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ILTRODUCYICH

One of the more difficult problems in x-reys thsat
has interested physicists concerns the nature of the
emission process which gives rise to the continuous x-
ray spectrum. A4n attempt was made to explalin it on a
classicel basis in 1909 by Sommerfeld (1). He used
Stokes' hypothesis, whicn assunes a rectilinear decele-
ration of & cathode ray by the atoms of the target, and
his predictions were unquestioned s to velidity for e
number of years. However, in 1928, experimental data
published by Kulenkaupff (2) showed Sommerfeld's theory
to be incorrect, and the same paper pointed out why the
rectilinear deceleration hypothesis was false,

Immediately following the published experimental
deta by Kulenkampff, Sommerfeld worked out & new theory,
based on the new wave mechenics (3). This still re-
quired that the radietion erise from the deceleretion
of en electron, but allowed transverse components of
ecceleration, under which the electron could follow a
hyperbolic pathe Sommerfeld's theory has been extended
by Scherzer (4) to allow for relativistic corrections,
and Sauter (5) has developed a wave méchanical rela-
tivistic theory. leanwhile, Kraners (6) worxed out a
theory using the Bohr correspondence principle,

The development of these theories is still far

from completion, end devends on having more experimental



data to show which parts of the theory ere correct and
which perts need revision., This dependence on experi-
ment was shown in the immediste reection to Kulenkampff's
work by Sommerfeld. The most important experimental data
so far has been taken by Kulenkampff (2) end his esso-
ciate Bohm (7) using thin foils of magnesium end eluminum
as tergets. In addition, Duane (8) made some measurements
using a jet of mercury vepor &s his tarzet, liicholas (9)
used thin gold foils, and more recently, Thordarson (10),
Corrigan and Cassen (11) and Van Attas (12) used thicker
targets with considerably higher cathode ray accelerat-
ing voltage. In all the work done by these men, the
curves obtained from their data have been relative, so
that comparison with theory has been carried out by &ad-
Justment with one point on the curve and finding how the
others compare with respect to it., 1Ilo attempts have
been made to obtain absolute intensities, 8o that the
theories could be checked directly. It is therefore the
purpose of the research described in this paper, to ob-
taein some absolute measurements of intensity of x-reys
in the continuous spectrum from thin targets, and to
compare the measured data with theoretical values.

Since the experimental results of Nicholas and
Duane have been superceded by much better data, taken
by Kulenkampff and Bohm (loc. cit.), only the later two

will be considered here, The genersl procedure in all
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these experiments hss been to obtain aszimuthel intensity
distribution curves as functions of x-ray tube voltege
end wave length. Xulenkanpff's method of obtaining iso-
chromats wes to measure intensities with various thick-
negsses of absorbing filters, and from the veristion
obtain the intensity due to a given wave length intervel,
end to estiniste the mean wave length for this intervsal.,
BOhm used practiceally the same method for rays near the
low wave lenzth limit, but for a measurement at longer
weve lengths, applied & method due to Ross.®A copper
filter of appropriate thickness is transparent to ruys
near the low wave length limit for coprer. An aluminum
filter can te made to have the samne transparency for

the region of the short wave limit, but will absord
strongly in the neighborhood of the copper K-limit,

The difference in the transmitted intensities for the
two filters gave Bohm & measure of the intensity in a
ranze Jjust above the copper K-limit,

Neither of the methods used by Bohm gives a well
defined narrow wevelength bend, the difficulty being
that the intensity distribution of the messured x-ragy,
s & function of wave length is not uniform. A means
of obteining a narrower and more uniform intervel, due
to Ross (13), end more cowmpletely discussed by Kirke
patrick (14), was used for the ieasurements herewith
reported. This method will be described later in this

report.



