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INTRODUCTION

The very first experiments performed with F-rays showed a

reduction in their intensity as they traversed matter. That this

absorption depends upon the thickness of the absorbing medium

through which the X-rays are made to pass is also well known.

Quantitativehy, the phenomena may be expressed by the relation-

ship

ill'flupdx (1)
I

where_dl represents the fraction of the intensity I of the beam

I

of X-rays absorbed as they traverse a thickness dx of the mate-

rial of density ’5. The proportionality factor [4”! has been de-

ined as the "mass absorption coefficient" of the absorbing mate-

. 2 . .
rial, and experiments have snown this coefficient to be a func-

tion of both the atomic number of the absorb r and the wave—length

f the I-ray radiation being absorbed.

Studies of phenomena involving the uses of I-rays generally,

in some way or another, necessitate a Knowledge of the percent-

age of Z-rays absorbed. It has therefore been the purpose of

_ 5 , . .
many experiments to determine as accurately as possible the val-

ue of the mass absorption coefficients "p" for all the elements

and for I-rays extending over a great range of wave-lengths. The

experiments herein reported were perf rmed to determine the mass

1. Compton and Allison--}-hqys in Theory and Experiment--

Q'ec. 4 Chan. I.

2.. r‘. K. Richtmeyer--Phys. Rev. IQ, 13, 1921.

3. Compton and Lllison-K—Rays in Theory and.i3periment--

Table I page 800.
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absorption coefficient for the element Columbium throughout

a wave ength range hitherto not measured, Specifically, .200

to .500 A.

It is seen from the equation defining the mass absorp-

tion coefficient that neasurements must be made of the intensity

of the X-ray beam before and after absorption has tahen place.

since it is practically impossible to make these intensity

méa urements simultaneously, it becomes necessary to have

accurate control over the source of fi-rays used. This neces—

sitates having an accurately controllable source of electrical

power for the X-ray tube. Also, in order to study the absorpt-

ion as a function of wave length of the X-rays used, it is

necessary to have suitable analyzing apparatus, such as an

I-ray spectrometer. At the time these experiments were pro-

posed the above apparatus was not available in the laboratory,

and a considerable portion of the total time spent in these

experiments has been to assist in constructing and assembling

this ather elaborate apparatus.

The first part of this thesis, therefore, will be a des-

cription of the apparatus, and the second part a report of

the measurements of the mass absorption coefficient of Columb-

ium over the wave length range already stated.
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T7? 33"”T TLJI I 03 X-RAY has: ABSORPTIOK COTEJIQI ETD EUR

CWLUILIUX £302 .200 TO .500 AfificQROH UK To

PAR] ORE

APPARATUS

1) General Description

Dhe measurement of X-ray intensities may be made most

easily by either of two methods, first the photographic and

second the ionization produced in various gases. For these

experiments the second method was used. Dhis method involves

the measurement of the ionization current produced by the

partial absorption of the X-ray beam as it passes through a

suitable gas within an ionization chamber. In these experi-

ments, however, measurements were made over a range of wave

lengths, thus requiring a device to select from all of the

wave lengths given off by the X-ray source an increment of

wave lengthsvery small in comparison with the entire range

covered. Aooaratus suitable for this purpose is shown schem—

atically in figure 1. In this figure the source of Y—rays

was a 400 watt standard air-cooled General Electric tube with

a tungsten target and Coolidge type filament. Power for operat-

ing this tube was obtained from a high voltage generator to

be describes in detail later. The X-ray tube was mounted in

a lead walled chamber wita wall thickness of 1/8 inch, which
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is sufficiently thick to prevent any l-rays from escaping.

