PHYS 342 (Spring 2025) Test 1, V1 Name:

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

1. Sagitarrius A* is a black hole with mass 4.3 x 10° solar masses while Messier 108 is a
black hole with mass 2.4 x 107 solar masses. What is the diameter of Sagitarrius A*
relative to Messier 1087

(a) 5.6x larger (b) 5.6x smaller (c) 31x larger
(d) 31x smaller (e) 174x larger (f) 174x smaller

2. Light from a laser with wavelength A and intensity 1 xJ/m? has 3.2 x 10® photons per
second go through an area of 1 cm?. For a laser with the same intensity but wavelength
A/10, how many photons go through an area of 1 cm??

(a) 3.2 x 107 photons per second
(b) 3.2 x 10® photons per second
(c) 3.2 x 10? photons per second

3. You have found two solutions of Schrodinger’s equation, ¥, (x,t) and Wo(x,t). Which
one is also a possible solution?

(a) U(z,t) = C 1V (x,t) + CoWs(z,t) where Cy and Cy don’t depend on x or ¢

(b) ¥(z,t) = Ci(x)Vy(z,t) + Co(x)Vs(z,t) where Cy and Cy must depend on x

(c) U(x,t) = Ci(t)Vy(x,t) + Co(t)Va(x,t) where C; and Cy must depend on ¢

(d) U(z,t) = Ci(x,t)Vy(z,t) + Co(z,t)Wa(x,t) where Cy and Cy must depend on z
and t

4. A beam of photons with an energy of 6.78 eV is incident on aluminum and absorbed.
Will electrons be ejected? If yes, give their maximum kinetic energy.

(a) no (b) yes, 4.50 eV (c) yes, 2.70 eV
(d) yes, 2.08 eV (e) yes, 6.78 eV (f) yes, 10.86 eV

5. Astronauts leave earth and travel to a star 4 light-years away and immediately come
back. The space ship they were in traveled at 0.8 ¢. How much did the astronauts
age?

(a) less than 10 years
(b) 10 years

(¢) more than 10 years

6. You measure that 2 galaxies are moving away from the Milky Way. The first moves
away with speed 10" m/s and the second moves away with speed 2 x 107 m/s. The
distance to the second galaxy is

(a) roughly 1/2 the distance to the first.
(b) roughly the same distance to the first.
(c) roughly 2 times the distance to the first.



Problems: Show all work to receive full credit.
Fundamental constants (e, h, masses, etc) are top of the equation page.

10 pts 1. A star with radius 9.0 x 10® m radiates light like an ideal thermal source at a temperature
of 7200 K. a) Keeping the temperature fixed, how would the rate that energy is radiated
change if the radius changes to 7.7 x 108 m? b) Keeping the radius fixed, how would
the rate that energy is radiated change if the temperature increases to 8100 K?

10 pts 2. A spaceship is traveling directly at you at a speed of 0.500 c¢. They fire at you a proton
beam. You measure the protons in the beam to have a speed of 0.950 c¢. a) What is
the speed of the protons as measured by the creatures on the spaceship? b) In firing
one proton, what is the change in momentum of the spaceship as measured by you?



10 pts 3. A type of Kaon with mass 497.611 MeV /c? decays into two identical Pions (the mass
of one Pion is 134.977 MeV /c?). If the Kaon is initially at rest, what speed does each
Pion have?

10 pts 4. An electron travels in a region with no forces. It has speed of 3.0 x 10° m/s. Determine
the electron’s wavelength and frequency.



15pts 5. Light with a wavelength of 633 nm and intensity of 1.30 W/m? is incident on a spherical
microparticle. Assume the light travels in the +y-direction and the microparticle is in
space with no other interactions. The radius of the microparticle is 4.5 x 107% m and it
has a density of 1800 kg/m?. Assume that all of the photons that hit the microparticle
are absorbed. a) Does the mass of the microparticle increase with time? If so, what is
the rate of change of the mass (give your answer in kg/s). b) Does the microparticle
accelerate? If so, give the acceleration vector.



15 pts 6. An electron experiences a potential energy which is U(x) = 0 for zp < = < zy and
U(x) = oo for © < xg or © > xy. The xp,xy are constants. a) What are the allowed
wavelengths for the electron? b) What are the allowed momenta? ¢) If you don’t have
to worry about relativity, what are the allowed energies? d) If you do have to worry
about relativity, what are the allowed energies? e) For the nonrelativistic case, the
electron starts in the Hth state then emits a photon and ends in the 4th state. What
is the frequency of the photon?
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