I, EXTERILENTLL APPARATUS

Ae The X-Rey Tube

In order to find experimentually the intensity of
x-rgys a3 a8 function of cuthode ray energy, direction
of emission, &nd wave length, certain experimental con=-
ditions must be satisfied. In the rirst plece, the
catnode reys nmust be incident on the tsrget with a de-
finite direction and erergy. Second, the change of
direction and reterdetion of the cethode rsys in the
target befcre the emission process tskes place must be
minimized. 'W'hird, provision nust be nade tfor measure-
ment of intensity at various angles with resnect to the
direction of the cathode rsy beam. These were satisfied
by Zulenkeampff (2) and thm (7) by collimetion of cath-
ode reys with circular apertures, the use of very thin
aluminum or magnesium terzets, and an ionization cham-
ber {or zgeiger counter) that could be roteted sbtout an
gxis throuzh the x-rcy target.,

1he tuhe used in the resesrch herein reported
satisiies the same conditions in a sorewhat different
manrier., The tarzet is kept thin, like those of thm.
but the collimetion of cethode rays is accomplished by
surroundi:;ng the hot cathode with a small steel disk to
provide a uniform tield betvieen the cathode &nd terget.
The varistion of azimuthel enzle is made by rotating

the entire x-ray tube suvport on & solidly mounted bace.



The tube is shown in horizontal cross section in

Pige I. KElectrons are given off by the cathode C, &nd
those which are not stopped by the thin tarcet T are
collected by the anode A, 7The tarzet and snode sre the
only parts of the entire x-rey tube &t positive poten-
tial, while the cathode end chuamber wall sre negative,
Thus the cathode filsment itself need only be insulated
from the metal chember well for 12 volts, while the en-
tire tube must be insulated from ground Tor the full tube
voltase. The tube itself is a steel cylinder of which
the entire top plate can he removed. The inside dimen-
sions sre a denth of 2.5 inches snd a diameter of 8 inches.
1he terzet is not placed in the center of the cylinder,
but removed one inch in the direction of the ccthode fila-
ment. On the center of the bottom nlate is attached =

2 inch pyrex tube, lesding to an oil diffusion vuup for
evacuation. The lesds for the terret and anode, which
are 3/8 inch and 1/4 inch bress rods, enter through holes
in the removable top plate throuzgh rnyrex tubes of snell-
er dimensions. Thece legds are shown in a vertical cross
section of the tube in I"ig. 2. The anode conusists of an
eluninum cup 1 1/2 inches long and one inch wide, out-
side dimensions. The target end its bress rod support
are gttached to & brass plate at the top of the pyrex
tube insulator, so they cuua be eusily removed., The tar-
zets are mounted on rectangular steel wire fremes, one

inch by 1 1/4 inches, an end of the wire bteing inserted



@ = 160°

Fige 1 X-ray Experimental Tube
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in & hole in the end of the bress rod surport and clemp-~
€d with ¢ snell cet screw. +he vluie or the ter~et cen
thus be tur:ed et a.y angzle with respect to the cethode
ruy direction.

The x-regys leave the tube through the window .
This is & horizontal slot in the tune well, 3/4 inch
wide, covered with &n eluminwa window 0056 cme thicke.
Since the s&bsorption ccetrricient of sluminuwm is low,
this thick:ess does not seriously diwmirnish the inten-
gity of the beam for the weve lengths used.

The z-rsy tube is mounted firnly by wmeans of
inch porceluain insulators on a steel trsme which can
be eusily roteted about an exis throuzh the sluminum
foil target. 'this steel freme also supports the dif-
fusion pump used to evacuste the chamber., Cutside
views of the x-ruy tube, showing ite generel gpresr-
ence and mounting or irsalators are shown in the photo-
gravhs in rig. Za and r'ig. 3be.
B. rhe Hizh vVoltsge FTower Suprly

One important requirement for obtaining relisble
data in this work is that tlere must be a suirply of
constant higzh voltase, which cun be sccurutely meesur-
ed, and a meens of controlling and messuring accurate-
ly the spuce current in the x-rey tube. The high volt-
cge was obtalined from a voltere doubuexr circuilt, which
uses two 120 kilovolt Kenotron rectifiers supplied by

a 500 cycle 250 volt truwnsforuer.



Fige 3a X-ray Experimental Tube



Fige 3b ZX-ray Experimental Tube



The 500 cycle generstor is driven by a D.C, motor from
a 115 volt storacze battery, surplenented by a D.Ce Zen-
erator. The capscity of the condensers used in the
voltaze doubler circuit are of such value that the sim-
ple voltuze amounts to only 20 volts per millismpere,
The high voltuze is regzulasted by a rheostat in series
with the field coils of the 500 cycle generator.

The volteze neasurement was msde with en electros-
tatic voltmeter shown in Fig. 4. This uses g bi-filar
suspeusion to eliminate inconstancy due to changing
torsion constants, and the scule is sbout 340 cm. from
the mirror on the suspension. This allows a sensitiv-
ity of about 20 volts /mme. in the neighborhood of 31
kilovolts. The voltueter is calibrated with a Brea:g
spectrometer and Coolidgse x-ray tube by finding the
low wave length limit corresponding to be given volt-
meter scale reading.

