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INTRODUCT ION

The present work wes undertaken in continuation
~of en investigation by Charles He. Perry, Doctor's Thesis,

1935, and by Frederic E. Fuller, Master's Thesis, 1935, both
presented to the University of Cinecinnati. The purpose of the
sbove investigations and likewise of this one, finally, 1is to
determine experimentelly the ratios of the scattering coef-~
ficients of the light elements.

The work previous to Perry's 1-14 34 unsatisfactory
in elither one or both of two respects. Nemely, the total
gscattered radiation emergent from the samples was not meas=
ured, and the effect of the absorption of the scattered ra-
diation by the sample was not accounted for. Perry eliminated
the first objection by surrounding the sample, except for the
path of the inclident rediation, by a large sphericel ioniza~
tion chember. He proposed to eliminate the second objection
by plotting the measured scattering of progressively smaeller
samples against their wess es and by extrapolating the result-

ing curve through
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the origln to obtain the ratio of scattering to mass for zero
mass and thus to eliminate the effect of absorption in the

semple.

THEORY OF INTERPRETATION OF MEASUREMENTS

In this work a method of performing this extrapola-
tion will be given and en interpretation of the result so ob~
teined will be derived. For the purpose of solving the
latter problem let the scattering body be a circular cylinder
of radius R, length 1, in which points ere to be located by
the cylindrical coordinates r,x, z, the z-axls of which co-
incides with the exis of the cylinder parallel to which the
ineident radiation passes in the sense of 2z increasing. Let
I, be the intensity of the incident heaw. Then by definition
of 4 where I is the intensity at depth z of the sample,

dI = -Iudz (1)
which integrated from z 2 O to z = 2z, gives

I = Ige=42 (2)
for the intensity of the incident radistion at depth ze
Now let A be defined by the relation

dl = ~da (3)
Then, "

dA = Iudz = Joe"*Zudz
of this radiation dA absorbed from the incident beam, a part
designated by dS will be scattered. For a given sample and
inecident radietion, let p, & constant in this case, be

defined by
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ds = pda (4)
Then,
@S s plge™“Eudz
and a
S :g/éloeﬂ“%pdz T pIo(l - e74%) (5)

Observe that S as defined above refers to the energy scatter-
ed, and not to the energy emergent from the sample.

Also we have by definition

M E T (6)
where

4l = ~-Iudz = -J0dz - Imrdz (7)
and where | | |

dS & Iddz ; 4T = Irdz : (8)

whbre T refers to the energy totally absorbed by the seample,
and 8, a8 before, to the energy scattered by the sample.

But from the eondi tions defining p, and from the relation
dl = -dA, we have |

dS = pdéA , dT = (1 - p)da
s -pdI 2 (1 - p)aI
= pIudz = (1 - p)Iudz
Thus , ’
Idz = pIudz ; Imdz = (1 = p)Iiudz
$0 that finally | '
TZ pu 3 T= (1 - Bl ' (®)

In words, p may be defined as the probability that
& photon which undergoes a scattering-sbsorption process will

be scattered.
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Now, let us caleculate

(3o
where S, is the energy of the emergent scattered radiation
compoged of photons whieh have undergone but a single
scaettering-ebsorption process and where the zero subscript
refers to the value of gglwhsn W, the sample welght, 1is zero.
The energy of a monochromaetic parallel beam of incident ra-
édlation of frequeneyt)o falling on area rdrd«< at depth z of
a sample is

hiodr dr G« e=42
where 4o is the ebsorption coefficient of the sample for the
incident radiation and where J l1s the number of photons
passing through>tnit area of cross-gection of incident beam
per unit time. The energy absorbed in element of volume
r dr d«< dz is

obdodr dr G @~ 4% dz
and the energy secattered in this element of volume is ”

Puohdodr dr de« e~ 4% dz.
The energy emerging from sample in direction of G4, de
from element of volume r dr do<dz is

f(0)sine plohdodr dr Go<dz @=4Z e”4% do ay
where T -

f[f(e)sineded«p z 2rr/f(@;|sineae: 1,
and where/;,is the absorption co;fficient of the sample for
radiation of absorption coefficient «o which has undergone

one and only one absorption-scattering process, and where d
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S
is the distance from element of volume rard«dz in direction
of d¢, de to surfaee of sample. Finally,

AR €37,

8, = puk fﬁ wf";'drdacdﬁf(e)sinede e~ g74% az

K < hi?,J (10)
Jﬂ,_" 1 ‘to.\\.—l‘z
8, & p«K /[I'érdddp/"/‘z oz{ f(e)smee'*‘é(l"z)sece de
-t3
) ad W'tav\ = (ll)
"ﬁ’(e)smee"ﬂ,ﬁseﬁe do + |f(o)since=#45C8Ce geo
un.’ﬁ ta..n i“{%

where 4 is the distence from the point r,« , z in the plane
of z in the direction of ¥ to the eylindriéal surface of the
e¢ylinder. The integration over @ has been divided between
three regions formed by the eonoids generated by & line
drawn from the element of volume rdrd«dz to the ¢ircular eages
of the eylindsr.

