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IIT2RODUCRION
The very first experiments performed with ¥-rays snowed a
reduction in thelr intensity as they traversed matter, That this
absorption depends upon the tiilcimess of the absorbing medium
througch whicn the X-rays are made to pass is also well knowne.

Quantitatively, tiie phenomena may be expresszd by the relation-

ship
al = - YP dx (1)
1
where_dI represents the fraction of the intensity I of the beam

I
of X-rays absorbed as they traverse a thicimess dx of t:e mate-

rial of density #Z. The proportionzlity factor MW has been de-
ined as the "mass absorption coefflcient" of the absorving mate-
rial, and e::pcriments2 have snovm this coefficient to be a func-
tion of both the atoric number of the absorb r and the wave-len:th
of the Y=ray radiation b2ing absorbed.

Studies of phenomena involving the uses of J=rays generally,
in some way or another, necessitatce a inowledge of the percent-
aze of I =-rays absorbade It has therefore been the purpose of
many e}:perimentss to detornmine es accurately as nossible tne val=-
ue of tne muss absorvtion coefficlents "My for all the clements
and for I-rgys extending over a great ranse of wave-lan>tise The

exp:rinents herein reported wore persformed to d2termin: the mass

l, Comnton and Allison==-izys in Theory and Dxperiment—-
L8Ce 4 Chane I
Ze e ¥e Rlicntmeyor--Piyse oW 18, 13, 1921,

3¢ Compton and ‘llison—=F=3ays in Theory and “xperiment--

Zable I paze 3800,



absorption co=fficlont for tune elzment Colwatium turougnout
a ava length range hitherto not measuread, specifically, +200
to 500 Ad.

It is s2en from the equation definin; the mass absorp-
tion coz2fricient that measursments must be made of the intensity
of the X-ray beam béfore and after absorntion has taisn nlace.
3ince it is practically im>ossible to maxke thsse intensity
nrasurerents simultareously, it becomes necessary to have
accurate control ovar the source of X-rays usade Tiiis necese
sitates having an accurately controllable source of clectirical
power for the X-ray tubse .lso, ian oruer to study the absorpt-
ion as a2 function of wave 1length of the Y-rays usad, it is
necassary to havs suitavle analyzing asparatus, such as an
Y=ray spectrometar, At the time these exmeriments vere pro-
vosed the above apraratus was not available in ths laboratory,
and a considerable vortion of the total time soent in these
experimeants has been to assist in constructing and assembling
thls rather elaborate apnaratuse

The first part of tuls thesis, therefore, will b3 a das-
eription of the ajparatus, and the sccond part a revort of
the mcasurcments of the mass absoration coefi’'icisnt of Columbe

ium over the wave len;th range already stuted.
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PIRY OUR
APPARATUS
1) General Descrintion
2he measursnesnt of X-roy iantensities may be made most
2asily by eitheor of two msthods, first tunc photourashic and
second the lonization produced in various gasese for these
exveriments tha second method was usede Juis method involves
the measursment of the lonization currant vroduced by the
partial absorntion of the X-roy bsam as it passes tiroush a
suitablz gas witnln an lonization caamber, In these experi-
nments, however, msasurcments weire made over a range of wave
langths, thus reguiring a device to sslect from all of the
wove lengths siven off by the X-roy source an increment of
wavs len:;ths very small in comparison with tne entirs range
coverade. Avparatus suitable for this purposa is showm schem-
atlcally in figure 1, In this fliure the source of F-roys
was a 400 watt standard air-coolad General Ilactric tube with
a tungsten target and Coolidue tymne filament, Powsr for onorate

-

ing this tube was obtained from a high voltajza zenerator to

be desgribso in detall later. The X-ray tubs was mownted in

a 1lsad walled chamber wita wall thiciness of 1/8 inch, wnich
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1s sufficiently thick to prevant any r-rays from escanwin:,
4 small rectanular openinzg in this chamber allowed a beanm
of ¥Y-rays to strike the collimating lzad slits &, and S,
only when ths elcctroma:netically controlled l:ad shutizr (Q)
vas in the "opon" position. Batween the two slits &, and
Sz the thin shest of columbium was inserted into the path
of the X-ray beari, as snown on the diajram, he X-rays then
striizce the calcite ciystal, wiiore thoy exnerience diffraction,
and the en=r:7y of various wive longtns 1s sont ouwt in difserent

directions according to the well known Bragss relation

V\A = £ Cilu Sin © (2)

The movable lonization chamber is then adjusted to receive the
portion of the dlifracted bsam desired and tne intensity of
this beam thereby measured by the Comoton tyne quadrant elocte
romcter gonnactel to the lonization caamber,

The above description covers a g:ineral view of the appar-
atus. oSince thls anparztus can be used for many expsriments
other than ths ona harein revortei it will be the nur-ose of
the followinz sections of this tiesis to »rosent a detailed

descrivntion of its construction and oneration.



