PHYS550, Test 1, Fall 2018

You must show work to get credit. You should read the important math info at
the bottom of the page before working any problem; it might save you steps.

(1) (5 pts) A ®Rb atom is initially stationary. A photon with wave length 795 nm is traveling
in the +y-direction. The photon is absorbed by the Rb atom and then emitted in the +ax-
direction. (a) Determine the initial energy of the photon (J or eV are OK). (b) Determine
the velocity vector in m/s of the ®Rb after this process. (c¢) How much energy does Rb
gain/lose in the same units as (a)? (d) How much energy does the photon gain/lose?

(2) (5 pts) An electron is in an infinite square well of length 10 nm with a wave function
(z,0) = Axz(a — z). What is the probability for finding the electron in the central 1 nm of
the well, that is, between = 4.5 and 5.5 nm? (Give a number.)

(3) (5 pts) A neutron is in a well where it can move over a distance of 2 x 1071 m. (a)
Roughly, what is the smallest kinetic energy it can have (in MeV)? (b) Roughly, what is the
largest kinetic energy it can have? For this problem, the mass of a neutron and a proton are
the same.

(4) (5 pts) A proton is in a harmonic oscillator well. Its wave function at ¢t = 0 is ¢(x,0) =
A[3e uy (z) +5e'*2uy (x) +2¢*3uz(x)] where a,, = nw/10. Give the expression for its average
energy vs. t.

(5) (10 pts) An electron starts at large positive x with a negative momentum —p. It interacts
with a potential V(x) = h*A\§(z)/(2Ma). (a) Write down the form of the wave function for
all z. (b) Write down all boundary conditions. (c¢) Compute the reflection probability and
the transmission probability.

(6) (10 pts) An electron in an infinite square well of length a has the wave function ¢ (z,0) =
Alus(x) 4+ 2ug(z)] at t=0. (a) Determine A. (b) Compute the probability density at time
t > 0. (c) Compute the flux at time ¢ > 0.

(7) (10 pts) For a harmonic oscillator eigenstate, determine the function zu,(z) in terms of
a superposition of other harmonic oscillator states: Coug(x) + Crui(z) + ...

Math info:
If a function doesn’t vary much between b and ¢ then [, f(z)dx ~ (¢ —b)f([b+ ]/2)
Possibly useful integral [0 ez +bw o — \/gebQ/ [4a]
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