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Arthur Compton

Washington Univ.
18692-1962

Compton Scattering
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THE

PHYSICAL REVIEW

A QUANTUM THEORY OF THE SCATTERING OF X-RAYS
BY LIGHT ELEMENTS

By Arravr H. Compron

AnsTRACT

A theory of the of X-rays and y-rays by light elements.
—The hypothesis is suggested that when an Xeray quantum is scattered it
spends all of its energy and momentum upon some particular electron.  This
electron in turn sc in some definite direction. The change in
momentum of the X-ray quantum due to the change in its direction of propaga-
tion results in a recoil of the scattering electron. The energy in the sca
quantum is t less than the energy in the primary quantum by the kinetic
energy of recoil of the scattering electron.  The corresponding increase in the
wave-length of the scattered beam is M — Mo = (2h/mc) sin® 0 = 0.0484 sin® §4,
where & is the Planck constant, m is the mass of the scattering electron, ¢ is
the velocity of light, and @ is the angle between the incident and the scattered
ray. Hence the increase is independent of the wave-length, The distribution
of the scattered radiation is found, by an indirect and not quite rigid method,
to be concentrated in the forward direction according to a definite law (Eq. 27).
The total energy removed from the primary beam comes out less than that given
by the classical Thomson theory in the ratio 1/(1 + 2a), where a = kfmcdg
= 0.0242/Ae. OFf this energy a fraction {1 + a)/(1 + 2a) reappears as
scattered radiation, while the remainder is truly absorbed and transformed
into kinetic energy of recoil of the scattering electrons. Hence, if o is the
scallering absorpiion coefficient according to the classical theory, the coefficient
according to this theory is ¢ = ¢yf(1 + 2a) = 6. + 52, where o, is the true
scattering coefficient [(1 4 e)e/(1 + 2a)¥, and o, is the coefficient of absorp-
tion due to scattering [ae/(1 + 2a)f. Unpublished experimental results are
given which show that for graphite and the MoK radiation the scattered
radiation is longer than the primary, the observed difference (Asyz — My = 022}
being close to the computed value 024. In the case of scattered y-rays, the
wave-length has been found to vary with # in agreement with the theory,
increasing from 022 A (primary) to 068 A (# = 135°). Also the velocity of
secondary B-rays excited in light elements by y-rays agrees with the suggestion
that they are recoil electrons. As for the predicted variation of absorption
with &, Hewlett's results for carbon for wave-lengths below o5 A are in
excellent agreement with this theory; also the predicted concentration in the
forward direction is shown to be in agreement with the experimental results,




Compron Scaulhecy
T ~ g

L\ S ~ (5‘%‘—6
'\f\'\\’\“’ '.M\ | | |
b/w> .6- ) \7{ A , hv =E
6
Ph/;k’"\ Yree ,O&f NST .-\.— 17
e / o
\ﬂ'\> bt ES
Momentum Cong. 1n TrRANS wnce olirect 19~ L
S B ==fPcCc+mc
i AN
[/
for phaton
S\,l\& - EK' s,‘ne f

<P



Momentum Comt. in His '%c)i-\-ud‘.l\al Acectidn
— —

€ - By = ﬁ’ 056 + Coch " A
boe u ("S"‘@‘["(Eﬁ'g‘”é’)]
£C

E‘Z" - E_!r'cose) . [: -(Er 3 9)2]

&

Mu\k., \ C_l re
\ ) 64’9““@
2 %% = “_2E E @+ E;
= (E, -E CsB) + E,, S8 = E . - 25E wso+Ey



Coameonve ki u{) Emgr,\(

B
4

Byt M= B mectepte

‘ 'y

E.h, - 1EXE{,68$6+ .

2 b 2 _ 2
E_+mM,cCc = E., * \me_c. & TREE . osP +E




h < WL S

(1— cos @)
: Radiation scattered
from a target such
& as graphite
g (a)¢=0°
£
A
J.I'I]
=
B

bound
Olectcont

/[



Ma xwell s equat ony

‘mmpc (V)
ditFractiz—
Rebract (o
die [feASL o




Lowis Vickor Vierre Ro.,a moncl 71“ oduc ole gl‘agl:'e_
1Baz - 198¢F

Frunce_

1924 mgS > (seard om e ﬂ-torua Ug J’{dam‘lz.
1924  Nobel Pr-"y_ A N\‘as;cg

perhaps the same

N\f'\\'\"e/\ Cenn\ kw—z e we C/('\O«&-C'{'n'l ‘é tiesS relationship holds for

wc‘m( % ’A _ L\ matter?
|




Clinton Davisson and Lester Germer
Experimental confirmation of the wavelike
nature of electrons - 1927 - Bell Labs

Davisson and Thomson won the Nobel
Prized in Physics in 1937 "for their
experimenta discovery of the diffraction
of electrons by crystals”

Diffraction pattern of electrons
scattered from Al foil.

George Paget Thomson
18692-1975

son of J.J. Thomson

Aberdeen Univ.

independent discovery of same
phenomenon