2) High Voltage Power Lup ly

The total X-ray output from a thick target ¥-ray tube varles
directly with the space current and with the tube voltag: squar=d.
It 1s thus obvious that for a constant source of Z-rays both the
tube voltage and current must be accurately controlled, and if
possible the voltaze more accurately than the current. Various
high voltage circuits havae b:en reported4'5’5 as suitable for
X-rgy research purposes. Dne apraratus assembled for tnis worx
is the voltage-doubler circuit sinovm schemuatically in figure R2a.
Although neither the vpositive or negative t-rminal of this cir-
ouit is at ground wotential i1s has the aivantage of doubling the
transformer voltage and providing full wave rectification and
almost complete filltering provided the condenscrs are of suffi-
cient capacity.

Under a very heavy load the voltage output &ssumes the wave
form siown in figure 2b. Upon calculation the neutral point is
found to vary as shown in figure 2b,

™e total ripuvle voltaze between the terminals is shown in
figure 2c. It will be noted that the frequency of the ripple is
just twice the frequency of the transformer volta:;e, an effect
wiich holps greatly to reduce the final ripple voltazse as current
from tnis circuit is further filtered by larze inductancese

44 X=ray Technology, Terrill & Ulrey, Chap, IV
5¢ De Le 8bster, Proc. Nat. Acade icle 6 26 and 259, (1920)

6+ Do Le Tebster, > A. B4 Hennings, PRe 21 301 (1923)
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Complete detalls of the power supply circuit, with coatrols,
are shovm in fisure 3. Low voltagze {250 volts, maximum) power
was sunonlled to the primary of the hish voltage tronsformer from
a five hundred cyels inductor type alternator, Control of the
hizh voltage was sacured by varying the field current of the al-
ternator by means of the resistances R} R2 R3 ye. The direct
current which flows in this ceircuit docs not excced l.5 amperes,
and hoence the controlling resistances necd not be larze from a
standnoint of heat dissipatione since filtering of the recti-
fied high voltage alternating current 1s rore complete at higher
frequencies, the 500 gycle source is preferred to the usual 50
cycle sources, On the other hand eddy current los.es in the core
of the transformer increase at the higher frequencices and hence
cause the core to become heateds It was found however that for
the 60 oycle transformer used in this circuit the heating was
not excessive,

“he alr insulatad plate glass condensers used in the high
voltage circult consist of fourtcen sheets of double strength
windowglass selectad to be free from alr bubbles. Tach sheet
has an area of nine sauare feet, four square feet of which are
coated on each side with first "aoua daz", and then tinfoil,

‘"he six inch border around each sheet of tinfoll provides in-
sulation for about 100 icilovolts. The battery of fourteen plates
were divlded into two groups of seven each, the seven nlatss

in eacnh group being connected parallel and the two groups con-
nected in series across the positive and negative nigh voltage

source terminals, The middle of these two groups is connected
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to the ground as showvm in tne diagram, Tach groun of seven
plates in oparallel nas a total cavaczity of 0535 microfarad.
for this type of circuit the rip-ls voltaze may be avproxim:te=-
ly calculated, asswning no further filtering by inductances

or other capacities, by the expression
AV =& At (3)

where 1 is the ourrent being dravm from the circuit, C is
the ca-acity and Ot is the interval of time during which tue
counaensers furnish cnarge to the line, ror ths conditions of

this clircult the riunle voltags per milliamvere is thus

apprroximately
v -3 H'
Vo S
A - /d ___,./77 ,
= = 565 x (067 x 073 (4)

