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Roentgen’s Discovery Ot X-Rays

Physics

—A Classic Of Science

ON A NEW KIND OF RAYS
by W. C. Rontgen. First Communica-
tion, December, 1895. In ROENT-
GEN RAYS, Memoirs by Rontgen,
Stokes and J. J. Thomson. Translated
and edited by George F. Baker. New
York, 1899.

[F the discharge of a fairly large
induction-coil be made to pass
through a Hittorf vacuum-tube, or
through a Lenard tube, a Crookes
tube, or other similar apparatus,
which has been sufficiently exhausted,
the tube being covered with thin,
black card-board which fits it with
tolerable closeness, and if the whole
apparatus be placed in a completely
darkened room, there is observed at
each discharge a bright illumination
of a paper screen covered with ba-
rium platino-cyanide, placed in the
vicinity of the induction-coil, the flu-
orescence thus produced being entire-
ly independent of the fact whether
the coated or the plain &urface is
turned towards the discharge-tube.
This fluorescence is visible even when
the paper screen is at a distance of
two metres from the apparatus.

It is easy to prove that the cause
of the fluorescence proceeds from the
discharge-apparatus, and not from any
other point in the conducting circuit.

2. The most striking feature of
this phenomenon is the fact that an
active agent here passes through a
black card-board envelope, which is
opaque to the visible and the ultra-
violet rays of the sun or of the elec-
tric arc; an agent, too, which has the
power of producing active fluores-
cence. Hence we mav first investi-
gate the question whether other bod-
ies also possess this property.

We soon discover that all bodies
are transparent to this agent, though
in very different degrees. I proceed
to give a few examples: Paper is
very transparent;! behind a bound
book of about one thousand pages 1
saw the fluorescent screen light up
brightly, the printers’ ink offering
scarcely a noticeable hinderance. In
the same way the fluorescence ap-

1 By ‘“transparency”’ of a body I denote the
relative brightness of a fluorescent screen placed
close behind the body, referred to the brightness
which the screen shows under the same circum-

stances, though without the interposition of the
body.

The electric discharge through a
vacuum tube was not new in 1895.
Nearly every important physics lab=
oratory in the world had one of the
tubes. Others beside Roentgen who used
such a tube in the dark must have noticed
the fluorescence which it induced in cer=
tain substances. Many physicists were
complaining of the unaccountable ex=
posed appearance of photographic plates
kept in the laboratories where these
tubes were set up. Roentgen took time
to turn aside from his work with the
vacuum tube to investigate the strange
invisible light which seemed to emanate
from it, and so gave the world the great
boon of X-srays. Their discoverer did
not at first recognize their relationship
to light waves, and thought they might
perhaps be a different sort of wave
motion in the ether. He failed to pro-
duce with them the characteristic phe-
nomena of light waves because he used
lenses and prisms of too gross a struc-
ture to affect the minute vibrations of
the X-rays.

peared behind a double pack of cards;
a single card held between the ap-
paratus and the screen being almost
unnoticeable to the eye. A single
sheet of tin-foil is also scarcely per-
ceptible; it is only after several lay-
ers have been placed over one an-
other that their shadow is distinctly
seen on the screen. Thick blocks of
wood are also transparent, pine
boards two or three centimetres thick
absorbing only slightly. A plate of
aluminum about fifteen millimetres
thick, though it enfeebled the action
seriously, did not cause the fluores-
cence to disappear entirely. Sheets
of hard rubber several centimetres
thick still permit the rays to pass
through them.? Glass plates of equal
thickness behave quite differently, ac-
cording as they contain lead (flint-
glass) or not; the former are much
less transparent than the latter. If
the hand be held between the dis-
charge-tube and the screen, the dark-
er shadow of the bones is seen with-
in the slightly dark shadow-image
of the hand itself. Water, carbon
disulphide, and various other liquids,
when they are examined in mica ves-
sels, seem also to be transparent. That
hydrogen is to any considerable de-
gree more transparent than air I have

hrevity’s sake I shall use the expres-
sion ‘“rays”; and to distinguish them from oth-
ers of this name I shall call them “X-rays.”
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not been able to discover. Behind
plates of copper, silver, lead, gold,
and platinum the fluorescence may
still be recognized, though only if the
thickness of the plates is not too
great. Platinum of a thickness of 0.2
millimetre is still transparent; the
silver and copper plates may even be
thicker. Lead of a thickness of 1.5
millimetres is practically opaque; and
on account of this property this metal
is frequently most useful. A rod of
wood with a square cross-section (20
x 20 millimetres) one of whose sides
is painted white with lead paint, be-
haves differently according as to how
it is held between the apparatus and
the screen. It is almost entirely with-
out action when the X-rays pass
through it parallel to the painted side;
whereas the stick throws a dark shad-
ow when the rays are made to trav-
erse it perpendicular to the painted
side. In a series similar to that of
the metals themselves their salts can
be arranged with reference to their
transparency, either in the solid form
or in solution.