Now in general, where

Fla) = [£(x,x)dx .

4.
we heve

aF = __f_i”_‘.&)_ox dxX £(X,x) = Sxo £
P j/ + = (X,x) aﬁg (&osx)

And in thasease,
Raman

F(l) z;aK/ /rdrdocd;oF (1)

¢ o @

Then,
Tare
paii/f rdrd«dge SF‘

R
gg_':r{}dz + £(1,2),.,

[

gST';l:O = [»f(l’z)“l’l 1=0
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%

w
bot [e'ﬂl[(i(e)sinede .[f(e)slnee-ﬂlsecé Qe

(n t“Jlg) (n 'tan-J—-)

/f(e )sincePCB8Ce ¢g
1=0

T

:/f(e)sinede "

/ T Bw
(dS) - rdrd<dy =« pxKnR = PuKA
@), ° E%;/?Q/ AT &

and finally,

(dS) - px . -
(GW) PQK H ‘W-—?Al

Further, if we replace e4¢ in (11) by (1-e~40) we get

1 =12
W am tan 1-2

.' P+ K { rdrdcdy [e-A% dZ{ (f(é)slne 1-9-4(1*5)8669] do
o (ﬂ'— Qn‘ly_a) (12
-/f(e)aine [l-»e"ﬂ,zsee"] de + /f(e)sine [1-6“»‘/’090%6%

» -y
(”'fan‘é_) tan 1°3

where 8, ' is that part of the scattered radistion which
having undergone a first seattering-ebsorption process under-
goes a second scattering-absorption proeess. (f this energy
S, ’ a part is totally absorbed in the sample while the re-
meinder appears as radiation which has been seettered a seeond
time end which may ‘emerge from the sample as seattered ra-
dietion. HNow in all esses there exists a finite number €
sueh that

Sy =8 +€58,'
where S is the total scattered radiation emerging from the

sample. Then,

(8571) - plw) (as, ') A (GE
&, T RE E e, G
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We observe in (12) that

(é8,') -0 = (s8,)
(o) - +lo
Thus we have the important result that

(88+) () 13
_al)o P 3 | (13)

Let us observe tbat this result (18) is independent of the
distribution in sngle of the seattered radiation, of the
wave~length: and ebsorption eoefficlient of the scattered ra-
diation; bu£ depends only won: p, the segttering~total ab~
gsorption ratio;ﬁ%b the meass absorption coeffiecient of the
semple for the ineident radiation; and lineearly upoh the
area of the sample.

The experimental results for determining the ratios
of scattering coefficients for the two elements magneaiﬁm
and aluminum are as shown in Figures 1 and 2. The areas of
the samples and the intensities of the senslibly monochromatic
incldent radietion for the two sets of samples in each of the
cases are the same. Therefore, having determined the slopes

of these curves at the origin, we have by means of (9) and

(13),
| () («) (as, )
)y wp Loy - (AW )g (14)
(9_') P, () (dS:)

To obtaln the ratios of the scatterings per eleec~
tron we have when n is the number of eleetrons, when Z i1s
the atomic number and A is the atomie weight, eand when N is

Avogadro's number,
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; " (dn in)e” '}

‘o o} , ‘o %g%;; 0
u =z E'N 3 g% » §.N
(68 - A_ (49)
(Qn) 'z'ﬁ('a"ﬁ')o

Thence,
(=), AZ (gv?z) B(51A, 2 (15)
Ol ek i o o
(dn), (W), P(F)A, 2, |

Now we must consider a method of determining (dS)
(@),
from the experimental data. We have shown that the energy

of the scattered radiation is given by a funetion of the
form

«(L-e=3W)
However, the seattered radiation which emerges from the
semple is given by a function of the above form diminished
by means of some faetor f(W) which is determined by the ab-
sorption of the scattered radiation in the sample. Thus,

| S = «£(W)(1e"rW) o (1e)

The function £(W) is a maximum >0 at W = O and approsches |
a lower bound >0 as W—. = Let us try a funetion of the
form |

£(W) = a + be~eW (17)
Since the absérption coefficient of the inclident radiation
for both sets of samples 1s known, we write

F = S

TI=c 2T (18)
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Thence we have
F = & 4+ be-eW (19)
where a, b, ¢ are to be determined from the experimental

data. We have

g% = (& + be=8W)ge=sW ~ ghe~CW (1l-o~sW)

(és) . b 20
(aﬁ)o -ﬁ(a + b) ( )

We have for the eurve fitting
TR - € = a + beoWi
Ser: T - n - veem
We seek to determine &, b, e so that J €. *is a minimum.
_%Lﬂl :-2[{&_ -a - be'ewi}; 0
8 \ |