Since the X-ray tube voltas: used during these e:periments
was not less than 25 XKV and the tube current not greater
tnan 5 ma, it is scen that the ripple voltage was l23ss than
on2 porcent of the tube voltaze at all times. .sctually the
rinple voltage is less than the value calculated by the ex-
pression due to consideruable cianacity of tine slectrostatic

voltmeter and lar.;e size conductors used to transport the
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nizgh voltaoge from thne nigh voltage power plant to the X-ray
tube, Two tyne IR-3 General Tlectric Meunotrons, drawing 12

amps at 13 volts on the filament with a capacity of 100 ma

at 120,000 volts continuously were used for rectificr tubes,

3) Yigh Voltags Voltmeter- Dascription of JVoltmeter
a) The high voltage was measured and neld constant during
all measurements by means of an z2lectrostatic voltmeter
shovn in the diagram of figure 4. This instrument consists of
two ¢ylindrical electrodes mounted on a yoxe and supported
by means of a bifilar suspension batween two larze flat elec-
trodes. “he entire instrument is encasad in a metal box to
effect electrostatic cshicldinge. Jhe instrumant was designad
to withstand a peac voltaege of 120 xilovolts, so for as elsc-
trical insuvlation is concerned. The sensitivity of thne ins-
trument hovever depends lariely on the bifilar suspznsion
cnaracteristics, and at present the instrument jives a full

scale deflection at anproximately 60 !IV.

b) Callbration of Hih Vulgooe woltmeter

Tais electroustatic type of idgn voltize voltmeter is not

an absolute instrumznt, and must taesrefore be calibroted,

7« Yo Clarx Rev, fci. inste 1, 616, 1330
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™o ways in goeneral are us2d: 1) by means of a potontiometer
to measure ths currsent which flows through a very hign ros-
istance conazcisd across tie nijn voltage terminals,2) by
means of tne snortest wave lengtir of Il-rays produced by a
given nigh voltage on the X-ray tubs. T.@€ latter of t.e

two metnoas was uscd here, irom the well establisnced relation-

(71

»/63 = }\-L%D (

wiiere h 1s Plancik's constant (35.547 x ldaﬂerg sac) andléis

the highost Z-ray freguency produce.d by cathode rays of eneryy
Ve olectron volts bombardingz tiae tarset of the x-ray tube,

3y means of tne Drags spectrometer, yet to be described, the
short wave lenstn 1imig Aocorrespsnding to a given voltmaeter

ny was detarmined for soveral voltmoter scale points.

C
Ao = D, )

where ¢ is the vzlocit; of 1izat, tiie relatvionsiiin bstween(k°

and V bzcones

_ 12389
V(KV) - AO(HU) (7)

o tyoicol curves of wave longth (;\) versus intensity I(;\)

where tie tubs voltagze and current was w«<eost constant dwring tue

(S04
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observations are sikosm in fijure ba and bb. 0 date ine such
curvas anve bzen made to determine the voltmeter ¢ libinticn,

and tha reosultant calibrition curva is snowm in figur: 6.

4) Apooeratus and Circult sor Controiling and lleasuring
Y=ray Jube Curront

~s already statod tnz intonsity of tue enitted X
beam of any wave longta is directly proportionzl to tiwe snace
curzrent in the tube. or cnése measwrsrents the Yeroy bean
must be as constant as Hossible, and hone2 it is nccessary to
ve able to accurntely control and mansur: the svace currant.
The disadvantage of simwly outting a ridlllammeter in one of
tae hizh voltaye leads is tiiat corona lossz2s from tae nigh

voltase conductors are m:zsurad alon; with the soace current,
These corona losses are variable and sinee they nove o eficct
on the X-rarys produced, it becomass necessary to electro-
statically sni:ld the nart of the ne tive l2ad circuit in
wiiich tue I-ray tubs current milliarmeter 1s placad.

sveli an crransement of aooar-tus and the circuit used
is shovm in fizurz 3. 'lore B 1s box clectrostatically saiclded
and coantaining the ’-ray tubse filarent ootiery(l2 velts),
filamamt controlliing r2sistancs & o and ammeter 4, as well

as the milliarmeter whica meonswrss tiae I-ray tube current.
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uils box 3, ac well as the electrostztic s..i:lding arowd the
Z=-rcy tube filamant laads, is connested to tne nejutive sids

of the hizh voltage ganerator. Mhe entire filameatl eircult

is inswlated from this shiclding, 100 volts insulation v:iing
surficients Thus it is se3n that the comneccting link tetween
the negutive side of the uigh voltage gonerator and najotive
toroinal of thae X-rgy tube 1s the Liilliammeter(.i fizure 3).

The milliammoter therefore measures only tho Il-ray tube current.

