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Fra. 1 —Photograph obtained by C. T. K. Wilson of the path of a beam of
X rays in supersaturated air. The beam of rays, some 2 mm. in diameter,
wag gent through the moist air (from left to right in the figure) immediately
after the expansion which produced the supersaturation (see p, 149). The
axia of the camera was horizontal, and the magnification of the photograph

is about 2% times,

FiG. 2.—Photograph obtained by C. T. R. Wilson showing the passage of X rays
{from left to right) throngh a thin copper plate (see p. 152).
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22 X RAYS

of the electric and magnetic forces, and the distances the
rays have to travel from the time they enter the field of
force until they reach the photographic plate.

The equation to the trace on the photographic plate
becomes gt BY e

x A m

This is the equation of a parabola, so that we have on the
plate a series of parabolas representing the loci of particles
which have a constant value of e/m.
(See Fig. 11.) Different particles
register different loei on the plate,
and for each locus m has a definite
value, so that the method affords
a means of determining accurately
the atomic weights of substances
which are present in the tube. The
system of curves obtained on the
screen depends, of course, upon
the nature of the gas in the tube.
Most positive rays carry only one
ionic charge (equal to that carried
by the cathode rays), though with
some elements 2, 3, and up to
oy 51, 1—Photograph obtained 8 charges -hfwe been found.
of positive I:!}a['t-i.{:]{.'ﬁ subjected to B}’ this method, Professor
magnetic and electric fields at right

angles to each other. The differ- Thomson has been able to de-

ent tracez represent different sub- s : . -
stances. Inthe figure, the magnetic termine the - atomic WElght-E of

deflections are vertical. The mag-
netic field was reversed }m]f-wn%' numerous elements,! and has,

halves of each parabola are re- indeed, discovered substances as
-1 yet unknown to the chemist,
When, for example, nitrogen is put into the tube there
are seen on the photographic plate parabolas corresponding
to N* (an atom of nitrogen with one charge), N*F, N,*,
N,*. A very interesting case is afforded by marsh gas
(CH,), which yields lines corresponding to the com-
binations CH, CH,, CH,, and CH,. The great advantage

1 ¢fm for the hydrogen molecule carrying a single charge is 10* electro-
magnetic units.

































































































H4 X RAYS

adjacent faces of the two sections, the intermediate ebonite
plate has to be made thick and protruding from the body
of the coil (Fig. 28).

Fia, 258, —A Cox coil wonnd on the bisectional principle.

For large coils (such as is shown in Fig. 29), some form
of sectional winding is used, in which a large number of

Fia. 20.—4A Butt coil wonnd on a multisectional principle

circular flat sections, a few wires thick, are threaded side
by side on the primary tube and separated by partitions


















60 X RAYS

egpecially in instantaneous radiography. The machine is
essentially nothing more than an oil-immersed step-up trans-
former, which is supplied with alternating current from an
alternator. A rotating pole-changing switch rectifies the
high potential alternating current from the secondary of the

Fig. 85.—Present design of Snook high-tension transformer,

transformer. To secure the perfect synchronism which is
essential for rectification, the commutator is mounted on the
same shaft as the alternator. The resulting current is, of
course, not uniform, but pulsating as in B (Fig. 36); its
amount can be varied at will from § to 100 milliamperes.
The efficiency of the transformer, which is of the ring type,
is considerably greater than that of an induction coil. The















INTERRUPTERS 65

In the earlier forms the revolving system was immersed
in paraffin oil or methylated spirit. With either liquid, but
especially with the oil, the mercury emulsifies in most
breaks, and the cleaning is a frequent and a disagreeable
operation, besides being
rather wasteful of mer-
cury. A notable exception
is the Sanax break, which,
by reason of its ingenious
design and mode of action,
avoids all these difficulties.

(Coal gas or hydrogen at
1 or 2 atmospheres is
generally used nowadays
in mercury breaks: the
break needs less cleaning,
and is usually more reliable
and economical than with
a liquid dielectric. Salo-
monson has shown (/. Rt.S.
1911), by means of the
oscillograph, that stronger
and more abrupt quench-
ing of the spark is obtained
with a gaseous dielectric
than with a liquid in which
a conducting charred track
persists after each spark. Less condenser capacity is
required for a gas break than for an oil or spirit break.

With most coils, these motor-driven breaks produce a
heavier discharge current at the higher speeds. The
mercury break is designed so that the current is * off ”
rather longer than “on”; in this respect it is superior
to the Wehnelt, in which the “on” period is equal to
the “ off,” to the detriment of the demagnetisation of the
core.