_‘ "QZ{FL - - be“@WL}e"GW: =0

l.‘n
1

z2){F -2~ be"“wl} bW, e"%W{ » 0

Thus,
TF - an=-beoWi | g0
JF e oW - a] e=0Wl - b] (e-0Wi)? =0 (21)
JF; W e-oW; -a] W e"%W. -b] y (e~W )% - 0o |
on eliminating a end b we have '
LE. - n - LemcH:
LF oo  ~Te Wi .y(e=oW()2 0 (22)

T Wo"Me - T oo - T (o-eWi)?
which when expanded is | -
Z F: {Ze'GWL,zW; (a"GW;)a? - Z(@-@W ()2 ZWLG"@W"—}
+ n{-):}?i e'eWiZWL (.G‘QW(_)?J + ,Z (e-ewi)SZFiwie-eW[}
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v 10
& I e-elii {- ZFLe‘eWaZW;e‘Wi +ZF¢W16'°WcZe‘@Wi}: 0 (R%)
Let (23) be designated by f(e). Then
 f(e) = £(e.) + Je £'(e.) = O, approximately

Je

it

« f(e) , approximately - (24)
f'(e, :

By this means ¢ is ealculaﬁed by successive approximations
until a value of ¢ is obtained for which f(e) vanishes.
£'(e) =L F{ -2[ oW [ o-c)® + T (e=0Wy2 Ty b0l
| + W e W w, (e"OWL)z} '
EQZF G'GWLZW gwcwﬁ - Z(e—cmz Zp W, Za=CW 1
fngW;e"‘w“ZW;(e“cW»)g} |
- Je-o¥ {Zﬁ-‘;e-ewzzw 2eCW ;Ze-ew_izg.iwiz e-ew;}
AR e*cw‘{ZF e‘GW‘[Wv e-CW; - L F; i e~CW; Je=cW, ] (25)
From the first two of equations (21) we have
an + bZe""'WL "ZF .
aZe'cWi-p. bZ’(e-GWa)z = ZF;e"cWi
Hence, B '

a :ZF-EZ(G'CWI)Q - [ F;e-CWJe-cW;
ny (6-CW)< - (Le-CWi)?

(26)
bz nZF;e‘ewfrZF; Ze’GWC '
v nz(e-ew;ﬁ- (7:6‘—‘9‘552)73

However, since, as was found, equations (26) involve small
differences of large numbers, it 1ls more convenient to use

the last two of equations (21).
a [ e=oWi, b/t(e‘e’ﬂi)s e TFemCW;
aZW;_e"cwi + bZW;(é"'ewi)g 2T F W;e"CW{
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APPARATUS AND EXPERIMENTAL PROCEDURE

The apparatus used in this work, the schematic
dliagram of which is shown in Figure 3, was essentially the
same as that devised and used by Perry. The ionization
chamber used for measuring the intensity of the scattered
X=-rays emerzging from the sample was a hollow, copper sphere,
65 cns. in dismeter, maintained at & positive potential of
1300 volts with respect to ground by means of "“B" batteries.
It was found theat, even with the extreme care taken inh ine
sulating the lonization collector, a large "natural leak"
obtalned. Also, the column of air in the iﬁcidenp beam
scattered radiatian into the ionization chamber greatly to
increase the extraneous current. The counter ionization
chamber, connected as shown, served to provide a counter-
leak which could be adjusted by suitably moving the gamme-
ray—éun. The entire apparatus was shlelded against stray
electrical and X=ray radiation as shown by the dotted lines
in Figure 3. |

The incident beam was collimated by means of a
suitably shielded, heavy, brass tube, 30 cms. in length and
1.25 cms. ingide dismeter; snd passed through the sphere on
a diameter of the sphere on the axis of a slender, thin-
walled, cellophane cone. This @elloph#ne cone served to
isolate from the ionization chember the ionization in the
air column of the incident beam, while permitting scattered

radiation emerging from the samples to pass into the ioniza-
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tion chamber. cCareful adjustments were mede so that the ine-
cident beam af ter emerging from the eollimator passed
through the spherical ionlization chamber without encounter-
ing eny matter other than two thin cellophane windows (one
on entering, the other on leaving); & sample support formed
of thin, light, cellophsne strips; the samples; and the air
in the path of the beam. The sample support was mounted on
& second cellophane eone which fitted snugly into the first
and held the sample on the axis of the first eone at the
center of the sphere. The sample-holder was removable o
allow rapid and easy chenge of samples. The assembly of
these cones and their.dimensicns is shown in Figure 3. The
dimensions of the incident beam are as follows: l.25 cms.
dlemeter on entering the sphere; 2.5 cms. at the sample; and
3.75 cms. on leaving the sphere. The diemeter of the samples
was 1,127 cms. |