A small rectangular opening in this chamber allowed a beam

f F-rays to strike the collimating lead slits S. and 5:

only when the electromagnetically controlled lead shutter (O)

was in the "open" position. Between the two slits s, and

is: the thin sheet of colnmbium.was inserted into the path

of the I-ray beam, as shown on the diagram. The K-rays then

strike the calcite crystal, where they experience diffraction,

and the energy of various wave lengths is sent out in different

directions according to the well known Bragg relation

“A : 2 $4112 sinG (2)

Ihe movable ionization chamber is then adjusted to receive the

portion of the diffracted beam desired and the intensity of

this beam thereby measured by the Compton tyne quadrant elect-

rometer connected to the ionization chamber.

The above description covers a general View of the appar-

atus. Since this apparatus can be used for many experiments

other than the one herein reported it will be the purpose of

the following sections of this tiesis to present a detailed

description of its construction and operation.



2) High Voltage P0wer Supply

The total X-ray output from a thick target X-ray tube varies

directly with the space current and with the tube voltage squared.

It is thus obvious that for a constant source of K-rays both the

tube voltage and current must be accurateLy controlled, and if

possible the voltage more accurately than the current. various

high voltage circuits have been reported‘l’596 as suitable for

X-ray research purposes. The apparatus assembled for this were

is the voltage-doubler circuit shown schematically in figure 2a.

Although neither the positive or negative terminal of this cir-

cuit is at ground potential is has the aivantage of doubling the

transformer voltage and providing full wave rectification and

almost complete filtering provided the condensers are of suffi-

cient capacity.

Under a very heavy load the voltage output assumes the wave

form shown in figure 2b. Upon calculation the neutral point is

found to vary as shown in figure 2b.

The total ripple voltage between the terminals is shown in

figure Be. It will be noted that the frequenqy of the ripple is

just twice the frequency of the transformer voltage, an effect

which helps greatly to reduce the final ripple voltage as current

from this circuit is further filtered by large inductances.

4. X-ray Technology, Terrill & Ulrey, Chap. 17

5. D. L. hebster, Proc. Nat. Acad. :ci. §_ 26 and 259, (1920)

6. D. L. lebster, % A. E. Hennings, PR. 21.501 (1925)
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Complete details of the power supply circuit, with controls,

are shown in figure 3. Low voltage (250 volts, maximum) power

was supplied to the primary of the high voltage transformer from

a five hundred cycle inductor type alternator. Control of the

high voltage was secured by varying the field current of the al-

ternator by means of the resistances 31 RE R3 R4. The direct

current which flows in this circuit does not exceed 1.5 amperes,

and hence the controlling resistances need not be large from a

standpoint of heat dissipation. since filtering of the recti-

fied high voltage alternating current is more complete at higher

frequencies, the 500 cycle source is preferred to the usual 60

cycle sources. On the other hand eddy current losses in the core

of the transformer increase at the higher frequencies and hence

cause the core to become heated. It was found however that for

the 60 cycle transformer used in this circuit the heating was

not excessive.

The air insulated plate glass condensers used in the high

voltage circuit consist of fourteen sheets of double strength

windauglass selected to be free from air bubbles. Each sheet

has an area of nine square feet, four square feet of which are

coated on each side with first "aoua dag", and then tinfoil.

The six inch border around each sheet of tinfoil provides in-

sulation for about 100 hilovolts. The battery of fourteen plates

were divided into two groups of seven each, the seven plates

in each group being connected parallel and the two groups con-

nected in series across the positive and negative high voltage

source terminals. The middle of these two groups is connected
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to the ground as shown in the diagram. Each group of seven

plates in parallel has a total capacity of . 555 microfarad.

for this type of circuit the rip 1e voltage may be approximate-

Ly calculated, assuming no further filtering by induccances

or other capacities, by the expression

(0

AV =5: At ‘5’

where i is the current being drawn from the circuit, C is

the capacity and At is the interval of time during which the

condensers furnish charge to the line. for the conditions of

this circuit the ripple voltage per milliampere is thus

  

approximately

_.3 If
‘V0 5

fl- ' «fi/d.7 ”ES/Z77!!!
- "’ .563 x10 “0'3 (4)
k

Since the X-ray tube voltage used during these experiments

was not less than 25 K? and the tube current not greater

than 5 ma, it is seen that the ripple voltag was less than

one percent of the tube voltage at all times. Actually the

ripple voltage is less than the value calculated by the ex—

pression due to considerable capacity of the electrostatic

voltmeter and large size conductors used to transport the
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Q,

u

\high voltage from the high voltage power plant to the h—ray

tube. Two type KR-S General Electric Kenotrons, drawing 12

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

at 120,000 volts continuously were used for rectifier tubes.