It would be inpossible to measure sccurately the
small currents used here by merely inserting e meter in
either lead of the circult, since this meter would slso
record corona currents, which are ususally nuch greater
than the tube currents being used. To eliminate this
trouble, the entire cethode filament system, including
the leeds, the 12 volt source, and the current controls
are enclosed in an electrostatic shield st negstive po-
tential, the cethode system being insulated from the

shield for at least 12 volts.



Fige 4 Electrostatic Voltmeter



The microarmeter is inserted between the cathcde current
source snd the shield, and thus messures only the sctual
space current leeving the cathode in the tube. This cur-
rent cannot go to the tube walls, since they &sre at neza-
tive potentiel, so must be collected at the turget and
ernocde. The microsyumeter used is mede by the Sensitive
Research Instrument Corporstion, model S, number 12489,
and was used with a sensitivity of 10~7 superes / scale
division, s0 that the current of 10-6 amperes used in

this work could be meassured quite accurstely.

Ce Measurement of Intensity

Since the purpose of this research is to measure
the sbgsolute value of emission intensity, a known frac-
tion of the x-rgy beam had to be measured. For this
purpose, & standerd ionization chamber was designed and
built, and is shown in two cross seotiongl diegrems in
Fig. 5 as well as in & photograph in Fig. 6. The chanm-
ber consists of a brass cylinder with mice viirdows at
the ends and collector plates of thin aluminum sheet,
the chamber being filled with € Hz Br gas at about 68
cm. pregssure, Since the x-ray tube could be rotated,
the ionizstion chamber was permanently mounted, The x-
ray beam entered through the mics window and produced
ions inside the chamber, In order to eliminate the end
effects of irregularity of field, the ion collector was
divided into three psrts. The centrsl pert wes connect-

ed to the electrometer and the two end portions were



Fige 5 Standard Ionisation Chamber



Fige 6 Ionization Chamber



attached directly to the grounded (negative) chamber,

The positive plate is much lsrger and nearly surrounds

the collector electrode, to shield the X-ray beam path
from the negstively charged chamber wall, The positive
and negative collector supports are inserted through glass
and amber insulation, respectively.

It is 8also desirable to me asure only the intensity
in a nerrow wave length band, so that the distribution
curves obtained will be isochromats, or curves of con-
stant wave length. It has already been pointed out thst
the agbsorption methods used by Kulenkampff and thm do
not give a narrow wave length band of uniform intensity.
A better method, described by Kirkpatrick (14), uses two
ebsorbing filters of adjacent alements in the atomic
table, whoge thicknesses can be chosen such thet the ab-
sorption will be the same for both, except in the narrow
interval between their respective K-absorption limits.
By the proper choice of filter elewents, one can obtain
either a narrow or a wide wave length interval, over
which the difference in transmitted intensities i3 quite
uniform.

The actual wmeasurement of intensity is made by ob-
serving the deflection of a Compton electrometer, which
deflection is a function of the total charge collected
from & known region in the ionization chamber during a
given time interval. 1In order to have comparsble read-

ings, this exposure time interval must be known.,
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i'he exposure was controlled by & magnetic chutter, show-
en in the photogreph in rig. 6, opersted through a relsy

gystem by & photoelectric cell in a pendulum clock.

D. Arrangement of Apperstus

Tha pgeneral srrenzene:t of apnaratus is shown in
Fig. 7. 'l'he x-rgy beem pesses from the target through
the alumiaum window W of the tube and en eperture in
the lead house in which the x-ray tube is loceted,
‘'he gperture in the lesd house is opened and closed by
the mcgnetic shutter S. The belanced Koses filters F
end & defining everture A are between the shutter ard
the ionizetion chamber. “This derining aperture hasran
area of .86 square centii.eters, and is of such size and
shape that the balanced filters and other arertures and
wirdows ere larze enough to pess &ll possible rsys from
the focel spot on the target throuzh the defining eper-
ture. The gperture A is iunedietely in rront ol the
ionization chamber window and 34 cm. irom the tsrcet of

the x-ray tube,
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Fige 7 General Arrangement of Apparatus



IIT. BALALCING CF RCSS FILTERS

In his discussion of ross Tilters, Iirkpstrick (14)
shows not only thrat two such filters should heve the
sameé toteal sbsorption &t sll points outside the interval
between their r-limits, but also that there is & pre-
ferred thickness, with which the maximum intengity dif-
Terence will be obteined.