The X-ray tube was a General Electrie, type CA
erystal-analysis tube with molybdenum, water-eooled targete
The transformer, kenetron, and control equipment providing
single-wave rectification serving the tube was & Kelley~
Moet, type KBRA X-ray apparatus. The cooling water for the
target passéd through a series of glass tubes before enter-
ing and af ter leaving the target. The current through these
tubes was less than one milliampere at 40 KV. The X~ray
tube was placed in en 0il bath with container of heavy lead

sheet provided with two suitable openings so located in

relation to the terget as to provide two Xeray beams in &
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horizontal plane, one on each side of the tube. The one beam
was the incident beam, the other was directed directly into a
long, auwxiliery lonization chamber, the current output of
which was measured by a sensitive galvanometer. The intensi-
ties of the X~-ray beams generated by the tube were maintained
constant by adjustments which maintained constent the deflec~
tion of this galvanometer. The procedure in this respect was
to hold the X-ray tube ecurrent constant at 36 milliamperes
and to adjust the primary voltage on the high tension trans-
former serving the X-ray tube in & manner that maintained the
galvanometer deflection constante.

It 1s bellieved that in this way not only the out~
put of the tube was kept constant but also the voltage on the
tube. The reading of the X-ray tube current was believed to
be a correct readlng at all times. However, the pre~voltage
for a given tube-voltage depended upon the temperature of the
apparatus, and was thus not a dependable criterion of the

'tube-voltage. The tube~voltage used was about 30 KvV. By
means of a sultable motor-generator set the voltage serving
the X-ray apparatus was rendered constant except for slow
variations to within one-tenth volt in 60 volts. Not with~
standing the lmprovements over Perry's method (the use of
the motor~generator set, the auxiliary ionization chamber,
and the oil bath for the X-ray tube), the readings obtained
were by no means precise as may be seen from the record of

experimental data snd from the Figures 1 and 2.

The measurements of ionization current were made

by timing the drift of a Compton elec trometer between two
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fixed points on & scalee The procedure in taking measure=~

ments was to adjust the gamma=-ray gun so0 as to give a leak
current corresponding to & time reading of about 40 seconds.
This leak current was the result of the natural leak of the
system and of the radiation scattered by the alr in the in~
cident beam. Five readings of this leak were teken with no
semple in place. A sample, say aluminum, was then put in
place and five readings were teken. This sample was then
removed and flve leak readings were taken. In this manner,
elternating aluminum samples with megnesium Samples, the data
was obtained.

The lack of precision obtained is observed to be
derived from two sources: one, an uncertainty as to any
particular reading; the other, & slow change of the leak
resdings. This latter eifect may be accounted for by argu-
men ts involving changes in the room temperstwre, which were
large, and the disperity between the sizes of the spherical
end ecounter-lesk lionization chambers. With regard to the un-
eertainty in any particular reading, I have no suggestions to
offer. However, I wish to point out that having reduced the
tube voltage from'?erry's value of 45 Kv to 40 Kv, the ine-
tensity of the incident beem was thereby greatly reduced, in
fact, by the ratio of ¢ 1. Thus a high electrometer sen-
éitivity was required and the ionization currents correspond~
ing to the scattering from the semples were relatively small

quantities as compsared with the "natural leak."
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The X=-ray radiation used in this work was that re=-
sulting from filtering by means of zirconium oxide, radiation
generated at a molybdenum target operating at 30 Kve The
pertinent information obtained with regard to the filter used
is as follows:

=t = .52, see Figure 10, authorfs Master!s Thesis;

transmission of Mo K« radiation = 30 per cent;

effective mass absorption coefficlient of transe-
mitted radiation in aluminum = 6.32.
The effective mass absorption coefficient recorded above was
determined for X-ray tube operating conditions and absorption
sheet thicknesses the same as obtained in the scattering ex-
periments. Therefore, this valuse for aluminum and the core
responding value for magnesium were used in computing the
values of P used in the eurve fitting. In Figure 4 is shown
the absorption curve from which the effective absorption co-
eff icient in aluminum was c¢computed. We observe that for the
thicknesses of ebsorption sheets used the absorption is
¥linear" in accordance with the assumptions underlying the
form of the factor (l1-e PW) in the curve-fitting formula.
The mass absorption coefficlient of Mo K, radiation in
alunminum is 5.22. Therefore, we conclude that the radia=- ,
tion'used included a not inconsiderable portion softer than
the MO Ky o

The many diverse factors involved in the choice of

ths proper'tube voltage eare discussed in the author's Master's

Thesis, pp. 25-30. samé discussion is also given there with-
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el

respect to proper filter thickness. The following should
be added. There is in the filtered radiation, in addition to
that part of the incident radiation whieh ls transmitted,
radlation emltted from the filter which 1s characteristic of
the £ilter substance. Let us consider the case where the in-
cident radiation and the £iltered radiation are each single
lines. Then, where F is the intensity of the fluorescent
radiation, |

dF = fu, Iy 674% dz 6™ (1le=2)

= f,a,io exl o=l -4)z

where f is that number which multiplied by, the absorption
coefficient of the ineident radiation of frequaney1x, gives
that part of the eabsorption coefficient which may be attri-
buted to the excitation of fluorescent radiation of frequency
iLand absorption coeffielents ; and where 1 is the thickness

of the filter.

