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SUMMARY

The relation between the frequency of hard rediatiens
and the absorption goefficient is nolt experimentally well es-
tablished at the present time. In the following work, the ab-
gsorption soefficlent of"ﬁlrays of ThC” 1le ¢arefully inveati-
gated owing to their homogeoneity.

As 8 result, the obrerved abscrption coefficisent of
light elements is found to agree fairly well with the theorétical
formula of ¥lein and Nishina. Running from low %o high stomie
numbers, the abrorpbtion per electron ig, however, found to in-
ereare oontinuouely. This wase not noticed befors becsuss it was
usually covered by the photo-electric abeorption of the soft
somponents in e non-homogeneoue besm. urthermore, in some
geser emphasie wae given to the nese absorption coeffieclient
whieh ies exceptionsally high for the hydrogen coﬁpounds,.eénsaﬁ
quently the charescterlstiec of the continuouc inereace cf the
absorption coefficient per elsctron was neglected.

In orde& to interpret thie anomslons abgorption, several
goattering experiments are carried out. The forwar& soattering
can be accounted for by the assumption that all the externsl
electrone behave sae if they ere free in high frequency radiations
around & few x-units. Theoretically the part of the enomalous
abgorption of heavy elcments mizht be dﬁe to the scattering of
electrone inside the nucleus or thet of tightly bound elestrons.
The fact thai, although such & prceeés does not contribute much
eeattering in the forward direqgiion its contridution in large
geattering angler may baoome'impoztsnt is algo indlicated in the

experiment.



THE ABSORPTION OUQIZFPICLENT OF HABD GAMMA-RAYS

I Inbroduction: The classicsl theory of the seattering of

radiations can only roughly secount for the experimental re-
gults in the reglon of relatively 1ang anemlangthi 1ike that
of soft x~rays. For hard radiations, it departs widely from
the obgervations. A, H. Qcmgtonl)aﬁ& P, Debyef)inﬁependentlg
applied bthe guantum eonslderation to the problem of scatter~
ing. ©The main conelusions reached then, are the followingt
(1) The wave-langth of the scattered rays should be increased
by an asmount aAwhieh is given by

2 A z%{(——we)=2»<{~.-‘&<+(|~60a6)x10"”% (1)
{2) fThe intenaity'afythe,sc&ttére& rays deereases rapidly
ag the angle of scabtering increases. The following formulas
was proposed by Gemy%ong)

2 A
Ia 110‘,}{, 4 Con O+ 2 (144 - Coa @)
f/—h{ (I——%&)}s‘

(2)

where 1, is the scattering intensity at O=o0 and U’L=’£’V’/'n1 ¢t
The change of wave-length was confirmed very satisfactorily
by experiments in the x-ray region. Determinations of the
intengity distribution of the scattering with x-rays ars very
diffienlt to make. On the other hend, observations of the
goattered “7frays have been made and sgree approﬁiﬁaﬁely
with the theory as shown by the experiments of Qompwonf}
Kbhlrausehf,and Hoffmﬁnn? but the quantitative agresment is
not conclusive, owing to the lack of & homogeneous beam and

the low lntensity.
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7)
In 1985, Pirsc worked out & formula for the seatber~

ing inbensity by the new quantum theory, which is faizly
eloge to that of Gemphon, After the ﬁevelapmenﬁwmf Biraefs
theory of spinning electrons, Klesin and Einhinaawarkaa cut a
new seattering formmlse, which ia very mueh different from
thoge of Compbon and Eixam for high fresquenoy radlstions, but
approaches bhem for m@aérate frequencey. The meattering in-
tensity due to one eleetron, secording to Klein and Rishims,
is given by

I =7 e? |+ cor® ol (1~ )
& DZ‘MLC,QY; [/+,L(t~<:s-.9£73zr (/+Gv?§(9)[/¥—{(/‘-cn&)j }

(8)

The difference betwesen this formuls and that of Dirac ia duse
50 the sscond term in the lasgt fasetor, whieh is missing in
Dirag’s formula. Now, by integrating over all directions and
multiplying by the number of free electrons per c.c., we get
the saatteriﬁg coeffigient

oo SRR (R A ey 20)

/4 3
O+a)* | .