This intensity difierence is given by

T=T.(e”% e %) al
I.A)being the totsl untiltered intensity in the weave
length band of A\ width, M the absorption coerficient
of either element just above its I:-limit,/a, the absorp-
tion coefiicient of the same element just below its
K-1limit, and t the thickness of the filter. <whe value

of t that makes I & maximum is found by setting
: M.t -/Mst
s Tapme w0

ror this to be true, the quantity in brackets nust be

zero, 80 that

~M. C M T
M€ 7 = Mg € &
setting %’_ - r end taking lozesrithms,
4
.—-/‘Qt = /03 r _-/“st
Then T = %{7‘: end, tactoring Mle  trom the

denominstor and again substituting r for f‘%‘ one
J

obteinsg EKirkvatrick's exovression:

tmn = lﬁ—’-—"—

M (=1



o

In order to have strictly nonochromatic negsure=-
ments, the X-absorrvtion limits defining the wuave length
interval used should be very close tozether, but the
intensity differences become quite small at the sune
time. It was decided that the wave length interval of
sbout .021 Angstroms between the silver and cadmiun
K-1limits would be most suiteble, and these two elements
were used as filters. Using vealues of/‘l:. and/l, for
silver, as given in the aprendix of Compton and allison,(?1)

the optimum thickness for silver is fourd to be

/-85
Tinax = 75<jotlxd3c <™

S 0033 cne. = .0013 inches, the density/g of

silver being teken &s 10.6 gm./cm.3. <rhe thickness of
cedmium used must be such that just outside the wave
length intervsl used the ecbsorption is the ssmeé for both
filters. <whis means that

e-MagZay . o MeaTed

/"A, tA3= /"‘CJ Z.CJ'
¥rom this equation,

T 9.¥ x (0.4 x.0003 .
- dh Ay = .06/97 in.
(2> M, T 0.6 x 867

Films of the sbove thicknesses were obteined from Bsker

and
& Co., llew Jersexﬂmounted‘}n & brass holder, shown in

the photograph in Fig. 6. This wes made to hold one
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filter perpendiculer to the xX-ruy bezum, while the other
filter could be rotated gbout a vertical sxis, Then

any susall inaccurecy in rolling the metel for the thin
films could be compensated by changing the effective
thicitness of one ¥ilm. When each Iilm was tested rough-
ly with the Bregs spectrometer, it was found that the
cadmium was not quite thick enough to brlance the silver.
By turning the cadmiuwm throuzh & small angle, & balance
was obtained for which the absorption of the two films
was the same for all wave lengths outside the band of
wave lengths under consideretion here Irom the low wave
lenzth limit up to ebout 0.79 Angstrouns. For longer

wave lengths, the trensuitted intensities are quite smell
andzgs not important to have a perfect balance. It cen
therefore be gafely assumed that the difference in trans-
mitted intensities for silver and cadmium is due only to
ruys in the wave length intervel between the K-limits of

the two elementse.
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IVe USk OF STALDARD ILOUIZANICL CHLZIBER

[}

As Capacitsance of Electrometer circuit

The uwpplicetion of & standerd lonization cheamber
to sbsolute intensity messurements requires thut one
know the totel charge § produced in the chauber during
the time x-rays are allowed to enter. Assuming thet
all the ions produced are collected by the elctrometer
circult, the electroumeter quadrants are ruised to a
potentiel V such that & = Cp; V, Cy being the capacitsnce
of the electroneter system and § the totsl charpce. To
find the charre corresponding to a specific electrometer
deflection £, it is then necescary to meeasure Cp and the
potential vy necessary to produce a deflection S;. This
accomplished by the circuit shown in dliagren ih Tige Be
Since ballistic electrometer deflections were used for
teking date, known voltsjes V, were applied by means of
the potentiometer P directly to the electrometer system
to produce ballistic deflections in the rasnjze in which
the instrument was used. Then a standard condenser Cy,
specificelly a Precision coandenser oi the General Redio
Co., type 222, serial #660, was placed in series with
the electrometer system and new volteges vy gppliec to
produce the scue deflection §;. In Feg. 9, B is plot-~
ted as a function of vy and agein as & functlon of Vl.
Using & well known relastion for corndencsers in series,

then for v, and V; corresponding to a particular deflec-



«100

veltg



tion ( ¢r particular charze ), Cy vy = Cl(v1 - vl).
The value of C; &s used vus 102 micro-microfcreds, end
for any deflection in the renge utilized, the velue of

