
Chem 120A Midterm 2
Justin Yeung

TOTAL POINTS

23 / 30

QUESTION 1

1 Question 1 2 / 2

✓ + 2 pts -i or 1/i

   + 1 pts Correct start, mathematical error

   + 0 pts Incorrect

QUESTION 2

2 Question 2 2 / 2

✓ + 1 pts Not Hermitian (with fully correct

assumptions).  Could only receive this in conjunction

with item 2.

✓ + 1 pts Because a^dagger not equal to a (or

statement of the relation)

   + 0 pts Incorrect assumption (commute = Hermitian)

leading to statement of non-Hermitian.  Commuting is

a consequence of self-adjointness, not a cause.

   + 0 pts Incorrect assumption leading to statement of

non-Hermitian

   + 0 pts Incorrect

   + 0 pts Commute = Hermitian

QUESTION 3

3 Question 3 2 / 2

✓ + 1 pts a^dagger a | psi> = w | psi>

✓ + 1 pts < psi | a^dagger a | psi > = < psi' | psi' >,

which must be greater than or equal to 0.  Refer to

class notes from 2/22. This proof is the only

acceptable answer.

   + 0 pts Incorrect. Note: a^dagger a = h - 1/2.  Also

note that the killer condition is a byproduct of, not the

cause of, this fact.

   + 1 pts Almost full proof, minor error

QUESTION 4

4 Question 4 4 / 4

✓ + 2 pts If they have common eigenvectors, they

must commute

✓ + 2 pts Explicitly compute commutator using either

a/a^dagger or r/q versions of operators

   + 4 pts Fully correct proof without commutation

using h = a^dagger a + 1/2

   + 0 pts Incorrect

   + 1 pts Commutator attempt with a mistake,

incomplete

   + 2 pts Statement similar to the proof for item 3, no

proof.  Or, attempt at proof that has a minor mistake

or is incomplete.

   - 1 pts Incorrect definition of h (correct: h = a^dagger

a + 1/2)

QUESTION 5

5 Question 5 2 / 2

✓ + 1 pts [Li,Lj] not zero. Hence, you can only know

one direction

✓ + 1 pts [L^2,Lj]=0. Hence you are allowed to know

one component and L^2

   + 0 pts incorrect

QUESTION 6

6 Question 6 2 / 2

✓ + 1 pts m=2

✓ + 1 pts Hence, l must be greater equal than 2

because l=m_max

   + 0 pts incorrect

QUESTION 7

7 Question 7 0 / 2

   + 1 pts [L^2,L_] =0, they commute

   + 1 pts L^2 (L_|x>) = L_(L^2|x>)

✓ + 0 pts incorrect



QUESTION 8

8 Question 8 3 / 3

✓ + 1 pts Energy levels are 0 2 6 and 12 for J = 0, 1, 2,

3

✓ + 1 pts ΔJ= +/-1 bc it has a permanent dipole

moment

✓ + 1 pts Show allowed transition in the sketch.

   + 0 pts Click here to replace this description.

QUESTION 9

9 Question 9 2 / 2

✓ + 1 pts E^(0)_0=H[1,1]= -1

✓ + 1 pts E^(1)_0=V[1,1]=1

   + 0 pts incorrect.

   + 0 pts No bonus point was given for this question

QUESTION 10

10 Question 10 1 / 3

✓ + 1 pts Only the third excited state couples with the

1st excited state (V[4,2]=1, others are 0)

   + 1 pts c_(41)= -V41/(E_4 - E_1)

   + 1 pts c_(41)= -1/7

   + 0 pts incorrect.

QUESTION 11

11 Question 11 1 / 2

   + 1 pts If there are degenerate states / |c_ij| is large

   + 1 pts applies here as E^(0)_2=E^(0)_3 hence |c_23

| is not well defined

✓ + 1 pts Perturbation needs be small/ mutually

exclusive to 1

   + 0 pts incorrect.

QUESTION 12

12 Question 12 2 / 4

   + 1 pts Choose states 2 and 3 because the energies

of 1 and 4 are too low/high

✓ + 1 pts Set up the H-Matrix

✓ + 1 pts solve for the eigenvalues

   + 1 pts Pick the right eigenvalue

   + 0 pts incorrect.
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