3. The experimental results which
have now been given, as well as oth-
ers, lead to the conclusion that the
transparency of different substances,
assumed to be of equal thickness, is
essentially conditioned upon their
density : no other property makes it-
self felt like this, certainly to so high
a degree.

The following experiments show,
however, that the density is not the
only cause acting. I have examined,
with reference to their transparency,
plates of glass, aluminium, calcite,
and quartz, of nearly the same thick-
ness; and while these substances are
almost equal in density, yet it was
quite evident that the calcite was sen-
sibly less transparent than the other
substances, which appeared almost ex-
actly alike. No particularly strong
fluorescence of calcite, especially by
comparison with glass, has been
noticed.

4, All substances with increase in
thickness become less transparent. In
order to find a possible relation be-
tween transparency and thickness, I
have made photographs in which por-
tions of the photographic plate were
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covered with layers of tin-foil, varying
in the number of sheets superposed.
Photometric measurements of these
will be made when I am in possession
of a suitable photometer.

5. Sheets of platinum, lead, zinc,
and aluminium were rolled of such
thickness that all appeared nearly
equally transparent. The {ollowing
table contains the absolute thickness
of these sheets measured in milli-
metres, the relative thickness referred
to that of the platinum sheet, and
their densities:

Thickness Reiative Thickness Density
Pt 0.018 mm. 1 21.5
Pb005 3 11.3
Zn0.10 * 6 7.1
Al35 o« 200 2.6

We may conclude from these values
that different metals possess trans-
parencies which are by no means
equal, even when the product of
thickness and density are the same.
The transparency increases much more
rapidly than this product decreases.

6. The fluorescence of barium pla-
tino-cyanide is not the only recogniz-
able effect of the X-rays. It should
be mentioned that other bodies also
fluoresce; such, for instance, as the
phosphorescent calcium compounds,
then uranium glass, ordinary glass,
calcite, rock-salt, and so on.

Of special significance in many re-
spects is the fact that photographic
dry plates are sensitive to the X-rays.
We are, therefore, in a condition to
determine more definitely many phe-
nomena, and so the more easily to
avoid deception; wherever it has been
possible, therefore, I have controlled,
by means of photography, every im-
portant observation which I have
made with the eye by means of the
fluorescent screen.

In these experiments the property
of the rays to pass almost unhindered
through thin sheets of wood, paper,
and tin-foil is most important. The
photographic impressions can be ob-
tained in a non-darkened room with
the photographic plates either in the
holders or wrapped up in paper. On
the other hand. from this property it
results as a consequence that unde-
veloped plates cannot be left for a
long time in the neighborhood of the
discharge-tube, if they are protected
merely by the usual covering of
pasteboard and paper.

It appears questionable, however,
whether the chemical action on the
silver salts of the photographic plates
is directly caused by the X-rays. It
is possible that this action proceeds

from the fluorescent light which, as
noted above, is produced in the glass
plate itself or perhaps in the layer
of gelatin. “Films” can be used just
as well as glass plates.

I have not yet been able to prove
experimentally that the X-rays are
able also to produce a heating action;
yet we may well assume that this ef-
fect is present, since the capability
of the X-rays to be transformed is
proved by means of the observed flu-
orescence phenomena. It is certain,
therefore, that all the X-rays which
fall upon a substance do not leave it
again as such.

The retina of the eye is not sensi-
tive to these rays. Even if the eye
is brought close to the discharge-tube,
it observes nothing, although, as ex-
periment has proved, the media con-
tained in the eye must be sufficiently
transparent to transmit the rays.

X-=rays were quickly pressed into serv-
ice by the biologist as well as by the
physicist and the physician. This some-=

what unusual view of a frog was an early
triumph of X-ray photography.
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7. After T had recognized the
transparency of various substances of
relatively considerable thickness, I
hastened to see how the X-rays be-
haved on passing through a prism,
and to find whether they were there-
by deviated or not.

Experiments with water and with
carbon disulphide enclosed in mica
prisms of about 30° refracting angle
showed no deviation, either with the
fluorescent screen or on the photo-
graphic plate. For purposes of com-
parison the deviation of rays of ordi-
nary light under the same conditions
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was observed; and it was noted that
in this case the deviated images fell
on the plate about 10 or 20 millime-
ters distant from the direct image.
By means of prisms made of hard
rubber and of aluminum, also of
about 30° refracting angle, I have ob-
tained images on the photographic
plate in which some small deviation
may perhaps be recognized. How-
ever, the fact is quite uncertain; the
deviation, if it does exist, being so
small that in any case the refractive
index of the X-rays in the substances
named cannot be more than 1.05 at
the most. With a fluorescent screen 1
was unable to observe any deviation.

Up to the present time experiments
with prisms of denser metals have
given no definite results, owing to
their feeble transparency and the con-
sequently diminished intensity of the
transmitted rays.

THER substances behave in gen-

eral like air; they are more
transparent to X-rays than to cathode
rays.

11. A further difference, and a
most important one, between the be-
havior of cathode rays and of X-rays
lies in the fact that I have not suc-
ceeded, in spite of many attempts. in
obtaining a deflection of the X-rays by
a magnet. even in very intense fields.