1 -
F = £« Igde?‘_& /e'(f“f"/ﬁ)z - (&=«)8z
o, =) °
= fx1g o741 [1 - g1 e%l]

-,

Io et = el
X -, (27)

¢

= £,

aF = £1, (@4 -y e=HL
a-I : ) ’“/ .,

Thus, F, the intenslty of the fluoresecent radiation emitted
by the filter, has a maximum value given by

oAt =ued

log4, - loge, = (4 =4)1

1, = log (%)

)
= | | (28)
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For a molybdenum filter and Mg K. incident radiation,
{‘5, = 195 ; 2= 26,0

oL, = 28 (H5) . = 4205

Also, by means of (27) end the fact that I = Ige~“l,

F oo £.Io Lt-e
= 4 oo > — - /‘(’l -
£ o ez {olan)l - 1}
and for_Jaz%, aslis usually the ease,
E=refa- e-caz-ml} (29)

Thus %, the ratio of the fluorescent radiation emitted to
the incident radiation transmitted by the filter in a mono=
tonically lncreasing function of l. Without definite know=-
ledge of the value of £ we cannot draw practical conclusions
from (29) fuwrther than to preclude the conclusion that might
be drawn from Figure 10 of the author's Master's Thesis,

that the quality of the radlation is improved with indefinite

inerease of filter thickness.
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No.

o O e & O

Li
2849
87.0
2844
594
27.0

24.9
27.2
23.9
29.0
4.3

23

RECORD OF EXPERIMENTAL DATA AND COMPUTATION

Wte gs
0112
0157
.0197
0289
« 0554
0424

Welights of Samples

(Diameter of samples = 1l.127 cms.)

NO.

L2 N R S

6

Al

Experiment No. 1, Dec. 12, 1935

$6 milliesmperes - 30 KV, Zr0y filter

8.8
8.6
B8e6
746
8.0

6e0
6.4
648
7.2
6.2

L2
25.6

3644
23.0
3348
32.2
Le
25.1
22.5
19.6
17.8
22.8

Alg
6e4d
6.6
6¢4
6e2
6.0
Alp
9.2
846
8.2
Be6
8.8

Ls
27,7

24.0

2640
29.0
23.3
Ly
21.8
21.0
20.8
2345
19.0

ugy
10.8
11.2

10.4

12.4
11.8
Ngg
Bed
545
5.4
5¢6

9.8

Ly
24,6
24.0
26.0
25.1
26.0

Lg
17.0
18,0
15,6
19.8
18.4

Wie g8e
«0091
«01l56
0224
«0295
«0345
00449

A14
€49
7.0
6.8
6.6
7.1

6.9
7.0
68
6.6
Ted
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17.7
18.5
16.6
17.9
18.7

1.1
2841
25.6
24.8
23.0
21.3
19.5
17.8
17.3
15.9
15.5
14.4

446
4.7
4.8
4.7
4.8

On taeking the proper average valuej there results

17.4
16.6
16.0
17.5

Al
4.7
5.2
4.8
5.0
5.1

Liz
15.2

12.8

8
6
1l
6
6
8
5
6
4
4
6
8

16.6
i2.8
14.4

T
.32
.52
.52
.80
.62
.68
44
.88
W72
96
94
.98

14.4

15.2

14.2
17.0
14.0

7.0

6.8

7.0
6.8
7el1

Lizg AL
15.7 8.8
16,5 9.4
14.8 9.0
16,1 8.2
17.0 9.5

Semple
Mgz
A15
Mgy
Aly
Mgy
‘Ala
¥gg
AL,
Mgg
Alg
Nego
Al
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The leak end leak and sample times recorded sbove when con=-

verted into scattering currents due to samples alone, give

lig
RtQ»gs.
0112
«0157
«0197
0289
«03564
00424

s
49.3
79.5
88.1

107.5

132.6

164.2

Al
Wte g8.
«0091
«0156
0224
«0295
0545
«0449

S
44.0
68.9
£9.1

106.7
122.6
139.1

Semple Nos.
1

o &t e & W
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8
28.4
34.7
3540
40.6

3040
2848
267
29.0

3609

22.6
17.0
20.0
18.4
2l.4

ligg
9.8
8.6
10.0
10.6
10.3

6.2
6.2
6.l
6.2
6.2

gy
10.4

10.3

98
10.0
11.0

Bxperiment No. 2, Dec. 15, 1935

$6 milliemperes - 30 KV, Zrog filter

L2
35.0

26.2
34.6
36.7
d4.2

23.6
3442
28.0
28.9
24.8

22.4
22.5
27.2
23.9
20.5

Al,
13.
15.
15.
16,
12.