Vl - vy was celculated from points on the greph to be

vy e415, Thig gives a value of 42.3 micro-microf-
areds tor the cepacitance of the electrometer system,
which capaciteaice is constant for the small dellectiorns
ugsed here. The totasl cher.se collected cen then be found
by multiplying this by the proper vlaue of vy from the

granhe.

B. Saturation Current Corrections.

So far it hes been essumed that &ll the ions formed
reached the collecting plates, Vebster and Yeatman (15)
have shown thet the field internsity between the collect-
or plates of the ionization chawber must be strong enough
to sweep out &ll the ions before recombination occurs.
For teking deta, eight "B" beteries, supplying 273 volts,
were usel, AS a test for the condition o satursticn
described by ‘/ebster and Yeatmen the curves in Fig. 10
were made by chngzging the voltaze on the ionization
chamber, with a constant source of x-reys at least three
times &s intense &s any abtainel for the actuel data,
end constant exposure time. The trend of the curve in-
dicates that the desiagn of the ionizetion chamber is
sufficiently gord that practically complete saturation

occurs at 373 volts, and that no correction is necesseary.
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C. Fluorscence Correction in the Standard Ionizatlion

Chamber

wWhen a beam of x-reys rasses throush the relatively
heavy gas (CHz Br) used as the absorber in the ionlzation
chamber utilized in these experiments, two principal kinds
of absorntion occur. The first of these, and in our cese
nezlizible, is that due to scatterinz of the x-rays by
the 388 molecules. The second kind of ebsorption process
is that due to the so-cslled photoelectric absorption.
In this c&se x-rays interect with the highly bound elec-
trons close to the nucleus of the ges atom, which elec-
trons sre e jected with enerpgles equel to the difference
betwween the enerzy of the incident guantum of of x-reys
and their atomic binding enersgy. This diilerence in
energy amounts to 13,100 electron volts for the bromine
K-electrons. Photoelectrons of this eneryy have & range
less then 3 willimeters in CHz Br at the pressure used
here., However, the ejection of the Br. K-electron leaves
the gtom in an excited state, following which there may
be an emission of a quantum of Br K redietion. The
mininmum amount of gas that this radistion must pass
through before it reaches the collecting electrode is
3 centimeters, &nd in nassing through thig distance the
intensity of this fluorescent redietion is reducrd 82%.
The actual computstions required to arrive at this value
are involved, and have glresdy been made for a similer

fonizetion chauber by J.Ce Clark (16).



V. ABSORPTICH CORRECTICHS

It {8 necegcary to know the fruction ot the ori-

- zinal intensity of x-reys &t the turzet which is ab-
gorbec in the useiul purt of the ionizution chunber,
Considering the generel arrangement of epperatus shown
in Fige. 7, &and defining I, to be the originel intensity
at the target, Iy the intensity pernetrating the x-rsy
tube window, I2 the intensity emerging from the Ross
filter, I the intensity penetrating the mica window
of the ifonization chenber, 14 the intensity reaching
the front end of the ion collecting electrode, and Ij
the intensity leeving the other end of the ssme elec-
trode. Then the frsction of the orizinal intensity
beinz absorbed in the useful region of the ionizetion
chamber is given by I4 - Iz « This must be calculeted
for the silver filter ang t he cedmiunm filter for the
mean weaeve lensth being used, &nd the difference will

be the fruction of the orizinal intensity in the weve
length band being considered.s This fraction proportion-
al to the electrometer deflection obteained.

If tl is the thickness of the sluminum window of
the x-ray tube, to the thickness of the silver or ced-
mium filter, tz the thickness of the mica window of
the ionization chamber, ll the distance from the mica
window to the front end of the collecting electrodse,
1, the length of the collecting electrode, one may

write:
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T,
T, Ts¢ ,
Ts>Lye e T
ihere /u, is the lineusr absorntion coelficient or the
Ross filter being used., Cowmbining these equations, the

fraction of the orizginal intensity reaching the front

end of the collecting electrode is given by
T,- e ~(ParTr + Mumica T3 * Ma &y v My To)
£ = .