The possibility of deflection by a
magnet has, up to the present time,
served as a characteristic property of
the cathode rays; although it was ob-
served by Hertz and Lenard that
there are different sorts of cathode
rays, “which are distinguished from
each other by their production of
phosphorescence, by the amount of
their absorption, and by the extent of
their deflection by a magnet.” A con-
siderable deflection, however, was
noted in all of the cases investigated
by them; so that T do not think that
this characteristic will be given up
except for stringent reasons.

12. According to experiments es-
pecially designed to test the question,
it is certain that the spot on the wall
of the discharge-tube which fluoresces
the strongest is to be considered as
the main centre from which the X-
rays radiate in all directions. The
X-rays proceed from that spot where,
according to the data obtained by dif-
ferent investigators, the cathode rays
strike the glass wall. If the cathode
rays within the discharge-apparatus
are deflected by means of a magnet,
it is observed that the X-rays proceed
from another (Turn to page 287)
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NATURE RAMBLINGS

By Frank Thone

Bloodroot

GOOD theme for a botanist-poet
might be supplied by the blood-
root, that now stars our woods. Such
a one might well hail the little white
flower as a “modest poppy” that

“Crowds back its carmine blushes to

its root

And turns toward all ardors of the
sun

A front demure and white as any
nun.”

For the bloodroot is really a close
cousin of the poppy, and the red that
its relative flaunts in its face, this
little white spring blossom expresses
only in its blood-red sap. It would
not be exactly correct, however, to
say that the red sap is found in its
root, for the thick underground part
of the plant is really a rhizome or
subterranean stem, from which the
true roots, as well as the overground
stems, take their rise.

The sap is somewhat thick and
milky under its red color, which is
another point of kinship with the
milky-juiced poppy tribe. And as the
juice of the poppy contains a poison-
ous principle used in medicine, so also
does the juice of the bloodroot. Under
the Latin name ‘‘Sanguinaria” the
dried rhizome used to find a more or
less prominent place on druggists’
shelves; though it is little used now.

The bloodroot is one of the small
number of native American wild-
flowers that needs little warning
against reckless bouquet-gathering, due
again to that same thick., red, rather
irritating juice. Children picking
flowers in the woods sometimes take
a handful of its attractive, though
short-lived, white flowers; but the
appearance of their hands and dresses
usually causes their alarmed mothers
to place further bloodroot gathering
under interdict.
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Roentgen’s Rays—Continued

spot—namely, from that which is the
new terminus of the cathode rays.

For this reason, therefore, the X-
rays, which it is impossible to deflect,
cannot be cathode rays simply trans-
mitted or reflected without change by
the glass wall. The greater density of
the gas outside of the discharge-tube
certainly cannot account for the
great difference in the deflection, ac-
cording to Lenard.

I therefore reach the conclusion
that the X-rays are not identical with
the cathode rays, but they are pro-
duced by the cathode rays at the glass
wall of the discharge-apparatus.

13. This production does not take
place in glass alone, but, as I have
been able to observe in an apparatus
closed by a plate of aluminium 2 mil-
limetres thick, in this metal also.
Other substances are to be examined
later.

14. The justification for calling by
the name “rays” the agent which pro-

Eclipse—Continued
Shadow Movies

Observations made by Mrs. Isabel
M. Lewis, astronomer of the U. S.
Naval Observatory, at Honey Lake.
California, were successful. Bailey’s
beads but no corona was observed
and it was determined that the path
was correct as predicted and the time
was right to within two seconds. U. S.
Navy airplanes operating for the U. S.
Naval Observatory secured one reel
of motion pictures of the shadow
from an elevation of eighteen thou-
sand feet and from the ground Navy
photographers made a reel of the
eclipsed sun.

Best Prediction

The solar eclipse of April 28 upon
the basis of preliminary reports has
been proclaimed the most accurately
predicted eclipse of record. Due to
the very short totality and consequent
narrow path, it was necessary to take
into account the latest observations of
the moon’s position in making the final
determination of the area from which
the totally darkened sun could be seen.

The prediction made by James
Robertson, director of the Nauticar
Almanac office of the U. S. Naval
Observatory was fulfilled with greater
accuracy than was to be expected.
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ceeds from the wall of the discharge-
apparatus I derive in part from the
entirely regular formation of shad-
ows, which are seen when more or
less transparent bodies are brought
between the apparatus and the fluor-
escent screen (of the photographic
plate).

I have observed, and in part pho-
tographed, many shadow-pictures of
this kind, the production of which
has a particular charm. I possess, for
instance, photographs of the shadow
of the profile of a door which sepa-
rates the rooms in which, on one side,
the discharge-apparatus was placed,
on the other the photographic plate;
the shadow of the bones of the hand;
the shadow of a covered wire wrap-
ped on a wooden spool; of a set of
weights enclosed in a box; of a gal-
vanometer in which the magnetic
needle is entirely enclosed by metal;
of a piece of metal whose lack of
homogeneity becomes noticeable by
means of the X-rays, etc.
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