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Liboff 2.28 - compton scattering

This problem is an algebraic pain. I presume that everyone understands the initial equations given in the book - i.e. energy 
and momentum conservation. I will start with these (using the notation in the book where the final state is indicated by a 
prime)
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(1)hν + mc2 = hν' + mγc2 energy conservation

(2)
h
cccc
λ

= mγβc cosφ + J h
cccccccc
λ'

N cos θ momentum conservation in the x direction

(3)0 = −mγβc sinφ + J h
cccccccc
λ'

N sin θ momentum conservation in the y direction

(4)also ν =
c
cccc
λ

(5)
rewrite H2L
hν = mc2 βγcosφ + hν' cosθ

(6)
rewrite H3L
0 = −mc2 βγsinφ + hν' sinθ

(7)
Solve H6L for sin φ

sinφ =
hν' sinθ
ccccccccccccccccccccccc
mc2 βγ

so mc2 βγcosφ =
è!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
m2 c4 β2 γ2 − h2 ν'2 sin2 θ

(8)
Substutute this in to H5L
hν =

è!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
m2 c4 β2 γ2 − h2 ν'2 sin2 θ + hν' cosθ

(9)

So then2 ν2 − 2 h2 νν' cosθ = m2 c4 β2 γ2 − h2 ν'2@hν − hν' cosθD2 = m2 c4 β2 γ2 − h2 ν'2 sin2 θ

h2 ν2 − 2 h2 νν' cosθ + h2 ν' 2 cos2 θ = m2 c4 β2 γ2 − h2 ν'2 sin2 θ

put the sin2 and cos2 together to get

h2 ν2 − 2 h2 νν' cosθ = m2 c4 β2 γ2 − h2 ν'2

−2 h2 νν' cosθ = −h2 ν'2 − h2 ν2 + m2 c4 β2 γ2

−2 h2 νν' cosθ = −2 h2 νν' − h2 ν'2 + 2 h2 νν' − h2 ν2 + m2 c4 β2 γ2

(10)−2 h2 νν' cosθ = −2 h2 νν' − Hhν − hν'L2 + m2 c4 β2 γ2

(11)
now rewrite H1L
hν − hν' = mγc2 − mc2 = mc2 Hγ − 1L
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(12)

then use H11L in H10L
−2 h2 νν' cosθ = −2 h2 νν' − Hmγc2 − mc2L2 + m2 c4 β2 γ2

−2 h2 νν' cosθ = −2 h2 νν' − m2 γ2 c4 + 2 m2 c4 γ − m2 c4 + m2 c4 β2 γ2

−2 h2 νν' cosθ = −2 h2 νν' + 2 m2 c4 γ − m2 c4 + m2 c4 γ2 Hβ2 − 1L
now β2 − 1 =

−1
ccccccc
γ2

so γ2 Hβ2 − 1L = −1

−2 h2 νν' cosθ = −2 h2 νν' + 2 m2 c4 γ − m2 c4 − m2 c4

−2 h2 νν' cosθ = −2 h2 νν' + 2 m2 c4 γ − 2 m2 c4

−2 h2 νν' cosθ = −2 h2 νν' + 2 mc2 mc2 Hγ − 1L
using H11L
−2 h2 νν' cosθ = −2 h2 νν' + 2 mc2 Hhν − hν'L
−2 h2 νν' cosθ = −2 h2 νν' + 2 mc2 hν − 2 mc2 hν'

−cosθ = −1 +
2 mc2 hν

cccccccccccccccccccccccc
−2 h2 νν'

−
2 mc2 hν'
cccccccccccccccccccccccc
−2 h2 νν'

1 − cosθ =
mc2
ccccccccccc
hν'

−
mc2
ccccccccc
hν

h
ccccccc
mc

 H1 − cosθL =
c

cccccccc
ν'

−
c
cccc
ν

(13)now λC =
h

ccccccc
mc

(14)λC H1 − cosθL = λ' − λ
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