“

5) Bragg unactromatar
a) General Dascription

Jne Bragm; Y-ray snzctrom:ter moy be coumnnred directly
witih an ordinary onstical sH:etromster using a ruled line
gratiny.  he slits ;,igsnown in fiyuwre 1 collimate the Z-roy
beam stricing t.e soace orating (C), and the diffractad beam
is detscted by means of tie lonization ~roduecad in an ion-
ization ciambor. The ionization cursent is measureda by tiho
da2flnctions wroduced on a Comnton tywe clectroncter also
saown in fisure 1

“nen a narrow boam of I-rays of vave lensta )\stri;e a

errstal of soma substasncae suca as caleite, at an angle® as si-

c o o 8
owm bilow in figure 7, constructive interzforence taces nlace

8e ‘yecnoff-—-"structure of <rystals®

Lol
bt

C$
[o]
W0
(=]
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whan the relation

is satisfizd.

Fie. 7

In this exoressicn n is the order of reflection and dﬁﬁklis

the distance betwezinl seccessive layers of atoms in the crystal
lattices.e If tne dirsction of tue incident beam is <ent un-
cnznged as showvn in fizura 1 by «£ez:ing the nosition of the

siits o, 5, fixed, 1t 1s s2>n that 1t is necessary to rotate

|
tne erystal about the vpoint wiizre tie boam strixas the erystal
in order to g2t s-olzctive vave lenth raflection from the
crystale Also tho angls betwecon the incident and emerygent
beam is 20 , and muking a cnangs a6 by ersstal rotacion
means that the ionizatlon cehanvar must simaltaneously be rot-

ated throush an ansle 2806 in orcer to roceive ti.e diffracted

radiation.

9, Compton and .1lison, D»a32 691
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In the anparatus uscd rere the slit widtis w2re mude as
n2arly cs possivls euuzl to +3 mme ‘he distauce wote:n the
two slits 5 & wAs raao 2gual to 20 eme  ho crystal used
was calcite and tie Z-rays were diffractod from tae 1¢0 face.

100)

The crystal latticeAfor calcit2 has been accurately determined
vy Qarious Investisators to be djgp 9$.02204 A. All measure-
rments used in this worx were mad® in the first order reflec-
tion n=1, equation (3), and particular care was taien in fact
that no second order rcflections of sihort wave len;ths were
measured along with wave lengths of the 1lst order reflection.
b) <ine uecrew for Totatin; Crystal

Sgure 8 shows detaills of tne so called sine screw on
the spectrometer. A Browvme 2% Charpe micrometur screw is rig-
1dly mounted in a sosition such that its axis of rotation is
pervendicular to sore line dravm taru tho axis of rotation of
the crystale 7The flat end of the screw maxkes contact with a
small steel ball which is rigidly fastened to an arm on the
spectrometer table, The distance between tne axis of rotation
of tiue crystal and the ball is tune radius vector r of the an=-
gle @, o, the travers2 of the screw, 1s equal to r sin o.
As previously stated tne Bragg equation is

nA= 24 sin 6

hence Acxs, and by mounting the scrow in just the right posi-
tion and adjusting r it is »ossible to rnaxe the screw read di-
rectly in ten-thousandths of an A unit,

10¢ s e licholas, =T. 0. L. i. 14 61, 1927,
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The sina screw on t.ae sorctromater used in tnose exparimaats
was not adjuste2d so that the ci:librations of the micrometr
head corrassoonded exactly to tae wave lengtn of F=rays as
reflecoted from the crystal, he instrument was desi ned so
that each division of the scrow would correshond to .5 ¥ units,
or .0C05 A, However, tne adjustirment of r had not bsen accur-
ately accompnlisned, and also tie z.ro setting of the scraw
liad not bean accurately made to coincide with the zero pos=—
ition of tne crystal at the time these experiments were per-
formed., here did exist a linear relations::ip vetween scrow

settiny S and wave length A, siven by

)\(xu) ::.5//5 - 40‘7 (9)

as stown by the calibration curve of figure 10.

Calibration of the s»2ctrometer ¢o.1d be accomolisned
by calculation. Very accurate measurem2nts on r and € would
be nceessary, in addition to kiaowledze of the grating sonce
of calcit€. Anothier method of calibration wuuldd b2 to use
X=rays of a xiown wavalenithe “he X liues of diflzr:nt el-
ements could be used if a numuer uof Z-ray tubes w.re availnble
naving targets made of these difrerant =l-ments., .uch tubes

were not available.



The pnanom2non of eritical absor tion ..as used ior
calibr.tion. If ¥erars ars allowed to nass turouga a film of
some elerent, tuec amount of avsorntion graduvually decrsascs
witin decreaasins wave lengtn until at some critical wave lengtha
it suddenly increascs many times and tanen gradually docreases
again with further d:creasc in A.