5) High Voltage Voltmeter- Description of Voltneter

a) The high voltage was measured and held constant during

all measurements by means of an electrostatic voltmeter

shown in the diagram of figure 4. This instrument consists of

two cylindrical electrodes mounted on a yoke and supported

by means of a bifilar suspension between two large flat elec-

trodes. Dhe entire instrument is encased in a metal box to

effect electrostatic shielding. The instrument was designed

to withstand a peak voltage of 120 hilovolts, so far as elec-

trical insulation is cencerned. The sensitivity of the ins-

trument however depends 1a gely on the bifilar suspension

Characteristics, and at present the instrument gives a full

scale deflection at approximately 60 h .

b) Calibration of High Vultnma Voltmeter

This electrostatic type of high voltage voltmeter is not

an absolute instrument, and must therefore be calibrated.

7. H. Clark Rev. Sci. inst. .1 , 618, 1930
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TWO'ways in general are used: 1) by means of a potentiometer

to measure the current which flows through a vex; high res-

istance connected across the high voltage terminals‘Z) hy

.eans of the shortest wave length of X-rays produced by a

given high voltage on the E-ray tube. The; latter of the

two methods was used here. Erom the well established relation-

Shl‘f)
‘-

Ve : hVo (5)

where h is Planck's constant (5.547 x ldnflerg sec) and2%is

the highest K-re' frequenqy produced by cathode rays of energy

Ve electron volts bombarding the target of the x-ray tube.

By means of the Bragg spectrometer, yet to be described, the

short rave length limit Amer-responding to a given voltmeter

ettin" was determined for several voltmeter scale paints.
U

since C:

4)\¢> “‘ '1)b

where c is the velocity of light, the relationship between Ag

{6)

and V, becomes

__ £3143

VCKV) ~ A0030) (7)

Ewe typical curves of wave length ()K) versus intensity I(;‘)-

where the tube voltage and current was seet constant during the



observations are sheen in figure 5a and 5b. 30 date nine such

:etermins tee voltmeter c.libr:tion,

and the resultant calibr tion curve is SflOfln in figure 6.

4) Apparatus and Circuit for Controlling and Ieusurin;

Y-ray Dube Current

ns already stated the intensity of the emitted I-rm}

beam of any wave length is directly proportional to tJC space

current in the tube. for these measurements the X—ray beai

(
'
1
-

must be as constant as yossible, and hence i is necessary to

be able to accurately control and measure the suace current.

The disadvantage of simply putting a nilliammeter in one of

the high voltage leads is that corona losses from the high

voltage conductors are missured along with the sauce current.

These corona losses are variable and since they have no efrect

on the I—rays produced, it becomes necessary to electro-

statically shield the part of the no; tive lead circuit in

which the l-ray tube current milliammeter s plaCed.

Such an a rangement of adpar~tus and the circuit used

is shown in figure 3. Here B is box electrostaticall; Sflifilded

and containing the T-rey tube filement battery(12 volts),

filament controlling resistance E , and ammeter A, as well

as the miliiammeter which measures the I-ray tube current.
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Ehis box 3, as well as the electrostatic snielding around the

X—ry tube fi 1?ment lends, is connected to tne ne5etive side

of the hi5h voltage 5eneretor. Dhe entire filament circuit

is insulated from this shieldin5, 100 volts insulation baing

sufficient. Thus it is seen that the connecting link between

the ne5ntive side of the hi5h voltage generator and negative

(
:
1

terminal of the X—rdy tube is the hilliemmeter(4£ figure ).

