SCIAGRAPH OF KNEE-JOINT, STRAIGHT, SIDE VIEW, SHOWING
PATELLA, OR KNEE-CAT.

By Prof. Goodspeed. BPhot. Fimes, July, "ob.






FRrROM SCIAGRAPH OF NORMAIL KNEE-JOINT, FLEXED.

Phot, Times, July, ob,
Copyright, 18g6, by William Beverley Harison, Publisher of ** X-ray ' Pictures, New York.






From 5ciacrRAPH oF HEAD BY Pror. GOoODSPEED. Nasal BOKES APFEAR
LIKE EVELASHES.

fuder. Med, Mag., Tune, g,

The cervical vertebree are distinguishable in the original, but barely so in the half-tone.
Fillingrs are located.
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