Doubtless most workers would prefer a mercury break to
any other kind for general use ; though for heavy instan-

taneous work an electrolytic break is probably unequalled.
E

F1a. 40.—Cox mereury-gas break.


































































































































































































































































IONISATION BY X RAYS 151

show the tracks of corpuscles starting within the beam of
X rays and extending for some distance beyond it. There
is no indication of any activity on the part of the X rays
other than the production of corpuscles : and the track of
the X ray is not distinguishable otherwise than as being
the region in which corpuseles have their origin. The cloud

F16. 74.—Photograph obtained by C. T. R. Wilson of the path of a beam of
A ravs in air supersatarated with moisture (see p. 149).  The beam of ravs,
about Z mm. in diameter, traversed the air (from left to right of the picture)
immediately after the expansion which produeced the superzaturation. The
axis of the camera was horizontal, and the magnification of the photograph
is 6 diameters,

trails show that the corpuscles start in all directions from
within the path of the primary beam : they do not appear
to exhibit preference for any particular direction.

The result is striking confirmation of the view which
Prof. Bragg has advocated for some years—that the X ray
is completely inoffensive and innocuous during its life, and
that only on its disappearance does the effective agent—
the corpuscle—come to life. [Tonisation by X rays appears,
therefore, to be entirely a secondary process.

Fig. 2 shows a pencil of X rays passing obliquely through
a copper plate. The transmitted beam, though much less












RADIOGRAPHY 155

Sigmens Ko

F1a. 75 —Radiograph of the hip-joint

Sfement Rras,

Fia. 76 —Radiograph of the shonlder,









158 X RAYS

Heanid eas v

Fia. 78.—Bismuth radiograph of the intestines. The black cireular spot
near the centre of the picture is produced by a metal dise which is placed on
the umbilicus as a ** lJandmark."
diagnosis. There are other types of localisers, some of which
display much ingenuity of design ; they can be found fully
described in the makers’ catalogues,












162 X RAYS

employed for the safety of workers, rely on the absorptive
properties of lead or lead salts in some form or other.

i )
. Thurstan Halland.
F1G. 79.—Plastic print of hand, showing fracture of heads of fourth and fifth

metacarpal bones.
Impregnated rubber is often used, and Droit (C.R. 1912)
has recently succeeded in heavily loading silk tissue with
phospho-stannate of lead (up to about 68 per cent.), and











































































INTERFERENCE AND REFLECTION 187

1913) at Manchester. In both investigations, an X-ray
spectrometer was used in which an ionisation chamber was
substituted for the customary telescope, while a lead tube
with slits acted as the collimator and ensured a fine pencil
of rays.! Bragg’s apparatus is illustrated in Fig. 89,

Fra. 80, —Photograph of Bragg's X-ray spectrometer. B is a box confaining
an X-ray bulb, S.I and S. are adjustable slits which direct a beam of X rays

om to the face of the crystal . The reflected beam passes through the slit

&y into the ionisation chamber I, where it 5 recorded by the tilted electro-
seope in the metal box E. K is an earthing key ; M, a mirror for illuminating
the electroscope. € and I can each be rotated about the axis of the spectro-
meter,

Of the pencil of X rays which falls on the face of the
crystal, only a small fraction is reflected. In order to
increase the effect in the ionisation chamber, the Braggs
filled it with a heavy gas or vapour, usually sulphur dioxide.

! In more recent work Moseley (.M. Dee. 1913) has employed a photo-
graphic method (see p. 199).




































INTERFERENCE AND REFLECTION 199

themselves are invariable in position, their relative intensity
and that of the general radiation are modified by such factors
as the hardness of the X-ray bulb, the presence of any
filtering screens, the type of discharge, and, of course, on
the resolving power of the spectrometer. The chemical
nature of the crystal also exerts a marked effect on the
distribution of the energy. Bragg has shown that this is
due to the selective absorption by the-atoms of the crystals
of the various components of the X rays.

Moseley's Experiments.
Moseley (P.M. Dec. 1913) has recently examined photo-

—> Increasing Wave Length

Fig. 04.—Maoseley's photographs of the X-ray or high-frequency spectra
from a number of metallic anticathodes, The spectra, which are in the third
order, are placed approximately in register in the figure. The wave-lengths
are given on p. 201, For each metal, the more intense line, with the longer
wave-length, 18 the K characteristic radiation. The brass shows the Zn and
Cu lines ; the cobalt contained both nickel and iron as impurities,














































































































































