The rilllirneer therefore measures only the I-rey tube current.

5) Bragg onectrom3ter

a) General Descrription

Jhe br355 Zi—rey spectrometer may be compared directly

with an ordinary oeticel spwctrometer using a ruled line

grating. The slits.;,i:shown in figure 1 collimnte the X—rqy

been strinin5 the syn e 5r1tin5 (C), and the difirnctee beam

is detected by means of the ionization eroduced in an ion-

ization chamber. The ior.ize ion cur:ent is measured by the

deflections produced on a Compton type electrome ter also

snovi in figure 1

Then a narrow beam of E-re;s of me:lent;1 )Kvetrii-ze a

crystal of some sn‘osttine-e su‘:c1 es celei te, e an 321.5186 as sn-

9 I . g a

enm.below in figure 7, constructive intereference taxes place

8. ychoff-—-" structure of Erystnls" pe5e 91
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when the relation

is satisfied.

 
FtG- 7

In this expression n is the order of reflection and éfiflz2.is

the distance between seccessive layers of atoms in the crystal

lattices. If the direction of tee incident beam is nept un-

changed as shown in figure 1 bJ Keeping the position of the

slits 5| 52. fixed, it is seen that it is necessary to rotate

the onystal about the point where the beam strikes the crystal

in order to get selective wave length reflection from the

crystal. Also the angle between the incident and emergent

beam is 2.6 , and making a cnzmige 09 by crystal rotation

means that the ionization chamber must simultaneously be rot-

ated through an angle 21363 in oreer to receive the diffracted

radiation.

9. Compton and Lllison, page 681
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In the apparatus used here the slit widths were made as

nearly as possible equal to .3 mm. Ihe distance tetue n the

two slits 3 s was made equal to 20 cm. Dhe crystal used

was calcite and the l-rays were diffracted from tee 160 face.

too)

The crystal latticeAfor calcite has been accurately determined

by yarious investigators to be leO 3.02904 A. All measure-

ments used in this work were made in the first order reflec-

tion n=l, equation (5), and particular care was taken in fact

that no second order reflections of short wave lengths were

measured along with wave lengths of the let order -eflection.

b) zine screw for Totatin; Crystal

Jigure 8 shows details of the so called sine screw on

the Spectrometer. A Browne & Sharpe micrometer screw is rig-

idLy mounted in a position such that its axis of rotation is

perpendicular to some line drawn thru the axis of rotation of

the crystal. The flat end of the screw makes contact with a

small steel ball which is rigidly fastened to an arm on the

spectrometer table. The distance between the axis of rotation

of the crystal and the ball is the radius vector r of the an-

gle 9. 3, the traverse of the screw, is equal to r sin 9.

As previously stated the Bragg equation is

nk= 2e sin 9

hence Ads, and by mounting the screw in just the right posi-

tion and adjusting r it is possible to rehe the screw read di-

rectly in ten-thousandths of an A unit.

100 “"0 7.". 11101101513, ='To O. L). -1. 111.}. 61, 1927.
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The sine screw on tie spectrometer used in these experiments

was not adjusted so that the calibrations of the micrometer

head corresponded exactly to the wave length of Y—rays as

reflected from the crystal. Qhe instrument was designed so

that each division of the screw would correspond to .5 X units,

or .0005 A. However, the adjustment of r had not been accur-

ately accomplished, and also the zero setting of the screw

had not been accurately made to coincide with the zero pos-

ition of the crystal at the time these experiments were per-

formed. Dhere did exist a linear relationship between screw

setting 8 and wave length X , given by

AWU) 2.57/3 " 40'7 (9)

as swown by the calibration curve of figure 10.

Calibration of the spectrometer 00 1d be accomplished

by calculation. Very accurate measurements on r and 9 would

be necessary, in addition to knowledge of the grating space

of calcite. Another method of calibration would be to use

X-rays of a known wavelenjth. the K lines of different el-

ements could be used if a number of X-ray tubes w,re available

having targets made of these different elements. such tubes

were not available.



