
HW#1 Solutions. 
 
Q5. A piece of metal glows with a bright red color at 1100 oK. At this temperature, 
however, a piece of quartz does not glow at all. Explain. (hint: quartz is transparent to 
visible light.)  
 
According to KirhoffÕs law for radiation (see example1-2) the rate of emission for a body 
is the same as rate of absorption at equilibrium. Since quartz is transparent in the visible 
part of the spectrum Ð almost does not absorb energy, it therefore follows that it cannot 
easily emit energy. 
 
Q8. What is the origin of the ultraviolet catastrophe.  
 
The calculation of the energy density in a cavity is based on two parts: counting of the 
allowed standing waves and estimating how much energy each of the allowed  state has. 
Since first part relies on pure algebra Ð it must be rock-solid. The problem lies in second 
part where equipartition theorem was used i. e. each of the standing waves has on average 
energy of kT. Since the number of standing waves increases as v2 it is not surprising that 
total energy will diverge. 



 
P5. (a) Assuming the surface temperature of the sun to be 5700 oK, use StefanÕs law to 
determine the rest mass lost per second to radiation by the sun. Take the sunÕs diameter to 
be 1.4x109 m. (b) What fraction of the sunÕs rest mass is lost each year from 
electromagnetic radiation? Take the sunÕs rest mass to be 2.0x1030 kg. 
 
a) Recall StefanÕs law: 
 
RT  = σT4; σ=5.67x10−8 W/m2/ûK4 
 
The total power emitted is equal to radiance - RT times the surface area of the sun Ð  
A=!d 2 
 
W = RT A = σT4  !d 2 
 
Using famous one of the most famous formulas in physics E = m0c

2 

We calculate the loss of rest mass m0 per second (t=1s): 
 
m0 =W t/c2 = σT4 !d 2/c2 t=5.67x10−8 W/m2/ûK4(5700)4ûK4 !( 1.4x109)2 m2/(3x108 m/s)2 1s=  
 
=4.1x109 kg 
 
b) year is roughly equivalent to 3.2x107s, thus per year 
 
m0/M=4.1x109 kg 3.2x107/2.0x1030 kg = 6.5x10-14 
 
 
P6. In a thermonuclear explosion the temperature in the fireball is momentarily 107 ûK. 
Find the wavelength at which the radiation emitted is a maximum. 
 
Recall modified WienÕs law: λmax T=α , where α=2.898x10-3 mûK 
 
λmax= α/T = 2.898x10-3 mûK/1x107 ûK = 2.898x10-10 m = 0.29 nm 
         this is hard X-ray regimeÉ 
 
 
P7. At a given temperature, λmax = 6500 • for a black body cavity. What will λmax be if 
the temperature of the cavity walls is increased so that the rate of emission of spectral 
radiation is doubled. 
 
Lets assume that for λmax = 6500 • the cavity is at T and has radiance R=σT4

. 
When temperature is increased, new radiance RÕ=2R, so σ(TÕ)4=2σT4 
Therefore T/TÕ=(1/2)1/4 T.  
 
Now λmax T = λÕmax TÕ = const. Solving for λÕmax and substituting for TÕ: 
 



λÕmax = λmax T/TÕ = λmax(1/2)1/4 = 6500 • 0.84 = 5465 •  É not a big change 
 
 
P11. Attached to the roof of a house are three solar panels, each 1 m x 2 m. Assume the 
equivalent of 4 hrs of normally incident sunlight each day, and that all incident light is 
absorbed and converted to heat. How many gallons of water can be heated from 40 oC  to 
120 oC each day? 
 
From problem 10 we learned that amount solar energy falling in unit time at normal 
incidence on unit area is 1353 W/m2. In 4 hours 6 m2 surface will absorb energy 
E = 1353 W/m2 * 14400 s * 3*2 m2 = 116.9 MJ. Specific heat of water is 4.19 J/g/ûK and 
density of ρ=1g/cm3 = 1000 g/dm3. To simplify we will assume that water is kept under 
pressure, so it does not evaporate when heated to 120 ûC. The amount energy necessary 
to increase the temperature of water with volume V by "T is: 

 
E=cVρ"T  
 
Solving for V: 
 
V= E/ (cρ"T) = 116.9x106J / (4.19 J/g/ûK * 1000 g/dm3 * 80 ûK) =  
= 116.9x106J / (3.35x105 J /dm3) = 349 liters = 92 gallons 
 
this is less than average household use (close to capacity of typical boiler), but with larger 
solar panels one could save fair amount of natural gas or electricity. 
 
 
P20. Show that at wavelength λmax where ρT(λ) has its maximum 
 
ρT(λmax)  = 170 ! (kT)5/(hc)4 

 
PlanckÕs formula for black body radiation expressed in terms of λ is  
 

! 

"
T
(#) =

8$hc
#5

1
e
hc /#kT %1

 

 
The location of maximum can be obtained from condition dρ(λ)/dλ=0  
(page 19 of the textbook): 
 
λmax=0.201 hc/kT 
 
Evaluating first part of ρT(λ) yields: 
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second part: 
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Combining the two parts indeed 
 
ρT(λmax)  = 24384 ! (kT)5/(hc)4 0.0069 = 168.25 ! (kT)5/(hc)4 # 170 ! (kT)5/(hc)4 
 
P24. Find the temperature of a cavity having a radiant energy density at λ=2000 • that is 
3.82 times the energy density at λÕ=4000 •. 
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ρT/ρÕT = 3.82 
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after little bit of sorting: 
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we note that λÕ=2λ, thus 
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thus 
 
hc/(2λkT)=ln 7.4 
 
T=hc/(2λk ln 7.4) = 17966 ûK 
 


