PHYS 4073 - Quantum Mechanics- Test 1 Review

Do not assume the wave functions are normalized.

R1 A 1eV free electron is incident on a nano-coating that is 10nm thick. While in the coating, the electron
has potential energy 3eV. Compute the probability of the electron making it through the coating. One
electron volt is leV = 1.602 x 10 19J.

R2 A helium atom has diameter 6.4 x 10~ !'m. Compute the minimum speed of an electron in helium.

R3 A particle with mass m has wave function

0 ifr<—a

1 if —a<ax<0
$(r,0) = 2 if0<r<a

0 ifxz>a

Compute the average location of the particle and the uncertainly in the location of the particle.
R4 A particle with mass m has wave function

ifox < ~a

if —a <2 <0
2 f0<ae<a
0 ifer>a

—

Pz, 0) =

Compute the momentum distribution of the particle, ¢*(k)d(k).

R5 A particle of mass m is localized in an infinite square well of width «. The well extends from 0 to ta.
The particle begins with the wave function ¥(x,0) = sin(27x/a) -+ sin(dna/a). Compute the probability
density of the wave function as a function of time. What are the allowed cnergy states and with what
probability”?

R6 To » first approximation & metal cube can be treated as an infinite square well. Compute the ground
state energy of an electron in a 10cm block of aluminum. (There is naturally a little more to this since
cleetrons are fermions and the cube is three-dimensional.) Compare the velocity of the electron with the
minimum velocity implied by uncertainty.

R7 A particle is initially confined to the arca /3 to 2a/3 with uniform probability. The confinement
is removed releasing the particle into an infinite square well extending from 0 < o < a. Compute the
probability of finding the particle in the ground state.

RR8 A delta function barrier, V(z) = «d () is placed in the center of an infinite square well from - L < ¢ < L.
Find the bound states. This one may be too hard.

R9 A particle has wave function ¥ = 1/ cosh(bz) where b is a constant. Show all the expressions you would
have calculate to verify the uncertainty relation for the particle. The expressions should be reduced as far
as possible without performing an integration.

R10 A particle of mass m is incident on a delta function barrier at the origin, V() = ad(x), and a finite
barrier of height Vg from x = b to ¥ = . Write the wave function and all boundary conditions the system
must satisfy. The cnergy of the particle is less than V.

R11 A particle is in the state

0 o< ~—wore>a

I - —
(. 0) = { Ala* — 2 if —a<r<a

What is the probability of finding the particle at = > «/27 What is the uncertainty in the particles
momentum?
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