Al
740
7ol
746
7.0
6.9

Aly
6.5
6.2

6
6
2
2
2

20.0
18.0

6.5 20.5

6¢d

64

19.4
17.9%

Ly
B4ed
2846
25.5
25.2
3045

24.1
22.7
2446
26e¢d
29.4

7.2
740
7.6
6.6
7.2

¥gg
5.1
540
545

5.1
5.3

Ly
30.0
2942
30.7
3045
31.0

24.5
1842
22.6
21.5
21.2

Alg
5.7
5.5
57
5.8
57

Alg
5.6
8e2
5.8
547
5.9

Alg
9.6
Bed
8.5
9.0
B.8

18.0
21.6
0.8
22.0
2l.6
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On teking the proper average velues, there results

L
$6e9
3l.1
29.5
29.9
28.9
26.1
B354
20.6
2l.6
2l.l
19.4
203

T
949

i‘gﬁf

5.2
5.6
6e2
el
6ol
848
1043
6e4
7.1
547

Sample
gy
ALy
Mg
A16
Ugs
Alg
g,

Alz

g,
AL,
Mg 4
Alg

27

The lesk and leak end sample times recorded above when cone

verted into scattering currents due to samples alone, give

Mg
Wte gse
0112
«0157
«0197
0289
<0854
« 0424
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S
50.8
71.5
8945

121.3
125.8
158.4

Al

Wt ESoe

«0091
0156
.0224
0295
.0345
0449

S
368

65.1

102.7
108.8
126.0
14543

Sémple Nos.

i

o o b & W
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CURVE FITTING

Mg, experiment No. 1

B=%* oo = 7997§§3§555 = 400551

si wi pWi oPWl  g-pEL j.g-pWi gy
9.5 11.2  .05947 1.06128 .94226  .05774 B55.83
79.5 15.7 08337 1.08695 .92000 08000  993.75
86.1 19.7 .10461 1.11028 .90067  .09933 886494
107.5 28,9 .15346 1.16586 85775  .14887 755460
162.6 3544 18797 1.20680 .82864 17136 775461
154.2 42.4  .22514 1.25850 79840 20150 765026

!

Try e, = 01100

oWi eCWi e-eW1°/ (e=cWij2 y wie-eWil'wi(e~ow1)§
.12320  1.1311 .88408 78161 " 9.902 8.754
.17270  1.1885 +84139 «70793 13,810  11.115
«21670 12420 80517 64829 15.862  12.771
J31790  1.3742  J72767  +52951 21,050 154303
38940  1.4909 67075 .44987 25.744 15,925
«46640  1.5942 « 62726 39345 26,506 164662

L e D00C . 7 1107323 Py

Wile=eWl  yi2(e-0Wi)2 pie-cWi’  pijie-oWi . piyiZe-oWi

110.9 97.8 75449 8454 94700
2074 17445 8361 13127 206100

31245 25146 71441 14068 277100

60747 442.2 549.8 15690 459220
84045 §63.8 519.0 18575 650400
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£(e,) = 5029 {4,556 x 80.55 = 5.5107 x 11045}
+ 6{ - 8854 x B0.55 + 545107 x 90260 }

- 4,556 { - 8854 x 110.% + 90260 x 4.556)

= 4 054,170

£'(c,) = 5029 { - 2 x 4.556 x 2257 + 8.5107 x 5207

+ 11043 x 80.55] + 6{2 x 5854 x 3207 -
- 5.5106 x 2550000 = S0270 x 80455}

- 4.556{ 585¢ x 3207 - 4.556 x 2,550,000}
- 110.5{:3854 x 110454 = 90270 x 4.556)}

= 149,857,000

_ 54,170 _ _ e
= - Tkt = ¢000363

e"GWi

88742

.84641
.81090
73529
«68616
«63690

(e-cWl)2 Wie=eWli yi(e-cWi)2

«78751
«71641
65756
+54065
«47081
+ 40564

"L

wil ( e-eWi) 2 Fie-e’u"di

£'(e.)
Je.,
¢, = .01064
ewWi ecWi
.11917  1.12686
.16705  1.18146
«20961  1.28320
30749  1.36001
37665  1.45739
45114  1.57009
wile-elil
111.3 98.8
208.6 17646
314.7 25542
61441 45145
83840 590.0
72942

1144.9

J e &

e ® &

7577

841.1
719.2

555.6

53049
487.4

* ™
B

9939 8.820
l5.288 1l.247
15.975 12,954
21.250 15.625
24.290 16.667
27,004 17.199

v (4K .