ﬂ@ff¢4%?(ﬁ44x)~ )
Phe btesting of bhese formnlae ean be approached elther
by the measurement of secatbering inteneity or by the determin-
ation of the absorption coefficlent. In each method there are
gpeclal sadvantages and diesdvantagss. For exemplej since the
goattered radiations ars of aifferent hardness, thelr effeet on
the ionization chamber or electroscope are different from that

of the primary radistion, or that of radiations seattered at
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another anglej on the other hand, the messurement of seattered
radiations gives the intensity distribubion directly. The
ahsorption messursment has the advantage of dealing with
greater intensity, but i1t only tells the net loss, whieh might
ineluds different ceusee than true scattering. Bettsr inforx-
mation can only be ohtalned by the carrying out of both
metnods. The present work desls mainly wlth the meesurement
of the abeorption coefficient of hard (Y -raye, mlthough
several scattering measuremente have alro been mads fo sup-

plement 18, ThC’ is used ss the sourcs of J-rays.

II  PREVIOUS UORZ: A large number of contributions on the
determination of the abeorption scefficient of 7 -raye can
be found in the literature. But different suthore ususlly
abtained different results. A good summary was given in
Kohlrsuech's Handbuch der Experimentalphyeik, Vol. 15, Radio-
ektivitet. The main canges of the previcus disorepancies
are the following: (1) Most ﬁeterminatibns werge made on the
¥ -rags of RoC.. Unfortunabely, the ¢ -rays from RaC
are very inhomogeneous, &g shown in the secondary B=ray
spectram. 8o 1t is very difficult to draw any &sfiﬁita gon~
e¢luslons as to the relation between the frequenscy and the
absorption eoefficient measured. (2) Brrors were often intro-
duced dne to the unsuitable sxperimental srrangement. In
moab cases the sourece was not well sereened, divergent beams
were wsed, and the mbsorber was put too elose tu the meapur-

ing spparetus (elsctroscope or lonization shamber}. In
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gongequence &n appreciable amaunt of scattered radistions wssg
received, and this mads the result unreliable. In several
experiments like those of Xohlrauseh the experimentsl con-
ditions were quite favorable, but the inhomogeneity of the
redistlon stlill made it diffieult o interpretb.

The' ig found to give a narrow band of ¥ -Taje
of wave~length around 4.7 XU, which is quite intense and far
removed from the remsining 7 -ray spectrum usually cecuring
together, Table I shows bhe composition of the  7-rays of

g9) 10)
ThC” obtained by Black and re-ecompubted by Bastings.

TABLE I,

A(xu) KoV, T(p) e

45,1 277 9 2.8

22,5 515 28 9.3
4.7 2649 5,8 88,4

In the sahove table, XK.V. represents the energy of each lighﬁ
guantum in kilovolts, I(#) the intensity distbibution on the
@ -ray spectrum due to different ¥ ~ray components, and
T(¥) the intensiby distribubtion of the ¥ ~ray components
themselves. The requlrement of the homogeneity of the rays
is therefore msatigPied to & esrtain extent by this slement.
Investigations of the absorption coeffiecient of these rays
have been carried outb by Russell and aoddyfléutherfor& and
ﬁichar&eonigéxmost 80 yesrs bgo before bthe modern teghnique

of the sensitive current measurement wes developed., It has
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also been measured recently by Bastings., BEut as all of thess
observeré need fairly divergent beams with the elestroseope
placed near the absorber, an &pprecisdble smount of the
neattered rays entered the electromecope. This btends to lower
the apparent vaiue of the abmorption coefficient. In faot, in
Baatings' experiment this was purposely done in order to obtain
the chenge  of this apparent asbmorpiion coefficient. It is
the?afar&‘tnonght degirable to make mesasurements on a'ﬁarraw
beam of theme rays by the use of modern séneltive spparatus

so that the velue of the sbsorytion cosfficlent expsrimentally
determined fits @ﬁe‘ard;nary,&efimition snd thus mekes pog—
sible a comparison with the theoretical velues of Xlein and
Nishime's or Dirse's formulae. %he present work is carried
out for various elements to test the variation with the atomie
number, |

III YHE RADIO-AGTIVE SGURCE: Rd-7Th is used as the radio~

sctive sourea, snd Th( is férmed after seversal tranafo§~
matiens, The quantity of RA-Th is separated from Ms—Th and
found to be gulte pure from & measursment of the rate of deesay.
88 days sfler the sepsration of the Rd-7Th from Ms-Thwhen the
equilibrium stats is practieally resched, the J-ray inten-
sity of the source is found o be equivalent %o 3.595 7ng Re
and it decressss to 3,210 myRa in 115 days, ‘thie gives the
helf period =708 days.

