Name: Sofu,‘fl‘aonl

Final Exam - PHY 4604 - Fall 2002
Wednesday, December 18, 2002

This exam is closed book and notes. You are not allowed (nor will you need) a calculator.
Please use the space provided on the exam to do the problems. You may also use the backs
of pages if additional space is needed.

1. Short answer section

(a) What is Planck’s constant numerically? Make sure to specify your units.

b1 x10°" T sec

(b) What is the time dependent Schrodinger equation?
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fc) What is the definition of the Hermitian conjugate of an operator A?
The Hermitian ConJ uga;f‘e of an operator A
. L4 o
15 denoted b)//\ and satisfies

3 A4 A T ¥ 1
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(d) Express the time dependent Heisenberg operator, A(t), in terms of the time in-
dependent Schrodinger operator, A.

A(t) = e'LH%A&_{/H%

(e) What are the bound state energies of the hydrogen atom?

E = —EI/n?'J Where Ex = 13.6 V.



2. One Dimensional Potentials

Consider the one dimensional potential V(z) = V; for £ < 0 and V(z) = V; for z > 0.
Suppose that the energy, E, is greater than both V; and V;.

(a) What is the form of the solution to the time independent Schrodinger equation
for z < 07

*vk "lho"
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where kp= /ImlE-\v;)

(b) What is the form of the solution to the time independent Schrodinger equation
for x > 07
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(c) What are the boundary conditions at z = 07?
V(o) = A+B=(C+D

V9(0) = ik (A—B) = bk (C~D)
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(d) Solve for the wave function for a wave coming from the left. /\_/V> > C
B W\&D

For & wavefunctton Comfﬂg from the left, D=0

= A+B=C
ke (A-B)= ik C or A-B=ki(

s - R,
= Z.A-(/""R)C and ZB=(/~—%)C

=> _C_, = 2 apd E — [- kn/ho
A i ky/re A l+ki/Ro

(e) Determine the transmission and reflection probabilities. Is probability conserved?

Raﬂa(xﬁo"b Proba,b:h‘f}/ =R = [’3 “ (’_k/k ) (Izo-k‘)

l/ko kR, +R,
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Since LF?“— and T = 4R,k
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R'F‘T = k:—“z hokl +k12+ LIL/% kl
k;z. -+ ch ,'?l“f' h/z

=1.

Bro babi| 1.1"7 IS Conserved.



3. Simple Harmonic Oscillator & Time Dependence
Consider the harmonic oscillator hamiltonian,
2
P 2,2
H=-"—+- :
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The state of the system at t =0 is

(e = 0) = =10} + 1)
=0) = — Nl
(a) What is the wave function at time ¢: |p(t)) ?
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(b) What is the expectation of the position operator at time ¢, (z);? The position
operator for the harmonic oscillator is z = 1/h/2mw(a + a).
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(c) What is the expectation of the momentum at time ¢, {p);? The momentum

operator for the harmonic oscillator is p = /mhw/2i(al — a).

Ly, hEo ; (2170 itop))

(d) Test the uncertainty principle for |¢)(2)).

Ve

v. h tY s 4 2, ot T

r¥ = (a+a") = a* fad + ot%

ma & me( +ada +a'”)
= T (o*+ 220a+ ] + af")
2Zmuw

RS IR ARV =L <olzatar oy + L<t|2a%a +1(21>

H/2mw

s 2 &
>me) m co (_” “zl— Cos"(wt-}a))’
P¥= -mhw (a* _za%a-| + 4'%)

A?’}AP = ’F{(I-Z—I Cosl[w‘f:-p))(';_ZL&Anz/w_t"0»} VZ;

5

ul
2

s



4. Spin

Consider & spin 1/2 system. For your reference the Pauli matrices are
o = 01
e 10
_ 0 —i
T lioo
o = 1 0
= 0 -1/

(a) What are the eigenvalues and eigenvectors of the operator (S; + S,)/v/2?
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(b) Suppose a measurement of this operator is made, and the system is found to be
in the state corresponding to the larger eigenvalue. What is the probability that
a subsequent measurement of S, yields f1/2?
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(c) How would the result of part (b) change if we measure S, instead of S,?
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5. Orthogonality & Completeness

Consider a particle in a box between z = a and z = 2a. In other words the potential
is zero for a < z < 2a, and infinite elsewhere.

(a) Sketch the wave functions for the lowest three eigenstates.
J (8hown C,<0)
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(b) What are the eigenstates and eigenvalues of the hamiltonian for this problem?
Make sure to include the correct normalization constant.

Take Yolod =/Z sin(mrey b tnat <puiy.>=1.
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(c) Show that the ground state and the first excited states are orthogonal.

2a

<.,Y);,ITP,7 = % id;a sin(“%&)sm(g)

(d) Assuming that the eigenstates of the hamiltonian form a complete basis, express
the function f(z) = 1 for a < z < 1.5a and zero otherwise as a linear combination
of the eigenstates. Make sure to determine the coefficients used in the linear

~  combination.
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6. Angular Momentum

(a) For I =1 determine the matrix representation of the operator L.

L ¢ =L74 +?.1L/ - Ly: Lo -1 ) L+-—<L+)T
L =Ly-ily — o

L+ll,07 = 5Vitien)-0-(1+0) |4,1> = vz |1,1>
e l4,-17=4%/i0-)+4(E-1 11,0 = /2 11,07

(b) What is the eigenvector of L, with zero eigenvalue?
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(c) Assuming one is in the zero eigenvalue state of part (b), what is the probability
that a measurement of L, will also yield zero?

Fob.{La=0f=](010)1 (o’)/ =0

(d) What is the probability that a measurement of L, will yield % instead of 07?

Frob {La=¥} =] () 0 o)L (o)1= 4
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