Physics 309 Test 1

I pledge that I have given nor received unauthorized assistance during the completion of this
work.
Signature:

Questions (10 pts. apiece) Answer questions in complete, well-written sentences WITHIN
the spaces provided.

1. Cite at least two observations or experimental results that motivated the development
of quantum mechanics.

2. What is a quantum mechanical operator?

3. What is the full, time-DEPENDENT solution |¢(z,t)) for a bound quantum system
in terms of the eigenfunctions |¢,), eigenvalues E,,, and Fourier coefficients b,. Any
other parameters or constants should be related to the quantities above.

4. The eigenfunctions and eigenvalues of the particle in a box we studied in class are
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for 0 < 2 < a and particle mass m,. The eigenfunctions are zero outside the box.
Consider a new well shown in the figure. The edge of the new well is a distance z,,
from the origin. What would be the new eigenfunctions? Explain.




Problems. Clearly show all work on a separate piece of paper for full credit except for
problem 2. See note on that problem.

Note: If you encounter integrals that you are unable to solve label them Iy, I, ... and so
on and carry that notation through to the solution.

1. (15 pts.)

2. (20 pts.)

The eigenfunctions and eigenvalues of the particle in a box are the following

o(z) = \/gsin [”%‘ﬂ 0<z<a B _ nhn

2mpa?

= 0 otherwise
where m,, is the particle mass. These eigenfunctions are supposed to be orthog-
onal so (¢ |Pn) = Omn Where &y, is the Kronecker delta defined as
Opm = 1 m=mn
= 0 m#n

Calculate the inner product (¢,,|¢,) and show this is true for m # n only. Clearly
show all work.

A particle constrained to move in one dimension x is in the potential field
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shown in the figure. Discuss the possible motions, classically forbidden domains
and turning points. In addition, consider a particle with E,, < V{, where V} is the
height of the plateau. At what value does it reflect? Note: You should annotate
the figure below, but any other work should be on a separate piece of paper.
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. (25 pts.)

A particle is in a square well with infinitely high walls at x = 0 and x = a. It
has the following initial wave function as shown in the figure.

Y(z) = Agsinlko(z — z0)] xo <z <9

=0 otherwise

The eigenfunctions and eigenvalues are the following.

o(xr) = \/gsin [%} O<z<l B _ ot
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=0 otherwise

What is the spectrum of wave numbers (the spectral distribution) necessary to
produce the wave packet in terms of Ay, kg, zo, 21, a, and the mass of the particle
m,,? Clearly show all work.
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Physics 309 Equations
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The wave function, (7, t), contains all we know of a system and |¢|? is the probability of

finding it in the region 7 to 7+ di. The wave function and its derivative are (1) finite, (2)
continuous, and (3) single-valued.
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More Physics 309 Equations
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Physics 309 Conversions, and Constants
Speed of light (c) 2.9979 x 10% m/s fermi (fm) 107 m
Boltzmann constant (kg) 1.381 x 10~2® J/K  angstrom (A) 10719 m
8.62 x 107° eV/K electron-volt (eV) 1.6 x 10719 J
Planck constant (h) 6.621 x 1073 J —s  MeV 10% eV
4.1357x107% eV —s  GeV 10° eV
Planck constant (%) 1.0546 x 1073 J — s Electron charge (¢) 1.6 x 1071 C
6.5821 x 10710 eV —5 €2 fic/137
Planck constant (fic) 197 MeV — fm Electron mass (m.)  9.11 x 107! kg
1970 eV — A 0.511 MeV/c?
Proton mass (m,) 1.67 x 1072"kg atomic mass unit (u) 1.66 x 10727 kg
938 MeV/c? 931.5 MeV/c?
Neutron mass (m,,) 1.68 x 10727 kg
939 MeV/c?