Fiwie'QWi FiwiZe -cWi

8486 85040
132086 207820
14169 2791380
16056 464020
18796 665400

20665 876190

o
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f(e,) = 5029;%?'{4.60308 x B2.512 - $.57888 x.lll.7$}

D = 4.60508 x 82.512
Ma = 3891l.9 x 82.512
Mb = 4.60808 x 913877

Wi
11.2
15.7
19.7
289
35.4
4244

the data Of Il’ NQ. 1; Mg, NO- 2; Al, KOC 20

+ 6{ - 3891.9 x 82.512 + 5.57658 x 91577}

- 4.60508 { = 3891.9 x 111.75 + 91377 x 4.60308]

:-l-v.

a8 = 292

“we

b = 712

(8 + D)B = 5.35 4 o17

Si
49.3
795
88.1

107.5
132.6
184.2

Se
5343
71.5
8663

116.0

133.8
150.2

€i
"4-'0

’+8010

+1¢8
«8.5
~1.2
+4.0

S.57868 ¥ 111l.746 = = 20,083
5.57888 x 91877 = ~ 58715
111,746 x 3891l.9 = =« 14,%88.6

€12
16.00
64.00

3420
7230

1.40
16400

(
(

-
4800
100
330
$600
50

400
9380

Similsr computations a&s above were made for

were as tabulated below:

Mg 1
Al 1
Mg 2
Al 2

&
292
192
408
487

712
656
564
248

(e + D)p
533 4 o1
- 08

el4

25

5439

14+

5.16
4.66

L S

The results
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For the purpose of calculating probable error

Fi

a -
+ b= a8

» epproximately. (30)

Henee by the well known result; that if
Q = £(q,, q,, ceeeq )
and the probable errors of the q's are € , €,, e €, then

R, the probable error in @, 1s given by

R = ‘/Z@Tﬁ_ye;z 3
R(e + B) = Z, ("‘,ﬁl'?’“") 7 (31)

we have

By this means the probable errors as shown were computed.
Finally, there result the two values

(ds)
W

Experiment
(as)
(dW)a1

« 989 + +09 Noe. 1
1nll -+ 007 NOQ 2

-—

The mean of these two gives
(ds)
(aﬁlmg
(ds) .
(QW) 41

= 1.05 4+ «06 _ (32)

However, this result issubject to & correction due
to the fact that the air in the column of air intereepted by
the sample in the incident beam scatters according as the in-

tensity in this part of the beam veries with the sample

thickness. In order to compute this eorrection, let
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A = aree of sample
ca = scattering coefficient of air
z = distance along air column from sample.

Then energy scattered in layer dz of air column with sample

in plesce is
IATe dz ) (83)
I= Ke%1l en4X (34)
where, '

K = intensity of ineclident beam at sample
A
A

ebsorption eoefficient of sample

H

absorption coefficient of air

L

1 = thiekness of sample.

On substituting (33) in (42), we have
.' Kae~%41l e=4% Ja dz

The energy scattered in layer dz of air column without
sample in place is

KAe™%% Ta dz
Thus the correction to be added to the measured values 1is

/dAS K‘“"a (1-e-41) / ~MZ =u,dz
where ¢ is taken as a eonstant depending upon the relative
efficliencles with which scattering originating at the sample
and scattéring originéting along the air c¢olumn are meeas-

ured by the ionization chamber.

AS = SEATa (] .« g=41)(1 - e~4R)
where m 1s the rad;us of the spherieal ionization ehamber.
Bub »,m is small. Therefore,

bS = CKATG®m (1 - e~“d)

= CKA(‘%)@ P, m [l - e'(?"{)s V’K‘]
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The corrected value of the scattering is
_(ﬁg_!i
S = 8%+ CKA(%)Qm [l - e"\PLTA
(]
where S‘'refers to experimental values. Now place
o
c
B ﬁo—)aeam -
S = sS*+ KAB{l - e'(?‘)s’f}

g% = §§*+ KB(ﬁe"(%l&

(ds) - (ds) 2%
&)= @, (7

L]

But _
(g8 = n(3)x
Thus,
(38 = (69 + By (5] ()= (G- BUSR

P
(ds)  ( B) (as¥

, | ' (1 .B)
mg.,l(aw’ -,».{___EH - : ey, ;.(_v(l. _E.) (35)

(@,

For computing flz we have

P
= 025 z1+16) 10
AL

(7,-): 18 e
€, = +00124 gs/em® }

£ 8 =00 7 | | (36)
where it has been assumed that ¢ = 1.

15. Heil, Phys. Reve., 46, 58
16« Inte Crite. Table, vol. 5.
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If, however,
= (T
r ‘@K(é’)&a m
is determined experimentally, then

(ds) _ (asy 93
(@), = (@, * 7@,

and

(ds) (dsh) («) - (a8 (x)
aw aW)o(e),  (QW) . (r

(@) (W

AlsOo we have V/ ’
s=8+rafl- e"(’?‘);%}
5 = (a + be™®W)(1 - o~(F)X) (87)
s = (a - rA) + be’ew:}(l - o~ %)

which shows that if S fits a funetion, (37), then s*also fits

& function of the seme forme Thus it is a valid procedure

to curve fit the experimental values of scattering eand apply

the correction later.