The ex.olanation of this pnsnominon is tnat av the critical
wavs langtn th2 fraquency is such tuat the product hdy is
equal to the ensryy nacessary to eject one of the W clecirons
from the atom of the absorbin: mediume A similar efiect
occurs for tne L, i, .7y 2tce. 2lectrons, but at frequ.ncles fur
ramoved from thosz we ars herewitn concernzde It 1Is thus
s>en that the critical wave lengtn at wiileh the absorstion
grantly changes is caaracteristic of the absoruing macerlal,
diffarinz aporoximately 033 A from element to element in the
wave length region here used. hase critical abscr tion
wave lengths are accurately recorded in ths litsratur:, and
wera us2d as ¥nown wave langsth stondardas for c:libruting the
sine scr=w of tae 3rag: spactromster usad in these experimants.
Measurcenents were made of intensity 1.(A) varsus sine

scrow sattings with 5 absorbing films in the path of Y=-rasse

11, Comnton and 4Allisun, vage 792, lable I
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Th2 films us~ed, togetier wit: the wavs 1l:n . ths of t:.2ir ¥

critical abscrotion limite are shom in abl: I.

51

[l

0o

mlaments us2d t0 calibratz spectrometer

Atomie Iomber “lenent imit (4)
40 Zr «587
41 Cb e552
42 io «518
&7 Ag o4Cd
50 on 424

The wave lan;stns here used lioe in the resion turoushout wiiich
tiie spactrometer was used in thne orincinal exnsrimesat, Sig-

ure 9 shows two typleal absorption curves near tue I limits,

and from wvhich th2 calibrotion points were obtainzi. flzure

10 snows tihe comnl:te ocalibravion curve obtained, and from wi:ich

the equation (9) wzs obtained.

c¢) The Ionization C:arbor
As it 1s hard to mrasure directly tie intensity of an
Y-ray beam,somo effact which is prowortional to ta2 iIntensity
is usually measuvreds In thnoese expoerimants neusurcrents were
mads w-on the amount of ionization producod wien th2 beanm
traverses a gos in aa lonization chanver,

Lietiyl bromide nut in the caamber at 69 centireters nres—
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sure and at Edb W4s the absorovin: medium usade As tne absorpe-
tion of x-rays is directly vnroportional to tne atomic number
to tha fourta power of tu2 absorbing material, metuyl bromide
is us2d in th2 chnrmber in preference to some lisnter materials,
20 eliminate errors nroduced b’ spurilous radicztions (cos-
mic rays or radio active substanc:s) a double enarber wis us2dg
Figure 11, In ensral such radintions will snier both nalvas
of the chambar, All ions formsd ars swent to itae plates by
the electrostactie fi»ld, the one hundred and firfty volts be-
tweon plates being; sufficisnt to remova all ions beforz racom-
2
bination occurse. srom one half of the chamber .usitive ions
are drawl to the center plate and from the otner [alfl noe ative
ions wiich in ge:neral tond to neutrailzse ench other, tius
leavinig no resulting chorgze on tig canter nlate., In making
meisuremencs Y-rays were adrittzd to only one nu2lf tane cuanmber
throuzn window W, formingz ions in onz half of tue chaner only.
As no oppositely en<rsed ions came from the otner nalf, tns csn-
ter plate toox oun a charge wnleh wes transmitted to the wa-
grounded elzctromater guadrant, cuusing & necdle derlection.

The charge was removed from the guadrant and plate by closing

12, D. L. ebster and Re e Yeatman --- J.0.5.4. 17,254,1328
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grouwnding koy X.

he insulation of tiwe center plate of tihe ionlzation
cunamper and of the wngrounded electrometer gquadrant is sus-
ficiently good so that no leaxkaze of cnarg: wes obsarv-lle
over a poriod uof several minutes, Jhus as all mecasurerents
made usad an 2¥»osure 0F l2ss taan one minute, no corraction
vias nieaxd for tie time of exposurs.

It is obvious that the caarge accumulated on the conter
vlate is directly -ronortional to tiie number o ion pairs
forrad, wnici 1s in turn directly rooortional to tn2 intensity

of the X=ray beam and to tne tima of exnosure to ths baan.