IV 0 GXPERINETAL ARIMEGHEIAT: In determining the ab-

sorption coefficient, particular care is taken to secure a

parsllel beam and %o avold the scatbered rsys from the
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container of the soursce and the absorber. An apparatus
gimilsr te that of Kohlrausoh is used, The radio-mebive
sourse is put in the center of allaad aylinder "C" by the
use of a lead plug "P" in a specisl form to out off any
atray raye A&s shown in Pigure 1, The lead sylinder is

82 om. long 8nd 32 em. in diameter, It can be roteated
ahout & vertieal axies in two ways, flrsk & comsrse rotstion
Yo any extent, then & slow rotation by sorews ¥38% in an
pxtent of sbout 20°, The genal on the lead plug is of 3 mm.
in &lsmeter ot the inner end Bnd 1 em. in diameter st the
outer end, so ib allows & conigal besm having & semi-angle
of aspproximstely 2.5°, ILeed filters of different thiekness
are used to oul off the soft componente of the Tirays,
They are represented by P" in the figure. As measuring
appsratus, Professor Milliksn's cosmie ray electroscope is

waed 4t & distence of 8 meters from the mourge.
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In a lsher group of experiments an ionization chamber eon~
nected to & veocuum electrometer of tha type developed by
Professor Heffmenn is wused &t & distance of 1 meter from
the mouroe.

Phe inteﬁeity'af 7/~raya becomes falrly low after
being filtered through several oma of lead. 8¢ the natursl
leak of the méaauring apparetus becomes very important, As
natural lﬁak,VWQ mean the effeet of the loeal rsdis~mctivity,
the cosmic raye, and %hérwall effect, The last one is quite
serious &b first because of its fluotuation. This is elimi-
nated to & great extent by the use of high pressure ingide
the ienigation ehamber and sleo by taking resdings of long
duration. The coemic rey electroscope wae originally ocon-
strueted with an sir pressure of about 9 atmospheres. In
the ionlgstion chsmber the &ir'prasauré is about 26 atmos-
pheres. The lonization cheamber 1s mads of steel and is
16 om. in length and 10 om. in diameter with waliiﬂgg 5 em,
thickness. The sensibtivity of the electroscope is.ozefégi H
the sensitivity of the Hoffmann slectrometsr can be pushed
very high, but owing to the fluetuation of the wall effeet,
it is better when used with & Jlow sensitivity.

v PROCEDURE: The sbsorption coefficlent is determined by
measwuring the ionie eurrent due to 7 =rays without and with
the absorber. We shall ¢all the readings without the &b~
gorber the initisl resdinge, and those with the absorber the
final readings. The absorber is put immedistely after the
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filter, ec that it is kept far sway firom the measuring
agparatus; and very 1ittle of its gesttersd rays oould
enter there. H¥ow, hoth the initial and finsl resadings are
corrected for the natural leak and the secattering (Que teo
the source contasiner and the ﬁilﬁeﬁ} by subtraoting the
value of the ionic current observed when the lead oylinder
is rotated through 6.8° o that the primary beam just misses
the ionization chamber (ox the &leetroscops). Let I and ¥
represent the initial and final ionikaﬁion currents; let
AT and AF represent the initial and final corrsctions due
to natural leak and scattering, anid call the thickness of
the absorber d; then the sbeorptlion coefficient A ls glven
by &

/Z7 ( —AI (5)
F~ 4AF
In the experiment with the electrometsr, two sets of readings
are taken for each substanee, gach set consiste of aboubt 10
initial resdings and 10 finsl reedings asnd 5 initilsl correction
readings and 5 final correction readings. The ratic of the
{nitisl resding to the final reading from two sets differ by
less then .6%. The consistancy of the correction readings is
of mbout the same order. The probsble serror of the absorpiion
soeffiolent computed from their mesn is sbout £2#. 4As an il
lustration, the xaadings for the debtermination of tha absorp~
tion coefficient in water of the y ~rays of ThG" sfter being
filtered through 6,6 cm. lead is glven below. In this case
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the ﬁima inbervals for the scale reading of the slectromehber
to phange by 12 oms, are first determined. The initial and
final time intervale are indicated ss +I and tF in Tabls II,
thome for initisl and final corrections are indiceted se

$'I and $'P. Sinee I=K/t snd only the ratio of I is nused,

we set K={o> arbitrarily.

