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The Z-ray Spvectrometer and What It Reveals.

When a vacuum tube is electrically excited the negative electrode
or cathode sends out & stream of negatively charged particles called
electrons. The electrons malke up what is known as cathode rays.

Then they are made to impinge upon a btarget called the gigticathode
X-rays are produced.
X-rays have continued to beffle those who have attempted to dif-
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e, and it is only within the last few years that
investigetors have succeeded in reflecting them. It has become
kunown thst the failure of X-rays to suffer reflection like ordinary
light is due to the fact that the wave lengths are very short and the
irregularities in ordinary polished surfaces scatter the rays so tha
they are 1not reflected as & whole.

In 1912 Dr. Laume of [lunich suggested using carefully broken

w

natursl crystals for "reflecting" X-rays. They were known to have

surfaces gmoother and fletter thian anything artificisl aud he ssid

w

that the grouping of the atoms should be able to produce iunterfererce

gffects with Z-rays in a way analagous to that in which diffresction

gratings dexl with light waves. FPriedrich and "nipping soon after
mede the firsgt tests and Jjustified Laume's theory. Later V7. L.
Bragg got bewcutiful Z-ray reflections by using mica crystals. Thig

sinple spoch-making experiment served as the starting point of a
loug series of expcriments by various scientists and they have prac-
tically proved that X-rays are similar to 1light but have a shorter
wave-length.

It may be considered that gamma rays which come from radio-active

. substances are X-rays of exlremely short wave-length, and some work



haes been done to nrove this. Without doubt all forms of radistion,
from the long Herté vaves of wireless telegraphy down through heat,

light, ultre violet light, and X-rays to the-éaézzzgeéf short gamnma

rays, are essntially similar in character.

Prof. V. H. Bragg and his son V. L. 3ragg made a thorough study
of the reflection phenomens of X-rays and their work is very im-
portant. flogeley and Darwin, working at the seame time, made exper-
iments on ¢imilar lines. Phe instrument they used was called en
X-ray Spectrometer. It was in=mented by the Braggs in 1913.

| e /4.7) ‘

The X-ray spectromete’hcon-ists of an X-ray tube enclosed in a
wooden box lined with lead, two slits for controlling the rays, &
crystal mounted uron & revolving table which is arranged with a
vernier so that angles can be read, an adjustable slit, and an
ionization chamber having its front faced with lead an:d containing
& small opening covered by a thin sheet or aluminum. In the chamber
is an electrode (placed so that the rays will not hit it) in contact
with a Wilson tilted electroscope. The chamber also has a veruier
conrected with 1t and this works on the same scale as the oue with
tlie table.

The X-ray bulb is mounted so that it can be adjusted to any posi-
tion. The first is used to allow a fine peuncil of rays to escape
from the box, and the second one makes thom of a certain width and
prevents outside redistion from interfering. Tre crystal is used to
reflect the rays into the ionization chamber. The opening in the
front of the chamber is made quite large, but the width of the pencil
of reys is controlled by the adjustable slit. Sulphur dioxide is
the ges gersrally used in. the chamber becauss it absorbs the X-rays

strorgly and yields a lerge ionization current. The chamber is in-
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sulated from the earth and is raised to g high potential. The electrode

is charged by the ions created in the gas by the X-rays. Then the

Hh

current of ions flows in the ionization chamber it causes the charged
gold lesves to collapse. The rate of collapse of the leaves shovg the
intensity of the ionization.

Trhere ere three principsal methods of making observaetions with the
spectrometer The crystal may be given a fixed position, the ioniza-
tion chamber moved and the rate of collgpse of the leaves for each
position recorded. 4 curve is used to show the range of the radiatious
obtained at the different angles the primary rays make vith the face of
the crystal. A large crystal will make it possible to map out guite s
long spectrum. lioseley used a photographic plate in place of the
ionigation chamber and it has proved to be a great help in mepping the
spectra for observation.

In the cecondu method hoth crystal and chamber are moved and the
rate of the chamber is made twice that of the crystal. Reflection
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takeg pnlace at that part of the crystal face which 1is near the axis.
t used for observing the spectra emitted by different anti-
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sthodes arnd for finding the constants of crystsls.

A third method has the ionization chamber in a fixed position and
the cryetzal is mads to revolve. Thig makes it possible for esch wave-

length, in the inclident radiastion, to be reflected in order.

¥hen it comes to choosing a method of observation, bthce one that
will give intensity and sharpness of definition or resolving power is
the one to be desgsired.

