2006-09-02 Problem Solutions

Problem 1: Tipler 3-15
a) According to the “Wien displacement law”, Eq. (3-20) in the text, the wavelength 4
at the maximum of the spectral distribution and the temperature T are related by

4T =2.898x10° m-K. (1)

2.898x10° m-K
27K

ForT=27K, 4, = =1.073x10"° m =107.3 mm.

8
b) The frequency is f = — = 2.998x10° m/s

1T 100 m 2.794x10" Hz = 0.2794 THz.
. X m

c) The Stefan-Boltzmann law, Eq. (3-19) of the text, gives the total power per unit area
in this background radiation

R=oT* :(5.6705><1o8 2W 4j(2.7 K)* =3.014x10°° ﬂz )
m--K
Multiply this by the area of Earth,
Acu = 47RZ,, = 4(3.1416)(6.37x10° m)’ =5.10x10% m?, 3)
to get the total power
P=RA= [3.014><1o-6 ﬂZJ(S.mxio“ m*)=154x10° W. (4)
m
Problem 2: Tipler 3-18
(a) Equation 3-23: E = LA S T AR T A 2 0.951 k7
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(b) E =

Equipartition theorem predicts E = kT, The long wavelength value is very close to kT.

but the short wavelength value 1s much smaller than the classical prediction.



Problem 3: Tipler 3-19

_ 2.898x107%m-K
27.0x107%m

= 107K

(a) A T=2898x107mK - T,

R, = o7, and R, = oT, = 2R, = 20T}
Ty = 2T, or T, = 2'T, = 2107 K, = 128K

_ 2.898x1073m-K
" 128K

(b) A =23x10%m

Problem 4. Tipler 3-21

Equation 3-10:

R=aoTrt
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Notice on the second line, one multiplies the given intensity (power/area) of the incident
solar radiation by the projected area of Earth, nRg?, the cross-sectional area that Earth
presents toward the Sun. That gives the total power absorbed by the side of Earth facing
the Sun. (The m? in that equation stands for meters; it isn’t part of the formula!) Then
on the third line, when calculating the total radiation emitted by Earth, one multiplies by
the total surface area of the spherical Earth 47Rg’.