The phenomenon of critical abs'r tion gas used for

calibration. If K-rays are allowed to pass through a film of

some element, the amount of absorption gradually decreases

with decreasing wave length until at some critical wave length

it suddenly increases many times and then gradually decreases

again wi 1 further decrease in A .

The explanation of this phenomenon is that at the critical

'mave length the frequency is such that the product hi) is

equal to the energy necessary to eject one of the K electrons

from the atom of the absorbing medium. A similar effect

occurs for the L, X, 3, etc. electrons, but at frequ;ncies far

removed from those we are herew'th concerned. It is thus

seen that the critical wave length at which the absorution

greatly changes is characteristic of the absorbing material,

differing approximately .055 A from element to element in the

wave length region here used. flhese critical absorption

wave lengths are accurately recorded in the literature, and

were used as Known wave length standards for Calibrating the

sine screw of the Bragg spectrometer used in these exyeriments.

Measurements were made of intensity I (A)'versus sine

screw settings with 5 absorbing films in the path of I-rays.

ll. Somoton and AlliSon page 792, Sable I
. 9



Ihe films used, together wit: the wave lznyths of their K

critical absorption limits are shown in Sable I.

TLDLE I

filaments used to calibrate spectrometer

Atomic Number Tlement Klimit (A)

40 Zr .68?

41 Cb .653

42 K0 . .518

47 A3 .434

50 on o 4.54

The wave lengths here used lie in the region throughout which

the spectrometer was used in the principal exoeriment. Eig-

ure 9 shows two typical absorption curves near the K limits,

and from which the calibration points were obtained. figure

10 shows the complete calibration curve obtained, and from which

the equation (9) was obtained.

0) The Ionization Gharber

As it is hard to measure directly the intensity of an

X-rqy beam,some effect Which is preportional to the intensity

is usually measured. In these experiments measurerents were

made upon the amount of ionization produced then the beam

traVerses a gas in an ionization chamber.

Methyl bromide out in the chamber at 69 centimeters pres—
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sure and at 265 “Msthe absorbing medium used. As the absorp-

tion of x-rays is directly proportional to the atomic number

to the fourth power of the absorbing taterial, methyl bromide

is used in the chamber in preference to some lighter materials.

To eliminate errors produced b7 spurious radiations (cos-

mic rays or radio active substances) 3 double chamber was used,

Figure 11. In general such radiations will enter both halves

of the chamber. All ions formed are swept to the plates by

the electrostatic field, the one hundred and fifty volts be-

"

tween plates being sufficient to remove all ions before recom-

a2

bination occurs. Brom one half of the chamber yUSitiVe ions

are drawn to the center plate and from the other half ne;ative

ions which in general tend to neutralize each other, thus

leaving no resulting charge on the center plate. In maxing

measurements X-rays were adritted to only one half the chamber

through window W, forming ions in one half of the chamber only.

As no Oppositely charged ions came from the other half, the cen-

ter plate teen on a charve which was transmitted to the un-

grounded electrometer quadrant, causing a needle deflection,

The charge was removed from the quadrant and plate by closing

12. D. L. ithStCfil‘ 9.116. R. :1. YGCICITJIH "'""' JoOofioLo 17,254,1328
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grounding Key K.

g

The insulation of the center plate of the ionization

‘0
.—

chamber and of the ungrounded electrometer quadrant is sui-

ficiently good so that no leahage of charge was observ:ble

over a period of several minutes. Thus as all measurements

made used an exposure of less than one minute, no correction

was needed for the time of exposure.

