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Exam 1 - PHY 4604 - Fall 2013
October 3, 2013
8:20-10:20PM, NPB 1002

Directions: Please clear your desk of everything except for pencils and pens. The exam is
closed book, and you are not allowed calculators or formula sheets. Leave substantial space
between you and your neighbor. Show your work on the space provided on the exam. I can
provide additional scratch paper if needed.

Unless otherwise noted, all parts (a), (b), ... are worth 5 points, and the entire exam is
100 points.

Harmonic oscillator:
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Delta function potential V(z) = ad(z):
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1. Short answer section

(a) Write down the time dependent Schrodinger equation in one dimension.
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(b} What are the energy eigenvalues for the harmonic oscillator?
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{c) What does it mean for a set of wave functions ¢,,(x), for m = 1,2,3,... to be
orthonormal? (Give an equation.)
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(d) What is the general form of the solution to the time independent Schrodinger
equation in a region where the potential is constant and greater than the energy,
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(e) Write down the continuity equation for the probability.
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2. General properties
At t = ( the wave function of a particle in an infinite square well between z = 0 and

r=ails
P(z,0) = Clor0<z<a/2 (1)
P(x,0) = —Clora/2 <z <a. _ - (2)
(a) What is the constant C' so that the wave function is normalized?
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{(b) Compute the expectation values {z), {(z2), as well as &, for 1»{z,0). You may use

the symmetry in the problem.
“@ 2.

{py =1V 2dx =1 | -
!11) &J%dﬁ @

¥,
@’]g

W

i

r—
—

@\Qw

3,

o a
ilﬂ{?l:’“%”d% “-—{:(f?x"‘d;ﬂ g;?.., %—-

Tx ==/<’><’7 mdx}"’ = az/m'

i

&
2



(¢) Express v¥(x,0) as a linear combination of the eigenstates of the infinite square
well, 4, (x},

bz, 0) = z otz (3)
by calculating the coefficients ¢,. Are any of the ¢, zero? If so, which ones?
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This is zero for odd rv,and for v a mwlhple

of 4. The non-zero +erms are n=2,6,10,.-.
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(d) Use the result of part (c) to write down an expression for 9(z, t).
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(e) Is there a time, 7, for which #(z,7) = —¢(z,0)7 If so what is that time?
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3. Harmonic oscillator
At t == () the wave function of a particle in a harmonic oscillator potentia,l ig given by
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{(a) What is ¢{x,t)?
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(b) What is the expectation value of z for ¢(z, t)?
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{¢) What is the expectation value of p for ¥(x, £)?
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(d) What is the expectation value of the energy for ¥(z, )7
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(e) Determine 0,0, for ¥{z,t) and show that the uncertainty principle is satisfied.

/‘t'y""__:l?:— (Qf‘i’ ai*i" a-}«a’_‘f”a_a:})
e
fef@’ForﬂFh{gwf)
x> = N o
R o, Sara-ta Gy

= A (z-1+1) _,___,(?‘Z—PI))_Z‘k

mw \Z

<p7) = ’;’(7.%?‘—3 Lavya- + Q,ﬂ&‘e—? = Z¥mew

) g
Oy =,/fn—;% ﬁ - cost (Wt =) Z‘/;:,:;;g
J *h’mw/;, -gi"nz(w%——-g:) Z yYhmuw

~ 0 3k > W2




4. Piecewise constant and delta function potentials
For this problem use the one dimensional time independent Schrodinger equation with
potential

Viz) = Oforz < —a {4)
Vi) = V,<0for —a<z<0 ‘ (5)
Viz) = ooforz>0. (6)

The energy of the particle is in the range V, < £ < (.

(a) For V, < E < 0, what is the general form of the solution? Make sure to define all
the variables that you introduce.
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(b) What is the boundary condition for an infinite square well? This is the same
boundary condition as we have in this problem at £ = 0. Apply this boundary
condition to eliminate one of the coefficients in part (a) in the region —a < z < 0.
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{c¢) Which of the solutions in the region z < —a is physical and why?
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{(d) What are the boundary conditions at z = —a applied to the wave function of
parts (a)-(c)?

2iASin(-ka) = Be f*
R 2. A cos(-kRa) :/QB@“FQ'

(e) Derive a condition for there to be a bound states solution and solve it graphically.
What is the condition that there be one bound state solution?
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