The fraction of originael intensity thet passes the fer
- £

end of the collecting electrode is l_,_. e Hoa 4=
m » ’ﬂ _e
The difference between these two rractions, IP (/- e b 7
will be the fraction of the originsl intensity absorbed

in the section of ionization chamber conteaining the col-

lecting electrode,
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VI. CHARALCTLR O TaRGLELS USED

Ae. Scattering and Retesrdation.

It is already been explained why it is necessary
to use thin targets for these measurements, Kulen-
kampff (2) used’targets of commercial eluninum foil
about 0.6 microns thick, and celculated the retsrdation
of electrons in foils of this thickness from the Thom-
son-Yhiddington law. Ee also made measurements of the
amount of scattering of the electrons in the same folils,
and drew the conclusion that neither retsrdation not
scattering was enough to influence his data appreciably.
Bohm (7) made some messurements with seversl thicinesses
at 31 kilovolts, and fowid that his experimentel results
were influenced considerasbly by changes in thickness
from 0,15 microns to 0.6 microns, so he chose to use
thicknesses of 0.1 micron or less, made by evaporeting
mazrnesium on thin celluloid films. The folls used in
the ' research reported here were made by evaporasting sl-
uminum on cellophane, and ere approximetely the seame
thickness as those used by Bohm, It is also interesting
to note how the energy loss (reterdation) compares st
O¢l micron and 0.6 microns. Usinz the Thomsonei’hidding-

ton law
2 2
\/& = Vo - bx

and using values of 9,7 x lO"for b and 6 x 10‘5 Chle

for x, Xulenkampff obtsined an energy loss of 3.2 &t
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an energy of 31 kilovolts. 1If one substitues 1 x 10=5
for x, the energy loss becomes 0.45%, which is a very

substantial reduction.

B. Focussing of Cathode Rays

It has been pointed out that the direction of the
cathode reys between the filament &nd tarzget of the x-
rey tube should be well delfined. or the design of
tube used here, this means that the electric field bet-
ween the target and cathode should te uniform so thsat
no divergence of the cathode rays will occure. <“he hot
filament used wes a flat circular coll of tungsten, 5
millimeters in diameter, and upon examination of used
targets, the focal spot wes plainly distinguishsble,
beinzy oval, about 5 millimeters high &nd 8 millimeters
longe On some tarzets which had been used only & short
time, the outer portion of the focal spot showed & rough
imeze of the corresponding part of the filement. From
these observations, it has been concluded thet the ter-
zets used, aided by the disk ebout the ccthode filement,
produced a very uniform field, so that &ll the electrons
were incident on the tarzet in the same direction. A
trial run with & tar.et set &t un angle of 45°% to the
cathode rsy beam showed & distorted focal spot being
formed, so all actuel meassurements were mede with the
cathode rays incident perpendicularly on the tarzet

surfsace.,



Ce Effect of terset backing

One would not expect the cellophsne, which was
used as a bgse on which to evarorate elunminun, to con-
tribute an apnreciable anount to the x-rsy intensity
produced by tne tarzet.s A4 trisl measurement wus made
to tect this assunmption, by usinyg a cellophare target
without a}uminum. A focal spot wss forrel thet coincid-
ed slmost e.sctly with those on the &lunminum torgets,
but the intensity of radistion emitted was about 27 of
that obtained with slunminum. The difference in inten-

gsity when silver ard cedmium filters were interchanged

was too smnall to messure.
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VII. RESULTS

Ae azimuthal Curves

The deta for azimuthal intensity distribution
vwere taken as follows: The x-ray tube wss run with a
constant voltege of 31,700 volts end a constant cur-~
rent of one microanpere, snd For en orientetion of the
tube such that a line frowm the center of the focal srot
throuzh the ionizstion chemver nade sn ansle © with the
direction of the incident cathode rgys, electrometer
deflections were recorded for exposure tines of 15 seconds,
first through the cadmium filter, then thrcuzh the silver
filter., This procedure wes renegted &t anrtulasr intervels
of 10° from @ = 30° to &= 150°. The dsta for & typical
run sr€ given in teble I, end these points plotted in
prolar coordinstes in Fig. 1ll. . n &zinuthel distribution
curve is drawn throuzh thece —oints, vihicn conpares fav-
orably with curves given by Eghmﬁ) Points from this end
subsequent data ginow svme varistion from this curve due
to the error ip neesurement of such small differences,
The curve g&s it 1s druwn is determined by weizhted ever-
sees of ull the dets recorded here, the weiizhting being
deteruired by the steediness of tube volitase end cur-
rent et the tiue the observetion in question was riade.
The value of @ for the meximwa intensity appears et
570 on the curve, while Bohm's maximum velue sphewrs

at 55%.