It is obvious that the Charge accumulated on the center

plate is directly groportional to the number of ion pairs

forred, which is in turn directly proeort;onal to the intensity

of the E-ray beam and to the time of exposure to the beam.

d) The Ulectrometer

The quadrant electrometer used to measure the charge

produced in the ionization chamber was of tae so-cailed Compton

)3

tyne. The instrument was made in the physics deoartment

instrument shop. Ihe insulation throughout was of a good grade

of amber. The suspension for tee movable needle of the in-

strument was a very small quartz fiber made conducting by

evaporating ugon it, in a vacuum, gold uaich had previously

bee. electrOplated ugon a tungsten wire. Bastened to the move-

his needle 15 3 small lightdweirht plane mirror which raylects
d)

13. L.2. Poehman--- Rev. sci. Inst. 1, 228, 1935



light received from a portion of an illuminated scale into

a reading telescowe. Bhe scale mirror distance is approx-

3..

imately 183 m. By groperly adjusting the position of the

needle in the quadrants of the electrometer, the deflection of

the needle as observed in the telescooe may be made linear

over a reasonable range (300 mm) of scale length.

As already mentioned, the cunrge gieced on the electrometer

is directly oroaortionul to the number of ion pairs formed;

9
'

5 C
f

H
'

3, directly proportional to the time of exposure, as—

suming a constant E-ruy source. On the other hand, if the

time of eyp_sure is Kept constant, the number of ion pairs

formed is found toAdirectlv proportional to the intensity of

the F-ray beam.

This fact provides a nenns of calibrating the electro-

meter deflections in terns of intensities of the Y—ruy seem

entering the ionization chamber.

e) Calibration of the Electrometer

Ehe electrometer was calibrated by eliOJin; a beam of

constant wave lengsh and intensity to puss into the ioniz-

ation chamber for time intervals of l, 2, 3, 4, 5, and 6 sec.
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l) Theony of the Exoeriment

.0

A monochromatic beam of s-rqrs of intensity I traversing

a very thin sheet of material of thickness dx experiences

a decrease in intensity dI, as given bg the expression-

éfgt—sw/umpdx (10)

where P and/“sq are the density and mas absorgticn coeffic-

ient, reseactively, of the absorLing material. Integrating

this ezgression gives, assuminfivuv‘is independent of the thick-

ness 3,

fan?

/0?e I 7 ”/u” * cons (11)

If I O is taken as the intensity where x =0, then the constant

I- ..
b7: 3?; ~34!” PX (12)

This is often written as

_/"m PX
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30 long as the thichness of the absorbing medium is small

and the beam of X-rays sensibly parallel, that is, not hi;hly

divereont, the above equation (13) exactly satisfies exp-

erimental tests. If the above conditions are not fulfilled,

additional corréctions must be made for the effect of scat-

tered and fluorescent l-rays which increase the intensity at

the middle of the beam. Precautions were tahen to eliminate

the necessity of making any ssch corrections during these

erneriments. solving for’fiahfrom (12), we have-

Io.

{‘11:} (14)

W “ F )<

And as already pointed out, the electrometer deflections 5

are directly proportional to tne intensities of the I—ray

beam entering the ionization chamber, giving-

50
~. 7 ‘

/07
e ,, 5... (l5)

:: "'—””"”’

Equation (15) was then the worning equation for all comput-

ations made for/uh. Keeping}; the voltage and current constant

for the X—ray tube, and with the spectrometer adjusted to

measure a given wave length of x—ruys, electrmeter deflections
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were taken with and without the absorber in the path of the

0

X—ray beam. such measurgrents gave the ratio '75'.

In calculating the denominator f the above equation(15),

it is een that both/4’and x for the abso ber must be mersured.

since the thickness was a3010"lltel' .01 cm., an accurate

determination of this value would have been ii‘ficult to obtain.

It was determined, howev:r, that the syecimen had been rolled

to a vor3 uniform thickness fromme331rements asde with a

high grade micrometer caliper. The specimenw‘as apurOXim

ately 2.5 cm. squa e, so the area was used together with the

mass of the entire specimen, giving,

fl X :2“ aYea

The above description outlines the essential manipulations in-

volved in determining “at any wave length, and this procedure

was , of course, followed for all of the values of 4% over

the range of the measurements. It has been shown by various

:4

investigators that ”Mary be expressd as a function of the

wave len3$h by

14.