The X-ray spectrometer is used to study the properties of X-rays
in general; to study Z-rays sent out by anticathodes of various istals;
to enalyze the structure of cyrstals; aund to observe the absorption

¥ different elements and compounds.
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The work on crystal-reflection has shovwn that X-rays and light
rays are identical. There is no difference to be considered beyound
that of wsve length. It has been found that X-rays, gamua rays,

and light rays on striking a metal plate causgse electrong to be

'l

e Jected fLrom it. Bxperiments have shovm that the intensity of the

s

incident rays does not affect the speed, but merely the numbher of

-~

electrons sent out; thalt the speed is controlled by the quality of

tie incident fay, but not at gll by the metal; that the secondsry
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electrons tend to continue in the line of flight of the originsl
ravs; and that there is a selective emission of electronsg for cer-
tein wave lengths.

We He Bragg und V. L. Bragg, using an X-ray tube with a nlat-
ivum anticathode, discovered three very homogeneous compounents in
the rediation given off, which couvld be reflected only at definite
angles from the crystals. lioseley vsing the same kind of a tube,
gomevhat later, found five types of monochromatic rediation. idd <
homogenous components shov strong reflection peaks superimposed on
the gerneral reflection. The general reflection is made up of
rediation of indefinite wave-length, sualagous to white light, and
reflected from the crystal at all angles of incidence. Each con-
ponent has a definite absorption coeificient in alwninum and can be
recognized vhen reflected from many crystals. Rays of definite
quality are reflected from a crystal only when the crystel is set
t angle. Experimecnts show that since the reflection
angle of each set of rays is sharply defined, the waves must occur
in trains of great length. A sﬁccession of irregular spaced

pulses could not give the observed effect.



X-roys reflected from crystals have the general properties of
ordinery X-rays. However they differ in one important particular,
thet of penetrating power. This is due to the fact that the diff-
erent constituents of the incident beam are not reflected ecually
by the crystal. The result is that the two differ in their average
hardness. It has been found that the reflected rays may be
considerably harder than the incident rays. Experiments shiow the
same compouents in the incident and reflected radistions, but they
sare in different porportion in the two.

A substznce can be stimulated to the emission of its characler-
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istic Z-rays by bombardin~. it with cathode rays of sufficient veloc-

ity. An anticathode of large atomic weight gives the largest
quantity of reys. It is best 1o have a metal of high melting voin

so that it will not fuse when it is made the target of the sharply
focused cathode rays. Various experiments show thet anticathodes
of different metals give reflected rays of different homogeneity.
The wave length of a homogeneous beem of X-rgys can be found accu-
rately in terme of the spacing of the elements of a crystal. A
number of investigators have brought out the fact that the wave
length of a heam increases as the atomic weight of the metal of the
enticathoie diminishes and the rate of increase is almost in pro-
nortion to the square root of the atomic weight.

It has been found that the sn»ecial rays are characteristic of
the anticatrnode snd not the crystal. Bxperiments performed with a
particular bulb, =asnd a large number of different crystals, showed
the same sgpectrum. Then tubes with different anticathodes were
used with a certain crystal the spectrum changed entirely.

It has beenu discovered that crystals containing only elements
of small atomic weight are the most efficient relflectors. The

diamond, for example, is one which gives splendid rasults.



The reflected rays, when tried with various metals, showed
approximately the same absorption coefficient that Barkla obtained
for characteristic X-radiation and this established the fact that they
were of the samle nature.

lletals possess the power of absorbing rays from radiastors of
various other metals. The absorbing powers of g metal decline
steadily with the incresse in atomic weight of the radiastor. if
the metal of the radistor has & higher atomic weight than the ab-
sorbing metal it will excite the chsracteristic X-rays of the ab-
sorbing metal. Therefore, certain metals which do not zive out
rays penetrsting enough fail to exoite‘the charscteristic rays of
all metals.

The quality of s homogeneous beam may be defined by its ab-
sorption coefficient in some standard substance. Aluminum, on
gccount of its low gtomic weight is found to be a good substarice to
use as a standard. Barkls has done & great amount of work along
this line, and has prepared a table giving the absorption coeific-
ients in aluminum of the radiations characteristic of a large num-
ber of metals. The absorption coefricients are found to be
independent of temperature and of chemicael association.