TARLE II

{411 resdings sre given in ssconds)

Piret 3et  Sedond et Piret Sek Second Set
1 2 I R H'I 8P YT b
217.4 868,8 219,8 865.1  638,0 644,0 637.0 657.B
217.8 262,1 B817.4 267.,7  63B.5 648.0 633.5 650,0
212.,7 271,0 214,0 265,1  630.0 647.5 640.0 643.5
816.4 268,7 21l.1 261.7  644.0 6B7.0 638.,0 655.0
214.6 . 266.0 211.7 B62.7 @4z§é 646.6 636.0 6%9.0
217.2. 267.4 218,82 £67.5 637,77 644.6 686.9 649,0

218,28 268.7 £13,7 266,9
| 1E/$'T = 1,011, 1.019

813.8 B64.9 £13.8 268.2 | |

220.B 261.8 219.4 260.5

216,2 R266.1 21b5.8 26B5.28

t®/v1 = 1,881, 1,229

. @qLﬂMﬁ=xwoi e g dompnr = 2687

1
7

(—E.I)m% = é’)7.3” (_{:)F >Wﬂvv\. = 646.€"
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I-=&0}é)-=4é3o / F = 35763,
AT = 1467 AF =1546,
T-41 = seé/, F-8F =217
I -4 -
F‘“‘OF '—'/35:// 0{:74-6&"«./ ., /a'l—/zo:'a¢3'j’

The precision of the measurements by the elestrosscope ie of
sbout the same order.

VI RISULTS CF THY ABSURPPICH COMFVICLENT: The absorption

coeffisient /LCOf lead for ¥ -rays of TaC" is firsh in-
veatigated when they are filtered through different thiek-
negser . of lead. The purpose is %0 get some idea of the
homogeneity Qf the rays. This part of the work is dons with
the electroscope, and the result is given in Table III, whare
the firast columm gives the thickness of the lead filter and
the last column gives ths corresponding value of /u, which
1s obtained when & separate lead absorber ie introdueed in
eddition tc the lead filfter, The lead absorber is .8682 cm.
thiek. ‘Phe notations used in Table III have been explalined
already.

It is algo to be noted that differsnt parts of the
goale in the electrowpope are used for different sets of
readings, so the values of the ourrent in differemnt rows of

Table III are not somparable.
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TABLE IIX
M of Fp after passing through different Pb filters
Thieknese of
?b Filter

Care, ‘
«0 4,072 » 108 2.280 «108 +88

€T a7 - oF /u'

1,35 2,063 182 1,439 »130 568
2.78 1.138 162 .8446 1483  ,510
4,08 L.8B11  ,1818 W6B79 . 1805 496
B.44 5214 «1783% L4823 1768 487
6.80 (3511 L1746 3021 L1746 477

In debermining the absorption coefficlients of various
elements, bhe Z/;rays are filtered through 8.8 oms, of lead
in order to get the hamrdest component es fres from the soft
gomponents as possibls. ‘Phe éame lead absorber of thickness
+682 omg, is used here, the thiekness of other abaamhara is
epproximately equivalent to that of lead so that the values
of M of different elements correspond to 7 ~rays of the
same hardness. %Phis pert of the work is done both with the
gleotrpscope and the electromeler. The result determined by
the eleetroscopse 1 given in Teble IV, and that by the

glectrometer is given in Table V..
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TABLE IV
M- of Various Substanses by Electroecope

Substance €T sT F o F Vi
EpQ « 3802 +1701 +285% «1698 +0438
Al - 8870 « 1708 «2821 <1699 +1029
Qu 3369 « 1763 <2789 «1769 538
an «35089 w1771 +2991 +1768 BB
8n - 5355 w1762 #2879 + 1769 «280
Eh #3511 « 1746 » 3012 <1746 477

TABLE V

/u; of Various Bubatances by Electrometer

gubstance I 21 F Pr=a =
-] 4,830 1,569 3,763 1,546 0435
Al 4,878 1,618 4,100 1.592 . 1023
ou 4.697 1.574 3.587 1.534 . 835
gn 4,986 1,845 B.925 1.612 274
Sn 4,946 1.643 3.9%9 1.618 278

