Chemistry 344

Problem Set 9

- Areview
Due Oct. 30, 2002

1. A hydrogen-like wavefunction is shown below thh r in units of a,.
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(a) Determine the values of the quantu ers n, Q:EJ
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(b) Determme the most probable value of r for an electron in the state specified

by the ‘¥(r,0,¢) given above, when Z = 1. )
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(c) Generate from ¥(r,9,$) given above, another eigenfunction haviﬁg the same -
values of n and £ but with the magnetic quantum number equal to m+1.
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The Laplacian V? = {$%/3x* + §*/9y* + #/82"} when transformed to spherical
coordinates becomes V2 = {(1/t%){8/dr (r*d/6r) - L%}

(d) Write down the hamiltonian for a hydrogen-like atom (only the internal
motion of the electron relative to the nucleus).
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(e) Determine whether it is possible to determine simultaneously the energy of a
hydrogen atom and its angular momentum.
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2. A linear harmomc oscillator is placed in an electric field of strength £. If the
- oscillating mass has an associated charge -e, the Hamiltonian becomes
H = - (H/2u) ddx* + (K2)x + e&x.
1 is the reduced mass of the oscillator, and k is the Hooke’s law force constant.
Solve this problem by using the coordinate transformation x = X’ - eg/k.

Of course, d¥/dx’* = d*/dx?® in this case, so the transformation is trivial.
Assume that you also know the eigenvalues of
‘H'(X)‘P(X) =E¥(x),
thatis, {- (A*/2u) d¥dx* + (K2)x*}W(x) = (n+2)ho¥(x) wheren=0, 1, 2, 3,...
What then are the eigenvalues of the charged oscillator in an electric field?
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3. The general statement of the uncertainty principle is that

Ga'0p 2 (%’) <[A0ps Bop]/i>
where &, is the standard deviation of measurements of values of the observable A
‘and A,y is the operator for this observable.
(a) Starting from the above statement, derive the relationship between the
standard deviations for measurements of position x and linear momentum p,.
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(b) Derive the commutator [L?, L,]. What are the limitations, if any, on the
simultaneous measurements of L? and L, ?
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(c) Write an explicit equation stating that the elgenfunctions of L are the
spherical harmonics Y,,,(6,¢).

Ly, (ed) = L4+ Yh Y, (6,4)
(d) Write an explicit equation stating the result when L, operates on Y ,,,(8,9) .

Lo Y, (8d)= m% Y, (&4

(e) A particle of mass m is bouncing elastically on a smooth, flat surface in the
earth’s gravitational field.

Write down the Schridinger equation for this system (use z as the vertical
distance perpendicular to the flat plane and g is the acceleration of gravity).
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What are the boundary conditions on the wavefunction for this particular system?
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4. (a)When the hamiltonian is not explicitly dependent on time, solve the
equation

iA(8/ot) W(x, t) = H(x) ¥(x, 1)
using the method of separation of variables.
Assume that you know the solutions to H(x)y(x).
{Just in case you did not notice, note the difference in the symbois: ¥(x, t), w(x)}
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The eigenvalues of a linear harmonic oscillator are known.

Hix) w(x) = Ew(x),
thatis, {- (A2u) d¥/dx* + (2)x*} w(x) = (n+%4)ho w(x) wheren =0, 1, 2, 3,...
(b) At time zero, a linear harmonic oscillator is in a state that is described by the
normalized wavefunction:

F(x, 0) = (1NS) wo(x) + (1/42) W) + exws(x). | gubetlse
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(c) Write out the wavefunction at time t. ¢ W@ ~ ﬂmﬂﬁ

- £ hw

/8
s — 8wt ~LZpt
Foa= e g e E e

(d) What is the expectation value of the energy of the oscillator at t = 07
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(¢) What is the expectation value of the energy of the oscillator at t = 1 second? - _-/ |
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