.‘3.J.H.Allen,?iws. Rev. 24 1 , 1-9 at;

F.K. nichtmcyer Phys. :Lev. 50 755, 1927

Compton and Allison page 520, 1955

(fhese authors give references to other authors)
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h

Mich

where C is a constant for any given material for wave lzngths

(17)

between any two critical abhor tion limits or for save lengths

shorter than the K critical absorption limit, and where the

'.-

value of n is some value generally between 2.' and 5.0. It

should be stated that all authors reportin3 on this kind of

work do not obtain the result that C should be a constant,

especially over a large wave length interval. In this thesis,

therefore, the results will be compared with the equation (17)

by plotting a curve of logyhuagainst 103 A . The slope of this

curve will furnish a value of n and the intercegt along; the [an

axis a value for C throughout the range of wave len3ths herein

reported.

H
:

It has become customary to consider the absorption 0

rays as being due to two processes, that is

4‘“

(18)

In this expression 6...“ is referred to as the true, or photo-

electric absorption, a process wherein the total energy of

the I—ray quantum is used up in egecting a photoelectron and

giving it Kinetic enerrv after ejection. Che latter factor
J!
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is considered to be a scattering factor, to account for the scat-

tering of part of the absorbed X—rays. This includes the scatter-

ing both with and without a change in wave length. Classical

,, q 15 15 n 17
fneories given by comptcn, de Broglie, and oramers as well

19 giveas wave mechanics theories by Zentzellaand Oppenheimer

the factor'1;as a function of the wave length cubed in all cases,

although the absolute values of’fikfor any element vary consider-

ably when calculated from the different theories?"0 Experimen-

tal results are not consistent in their agreement with the 733

law. E. K. Richtmeyerzo concludes from experiment on tin that

the agreement does hold, but 3. J. 3. Allen,21 J. Readfz and

others furnish results not at all in such agreement. fihe prin-

cipal difficulty comes in separating the scattering term from

the photo-electricterm. To this author's knowledge there have

been no experimental determinations reported for the scatter-

ing factor CT for any of the heavier elements. It is taken to

15. A. H. Compton, Hat. Res.'Council Bulletin 29 37, 1922.

16. L. de Broglie, Jour. dPhys. et Rad. g, 35, 1922.

17. Kramers, Phil. mag. gs 836, 1925.

18. Tientzel, Zeit. f. Phys. gs 51$ 1936.

19. Oppenheimer, Zeit. f. Phys. 3; 268, 1927.

20. 11.1.. Richtmeyer, pays. Rm]. go 759, 1927.

21. S. J. H. Allen, whys. Rev. ‘23 l, 1924.

22. J0 Read, Proc. 1103]. 800. 152.5. 402, 1935.
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be a small value, and in some cases considered independent of

the wave length. Compton and Allison in their book, If-reys in

ri‘heory and Practice state on Page 535, "it is seen, therefore,

that the form 6(Z‘A) is a complex matter from the theoretical

standpoint. Experimentally it is difficult to obtain good val-

ues of the term from ordinary absorption measurements, because

it is usually small in comparison to the photo-electric term.

° ' ' ' In general, it may be said that 6(2))“ increases more

slowly with both Rand :3 than does the photo-electric term."

In order to arrive at a conclusion about the

scattering term the data obtained in this work was plotted as

shown in figure 14, that is,film versus A5. Then the inter-

cept along the/Um axis would be a measure of (5‘11rovided the

relation 3

fl“ t: AA+6- (19')

holds. This is making the assumption that 7,113 a function

of A3 and that (“is independent ofA, neither of which as-

sumptions may be valid.

2) Measurements and Data.

8.) Determination of the productpx.

As shown in equation 16, measurements were made on the

mass and area of the columbium absorb-:r. The mass was deter-

mined to be 0.5771 1: .0001 gm” and the area of sheet of col-

umbium 6.474 if .001 cm2. This gives

[Ox 8 .08914 gnu/01:13 (20)

b) Determination 0171,11.