Pable I

v cudiilum £ cllver diflerernce
6 (mm) (mm) ( ram)
300 110.2 101.8 8.4
409 118.0 108.0 10.0
50° 120.1 103.9 11.2
600 119.6 108.1 11.5
70° 113.0 102.7 10.73
80° 101.0 92,1 8.9
100° 7641 70.1 6.0
110° 70.8 6547 5.3
*120° 57.1 55.1 2.0
130° 50,9 47,1 3.8
140° 43,2 41,5 1.7
*150° 37.9 24,9 3.0

*Current not very stewdy




Table II.

® cedlil wid & silver dlierescs

o (mm) (o) (ma)

1459 40,1 38,8 1.3
125° 46,1 42.2 3.9
125° 53,2 50 .4 2.8
115° 63.9 58,0 5.9
103° 72.1 6548 6.3
75° 103.8 95.0 8.8

* 550 111.1 102.0 9.1
*  55° 114.1 106,.0 8.1
459 113.8 105.9 7.9

* voltuge ot stewdy

Teble 2 lists soue dellections observed st sigles
helf may betueen those used Zor Teble Io It will be
roticed that no V:I.ues ot @ ere used nezrer than 10° to
the 90° direction. Observations mude edzewise glong
the turset ure found to he quite l:consistent, probebly
partly due to ebsorption in the wire frane hkclding the
terzet end to the very much incressed epparent thick-
ness of aluwinuw in this direction. The oblservstiouns
recordeld in table 3 were repeated &t esch argle used to

avereze out errors in mecsurenent,
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Table III

5 Cadinium % silver difTerence averagse
6 (un) (i) ( ram) for O
z0° 106.2 97.5 8.7
10649 98.1 8.8 8475
400 111.9 102.6 9.3
112.2 102.0 10.4
111.9 102.4 9.5 9,66
50° 113.9 104.0 9.9
115.0 104.5 10.5 10,2
60° 112.0 101.5 10.5
112.1 101.0 12.0
113.3 101.1 12,2 11.45
70° 104.9 98.0 649
104.9 96.8 8.1 7.5
80° 95.4 86.9 845
98.1 88.1 10,0
95.1 88.6 745 8.6
100° 750 69.0 6.0
75.0 6847 6e3 6415
110° 65.8 605 5.3
6543 61.0 4.3 4.8
120° 5640 53.0 3.0
5640 52,0 4.0 3.5
130° 50.2 4643 3.9
50.1 46.0 4.1 4,0




Bs Absolute values of emission intensity

It has been shown in section V that the freaction
of the original intensity in the wave length interval
being studied which leaves the terzet in the solid engle
subtended b; the leed deiining eperture, snd which is
absorbed in the region of the collecting electrode, 1s

given by

(- eH ) (e Sy ¢, 4 pp Lot pimicats 4 Mo )

The /VFand t2 apply to the particulcr Ross filter being
usedy If one celculetes the fraction Zor each filter
snd tske tne difference, one obteins the ratio of the
rudietion absorbed to nroduce the dirierence in de=-
flections observed on the electrometer to the originel

intensity nentioned above. Ceallinz this rstio R, we

have - !, —(/A t' ff‘w‘ t; 4-/«“" 1 T
g=.70(1-e % )[e ! PayTey)
- (Ml Bt ¥ fomica T3 t M iy theated)
e :

In this eguution the coustent .90 is that due to the
unabsorbed fluorescent radistion produced within the
standsrd ionization chamber a deteiled discussion of
thid absorption correction is given by J.C. Clark?o

