PHYS 342 (Spring 2023) Test 1, V1 Name:

Multiple choice (5 pts each) — circle the correct answers.

1. Alice travels past you at 0.866 c¢. You measure that it takes 2 seconds as measured by
your clock for her clock to advance by 1 second. Alice measures that it takes

(a) 1 second by her clock for your clock to advance by 2 seconds.
(b) 4 seconds by her clock for your clock to advance by 2 second.
(¢) 2 seconds by her clock for your clock to advance by 2 second.
(d) none of the above.

2. A perfectly black sphere of radius 1 m emits 1 W of light when it is at a temperature
of 34.4 K. What happens when the temperature is raised?

(a) it emits more than 1 W of light.
(b) it emits less than 1 W of light.
(c) it emits 1 W of light.

3. When Cgp molecules go through a pair of holes at a speed of 220 m/s, they make an
interference pattern on a screen with peaks separated by 24 pym. If the only thing that
changes is the speed of the molecules to 110 m/s, the peaks will be separated by

(a) 12 pm.
(b) 24 pm.
(c) 48 pm.

4. The diameter of a nucleus is 10 x 107 m. Suppose you want to study the diffraction
of photons by nuclei. What energy of photons would you choose?

(a) 4 x 1071 ] (b) 4 x 10714 J (c) 4 x 10717 J
(d) 4 x 1072 J (e) 4 x107%J (f) 4 x 10726 J

5. For an object of mass M and charge ¢ that can only move in one dimension, what are
the units of W?

(a) meter

b) 1/kilogram
¢) Coulomb
)
)

—~

d) 1/v/meter

e) none of the above

—~ N —

6. One of the pieces of evidence for the existence of dark matter is

(a) galaxies rotate faster than expected based on the amount of visible matter.
(b) galaxies rotate more slowly than expected based on the amount of visible matter.
(c) neither. The rotation of galaxies is not relevant.



Problems: Show all work to receive full credit.

Fundamental constants (e, h, masses, etc) are top of the equation page.

10 pts 1. For an electron, ¥V (z,0) = iAz(L — z) for 0 < = < L and is otherwise equal to 0. a)
Determine A. (If there are math steps you can’t do, just define it to be some parameter
and move on. Most of the credit will be for correct concepts.) b) Roughly, what is the
uncertainty in the momentum?

10 pts

2. A photon with a wavelength of 2.10 x 10~ m is traveling in the +z-direction. It hits
an initially stationary muon and the photon goes in the +y-direction. a) What is the
final wavelength of the photon? b) What is the momentum vector of the muon?



10 pts 3. Astronauts journey to a star that is 10.0 light-years from earth. (A light-year is the
distance light travels in 1 year.) They travel there and back at a speed of 0.80 c. a)

How long does the trip take as measured by someone who stayed on earth? b) How
much do the astronauts age over the trip?

10 pts 4. In 1960, Pound and Rebka sent A = 8.63 x 10~!' m photons vertically upward 22.5 m
in a lab at Harvard. What was the change in frequency of these photons? Make sure
to be clear whether the frequency increased, decreased, or remained the same.



15 pts 5. Light with an intensity of 1.30 W/m? and wavelength 450 nm is incident normal on
solid Na. Electrons are ejected from the Na. a) What is the minimum wavelength of
the electrons ejected? b) If the Na surface is a square with edge length 1.90 cm and
all of the incident light is absorbed, what is the maximum rate that the electrons are
ejected? For the last question, the answer should be a number per second.



15 pts 6. A wejy is a fundamental particle with mass 2.34 kg. In your lab, you measure a wejy

traveling at a speed of 0.888 c¢. It hits a stationary wejy and converts to a nugy. The

nugy is moving at a speed v,,. a) What is the mass of the nugy? b) What is the speed
of the nugy?
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