
1

“Wag the dog” method

This method shows numerically, how the Schrodinger equation for
a particle in a potential well V(x) has physical solutions only for
certain values of energy. The standard analytical treatment of this
problem involves using a series solution, where it is shown that the
series converges only for certain values of energy (Refer Griffiths,
Quantum Mechanics). Here a numerical method is used, and a slider
for energy is used to show that the solution looks admissible only at
certain energy values.

The following is a possible lesson plan and illustrates the working
of this application.

1. The time independent Schrodinger equation for this particle is
given by

−(h̄2/2m)∂2ψ/∂x2 + V(x)ψ = Eψ (1)

For the Harmonic oscillator, V(x) = kx2. 1 can be made dimen-
sionless using appropriate units of length. Show that 1 can be
written as

−∂2ψ/∂x2 + x2ψ = εψ (2)

Where ε = E/kl2, l = (h̄2/2mk)1/4.

2. The value of ψ and ψ′should both decay to zero for x → −∞
and x → +∞. We treat 2 as if it was an initial value problem,
and arbitrarily assign the following initial conditions: ψ(−10) =

10−17 f (ε), ψ′(−10) = 0.1 Using the SolveODE function in geoge- 1 f (ε) is just a scaling factor for ease of
viewing the function, and has no other
significance. f (ε) = eε−1 is used in the
accompanying geogebra application.

bra, we can plot the numerical solution of 2 for different values of
ε.

3. In the geogebra application, first move the slider around. Notice
that there are some values of ε (we’ll denote them by εi) which act
as turning points for the shape of the function. The shape of the
function resembles the wagging tail of a dog, swaying upwards
and downwards around the εi values.

4. Convince yourself that you get “proper” solutions only when
ε has exactly these values. You can change the resolution of the
slider, or the step size in the SolveODE command, to improve the
solution at these values.

5. What does this exercise tell you about the allowed values of ε?

6. Other possible discussions: Hermitian operators, Eigenvalues.


