PHYS 4073 - Quantum Mechanics- Test 1

All problems are worth 25 points. Turn in solutions to four of the six problems to be graded. If you turn in
more than four solutions, I will grade the first four. You arc allowed to drop one-half of a test, so I will take the
first. two problems turned in as the first half-test and the second two problems turned in as the second half-test.
Had a bit of a writer’s block on this one.

1 An infinite square well has potential V =0 for 0 < r < a and V = oo otherwise. Consider the energy
state immediately above the ground state, the first excited state. Compute the energy of this state for an
electron if the well is 10nm wide. Write the normalized wave function of the the state. Sketch the state.
Compute the probability of finding the electron within a/4 of the right side of the well.

2 Consider the time-dependent wave function ¢(x,t) = AT o=t Eor what potential does this wave
function solve the Schrodinger equation if the energy of the system is E7 Compute the average momentum
of the state and the uncertainty in the momentum. Assume (incorrectly) that i is normalized.

3 Consider a finite well with a strong, but not infinite defect, in the center. The potential is

0 ifr < —a

Vo i —a<x <0
Viey=¢ Vo HO0<w<u/d

-V ifa/i<ax<a

0 if > a

Sketch the potential. Write the wave function that solves the Schrodinger equation for this potential for
the two cases 0 < F < Vy and -V < F < 0. Report the equations you get by applying the appropriate
boundary conditions for =V < E < 0. Do not solve the system.

4 A system with an infinite square well potential has the unlikely wave function ¢, 0) = Az?. The well
extends from 0 to ¢. Compute the probability of finding the particle in the ground state and the first excited
state. Compute the uncertainty in x, ..

5 A particle is directed at a finite step potential where

. 0 ifa<@
' (")’{ Vo if0<u
The particle has cnergy £ = 4V,. Compute the probability of reflection. Whal is the reflection probability
if B =V,/47

6 A particle is placed in an infinite square well extending from 0 <2 2 < a. The particle is in the state

g [ 2wz 3
P(x,0) = A(sin“ ( ﬂl) + 2sin (,E))
(22 [#2

What energies can be observed with what probability? Compute the time dependent wave function ¥(z, t).
Don’t ignore the sin®.
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