Problem Set PS01
IssueED: 1/7/02 Due: 1/17/02

Prof. Darin J. Ulness Name

Instructions. Complete all questions before class on the due date. You are encouraged
to work together. Be sure to struggle with the problem before seeking help. Many of the
exercises are very similar to problems in the book. Understanding the solution to these
problems will be helpful in completing the assigned exercises.

Mathematical Exercises

1. Consider the following set of operators {92’, ci, 622, i} which are defined on page 157 of
the notes. Verify the algebra rules for operators holds for this set. Do all of these
operators commute with one another? Do any pair of these operators commute? Are
any of these operators linear operators?

2. The following set of operators, defined as 2x2 matrices,

c_[1o . o1 . [0 —i . [10
“lo 1> T l1o0|” 27 io0 |0 T l0 -1

are called the Pauli spin matrices (1 is called the unit or identity matrix). These are
often used when talking about spin systems such as electrons or protons in ESR and
NMR respectively. Verify the following properties of these operators. (It might be
helpful to use MATHEMATICA)

(a) 62=1
(b) [Ai, 6']] = 2?;61']']6(3']“ €ijk is the Levi-Civita symbol:
+1  (ijk) = (123), (312), or (231)

€ijk = —1 (1jk) = (132), (213), or (321)
0 else

(c) The Pauli matrices are Hermitian, 6; = 6/. That is, the matrices are equal

to the conjugate transpose of themselves. MATHEMATICA are Conjugate and
Transpose.

(d) Tr[o;] =0 and |6;| = —1. MATHEMATICA are Det and Tr.
Exercises

3. Redo section 11.1.1 of the notes for a particle in a 2D box.

4. Sketch the energy level diagram for a particle in a rectangle a < b. Qualitatively
compare the energy level diagrams for a < b and for a ~ b.

5. Considering a particle in a 2D box of sides a and b, how should a and b be related in
order for Fy 3 = Es;.



Evaluate (zyz) for the ground state of a particle in a cube.

Using the fact that the Hamiltonian operator is a linear operator operate on

\IJ = Z an¢n7

where the 1), satisfy H Y, = E,1,,, with the Hamiltonian.

Determine [z, p,]. (Hint: the best way to do this is to evaluate Z(p, f(x)) — p.(Zf(x))
and since f(x) is any arbitrary function we have £p, — p,Z = [Z, P].)

Using the previous exercise and Eqs. (11.34)—(11.36) verify the basic commutator
[Ly,LZ} = ihL,.

Conceptual Problems

10.
11.

12.

Sketch the energy level diagram for a particle in a 3D box where a = b < c.
Explain in words, the superposition principle as it applies to quantum mechanics.

Draw a picture of the following (unormalized) wavefunctions for a particle in a box:
Y, =@+ and Y_ = ¢, — 3, where ¢, and @5 are the eigenfunctions of the particle
in a box.

Computer Problems

13.

14.

15.

Use MATHEMATICA to plot ¢, ., (z,y) and ‘wn%ny (x,y)‘Q for a particle in a square
box. Make plots for the nine lowest energy states. What do these plots represent? You
can make a superposition (often called a wavepacket) wavefunction that represents a
case where the particle is fairly localized in one corner of the box by

U = ¢12 + ¢21 + ¢22-

Try to come up with three other wavepackets (using these same three eigenfunctions)
that localize the particle in each of the three remaining corners of the box.

A particle in a box is prepared with the wavefunction ¥ = >, n%gon. The ¢,, are the
eigenfunctions for the particle in a box. Plot ¢ and ||* (sum the first 20 terms or so).

Download the MATHEMATICA notebook for a particle in a 3D box from the PChem

2
website. This program produces a density plot of annynz‘ for a particle in a cube.
Get a feel for the different wavefunctions. You can use the 3D viewpoint selector the
get different views. (Remember the ground state is 1, not ¥yy)-
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So, f(z) is a constant. Similarly for g(y).
Applying this to our Schrodinger equation means that we have converted
our partial differential equation into two independent ordinary differential

equations,
K idy, =K &y, )
e - E T Ima P ®
- 1dy, —r. &y,
om 4y, dy’ = B=y dy’ = By

which we recognize as the 1D particle in a box equations.
Hence we immediately have

Y, = \/E sin ——— n,m: {9) » @
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The total wavefunction is

5 3
#= in 2% g T ) /lf (-1 = K(t@'”)
and the total energy is g}"l" f W

E=FE;p, + Eys,. (12) J
ES
R T




b o1,

| . 4
@ W 31:..5,4\4_195 4,n%5,kggz 6 oL @ [Ay,LzY Z(? i‘. (?f ,f)J "-
‘A,rx?zy& |

htytrs ar < 28 %
@ ik -’ v ® Pu Fy - M-z%f‘ NG
v, = 'J._\[i. Srn TX f")( {/“-Z g,Aﬁn% - xf\,Z\’; + X/ﬁfﬁ'z 1Y x =Y
@

ava . . - ~ rAAS

I +§“.,_ Px—x?yzrx-v"’*’*?z A

xy?) = D@‘%f”n t, Aedyde lA PO S S T i e

&

aq . . v
= 2 m wyz (00 3)" (4 )" (+7%) =i fh-Th s Al
&

g

45t

@ Av: Azat = ZadY —/Zﬁ/
® T 46 ol on eisebetie of 4 @ : @ your o
RE - FRY v s Ribar - B e |

‘

7 fx Tu
= -k %iffﬂ)a n‘k% X for = —:'{;),%\N/(X/Z J—ﬁy)) : f__vfgn
- s . P ) ' &

7of g (e R o 8 ol 1

o ol
0 0.2 0.4 0608 3 0 0.20.4 0608 1
2

o
0 0.2 0.40.6 0.8 1
z

of
0 0.2 040.608 1

”: r% _‘_/’t/Z

o o
0 0.20.4 06008 1 0 0.2 0.4 0.6 0.0 1

L+ Yy d e

ol of of
O 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0608 1 0 0.2 040608 1

2

1

0.8
0.6
ICRY

R

L 0] 0.4 0.6 0.8 l

)" et Yt *q'u

i
i o 0.2 04 0.6 08 1
‘ z

0 0.2 0.4 0.6 0.8 1

p 02 6.4 0.6 0.8 1




: Gof 2

-
. ’ In{6¢):= '10‘[".1“!“[!\-[1/ (n~2) sin(nPix}, {n, 1, 20}}}, (=, O, 1}] i . " .
' ¢
0.8 Vi
0.8 ‘
N 0.4

0.2

\
T o2 6.4 0.6 08 I

oue{64]= - Graphica e
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