CHM 3411, Dr. Chatfield, February 19, 2018
Exam 1

Questions 1-6 are worth 14 points each, and question 7 is worth 16 points. You may use a calculator

(non-graphing), but nothing else. If you need extra room, use the back of exam pages and direct the

grader where to look. You may also use scratch paper, but put all final answers on the exam itself and

attach any scratch paper with work the grader should read.. Read all problems carefully. Set up

problems methodically, show your work, and be neat. Partial credit will be given when it is possible for

me to follow your work. If you are having trouble with a problem, go on to the next and come back.
GOOD LUCK!
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Equations (others are given directly in exam questions):
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@ 1.This question concerns a harmonic oscillator with frequency w = 7.00 x 1012 s~1

(a) Determine the zero point energy (in Joules).
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(b) Suppose the harmonic oscillator is originally in the v = 2 state and makes a transition to the v=1 state,
emitting a photon. Determine the wavelength of the photon.
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@ 2. Consider the =2, m, = 1 state of a particle on the surface of a sphere.

(a). Below is a vector diagram for the angular

momentum. Calculate and label on the diagram:
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(‘9 - (_4:1:' ("‘,ff;f"")) 1. The magnitude of the angular momentum.
2. The value of the z-component of the angular

momentum.
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3. The value of the angle 8. If you cannot
determine the numerical value, an algebraic
expression is sufficient. 2
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(b) Draw a cone diagram for this same state.
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(c) The cone model is a better model. Explain why.
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@ 3. Consider the following unnormalized wavefunction:

Y(x) = Nx(L — x) 0<x<lL
Px) =0 otherwise (x <0 or x> 1)

(a) Determine the value of N, the normalization constant.
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(b) You want to determine the probability of finding the particle between x=0 and x=0.4L. Write an
explicit equation (include all limits and write out all functions), but do not evaluate it.
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@ 4. Suppose that the wavefunction is the following superposition of momentum eigenfunctions

P(x) = 0.45e2%* 4+ 0.63e3%% + 0,555k 4 0.32¢61Kx

(a) What values of the momentum can result from an individual measurement? Give the values in terms
of k.
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(b) For each value you listed for (3], determine the probability than an individual measurement will yield

that value.
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c). Calculate the expectation value of the momentum, <p,>. Remember that the momentum
eigenfunctions are orthonormal.
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@ 5. The following questions pertain to Spartan.

(a) In Spartan output, energies (not solvation energies) are reported in
1. Joules
@ Hartrees
3. Kilojoules per mole
4. Electron volts

(b) Number the following computation methods from probably least accurate (1) to probably most
accurate (4). (Place the number on the line in front of the method.)
“# B3LYP/6-31G*
_L Molecular mechanics
Y HF/6-31G*
7 _HF/3-21G



@ 6. Answer the following multiple choice questions by circling the correct answer(s).

a. When the wavefunction (x) = Nx3 is normalized over the interval 0 to 5, what is the value of the
normalization constant N?

(A)N = fos Gl b (B)N = fosxﬁdx
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@ b. Circle all of the following statements that are true.
(A) Quantum mechanical operators commute with each other.
@luantum mechanical operators have real eigenvalues.
(C) Quantum mechanical operators are normalizable.

(D) Quantum mechanical operators have real eigenfunctions.

@ ¢. Which of the following statements demonstrate the wave-particle duality? Circle all that apply.

(A) Blackbody radiation (B} Heat capacity of crystalline solids

hotoelectric effect !ectron diffraction

d. Circle the correct figure. The height of E is the total energy, V is the potential energy (a step function
that goes to infinity at the right), the dotted line is the baseline for the wavefunction, and the real

part of the wavefunction is shown. These are labeled in (A) only but pertain to all figures.
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7. Short answer: answer the following questions succinctly.

@ (a) Explain the concept of quantum mechanical tunneling, giving two examples. Your audience is an
intelligent non-scientist.
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@ (b) Explain the meaning of the classical correspondence principle, giving an example.
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