Pr 4.906 1,660 3.962 1.616 «478

VII  DISCUSSION OF TH: RESULTS COF Tii ABSORPTION COSFFICIMNT:

In order to compare the experimentsaliresults with the theory and
to have 8 general survey of the gitustion of the problem, the

above results together with soms derived eonstants are again
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listed in Table VI. Here (Ora};resenm the density of sach
substanee, 2 the number of the external electrons in one
atom, s the theoretical valuc of the mbsorption coeffielent
as compubed from equation (4); l.e., from Xleln and Nishims's
formula for A =47 XU ' tha abeorpbtion coefficient deter~
mined by the use of the elsstroseops, /éﬁs,hat by the slectro-
meter, &nd /h,,,ths mesn experimental valums, //p the mass
absorpbion coefficient. The lash row Me denobes the &b-
sorption coefficient per elestronm which ils obtained by
dividing the absorption caei’ficient/uhy the pumber of

external elsstrons pesr c.o. of each substance /\/.—:é.aé.x:oz’f

TABLE VI
Gomparison of /4 Obsserved and /Mﬁ&l:@ula‘bﬁ&

Hg0 Al o 4n sn Pb

£ 1.00 £.68 8.90 V.17  7.29 11.36
7 Bl4l 1B 29 30 50 8g
& ,0419  .0978  ,208  .24B .25l  .3B8
7 ,0438  ,1089 338 L2756  .280 477
e L0436 1023  ,B35  LRTA  .278  .478
o 0437  ,1028  LBBT  .276 L8279  ,478
p#/p  «04B7  .0588  .0B78 0883  .0383  .0420

pexN 0T8T L0794 .0828 0854 .0909  .1062

The above values of /“eX/\/’ are plotbed against 2 in rig. 2,
where the value of watsr is plottsd on =z -8 , this Eeing of

course srbitrary.
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Now, in the derivebtion of ¥lein and Niehime's formuls,
all the external electrons are sssumed to be free, the same
is alsc sssmmed in deriving Gompton's formala and Dirso's
formula, Thus, theorstieslly, the value /“e would be sonstant,
while bthose givén in Table VI increase with the atomic nmmber.
This Lnaréaaa ef /“e might be~$xpl§inaa by t§e following alber-
natives, {1) A part of the scattering mey be due to electrons
inside %hg nusleus as suggested by Professor HMillikan and
Profoseor Bowen. (2] The secatbering of s tigh#ly bound electron
of the atoms of high atomiec number may he greater than that of
a loosely bound electron. (B) There maey still be some trus

absorption dne to the phote-slectric effect, whiesh shoulda,
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however, bs very small theoretically. PFurther discussion re-
'garﬁﬁng there points ls ressrved to the last seotion after
some consideration of the scattering intensidy. It is only
to be remarked here that this eontinuous incresse of the
value M for hard radiations with respect to 2 wae not
noticed before because of the following remsons: (1) Hosgt
previous wazk¢ %@?@idene with nen-homogeneous radiations, so
that this effeet ie oovered by the phﬁto*eiectria abgorption
of the soft eompanantevwhiéh is incressed as the third power
of 22 . (2) This effect was indeed preeent in the early
works on ThUY, but ab thet time emphasis wae given to the
masg absorption coefficient while hydrogen conbtains one
electron with one masg, the hydrogen compounds give high
valnes of #/p , 8o the character of the continuous incresse
of Mo with respeet to 2 was obsoured.

VIIT IASUREMEIT OF THE SCATWIRED RADIAPICNS: Owing to

the low inteneity of the semttered rays, we can not here filter
the primary beam with mueh lesd. At present, it is only
filtered through 2.7 am. of lead, The seattering substance

is @et mcrosa the primary beam snd is just large enough to
cover the whole beem. The intensity of the soattered rays is
meaaured by the ionization ¢hambarvgt a diatance af‘aﬁau% 20

