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THE THEORY OF COMPTON EFFECT
By K. ( KAR
(Reccived for publication, March 18 1940)

ABSTRACT. The wavestatistical theorv of interaction hetween radiation and matter
previously developed is extended by taking into account the energy and momentuimn of recoil of
the seattering electron  The well-known  Hinstein-Dirae {formula for the intensity of Compton

scaltering 1s derived

While discussing recently certain probiems! on the interaction hetween radi-
ation and matter from the standpoint of wavestatistics, 1 have derived, among
others, 1'homson’s classical formula for the scattering of radiation hy an electron.
In so doing I have neglected the change of frequeney that s produced by the
recoil of the scattering  electron,  The object of the present paper is to show that
the intensity of Compton scattering may be casily derived by the above method if
the change of frequency mentioned above is taken into account.

Now the fundamental assumption made m the previous  paper is that as soon
as the incident radiation hv, approaches the scattering electron up to a critical
distance r,,, both the g- and p- components of the phase space for the region
surrounding the eicetron (r < 1, ,) temporarily acquires negative viscosity relative
to the region outside (r = r,,). As a result of that, kv, cuters the inner region
thereby considerably increasing its phase density.  Consequently the region imme-
diatcly develops positive viscosity relative to that outside and the radiation is
scatiered away in different directions. ‘This is in short the mechanism of scatter-
ing as imagined in wavestatistics. It may, however, be noted that the critical
distances of approach and scattering may not in general be the same.

As already shown the wave equations arc
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and similarly for xg-wave. In the ahove b denotes the viscosity and I-T.z the
average interaction potential between radiation and the free electron. It is cevi-
dent that Uy=o for the region inside, while Ugy=Fo for the region cutside.  This
may be taken as the condition which helps the growth of viscosity in a given
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phase space. It is shown before that the interaction potential for s-type radiation
is given by
’ 81rc v 0¥ cinde (
uU; y 0 sin 'y o (3)
O

where m is the mass of the clectron, () the volume, «, unit vector in the direction
of the electric field of the electromagnetic wave, Q, the coordinate of radiation and
vs the phase.  As egs. (1) and (2) must be identical at the boundary we have for
s-type radiation

b]":b.2 :‘;—;—.N/hv, .fT!’ (4)

where b,* and by’ are of the nature of the viscosity coefficients of the ¢- and p-
spaces respectively.
It is sllown before that the wavestatistical average

A 8772‘13

and as we have approximately g,,';’ = (Qs.)2 the interaction potential in (3) becomes
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Let v, De the frequency of the primary radiation. Its number densities
before and after scattering arc cvidently 6—5 and % '&,_21 respectively. Conscquent-
ly the number densities of the scattered radiation of frequency v before and after

. 1 N .
scatlering would be o and 0 respectively.  Hence we have for the scattered radi-

ation corresponding to (6)

e =het 1 Bgingy 47riv(r ' (7)
2T aQm Ver ‘o 7 !

On substituting in {4) the value of U3 from 6) we get for the dampimg co-
efficicnts of s-type radiation
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Sunilarly we have for the scattered radiation
2 L Y} amiv i
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On putting by’ =a," we get from (8) after integration with respect to {

(ne? ) —amivd
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Hence we get for the rate of scattering in the g-space

2 {’5 = ami(v _-v )t
ser o _ 2e in ' $e
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S
It should be noted that the above representis the rate of scatiering by one
ciectron. So to get the rate of scattering by a volume-element dr, where the
instanlancous number density of the scatlering electron is given by
amibint _ qmilly(kin.)
Dd7=xi,m Xiz,n . h . € h dT, (]2)

onc has to take the product of (11) and (12). Now, putting ¥ —Ex=Iv' we find
from (r2)

amibiy | gmili, (kin.) |
— amid - ’ - .
Dar=c 2™ Xt wxbim.0 T e h dr . (12'))
It is well-known in wavestatistics! that because the phase waves are stution-
ary, the last two exponential time factors may be dropped while integrating over
the phase space.

Thus the rate of scattering per clectron when there is change of momentum
of the scattering electron, is given by

—anilv + v —1v )t
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It is cvident that the integral in (13) representing the scattering clectron
is unity. It would be, however, noted that the above integral for a fice c'ectron
does not vanish because the electron before and after scattering moves in diflercit
directions. We have then from (13)

— ami(v v —v )t
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Now as bﬁa' = a‘ia we have on integrating (13°1) with respect to time and

remembering that . = o at f = o,

[ 3 —amilv_+v'—v 't
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Similarly
sr e? | = B O i 3 3 Zﬂi(":+"' - ").)1
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Now the total number of quanta scattered in any component is

3 v S(rosU
NY = ¥a)"d) . ... (16)
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In order to replace the sumination by integration one has to multiply (16)

artv2dv sinbdé
o g

Dy 5 giving the number of hvo_ -quanta of on¢ kind of spin
o

in the volume 2, moving at an angle # with the direction of the incident radiation.
Morcover, since ¥y and y  are the values of the phases at the boundarics,

s
we may take
2Ty 2my
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where Tor? Tos M the boundaries for o- and s-type radiations.
Let us assuune that for the g-space
vy _ Tsuvr (17°1
v oo s 0§ 70
which means that the harder ray is more penetrating. So from (17) we get
si siny = 1. IT)
iny, Isiny = 1 (17°11)

I'he above assumption canunot be valid in the p-spacc. It is assumed that
in this space
4 = 4= . ( ‘2
Tou‘ au_ TOS as 17 2)
ad o oo is, as it should be, nearly cqual to 108 Conscquently from (17)

we get approximately

sinyo_/éiuys =7, v (17°21)
'l’s
Again we have L
sin”yq = %, ... (18)

Hence, on substituting the values given in (17°11) and (17°21), on remembering
(18) and replacing the summation by integration, we get from (14), (15) and (16)
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If the ncident beam moving along v-axis 1 unpolarised, then for seatiered

radiation al an angle € we have®

572 s A() + cos? '
u.sn‘r g(l +cosE0) . .. (20)
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Now 1 Compton scatlering, the loss of energy of the free clectron, viz.,
1. =l = ', depends on the direction of its recoil, i.c., from the conscrvation
of momentum, on the angle of scattering of the radiation.  “I'hus we may put

vp=v + oo (21)

where vy is the frequency of scattered radiation at angle ¢ .nd from

conservation of energy and momentum it may be casily shown that

v hv
Vo = S M e § (z171)
fi 1 Faly--cosf) ’ noc® o
1lence (rg) takes the form
™ o
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Because the value of the expression, within the sigu of integration with
respect to v, is concentrated near v = v, onc may take 1'; out of the inte-

ural as 15 The integral that is left can be readily transformed to the standard

form
L 8

sinZhx
T dy = alk .
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Hence we have {from (22)
n
TI'C4 ns 3 QB . 0 0
Ns = W(Z_W,Vzt 1'6(1 + cos?0)sinfdf . oo (23)

Let 10 denote the intensity of Compton scattering at angle 6 at a distance

n
r from the scattering electron and I, = -Q‘E the intensity of incident radia-

tion.
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We have {from (23)

2,4 (1+cos?0) . (29)
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which is the formula for the intensity of Compton scattering, as given hy
Einstein, Dirac and others.

If we neglect the encrgy of the recoil of the scattering electron, v=o and

50 from (21) vg T V- Hence from (23) after integrating with respect to €
an !
I =" -, .1 (25)
37 om2ct 0 >

whicl is the well-known Thomson formula of classical scattering.
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