
PHY 3101—Modern Physics—Spring 2023

Problem set 3—Due Wednesday, Feb 8, 11:59 pm

10 points each problem.

For each problem where a numerical value is requested, first work

out an equation for the requested quantity and second put in

numerical values to get a numerical answer. Both are required.

1. Here are some questions to address the scales of physical quantities related to phot-

oemission.

a. What is the range of energies (in eV) of photons of visible light with wavelengths

350-700 nm?

b. Convert your answer in a to Joules.

c. A typical red laser used in supermarket scanner is the helium-neon laser, with λ = 633

nm and power of 10 mW. How many photons/sec are emitted by this laser?

d. Light of wavelength 300 nm illuminates a metal surface whose cutoff wavelength is

350nm. What is the stopping potential?

e. The cutoff wavelength for the photoelectric effect in a certain metal is 264 nm. What

is the work function for that metal? Which metal is this?

2. We have learned in the class that the intensity spectrum of a thermal source in the

wavelength between λ and λ+ dλ was found to be:

I(λ) =
2πhc2

λ5
1

ehc/λkT − 1

where h is Planck’s constant, k is Boltzmann’s constant, c is the speed of light, λ is the

wavelength of the light, and T the temperature.
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a. Find the wavelength of the maximum of I(λ). Plug in the values of the constants to

show it is expected according to Wien’s displacement law. Your calculation should

be accurate to at least four significant figures. Hints: Start by differentiating I(λ).

Set x = hc
λkT . You may need to use the equation (5−x)ex = 5 which has the solution

x = 4.9651.

b. Derive the expression for the Stefan-Boltzmann constant from I(λ). Plug in num-

bers to calculate the Stefan-Boltzmann constant with an accuracy of at least four

significant figures. Hints: The total intensity across all wavelengths is
∫∞
0 I(λ)dλ.

You will use
∫∞
0

x3

ex−1dx = π4

15 .

3. Our sun has its maximum emission at a wavelength of λmax = 500 nm.

a. What is the temperature of the sun?

b. What is the power/unit area?

c. What is the total radiated power? Hint: you can google to find the value of the

radius of the sun.

d. What is the intensity (W/m2) of sunlight on Earth? Hint: you can google to find

the distance between the sun and the earth.

Sunspots have temperatures around 4000 K. They appear dark because the rest of the

sun is at at a considerably higher temperature. See image below.

e. If the entire sun were at the sunspot temperature, what fraction of its current power

would be radiated?

f. If the sunspots cover 1% of the area of the sun, by how much is the power radiated

by the sun reduced from the case of no sunspots? Give your answer in percentage

or fraction.

4. An x-ray photon with wavelength of 7.00×10−11 m strikes an electron at rest. The

outgoing photon is scattered to an angle of 60◦. Part of this problem continues on the

next page.
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a. What is the energy of the incident photon (in eV)?

b. What is the momentum of the incident photon (in eV/c)?

c. What is the wavelength of the scattered photon?

d. What is the momentum of the scattered photon (in eV/c)?

e. What is the angle of the flight of the electron after the collision?

f. What are the momentum (in eV/c) and kinetic energy (in eV) of the electron after

the collision?
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