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Prove the following Commutation Relationships:
o [ABC]-B[Ac]+[4B]C

The Simple Harmonic Oscillator wave functions are said to be “orthonormal”, meaning:
o
[ v dx=,
a. Show this is true for the first two wave functions
xlla?

Yo = Noe

Y= N,xe’xz
In doing so. you will need to also determine the values of the normalization constants, No
and Ny.
b. For an optical transition to occur, the dipole moment of the system has to change

as a result of the transition. What this ultimately means is that the expectation value of
the dipole moment change is non-zero. i.e.:

<ﬁ>=fj'/’/ﬁ'/’idx’0

where 7 and frepresent the initial and final states. respectively. The dipole moment
operator is just a charge. ¢. acting over a distance. x. Evaluate the integral:

(W= J - vpodx

to see if this would be an allowed transition. Would a transition from v =0 to v =2 be
allowed?
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3% Recall that the uncertainty of a measurement of some observable 4 is defined as:
AA=[(a%)-(a)

Use this definition to find the uncertainty in position. A, and momentum. Ap. for the ground

state wave function (lowest energy. i.e. Ls) of the hydrogen atom:
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Do your results fit the Heisenberg Uncertainty Principle?

Note: This wave fiunction IS normalized, and the operators you will need to use are:

F=r i

and the integrals needed to determine the expectation values are of the form:

(Ay= [ 7 [7y" Ayr* sinbdrd6dg =4z [Ty (DA dr
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4% The spherical harmonics depend on both 7 and m;. but the eigenvalue (energy) only
depends on /. Therefore. by the principle of superposition of states. we can generate new
solutions by adding and subtracting functions that have the same / but different values of m;. If
the resulting functions can be expressed in terms of cartesian coordinates they are referred to as
"symmetry adapted" functions. In this problem. we will consider making symmetry-adapted
functions using the following two functions:

15
Y;2(6,9) = 1| ——sin*(B)e™*
8
15
Y,%(6.9) = 1| sin*(8)e™*
8
a. Make 2 linear combinations. one by adding and the other by subtracting. of these
two functions and NORMALIZE the resulting superposition states.
b. Using Euler's formula (e¥¢ = cos(¢) + 7 sin(¢)) and the trigonometric identities to
rewrite the two functions from part (a) without the exponentials.
c. The cartesian coordinates (x,y,z) are related to the spherical coordinates (r.6.¢) by:

x =rsin(6) cos(¢). y = r sin(6) sin(g). = = r cos(6).
To what cartesian functions are the function in part (b) related? You can assume an
implicit """




