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OUTLINES

» Compton Effect
» Compton wavelength shift
+» The kinetic energy of the recoil electron




Compton Effect:

A phenomenon in which a collision between a photon and a free
electron take place, as a result the kinetic energy of the electron
increase and the wavelength of the photon also increase. As a result
of the Compton Effect, the photons transfer some of their energy to

the electrons.

Compton wavelength shift:
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Figure shows the collision between a single photon and an electron which 1s assumed to
be at rest. Initially, photon has energy E given by,

Eeh _hc
— 1/_/1

And linear momentum p,

E

P=E'

The electron, at rest, has rest energy m,c?. After scattering photon moves at an angle 8
with energy E' and momentum p’. And the electron moves at an angle ¢ with energy E,
and momentum p,.

From conservation of energy,
E+myc?=E +E, ciivieeieeann. (1)
From conservation of momentum, in x direction
Initial momentum=final momentum
p = p.cos¢p + p'cosb
= pP.Cco0S¢p =p —p'cosO ............(2)
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And, in y direction

0 = p'sinf — p,sing
= peSing = p'sind ... ......... ... ... ... (3)
Squaring and adding equations (2) and (3),
pZcos? ¢ + pZsin® ¢ = (p — p'cosB)? + p'?sin* O
pZ(cos? ¢ + sin® ¢p) = p? — 2pp’cosO + p'* cos? O + p'? sin? 6
WP =p% =2pp'cosO +p'? . (4)
Now, from Einstein’s relation,
EZ = mic* + pzc?

= (E + myc?> — E")? = méc* + (p* — 2pp’cosO + p'%)c*

= E?+msc* + E'* + 2Em,c* — 2E'm,c* — 2EE’

= mic* + p%c? — 2pp'c?cosO + p'?c?
= E? +méic* + E'* + 2Em,c?* — 2E'm,c* — 2EE’
= mic* + E* — 2EE'cosO + E'? [E = pc]

2Em,c? — 2E'm,c* = 2EE' — 2EE'cos0
mec?(E —E") = EE'(1 — cos0)

E—E'_ 1 (a 0)
EE"  m,c? €05
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hc hc myc? €05
AN—2A1= (1 — cosB)
m,cC

Here, the quantity h/m,c is called Compton wavelength. It is also denoted by A, where A
=2.42pm.

The kinetic energy of the recoil electron:
The kinetic energy of the recoil electron is,
E.=hv—hV
Where, hv is the energy of the incident photon and /v’ is that of the scattered photon.

From equation (5), the change in wavelength in a Compton scattering is given by,

, _h B
ﬂ—i—mec(l cos@)
=S—S- 2 (1-cosh)
A% V. mec
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e e (1 — cosBd)
1 1 1

e e (1 — cosd)

1 mge? + hiv(1—co=8)

= =
hi himge?
hvmgec2
= hv'= £
mge® + hv(1-cosd) ‘II[
i %
= hv'= o
1+ = (1—cos8)
h¥
= hv'=
1+ xil—cos8)
hi
Where, o =

Mg
Hence, the kinetic energy of the recoil electron 1s,
E=hv— hv

hi
1+ x(l—cos8)

= hv-

1
=hv|l- 1+ ﬂf[l—casﬂ}]

23 1+ @(l—cosf)—1
= hv| 1+ x(1—cos8) ]

. Z(1—cos8)
o hv[ 1+ rx(l—cazﬂ}]




&25in28/2

= hv [ 1+ @x25in28/2 ]

2ogini@f2 ]
1+ 2asin?8/2

Er =hv]|




Mathematical Problem

X-rays of wavelength 10.0 pm are scattered from a target. (a) Find the wavelength of the x-rays
scattered through 45°. (b) Find the maximum wavelength present in the scattered x-rays. {c) Find
the maximum kinetic energy of the recoil electrons.

Solution
(a) From Eq. (2.23), A" — A = A(l — cos ¢}, and so L

A=A+ A1 — cos 45°)
= 10.0 pm + 0.293A¢
= 10.7 pm

(b} A' — A is a maximum when (1 ~ cos ¢) = 2, in which case
A'=A+ 2 =100 pm + 4.9 pm = 14.9 pm

() The maximum recoil kinetic energy is equal to the difference between the energies of the
incident and scattered photons, so

1 1
— h —_ r — hc — ——
KEmax = h(y — ¥") (A = )
where A’ is given in (b). Hence
_ (6,626 X 107 - $)(3.00 X 10° m/s) [ ] 1 )

1012 m/pm 100 pm 149 pm
= 6.54 X 1077} ‘ ‘

which is equal to 40.8 keV.




PAIR PRODUCTION

Pair production: In this process of absorption, a Y-ray
photon disappears in the Coulomb field of an atomic nucleus
and an electron-positron pair appears in its place. Since the
energy equivalent to the mass of an electron is 0.51 MeV,
he crestion of two clectrons requires 1.02 MeV.
Consequently, photons with energy less than 1.02 MeV do
not interact by pair production. During pair production,
energy in excess of 1.02 MeV is released as kinetic energy

of the two electrons.
hv (MeV) = 1.02 + (Ey)e=+ (Ei)es

Although the nucleus recoils slightly during pair produﬂ_lifﬂ-
the small amount of energy transferred to the rgcmlufs
nucleus is usually neglected. Pair production is depm!eﬂ in

Fig. 16.6.
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PAIR PRODUCTION

Occasionally, pair produciion '
(s
ficld of an electron rather (hay, Iha:":ﬂn:;: the coulomb
interaction near an eleciron is fermeq
hecause the electron receives energy fro I::ﬂﬂ hﬁﬁwrmn.
gjected | rom t*ht: atom. Hence, threg electrons F; ..:n and 1y
and one posiuve, are released during triplet : g
production Te
conserve momentum, the threshold ep
, | ergy . inplet
production must be 2.04 MeV. The ratio of tniplet 1o pair
production increases with the energy of the incident plictns and
decreases as the atomic number of the medium is increased