Since our objective is to find the inumber of x-
rsy qusnta of mean weve length 474 A% produced, the

electrometer deflection differences must be interrret-

ed. A calculation hss been carried out for 9 = 60°
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using an avergze value of 1l.45 millimeters for the
derlection diiterence. 1n section (IV .), the cepu-
citence ol the electrowmeter system ves shown to be
42,5 micro-nicroierads. he curve of derlection ss s
function of avplied volte;e is & strei cht line, so a
gliven diiterence in deflections will represent the
same dirTference in potentiel ot any deillection in the
ranze used. ''he derlection diiierence of 1l.45 milli-
meters is found to correspond to & notentiel difrerence
of 0108 volts. ©Solving tor the cherre tfrom the re-
lation - AQ’ C LV snd dividing ry the exwosure
tine ot 15 secounds, thé charge collected per second
is 3,05 x 10~1% coulombs /sec.; one uses the relations:
Charge asgsociuted wiith one ion peir (one electron)s
1.6 x 1019 coulomvs,
Lnergy of one quantum (.474 Ansstroms)s 26,130
electron volts,
knergy required to produce ion peir = 2b.4 electron
volts.
1"he value of 5.4 electron volts of energy for euch ion
peir formed is the same es wus used recently by J.C
Clark (16). Usinz these relations, one obteins the
result that 3.05 x 10-14 coulombs/sec. = 168.5 quente
/sec. equ. (2),
The so0lid anzle subtended by the detlining eperture

2

0f «86 cn™. at a distence of %4 cme. from the terzet is



«86 S 00074 spherical redians or 000059 of
[EE
sphere,
The number of electrons per second incident cn the

tar.cet with the current of one microampere is

1 x 10°° coulombs/sec. = 6.25 x 1012 electrcns/sec.
T.6 x 10-19coulombs/electron

1o determine the number of stoms present in a square
centiceter of tarzet toil, it is necescery to know the
thickness of the tarzet or the mass/cm®. 4 section of
foil wus weizhed by Trof. k. Leininger with the &id of
& micro-balence, and bl.l c®e 0f Toil conteined 1.96
milligrews or eluminune 1'his corresvonds to a thick-
ness of l.4 x 102 cum. The nuuler of atoms/cmgis given
oy

a = ln,
i

where II is avogad.o's number, m the mass of an area 4,

and LI the etowic weizht. Then

B2 6.05 x 1023 x 1.96 x 1073 = 8.63 x 10%7 eton
Dlel X 206697 cne

To evaluate equation (1), it is necessary to know
the absorption coeilricient of CHz Br, designated as
in equation (1), was messured with & Bragg spectrometer
at the pressure of 68.3 cme Ege used and tound to be
«0782., The other absorption coelfficients were obtained
from Compton and Allison (17) end ere &3 follows &t

474 Angstronase.



e 20 =

1,70 X 2.7 = 4.6 cn~1

al
‘/uifzca

Mes

/ﬂlcd

The thicknesses of ubsorbers are

4,658 cn~1

58.7 X 10.6% 623 cn~t

9.34 X B.67= 81.0 cm~1

~

tl - «0000 Cllie
teg = 0023 cm.
t,g = +0037 ca.
ll: 7.8 cme

12 - 10.0 cm.
ts = 0043 cn.,

Then
Mal 6y = .0256
/(mica ta = <020
68 tgg = 2,057
/ucd tcd = 4300
/MBr 1, = .610
/ﬂBr 1, = 782

Equation (1) then becoues

.9 (l-e-."Bg) ‘e "0956 - e -2.713)

R

«9 (1 ~@.457) (‘,385 - .066)
156

Then since R is the measured fraction of the totsal

nunber of quunta emitted in the solid angle used, the



number of quenta per sece in this solid sangzle is

188.5 = 1208 quaiita per seconds
« 100

This value, 1203, represents the nunmber of quunta in the
wave length bend A A =.0215 A% of meun weve length 474,
04% emitted per second by an slumiium foil tarzet of
thickness 1.4 x 1079 cm, in a solid angle of 000744
spherical radiuns et en angle of 60° with respect to the
direction of the incident cathode ray beam.

With the azimuthal distribution curve plotted in
Fige 11, & dotted curve is edded which represents
Scherzer's theoretical results as plotted by Bohm (7).
The ezimuthel distribution curve obtained here agrees
quite well with the theoreticel curve when the two are
normalized to be identicsl st @ = 90°, The azreement
is not &s good &t small and larze angles, where the in-
tensity differences measured are small, and the error
correspondingly lerser.

Owing to the laborious numerical celculstions in-
volved in evaluating Scherzer's theory, a direct quan-
tities compsarison with this theory has not &s yet been
carried out for the gbsolute value of continuous x-ray
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