or 30 em, from ﬁhé seattering substance. The Al»hlqek uged

for obasrving the seabtering in the forward direetion is of

1 inch thickness and zbout 25 inches square. It is set per-
pendicular to the primsry besem. For obeerving the acattering
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at 909, the Al-block is set symmebtrically with respect to the
primary and scattersd rays {i.e., ite Iront surdace makos asngles
of 45° with both direotions) so as to maks the computation
simple, In thle cass the Al-hlock 1o thersfore widsr in the
horizontal dimension in order 4o cover tas whole beam., ILesd
blogks of eimilar ares arc also used, of course the thickness
of the Pb-blocks ir made approximately equivalent in mess per
unit ares to that of Al-blocks. In determining the scattering
intensity, two smete of resdings of the lonization current sre
t-keén, one is token without the seatt:iring block snd the other
by introedueing it in the primary besm. The eeattering in the
forward direction van be measured guite well, but that at 90°
is alresdy very emall. The object of this measurcment is o
compars the seattaring of the light slement with that of the
heavy element rather than determining the absoluts inbensity.
The result is given in Table VII. In this table, 5 represents
the mean velue 0f the angle of sﬁattéring, Y the distrnce ba~
tweasn the center of the ionization chember and that of the
poattering blosk, ¢ represents the time interval for a given
displroement of the slectrometer nesdle, T the currvent in |
arbitrary unit or I = (o000 [ s 4T the current dus to
asgatbered raye entering ths ionization chember. In part A,
4T, gives the rerult of one group of readings, 4Z:that of
another group by neing a different seneitivity of the electro-

meter., The bthicknssses of the seattering blocks are repressnted



7.

TABLE VII
A, Seattering in the Forward Direction:

J

O=R2285 r=31§cm, dyg=250cm, dpg="5220cm.
(1} Readings of the Time Intervels of Group 1,

without With Without With
Soattering Al-Seattering Beattering ¥b-deattering

1568" 1443% 1683n 1494%
1680 1437 1573 1478
1670 1438 1563 1484
1682 1467 1666 1490
1566 1451 | 1574 . 1482
1582 1460 1556 1486
1566 1434 1584 1482
1588 1447 1574 1479
1584 1449 1881 1486
1871 1445 1872 1485
1573 1447 1673 1485

{2} Result of Group 1 and Group 2.

+, T, b I,
it?ithaut Scattering 1673"  .63B7 078" +1969
yith Al-Soattering 1447 L6911 4683 .2136
{Withaut Scattering 1895 L6357 BO71  .1862
%ith Pb-Seattering 14886 » 8734 4798 « 2087
ATAL oXpe ATy a1y,
Group 1. ~OBB4 L0377 1.47
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B. Secattering at 90°
¢9 .—"'»fg’/ 7, = 5’{15_&‘*’1 7:2_ =L 0 s ﬂﬁfﬁ :,‘é‘.é‘é S, a,/?_g:‘g-:,éc"v

. ,——A—— ’ Vg

+, x, €= TI.
Without Zeettering 4915" «£035 4547”7 236D
With Al-Secattering 48756 « 2051 4195 + 2584
{%ithont Seattering 48858 + 2046 4247 « 25385
‘¥ith Pb-3vattering 48569 «20B8 4204 + 2379

2Tie  aTpe oTu/lszy,
Group 1 with dist. 7, L0016 ,0012 1,3

Group 2 with dist. 7. 0029 0024 1.2

In the above tabls, the result Qf Group 2, part A ecan be
compared with that of Groump 1; Paxt B if we divide the value
AT of the latter by 1,8. This reducee the two current
values to the maome arbitrary unit.

The absorption eeeffi&iant of A1, for v/izays of
ThQ™ filtered through different thicknesses of lead, is given
in Table VIII for later use in the computetion of scattering.

TABLE VIII
/A of Al after Different Ph-filters

Thickness of

Pb-filter 7
Conm

.0 .150

1,36 .118

.72 .109

6.80 .1086
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IX  QOMPARISON OF TH: ZVPTRIMINGAL RUSULT OF SCATTZRING WITH

9T THEORY: Let 4« be the absorption ceefficient of the primary

rays, /u’that of the scattered rays meking sn angle & with
respect to the primexry rays. ILebt 56 be the fraction of ensrgy
geattered by 1 g.c. of the subsbancs iﬁjgglié angle <4, whieh
im ogoupied by the lonization chamber. Referring o Fig. Ba,
the smount of ssabtered snergy eﬂtafing the ianisation chamber

ie then glven by

£ = /4/1.2 po e wj X, 6

where A represents the cross-section of the primary beam.
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Fig 3

