Chem 332: Second Exam (80 pts. possible)

Friday, March 8, 2013

Please budget your time carefully and show all work for partial credit. Read each problem carefully!
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(1) (10 pts) Show that the spherical harmonic Y>,1 is an eigenfunction of the operafor 0+ ﬁi by

finding its eigenvalue. (Hint: remember that 2 = £3 + (> + (%)
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(2) (15 pts) Short answers (very short)
(a) For the particle of mass m undergoing free rotation in 2-dimensions, what was the key boundary

condition on the wavefunction that led to quantization?
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(b) Briefly discuss the role of mass in regards to the Bohr Correspondence Principle for the particle in

an infinitely deep 1-dimensional box.
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(¢) Using the vector model of quantized angular momentum, what is the length of the angular

momentum vector for the case with /=5 ? What are the possible projections on the z-axis that
this vector can have? Z z
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(d) In terms of the rotational constant B, how does an allowed pure rotational absorption frequency

depend on the final quantum state J* ?

V= 287/

(e) How many nodes are in a harmonic oscillator wavefunction when #=6 ? Is this wavefunction

symmetric or anti-symmetric (or neither) with respect to x=0 ?
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(3) (15 pts) In the microwave spectrum of carbon monoxide, the /=0 — 1 transition was measured at
115,217.204 MHz. Calculate the rotational constant B (in MHz), moment of inertia (in amu AZ),

and the bond length (in'A) of CO. (ﬁse mo = 15.994915 amu, mc = 12.000 amu)
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(4) (10 pts) The energy levels of a particular 3-dimensional particle in a box (non-cubical) are given by

2

E .= —(4n2 +4n +n? ) , where L is the height of the box in the z direction. What are the
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energies and degeneracies of the 4 lowest energy levels? Label each state by its quantum numbers.
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(5) (10 pts) For a quantum harmonic oscillator of mass m, show that the function f(x) ='xve_ax2/2 is
an eigenfunction of the Hamiltonian for this system. Give the eigenvalue. Note that ¢ = r;_jc .
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(6) (10 pts) For a particle in a 1-dimensional infinitely deep box of length Z, the normalized wave

1 - » 2
function for the 1st excited state can be writtenas ¥, (x) = e —e™)  where b= =
2 ;
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Give the full expression that you would need to solve to determine the probability of finding the
particle in the 1st third of the box. Simplify as much as possible but do not solve any integrals.
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(7) (10 pts) Consider the 1-dimensional time dependent Schrédinger equation,
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where W is a function of both x and ¢ (as shown above, Vis a function only of x). Use the
separation of variables technique to recover the time independent Schridinger équation. Show all

work and justify your steps where appropriate.

@ ‘Fm. Ve o.\la , @sswre P = q’c;q 'Y'(féW

Su\oskkﬁz *)t ‘{/—Y— z.m ax L{u@ + V L{/_(Z
® 1 S ol i VT

Ot am T xE ¥
w4 e e
A - X — 2.

@ F Jt am 4 O« L
@ \f‘MbJ \ " mb L*\’L MS'\' ezw,oa\md“;?’

AT F - AT AE ¢ - v
L wmd ae Y =B [_"I”—-*‘V B4