From equation 15,}(m is determined by measurements of

electrometer deflections dandj,n with and without the absorbing

film in the E-ray path. In Table II is shown the data from
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which the ratio _5_° is computed. This data is tabulated for

the entire experiment although it was collected during several

runs covering a period of as many weeks. The data so collected

overlaps considerablf'and rather than complicate the data the

date of observation has been omitted. In column six is shown

36-55%) a calculation made to correct for the air and columbium

exposure times. Ls pointed out the electrometer was linear

over a range of approximately 500 mm, and using exposure times

small for no absorber and large for the absorber, all deflec-

tions were kept within the linear range of the electrometer

and yet large enough for 1S accuracy in reading.

Table III is the data from table II carried through the

computations forfilm.
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5:. r;sLn III

<5 ,/c‘771 :1 ;{3

1.46 4.246 .202 .0082

1.52 4.697 .215 .0099

1.65 5.618 .228 .0118

1.76 6.541 .240 .0158

1.84 6.841 .240 .0158

1.95 7.576 .255 .0162

2.05 8.052 .266 .0188

2.25 8.997 .266 .0188

2.56 10.55 .291 .0246

2.81 11.59 .291 .0246

5.65 14.46 .517 .0516

5.47 15.96 .517 .0516

4.55 16.95 .545 .9404

4 52 16.92 .545 .0404

6.2 20.55 .568 .0500

03.77 210%5 .368 0-500

9.50 25.01 .594 .0616

14.11 29.68 .419 .0756

14.74 50.15 .419 .0756

50.70 58.77 .470 .1058

55.17 59.39 .470 .1058

51.05 44.10 .496 .1220

65.19 45.51 .522 .1442

77.47 48.80 .522 .1422

1104 52.75 .547 .1657

144.9 55.85 .573 .1881

165.1 57.15 .598 .2158

155.6 56.65 . 24 .2425

155.54 21.07 .674 .5061

6.01 20.27 .700 .5450

6.92 21.70 .726 .5826
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from the data of Table III are plotted two curves, one of

log; :12 versus log/1 figure 15, and the other/Mm versus A3 fig-

are 14. From figure 15 the constants C and n of equation 17,

which states

2.“ M“
The intercept along logfilm axis gives c = .805 and the slope

of this curve makes n = 2.56. Thus we may arite, for the wave

length range of .200 to .500 A, that the mass absorption coeff-

ecient for columbium is

Am“ .8032'55. (21)

Erom the second curve, that is/(m versuSAE, little can be

deduced regarding the value of defined by equation 18, and

discussed in the same paragraph on pages 56 and 57.

Comparison with existing data on the absorption coefficient

of columbium is interesting. The only references to the subject

which the writer has been able to locate in any source is that

given by Compton and Allison, r—rays in Theory and Practice,

Table I, page 800. They give no reference to this work but

state on page 799 that the table I was compiled by 8. J. 1.

Allen, an author who has contributed much to this subject.

The mass absorption coefficients at )=.651 A and .098 .4 are

(87.0) and (0.75), and carry the notation that theywere extrapo-

lated, apparently by use of the/UmFKZ4 relationship, to an exti-

mated accuracy of one percent. The writer therefore draws the

conclusion that no previous determinations have therefore been

experimentally determined. By extending the straight line curve

of figure 15 to include A= .551 A a value offlm '-' 86.7 is ob-
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tained. Lilaveise extropolating; the curve to/\= .093 .1 gives flux 3

value of .75, the same exactly as that given by Compton and

Allison.

Mention shoule. e made of the difficulty in obtaining values

off/um near an absorption limit. is shown in figure 15 for wave

lengths greater than.5f50 A there is a decrease in value of/l.( 111'

due undoubtedly to wavelengths {greater that the /. electron cri-

HCG‘ absorption wave length being measured in the ionization

chamber along with the shorter x-rave lengths. This difficulty

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

spectrometer in place of the single crystal instrument used here.
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