The Quantum Bouncer Doesn't Bounce, Unless...

Frank Rioux
Chemistry Department
CSBISJU

The Earth's gravitational field is a confining potential and according to quantum mechanical principles,
confinement gives rise to quantized energy levels. The one-dimensional, time-independent Schrodinger
equation for a quantum object (quon, to use Nick Herbert's term) in the Earth's gravitational field near
the surface is,
_h2 d2

—=¥(2) + m-gz¥(2) = E-Y¥Y(2

2 dz2

8n -m 0z

Here m is the mass of the quon, z its vertical distance from the Earth's surface, and g the acceleration
due to gravity.

The solution to Schrodinger's equation for the mgz potential energy operator is well-known. The
energy eigenvalues and eigenfunctions are expressed in terms of the roots of the Airy function.
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The first five roots of the Airy function are presented below.

a] == 2.33810 ap :=4.08794 a3 :=552055 a4:=6.78670 ag:= 7.94413
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Time dependence is introduced by multiplying the spatial wave function by exp(—i- le The

calculations that follow will be carried out in atomic units. In addition, the acceleration due to gravity and
the quon mass will be set to unity for the sake of computational simplicity.

The wave functions for the ground state and first excited state are shown below.
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This excercise is usually called the quantum bouncer, but the first thing to stress is that these energy
eigenfunctions are stationary states. In other words a quon in the Earth's gravitational field is in a
state which is a weighted superposition of all possible positions above the surface of the earth which

does not vary with time. It is not moving, it is not bouncing in any classical sense.

In other words the behavior of a quon is described by its time-independent distribution function,

|'\P(z) |2, rather than by a trajectory - a sequence of instantaneous positions and velocities. Quantum
mechanics predicts the probability of finding the quon at any position above the Earth's surface, but
the fact that it can be found at many different locations does not mean it is moving from one position
to another. Quantum mechanics predicts the probability of observations, not what happens between
two observations.

The position distribution functions, |'¥(z)|?, for the ground- and first-excited state are shown below.
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The quantum bouncer doesn't "bounce" until it perturbed and forced into a superposition of

eigenstates, for example, the ground- and first-excited states.
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Below the quon distribution function is shown for three different times.
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As the figure shows, now there is motion in the gravitational field. The quon is moving up and down,
bouncing, because it is in a time-dependent superposition of eigenstates.

Another way this quantum mechanical "bouncing motion" can be illustrated is by displaying the
time-dependence of the average value of the position of the quon in the gravitational field.
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It is also possible to animate the time-dependent superposition. Click on Tools, Animation, Record and
follow the instructions in the dialog box. Choose From: 0, To: 100, At: 6 Frames/Sec.
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