é) Tne lectrometar
e quadrant electromster uszd to measura tha cuare
nroiiced in tie ionization caarber wa:s 0f t..8 so-ca.led Compton

”»
troe. The instrument was made in tne piysics denartment

instrument shop. he insuiation taroushout wos of a good grade
of amber. Tne sus»n2nsion for taie movablz needls of tne in-
strumeat was a very small quartz fiber made conducting by
evavorating ugon it, in a vacuwn, gold w.ich hid proviously

been electronlated uon a tun . cten wire. Jastincd to tue mova-

bls nnedle 1s a small lignteweisnt plana mirror which r:rlacts

13, L.2. Pocirman--- Rev. Jcl. Inste 7, 208, 1335
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lizgnt rec=ived from a portion of an 1llunincted scale into
a raading telescoes e scalz mirvor dictauce is apurox-
imately 183 ceme By orunsrly adjusting tie vosition of the
nzedlz in the quadrants of tie electrumater, tie deflection of
thz ne.dle as observed in the telascooe roy b3 niece linear
ovar 2 reascnabvle raanve (300 ma) of scale lensti,.

As alr=zady mentioned, tne canr e ~aczd on tie elzctrometar
is dirsctly orocortional to tie numier of ion »airs formeas
t:at is, directly nru-ortional to the time of 2x»osure, as-
suing a constoat Mersy source, Cn tane other nand, if the
time of ovn sure is x2pt constant, tne number of ion pairs
formed is found to,directly vrodortional to tus intensity of
the Y=ray bean

Muis fact orovides a means of calibrating tue electro-
mater defloctions in terrs of intensitins of the Y-ray beam

entsring the lonization chanver,

e) Calibr:.tion of the :lectromster
The electromster was calibratza vy aliowsin: a bezam of
counstant wave lenzta and iantensity to nass into tie ioniz-

ation chasber for timo intervals of 1, 2, 3, 4, 5, and 6 scce.
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1) Tmeory of thne Exoeriment

A monochromatic bzam of F-rirs of intensity I travzrsing

<

a vary thin shaet of matarizl of thicimess dx exnariences

a decraasn in intensity dI, as given by tne exnression-

éffz,:,/umpdx (10)

whevre /O and,“n ar2 the deansity and mass absorstion coeffic-
ient, res»nactively, of the absouriing material., Int2 rating

(S ]

tuls 2xoression ;ives, assw:in;/u“ is iudenei:dent of tne taicke-

ness o,

tant
/°7e [ = Mm + coms (11)

I I is taien aos tie intensity wisre x =0, tnen tie constant
fo) o ’

bacomes loge Iy and

I. _

T "'/U—m p)‘ (12)
™is Is often writtan as

I = Io e— (1%
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2o long as tus tulciness of the absorbing medium is srall

and the beam of X-rays sousivly parallel, that is, not ni nly
divergent, tae above equation (13) exnctly satisfizs exn-
erimental tosts, If tie above condltions are not fulfilled,
additioral corr:etions rust bz rmade for tie effz2ct of scat-
teread and fluorascent Y-rsys wileh inerstse the intensity aot
the middle of the benm, Prescauticns were tailen to elimincte

the necessity o mutdng any socen corrections during these
erverimants,  JSolving for,“~from (12), we nave=-

foge 1

foge 1T (14)
snd as already wointed out, ths elactrometer dzaflactions 5
are dircetly proportional to tae intensities of the X-ray

baam entering the ionizaliion chamber, iving-

/07
e 5_. (15)

= —
AMom //»)(
Aguation (15) was tuen the worging ecuation for all comout-
ations made for/L«“. Keening tie voltzge and current constant
for the M-ray tube, and witn the sn2ctrometer adjustzd to

mgasurs a given vave la:nti of x-rays, elzctrmeter deilections
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waere taken with and withiout the sabscrber in tne »ath of thne
L]

Yeray beam. oJucn m2osurcrents jove the ratio '8‘.