If the masses of various substances are equal, their atomic
weights ceuse but little variance in the scettering of I-rays of
very short wave-length. When the radiation is of long wave-lengt.
the heavier elements scabter much nmore, mass for mass, than the
lighter elements. The scattering of X-rays increases with wave-
length, slightly in light elements, snd more strongly in hesvy
elements.

The X-ray svectrometer has also been used to compare tne range



of Alpha and Beta rays in different substances. It was observed in
the case of both these rays that the stopping power of zn atom
increases with its mass, but not so rapidly as its mass. It appears
to be in porportiocn to the cube root.

The reflection phenomena, observed in the use of the X-ray
spectrometer, lead to definite knowledge of crystal structure.

There are two methods by which X-rays may be made to help deter-
nine erystal structure.

The Lale ‘transmission method makes use of the heterogeneous
Z-rays vhich maXe up the greater part of the output from an ordinary
tube. The crystsl acts someﬁnat tne same as crogsed trensmission
gratings. The structure oi the crystal controls the pattern of the
diffracted spots. Kach spot on the photograph is referred to its
proper reflecting plane within the crystal. It then yields in-
formation as to the position of these planes and the relative number
of atoms wnich they contain.

The Bragg spectrometer method employs The homogeuneous i-rays
and uses the crystal as a reflection grating. The structure of the
crystal is shovn in the distribution and inteusity of the spectrum
lines among the various orders. Eesuits obtained by the Lane
method are verifisd and extended to other crystals by measuring the
glancing angle at which one of the homogeneous beans of Z-rays Irom
s platinun anticathode is reflected from the various faces of the
crystals. From these measurements the distance between successive
reflecting nlanes is obtained.When this distance is determined the
position of the heavier atoms can be estimated. The positions of
the lighter atoms can be found by eﬁamination of the relative in-

tensities of the reflected beam of homogeneous radiation in the



different orders. While the Bragg method gives the data by which
the dimensions of the lattices of crystals can be conpared the Laume
method gives informastion concerning the nzture of the lattices only
A grest many crystals have been eXamined by the X-fray spectrometer
aud it has proved itself a powerful instrument for determining
crystal-structure.

The work on crystals with X-rays has an important bearing on
chemistry. In the study of various forms of crystals it is poss-
ible to note the arrangements of atoms in the molecule and to ob-
gerve the changes that take »vlace when one atom is substituted for
another. Thus a field of investigation is opened vhich nakes
possible the study oi the Funcamental causes of replacement, double
decomposition, chemical affinity, the chemical activity of the
various elements, and many related phenomena. A great amount of
interesting and important work should be done along this liune.

Further 1light will undoubtedly be thrown upon the subject of
allotropism, which has been a mystery to the chemicgl investigator.

It is thought that the allotropic forme assumed by certain sub-

stances must be due to abtomic srrangement. The X-ray spectro-
meter should play a large part in the solution of this problem.

Crystal analysis may be apnlied to the science of metallurgy.
It will be possible to classify the composition of the materials
dealt with so as to represent each quality present. the actual
knovledge of certsin compounds is very limited, especially those
containing silicates and alwiinates. This field may be opened up
and some of the great -rvoblems of scientific metallurgy solved by
a complete knowledge of the crystal.

The X-ray spectrometer will give us the power to study quan-
titatively the motion of the atoms with heat. Ve should be able

to acquire more knowledge about the mechanism of evaporation,



liquefaction, condeunsation, etc. /e should be able to develop new
and definite counceptions ss to the nature of the chemical forces
causing ebsorplion,capillary attraection, and like phenomensa.

Very little work has Leen done in using the X-rays to find out
the nature of the atomic strueture from which they coue.

A grest amount of work remains to he done in the study of X-rays
themselves. For example, the field of the gamma ray is particularly
vadeveloped.

BExperienced investigators will find a powerful ally in the Z-ray
gspectrometer, in their attempts to learn more about the electron in
matter. It ghould be possible to determine the distribution of
electrons in the atom. A great many important phenomena may be ex-
plained whern this possibility becomes realized. It will be a test
of meny old theories znd the cause of many new omnes.

It has been shown that there is an immense field of work ahead,
which may well occupy the activities of many observers for many years
t0o conie. It is to be regretted that lloseley, who lost his life at
the Dardsnelles, is not to be among those to continue the research.
He did much important work with the I-rey spectrometer and his logs
is keenly felt. |

During the past four years progress has been necessarily very
slow, but on the return ot peace once more research will be pushed

o)

forvward with reunewed vigor.
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