Fow, in the above faxmulag/u’ia only usedé for sor-
reaﬁionm For the present purpose, it is eufficient to estimate
/u'by the fallmwing approximatbe matuﬁa, The value Afor Al
ean be found in Teble VIII, 1t is equél te ,109 after the
9//~rays are filtered through £.7 em. of lead. From Table VI,
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we know that the absorption cvefficient of light elements ls

fairly close to the thooretical value given by ¥lein and

Nishima's formula. So we dan caleulato back from ,“4¢ to get

the mesn value of | of ihe primary besm. This gives
AM:$7XU

By the use of Gampton"s formula (1), we sen osleulate
the wave-length A of the scattered rays &t eny angle O .
From A'we ean sgain caloulete ,«' with the ¥lein and Nishima's
formule. The velus “of Pb is given in Teble III. Apy
is saloulated in another ap_proximate method. Trom Tahie IIX
and VIII we osn csloulate the ratio %, /. 4¢ for different
values 02 “,,. By au interpolation, we can find /«;5 .
¥ith this prdcses we get for & = 22.§°

CARTERG, iy, e - 6%

Por O=% we san not interpolete the value of /op% p
in our previous result, In this ocase /%,4( is esleulated ng
hefera, /44%5 is ealoculated from the following semi-
empirical formulae )

e = Te+ o, 'czz.a£¢Xh;€Vi4i €77
where 6, is given by Zlein and Riehina's formulas, T. i= the
photo-electriec absorption per elestron. In thir way we getl,
for B =907,

N=soxu, =y  upy =174
Referring to Pig. 2b, the smount of scattered energy entering

the ionisation chambesr is given by
25X
- - ; - P,
L=A/)T e Q"glﬂa“[ra Rkt ﬁgf;{/, g )
0

Z,
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where &' is the angle between the primary beam snd the surface
of the scattering block and is also equal to the angle betwsen
the scattered beam and the surface. In the present case 57,7
G'= 44°

The above eomputation of 4 is certainly very rough,
but the values found are snfficiently cloee for the purpome of
gorreoting terms.

By the use of the above values ‘¢, py, /a,;; /4,»;
and A,  ofp, we can caloulate the ratio Ly / £ Pb from
squation (6) and (8) if we mgsume & certain rslation belwaeen
4 6,4 and A6y, . Sinee £is proportional te « 7 , this
ratio can be compared with the experimental ratio £, A Zpy

¥e are going to test different assumptions, whieh
can be put over 4 6, and S 63, . First we might sssume
that the absorption of different elements is all dune bo
scattering and they scatter in the & me way with resypect to
space distribution. In this casse we should have

2 S
24 T ph AP .
Garrying out the computation, we get

,_é./ﬁ‘-‘ £
( = )écfz.e,y& =/ot -Ef‘j;)?ao Sy

Qompars theee btheoretiecel valuse with the experimentel values
of (4 Ly / s Ipy ) » We 8ge that the theoreticsl value for
the forward secatbtering ie, boo ilow, in which case the difference

certainly lise outeide the limit of the experimentel error.
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We might assume thet the scattering intensity is
approximately proportional to the number of externsl electrons,
but a part of the abesorption is due to some other causes such
ae the nuclenr seabttering which contributes gquite appreciably
to the absorption but very little to the scattering intensity,
at lessat in the forwerd direcetion, This anomslous absorption
can also be traced to the socattering of tightly bound slee-

tronaﬁi Baged on this assumption, we get

£ £
= Rl iy
(2, Jyu=rte,  (F2),. =12

We see that the forwsrd ecattering can be mccounted
by this assumpiion very satiafaoﬁorily, while the departure
of the values at 90° is also to be expeoted. For the part
of the snomalous absorption might contributs eome mcatbering,
which is not appreciable in the forward direction but becomes
important when the normal scattering intensity decreases as
the angle of scattering inoressss. However, the scatbttering
intensity at 90° is so low that the probable error is very
high and we could not give foo much emphesis on thie point,

To sum up, we crn pay that the forward seattering
is predicted fairly well by the Klein and Nishina's theory
regar&ing'the exbernal electrons as free for high fréquamoias;
But an snomslous absorpbion is pregent which incresses as the
atomie number ;; inaersesea,; and this anomslous sbgorpbtlon does
not give much Boattered rays in the forward direetion as the
normal secattering proecess, i£ might, however, become important

a8 the angle of gseattering increases.
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