
Physi
s 222 CIDHomework 17 S
ore / 301. (3 pts) Imagine that I have two 
urved mirrors that form an opti
al 
avity. The mirrors and the air around them areat a temperature of 300K. (a) How many photons are there in a parti
ular 
avity mode whi
h has a wavelengthof 400 nm? (b) If I 
ould measure all of the photons in the 
avity whi
h had a wavelength of 400 nm, I woulda
tually measure more than your answer to part (a). Why?In the next three problems we will derive Plan
k's radiation law (not the way Plan
k did it, but the right way)...2. (4 pts) Assume that I have a 
ubi
 shaped opti
al 
avity with sides of length L at a temperature T . If yousolve the 
lassi
al wave equation by separation of parts, you will �nd that the solutions are of the form
A sin(kxx) sin(kyy) sin(kzz) cos(ωt) where ω = 2πc/λ and λ = 2π/k. Here k is the �total� wavenumber, given by
k =

√

k2
x + k2

y + k2
z . (a) What are the allowed values of kx, ky, and kz? (b) If I measure the energy of a photonin the 
avity, what possible values 
ould I �nd? Write them in terms of integers nx, ny, and nz. Note that thezero-point energy is not important, sin
e it is a property of the 
avity, not of any individual photon.3. (4 pts) Derive the density of states for the 
avity in the problem above. Hint: On
e again, this is not a�e
ted byzero-point energy.4. (6 pts) (a) What is n(ǫ)dǫ for the 
avity? (b) What is n(ν)dν, the number of parti
les in the 
avity with a frequen
ybetween ν and ν + dν? (
) What is u(ν)dν, the energy per unit volume 
ontained in photons with frequen
iesbetween ν and ν + dν? Ta-da, you have derived the Plan
k bla
kbody distribution!5. (3 pts) (a) Explain the di�eren
e between the 
lassi
al theory, Einstein's theory, and Debye's theory of the spe
i�
heat of a solid. (b) Whi
h theory best �ts experimental data?6. (6 pts) For room temperature (T = 300K) the energy di�eren
e between the n = 1 and n = 2 states in hydrogenis very large 
ompared to kT . As su
h, in a gas of room temperature hydrogen we would expe
t to �nd almostall of the atoms in the n = 1 state. For simpli
ity we will use Maxwell-Boltzmann statisti
s for this problem.(a) If I pi
k a parti
ular atom in the gas and measure its quantum state, what is the probability of �nding it inthe n = 3, l = 2, ml = −1 state? (b) What is the probability of �nding the atom in the n = 2 shell? (
) If thegas were really hot, we 
ouldn't assume that the almost all of the atoms will be in the n = 1 shell. This makesthings harder. But it is still easy to �nd ratios of probabilities. For a gas at T =one million kelvin, what is theratio of the probability of �nding the ele
tron in an atom in the n = 3 shell to the probability of �nding it in the

n = 2 shell? Note: you need remember to 
onsider degenera
y due to the spin of the ele
tron for this problem,but you don't have to worry about �ne stru
ture splitting sin
e the splitting is so small.7. (4 pts) (a) I shine laser light on a large sample of atoms with just enough intensity su
h that the rate of stimulatedemission is equal to the spontaneous emission rate. After the laser has been on for a long time what fra
tion ofthe atoms are in the ex
ited state? (b) Now I take the limit as laser power goes to in�nity. Now what fra
tionof the atoms are in the ex
ited state?Extra problems I re
ommend you work (not to be turned in)- I want to make a laser by pumping a two state system with a �ash-lamp whi
h happens to put out a large amount oflight whi
h is resonant with my two state system. Explain why this laser will never work, no matter how mu
hlight my �ash-lamp puts out or how good the lasers mirrors are.- In my lab we have a Ti:sapphire laser that we pump with a beam from an argon ion laser. If the threshold pumppower is 2.45 Watts and the slope e�
ien
y is 0.2 (or 20%), how mu
h power will I get out of the Ti:sapphirelaser if I pump it with 3 Watts of argon laser light? Assume that this pump power is small enough that we aren'tanywhere 
lose to saturating the inversion.



- What are some possible ways to make a laser run in a single mode of the opti
al 
avity?- Using equation 9.49 in your text, explain why it is harder to make ultraviolet lasers than infrared lasers.- When an atom emits a photon via stimulated emission, the photon travels in the same dire
tion as the photon thatemitted it. But when it de
ays spontaneously, the emitted photon 
an go in just about any dire
tion. Imaginethat you shot a laser at a glass 
ell �lled with mer
ury vapor, and that the laser's frequen
y is just right to drivemer
ury atoms from the ground state to an ex
ited state. The atoms s
atter some of the laser light, and you
olle
t some of this s
attered light with a lens and measure it with a photo diode. Using 
al
ulations similar tothe ones you did in problem 7, sket
h a plot of the measured level of s
attered light as a fun
tion of the intensityof your laser beam.


