
PHY 3101—Modern Physics—Spring 20223

Problem set 4—Due Wednesday, February 15 at 11:59 pm on Canvas. (See syllabus for the

policy on homework turned in late.) 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 for known quantities to get a

numerical answer. Both are required.

Please circle or box your answers to the questions. This is a big help to the grader.

1. A nonrelativistic particle is one where the kinetic energy is K = p2/2m, with p the

momentum and m the rest mass. Consider such a particle, and suppose the kinetic

energy is finite but nonrelativistic.

a. Use de Broglie’s relations to calculate a formula for the phase velocity (ω/k) of this

particle. How does it differ from the classical velocity?

b. Now find a formula for the group velocity (dω/dk) of this particle. Compare it to

the classical velocity.

2. Calculate the de Broglie wavelength of

a. A 100 grain (6.50 gram) bullet moving at the speed of sound, 340 m/s.

b. A dust particle with m = 1.00× 10−14 kg moving at 0.0000700 m/s (0.00007 meters

is 70 micrometers, about the size of a human hair.)

c. An electron with 10.0 meV kinetic energy. (meV = 10−3 eV)

d. An electron with 511 MeV kinetic energy. (MeV = 106 eV)

e. An axion (a hypothetical dark-matter particle) in the Galaxy. It has a rest mass

energy of mc2 = 1.00× 10−4 eV and a velocity of v = 210 km/s. (km = 1000 m)

f. A thermal neutron from a reactor. The neutron has a mass mn = 1.67 × 10−27 kg

and a (nonrelativistic) kinetic energy of K = 25 meV.
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3. Just as a large mirror can collimate a searchlight into a beam, so can charged particles

be collimated into a beam, all with the same momentum vector. So consider a beam of

electrons moving along the z axis with �p = pz ẑ. Now the beam encounters a thin metal

foil with a narrow slit cut in it. The foil is capable of stopping the electrons but they

pass through the slit unimpeded. The slit has width a (along x) and very large height

(along y).

a. What do we know about the component px of the electrons that have passed through

the slit?

b. What do we know about the component py of the electrons that have passed through

the slit?

c. What do we know about the component pz of the electrons that have passed through

the slit?

d. Estimate the width of the beam in the x direction a distance L behind the slit. (Take

L � a and give your answer in terms of a, L, and pz.)

4. A high-quality optical microscope allows an observer to establish the location of an object

to within 550 nm, the median wavelength of visible light. Suppose the object is a dust

particle with a mass of m = 2.00× 10−8 g. The object seems to be stationary. (In this

problem ignore the interaction of the particle with its environment, gravity, Brownian

motion, air resistance, etc. Think of the particle as being isolated in vacuum.)

a. Calculate the minimum uncertainty in its velocity.

b. If it is moving at this speed, how long would it take to move a distance that just can

be perceived, 1 μm = 10−6 m?

c. A relatively short de Broglie wavelength, 1 nm, would be small enough to ensure the

dust particle acts as a particle. At what speed would it need be traveling to have

such a wavelength?
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