In calculoting the denominator of the zbovs equation(l5),
1t is s=2en that DUMI/QCHNIJ{ for the absurver nust be measuraed.
vince the thickness wms anvroximatels .01 c¢m., an accurate
datarmination of this value woeld hiave been difficult to obtain.
It was determined, nowev:r, tiat t.e snecimen had baen rolled
to a very uaiform thiciness, from moasarements mode witn a
aizh grade micrometer caliper. 7The spacimen was aosroxime
ately 2.5 cm. square, SO tius ared was ussd together witn the

rass of tne entire sneaciren, givingz,

w\bSS_
ﬁ)( “area

(16)

The abovs description outlines tihie assautial manivulations in-
volvad in dotermining wll any wava lan,sth, and tiils procedure
was , 0f course, follow:d for all of the values of AA over

thoe raugs of the msasurem2:ise It nas been showm by various

4
investisotors that/lhﬁmm'be ecrpressad as a function orf the

wave lengin by

14,

8.J.MAllen, Phys. Rev, 24 1, 1024
P.¥. nichtmeyer Pnys. Leve 30 755, 1927
Compton and ~llison page 520, 1235
(hese autnors glva rofersuces to other authors)
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Mom = (17)
wnere C is a constant for any :iven rmoterial for wave 1o:niths
brtwesn any two cricieal aboor tion limits or for wave lon.ths
snorter tian the ¥ ceritical avsoroHtion limit, and wicre the
value of n is sone v~lue rernerally betwaen £.5 and 3.0. It
shiould be stated that all autiors raporting on this kind of
work do not obtain tne result that ¢ snould be a constant,
es»nzcially over a larpe wave leugtn intervale In this thesis,
therefore, tihe resalts will be comwared witn the equation (17)
by plotting a curve of lmguhzg;ﬂnst log h e ne slo-e of tuis
curve will furaish a value of n and tne intercepnt along the,“,n
axls a valve for C thrournout tine rangs of wave lznsths her:in
raaortsl.
It nos become customary to consider the absorntion 0f Xe

rays as being due to two processes, that is

Tn ¥ San

Mo = (18)

In this exnression f,‘ is raferred to as the true, or nioto-
2lectric absoration, a wrocess wiarein th:s total cnor:y of
thz Y-roy cuauntum is us2d up in ejecting a pnotozlsctron and

siving it kinetie eneryy after ejection.s e latoer rfactor
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1s considered to be a scattering factor, to account for the scat-
tering of part of the absorbed Y=-rays. This includes the scatter-
ing both with and without a change in wave lengthe. Classical

- o 15 15 . .. 17

heories given by Comnton, de Broglie, and “‘ramers” as well

19 cive

as wave mechanies theories by :entzelleand Opnenheimer
the factor 1;as a function of ths wave lengtn cubed in 21l cases,
although the absolute values of’ﬂ;for any element vary consider-
a2bly when calculated from the different theories.;o xperimen-
tal results are not consistant in tanelr agreement with the hs
lawe e Yo Richtmqyerzo concludes from experirent on tin that
the zgreerent does hold, but Se Je e Allen,‘?’1 Je Read?z and
others furnish results not 2t all in such agreement. The prin-
cipal difficulty comes in separating the scattering term from
the photo-electricterms To this author's knowledie there have
been n§ exporinmental determinations reported for the scatter-
ing factor Q rfor any of the heavlier elements. It is taxen to
15, Ae He Compton, Ilate Res. Council Bulletin 20 37, 1922.

16+ L. de Broglie, Joure. dPhyse. et Rade 3 33, 1922.

17, Kramers, Phil. llage 46 836, 1923.

18, "entzel, Ieite. fo Pnys. J8 51 1926,

19, Oppenheimer, Zeit. fo Phys. 41 268, 1927.

204 F." . Richtmoyer, PhyS. [QeN. 30 759, 1927,

2le 5S¢ Jo lle Allen, “hyse Reve 24 1, 1924,

22¢ Ja Read’ Proce. 1107« L0C 1523 402, 1935,
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be 2 small value, and in some cases cSnsiaored indepcndsnt of
the wave lengthe Compton and Allison in their vooi, I=rays in
Theory and Practice state on Page 535, "It is seen, thereforse,
that the form 0’(2\/\) is 2 complex matter from the theoretical
standpoint. Uxperimentally it is difficult to obtain good val=-
ues of tne term from ordinary absorption measuraments, because
it is usu2lly small in comparison to the photo-clectric term.

* * ¢ ¢ In general, it may be said that G}Z,A) increases more
slowly with both Aand Z than does the vhoto=-electric term."

In order to arrive at a conclusion ~obout the
scattering term the data obtained in tﬂis work was plotted as
showvm in figure 14, that is,/u_.n versus >\5. Then the inter-
cept along thelum axis would be a measure of (;.‘provided the
relation 3

/44“4 poy /q )\*’<T;~ (19)
holds. This 1s maxing the assumption that 1;13 a function
of A9 and that (\is independent of ), nelther of which as-
sumptions may be valid.

2) Measurements and Tatae

e) Determination of the productpx.

