
PHY3063 Spring 2015

HOMEWORK D
Instructor: Yoonseok Lee

HW 1: In class we derived the the angle dependence of a photon energy E(θ) scattered off
a particle of mass mo at rest:

E(θ) =
Eo

1 +
(

Eo

moc2

)
(1 − cos θ)

,

where Eo is the initial photon energy. Using the Planck’s energy-wavelength relation, show
that the above equation can be expressed in terms of photon wavelength by

λ− λ′ =
h

moc
(1 − cos θ) ,

where h
moc

is called the Compton wavelength. Hint: Start with E(θ)−1.

FIG. 1:

HW 2: Kirchoff argued that the radiation in the cavity in thermal equilibrium should be
isotropic and homogeneous. If that is the case, the emissive power per unit area R(λ, T ) is
connected with the energy density inside the blackbody cavity u(λ, T ) through a universal
relation:

u(λ, T ) =
4R(λ, T )

c
.

The derivation of the above relation will give you a clear picture of how the two quantities
are related. Check the dimensional homogeneity of the relation.
Hint: Consider a blackbody cavity depicted as a large cube with an opening of area δA at
the bottom where the radiation is emitted. The cavity is in thermal equilibrium at T and the
inside has a uniform energy density u(λ, T ). The small cube represents a volume element
in the polar coordinate dV = r2 sin θdrdθdφ located at (r, θ, φ). The energy contained in
this volume element is u(λ, T )dV . Since the radiation in the cavity is isotropic, the volume
element will radiate isotropically. Then the radiation energy going through the opening is

dψ =
δA cos θ

4πr2
u(λ, T )dV.

1



In δt of time, all the volume elements inside the hemisphere of radius r = cδt will contribute
to the total radiation energy passing through the opening.

R(λ, T ) =
ψ

δAδt
.

FIG. 2:

HW 3: Tipler Example 3-4, p.130. Do this integrating u(f, T ) over frequency.

HW 4: Tipler 3-21.

HW 5: Tipler 3-23.

HW 6: Tipler 3-28.

HW 7: Tipler 3-29.

HW 8: Tipler 3-31.

HW 9: Tipler 3-47.

HW 10: Tipler 4-9.

HW 11: Tipler 4-14.

HW 12: Tipler 4-16. Use mE = 5.98 × 1024 kg and rE = 1.5 × 1011 m for the earth mass
and radius of the earth orbit.

HW 13: Tipler 4-22.
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