Wie observe that for elements whose atomie numbers
ﬁiffef but slightly the correction is small; but when the
difference is large, as for example for boron and aluminum,
the correction is not small. It is especially to be noted
that if thet part of the incident beam beyond the sample
whieh is intercepted by the sample falls, for example, upon
& metal window a large error is introduced in the messure-
mentse.

On applying the eorrection ($6) to the result (s2),

there results
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(ds

) (9)
.%E@Ms = 1,04 4 +06 = A& (38)
as) . . )
(GW) 41 ' (Plg

The result (38) depends uﬁon the assumption that the
ionization eurrents measured are proportional to the energy
scattered by the samples. For an ionizétion chamber operating
at a voltage well upon the'flat portion of i?s saturation
curve, the ionization currents depend only upon the total
energy scattered for scattered radiation of a given quality.
Even for voltages below the saturation value the ionizaetion
currents for low intensities of radietion, as those in this
work, sare proportional to the total energy scattered but are
not independent of the angular distribution of the scattered
radiation for asymmetrical dispositions of the chamber and
collecting system. This 18 true in this case because the
field 1is asymmetricai and the efficisencies of the chamber fox
beams of different directions are different. The state of
saturization of the ionizatlon chember is not known sinece the
saturation effeet sought was masked by a large "natural leak"
which varied with the chamber voltage and otherweonditions the
nature of which was not apparent. It was also found that on
changing the chember voltage, several hours were required for
the state of saturation to become constant. Since great care
was taken in placing the collecting system symmetrieally
with respect to the ilonization chember and since some indica~-

tion of saturation was discerned in the measurements teken,

17. Compton and Allison, X-Ray in Theory and Experiment,
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it is essumed that the ionization currents were closely pro=
portional to total scattered energy and practieally indepen=-
dent of its angular distribution. It is aiso assumed that
the sngular distributions of the scattered rediation wese not
80 different that the scattiered radiation falling in the small
portion of the sphere isolated from the lonization chamber
by the cellophane coﬁﬁ was of consequence. In the auxhor?s
Master's Thesis, pp. 3~18, 1t was establlished that of all the
radiastion scattered by the samples in the case of the light
elements only the Thomson and Compton radiationvreached the
ionization echamber. Also, experimental wofks were cited from
the literature -° which esteblished thet for the light elements
with neilghboring atomic numbers, the quality of the radiae
tions scattered by each are not appreciably different; but
for, say boron and aluminum, the difference in quality is
gmall but not lnappreciable for the purposes here.

To recapitulate the conclusions of the discussion
above we have: the method as described gives a correct re-
sult for the ratio of the seatﬁering coefficients for the

Thomson and Compton scattering only.
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THEORETICAL RESULTS FOR THE RATIO OF SCATTERING COEFFIC IENTS

According to Wentzel, Woo, Waller, Hartree, Jauncey
and othersl® the intensity of sabtering from en atom of atomic
nuuber Z on a sphere of unit radius at the scattering angle /

is given by

il

I, :ce{Fz + R(z - [£2)]

where

64 | 2
Ie = IoZrrmret (1 + cos®¢)

F = coherent scattéring factor

L£% = incobherent scattering function
_ 1
R =I5 _vers 7)

mop

Hence the total scattering is given by

S = 10—%%-76 + coszf)d(cos;O) {Fz + R(Z - Zfz)}
and B | '

= -’{Iv\-yz-ﬁ—*-(l + cos®p)d(cosy) {Fz + R(Z = Zf.z)} (39)
where N, = —',‘—i*is the number of scattering atoms per unit mess.
values of F and ng have been computedlg for a suitable range
of values of’aLsin{i. By means of these resulis and (39) the
following scattering coefficients were eomputed: | |

D= .764° ; G,I)“? +391; (%—)N:: «405 ;

e

)

In computing the results (40) from (39) it was

)" = 965 (40)

evident that although the scattering coefficients var:i.éd with
wave~length their ratios varied bytslightly in the interval
0= (70 - +80)A%.

18, Compton and Allison, X=Rays in Theory and Experiment,

. Chape I1ll.
19. " " ® , X-Rays in Theory end Experiment,

N . Appendix IV.
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Heilzo computed by the method above the scattering

coefficients for carbon, eluminum, iron, tin and gold in the

range of wave-length O = (e4 - 1.1)A0. FPor representing his
results approximately he offers

% = 40230 gl*16a | (41)

from which we obtain

A= .vemf . ég?)"a: «312 3 (%)M-.:.Me : —%ﬁ:: .912

(42)
As to the differences between the results of (40)
and (42) I have nothing to offer.

CONCLUSIONS

The theory predicts the ratio of the scattering of
magnesium to that of aluminum to be less than one, but the
experiment shows this ratio to be greater than one. It is
to be noted that the theory refers to all the scatbtered |
radiation and that in the experiment only Thomson and Compton

gcattering ls measured.

20, 1loce cite
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