If the two lowest energy particle-in-a-box states are ¥, (x) and ¥, (x)
with energies E£; and E,, which of the following statements are correct?

A. P(x) = \/% [Y,(x) + Y,(x)] is a possible wave function for the particle at time t = 0.

B. Y(x) = \/% [Y,(x) + Y, (x)] satisfies the time-independent SE,

R 2 62
HY(x) = [— e + V(x)] Y(x) = E¥Y(x)

C.¥Y(x,t) = [1/)1(x)e h +1,(x)e # | satisfies the full time-dependent SE:

6‘P(x t)

HY(x,t) = ih



CHM 305 The Quantum World

Lecture 5: Quantum Operators

Reading: McQuarrie Ch. 4



Last lecture we discussed...

Description of the simplest quantum system:

J,'i-(.[‘c:l?—;,ut)
the free particle in a potential with V(x) =0 ’

Wy, t) = p(x) - e = e
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Road map for today’s lecture

Awn () = an¥n(x)

Discuss some rules about how quantum operators and their
eigenfunctions behave:

Quantum operators Eigenfunctions of an operator
- are linear - are normalized
- may or may not - are mutually orthogonal

commute - form acomplete basis set



Practice problem #1: Eigenvalue problems

Check if ¢(x) = sin(kz) is an eigenfunction of the following operators:

. d A d?
A= — = —
dx dx?

If you find ¥ (x) to be an eigenfunction, what is the eigenvalue?



Practice problem #2: Commutation

Do the operators A= % and B = z commute?

Hint: Evaluate [A, Bly(z) = (AB — BA)y(z)



Practice problem #3: Normalizing functions

Normalize the wavelunction

U(x) = c- (1)

over the interval x = [0, 1].

Hint: Solve for ¢ assuming that

/ () Pde = 1



Practice problem #4: Orthonormal basis sets

Show that the set of functions 1, (z) = \/LQ—Weim" is orthonormal over the window
—7m < x < 7 provided n is an integer.
To do so, you will need to show that the integral

1 ifm=n

() () = {O R



Practice problem #5: Basis set expansion

Let’s again work with the set of orthonormal basis functions

Y () = et on=12...

defined over the window —7 < 2 < 7.
Say I prepare a wavefunction given by:

> 1 1
p(z) = ; bty () = Ew:}s) + ﬁw(x)

Confirm that

= | ¥ (@)p(x)da



Wrapping up

* Next week: the Postulates of Quantum Mechanics
(e.g. the rules of the game!)

* Today’s reading: McQuarrie Ch. 4

* In the last minute or two: Your muddiest point from today’s lecture?
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