Grade:
Question 1 [80 points]

(a) State the Heisenberg Uncertainty principle. [10 points]
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(b) In class we saw that for three-dimensional rotation the z-component of angular
momentum as well as the energy can be measured from the wavefunction. Without any

derivations state the value of the commutator []A I-AI} ? [10 points]
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(¢) Consider the vibrational motion of a diatomic in a simple Harmonic Potential

(1) Draw the Potential versus positign plot. Clearly label the axes as well as the origin.
On the plot draw the energies of the fa'&é'rw three levels. Label the energy levels with
equations that relate the energies to the fundamental properties such as the force constant
the reduced mass of the molecule. [10 points]

(i) On the plot draw ;3. (ie the wavefunction for p=3 state). Using dashed line plot

\1/3*\|13 . [10 points]
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(ii1) Without any derivations but clearly explaining your reasoning state the values of
<x> and <py> in the p=3 state.. [10 points]
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(iv) The force constant of '"H*Clis 516 Nm™'. Determine the value of E; (assume that the
motion is simple Harmonic). [20 points]
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Question 2 [@0-poimts]

(a) The moment of inertia of 'H**Cl is 2.644x10™*” kg.m?. An HCI molecule undergoing

1
o . . 3V
3-D rigid rotation exists in a state which a wavefunction y = (—) sin e’ .
T
(1) Substitute this wavefunction into the Schrodinger’s Equation to derive an equation
for the total energy. [30 points]
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(i1) By using the appropriate operator determine the value of the z-component of
angular momentum. [20 points]



(ii1) Based on your answer to parts (i) and (ii) determine that values of the 1 and m,
quantum numbers. [10 points]
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(iv) Based on your answer to part (iii) write down the value of total angular momentum?
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(v) What is the x-component of angular momentum in this state? [20 points]
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Question 3 [#6 points]

(a) Explain why spontaneous emission is very weak for vibrational spectroscopy. [10
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(b) For which species will the 3p;’@vibrational level have a greater population at thermal
equilibrium: (a) **Cl,, (b) **CP’Cl; (¢) *’Cl. No calculations are necessary but you must
carefully explain your reasoning. [20 points]

-Co Swalller E-Eo -
N Qﬁ@ e = foger Ny 20
! =
No
s
~Cs = =2 "¢
'E\ ® 20 M /A' hoa S RIFYS - E("'Eo
sevlle, WiTh -
M ¢ Yo A= —h_)\T‘ " M2 e
/1/(’ U_,u(}\ o e
J/ ™ T Mo
Sweslt ek L fege



(¢c) Consider the case of a diatom executing vibrational and 3D-rotations. Infra-red
radiation is used to induce transitions between vibrational levels. You are asked to
consider the case where the rotational fine-structure is visible.

(1) Draw an energy level diagram. On the diagram clearly show the possible transitions.
Draw a sample spectrum you might obtain at a low temperature — make sure to show
relative features. [10 points]

(i) If you wish to study the P-branch would you increase or decrease the temperature in

order to ingrease-tre-intemmity. Explain your answer. [10 points]
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(b) The value of B for 'H*’Cl is 10.5909 ¢cm™. Determine the H-CI bond length. [20
points]
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