.As shown in equation 16, measurements were rmade on the
mass and area of the columbium ebsorb:r. e mass was deter-
mined to be 0.,5771 £ 0001 ome., and the area of sheet of col-
wibiwn 64474 ¥ 001 cm”. This glves

Px = 403914 gm./en (20)

b) DMetermination °€Alm'

From eauation 15, , is determined by measurements of
electrometer deflections aandz.. with and without the absorbing

film in the X-ray pathe. In Table II 1s shown the data from
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which the ratio .j§° is computeds his data 1s tabulated for
the entire experiment although it was collected during several
runs coverinz a period of as many weexs, The data so collected
overlaps considerably and rather than complicate the data the
date of observation has been omitteds In column six is shown
d (i5seq a calculation made to correct for tue air and columbium
exposure times. .s pointed out the electrometer was linear
ovar a range of approxrimately 300 mm, and using cxzposure times
small for no absorber and largz for the absorbuer, all deflec-
tions ware kept within the linear range of the eleotrometer
and yet large enough for 1) accuracy in reading.
Table III is the data from table II carried throush the

computations foz}um.
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3. oL III

o) _Man A ;iz
1.45 4,245 .202 «0032
1.52 44697 215 . 0099
1.65 54518 LL28 «0118
176 Be341 .240 «0133
1.%4 6.841 .40 «0133
1.95 76576 L2U3 « 0162
2405 8.052 w66 .0188
2ol 34997 .66 «0133
2456 10.55 291 « 0246
2.81 11.59 291 «0245
3063 14:.“:6 ,:117 06316
Se&7 1%.96 R, <0516
4,53 16495 L343 «0404
4.52 16492 L343 « 0404
6423 20453 .568 «0500
6077 210":5 .568 0-500
9.30 25,01 .09k «0615
14,11 29.68 419 «0736
1474 30415 419 «0736
30470 3877 470 «1038
33617 39,39 470 ¢1038
514032 444,10 .496 1220
63419 46451 522 J14:2
7747 48,80 R o 1422
1104 52473 .547 1637
144,49 55483 573 .1881
163.1 57.15 .598 «2138

15546 564685 634 2425
158.54 21,07 674 «3061
6.0 20.27 .700 « 5430

6492 21470 726 ¢ 3826



COICLULIONS
from the data of Table III are nlotted two curves, .onc of
log hm versus 1og/\ figure 15, and the ot’ner/um versus /\5 fig-
ure l4, from figure 15 the constants C and n of equation 17,
which states
Mg AT
The intercept along logﬁAm axis gives ¢ = .80. and the slone
of this curve makes n = 2,56, Tnus we may .rite, for the wave
len;th ranze of «200 to 500 A, that the mass absorption coeff-
ecient syor columbium is
A= .30 A%%5, (21)
“rom the second curve, that is/l(m versushs, little can be
deduced regarding the value of define: by equation 18, and
discussed in the same parazraph on pazges 36 and 37
Comparison with existing data on the absorption coeffieient
of columbium is interesting, The only references to the subject
which the writer has been able to locatc in any source is that
given by Zomnton and illison, F=rays in Theory and Praoctice,

Tabl

[47)

I, paze 800. They give no reference to tnis work but
state on page 799 that the table I was comwiled by e Je lle
Allen, an author who has contriuuted much to this subject,

The mass absorption coefficients at A=.631 A and 098 4 are
(87.0) and (0.75), and carry the notation that theywers cxtrapo=-
lated, apnparently by u-¢ of the/“m z4 relationsnip, to an exti=-
mated accuracy of one parcent. The writer therefore draws the
conclusion that no pr:vious determinations have thercfore been
experimentally determincds By extending the straight line curve

of figure 15 to include A= +551 A a value ofdm = 8647 is ob-
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taincde Lilktweise extropolatin; the curve to/\= .093 4 gives ﬂ..\ Q
value of .75, the same exnctly as that given by Compton and
Allison.

llention shoulc¢ be made of the difficulty in obtaining values
oflﬁtm near an absorntion limit. s shown in figure 15 for wave
lenyths greater than.530 A there is a decroease in value of/(nv

v,

duz undoubtedly to wavclengths :reater that the ¥ electron CFi-
+ical avoorption wave length beins neasured in the ionization
chamber zlong with the shorter wave lengsthse Tnls difficulty

can undoubtedly only be romedied by the use of a double crystal

spectrometcer in place of thoe single crystal instrument used here.
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