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Abstract

INTRODUCTION:

COMSOL is used for obtaining the quantum mechanics wave function W(x,y,z,t) as a solution to
the time dependent Schrodinger equation [1]. Probability determination of a particle being at a
spacial point is treated by the "Schrodinger wave function formulation". This involves solving
field pde's, thus is adaptable to COMSOL. The solutions provide quantum mechanics students , a
supplementary understanding of how the W(x,y,z,t) behaves in simple examples.

USE OF COMSOL MULTIPHYSICS®:

Time independent Schrodinger's equation was solved using COMSOL [3-7]. Here, the "transient
study type" is employed using the General Form PDE interface. Anincident plane wave of the
form W= WoExp(ikx-iwt), with Wo=1.0, is implemented by driving the model end face with W=
WoExp(-iwt)., The Wo amplitude is gradually increased from & to 1.0 over two time cycles in
order to avoid the suddenly applied driver's real part @ t=0. Further, an absorbing boundary
condition is developed.

RESULTS:

Bar Model

A 2-D bar is solved for testing FEM accuracy of the time-dependent W propagation vs. a
Laplace transform exact solution using [8]. Non-dimensional time ( T=t/T) and length ( Y=x/A)
quantities are scaled w.r.t. the incident wave period T= 211/w and wave length A= 21m/k . Figure 1
shows agreement between the exact and FEM solution for W vs x/A at T=t/T=1.5 as the solution
builds, heading towards the desired WoExp(ikx-iwt). The Figure 2 plot shows the solution at time
T=t/T=4.0, where the Wo unit amplitude is reached and illustrates the absorbing boundary is
working.

Slit Model

Similar to above except here a two slit barrier is at the end of the bar, with width A/4 slit opening.
Figure 3 displays three snapshots in 3a) T=t/T=3.0, 3b) T=4.0 and 3c) T=6.0. The real part W
illustrates the diffraction progressing vs. time. Figure 3d) is at T=6.0, with | WI*2 plotted, where a
banded interference pattern evolves like ones observed experimentally [2]. In Figure 4 a plot of |
WA2 vs. coordinate y/A shows the bands, where the slice location is the dashed line in Figure 3c.



The value of WI*2 is lower directly opposite the slit as say compared to values either directly
above or below the slit, thus illustrating the wavelike diffraction of W.

The probability of a particle being ina AA=2A/4 x A/4 probability zone is addressed by
evaluating {l WI*2 dA over each zone in Figure 3d . Upon taking the ratio of an integrated zone
(e.g. upper ) divided by the integration over the mid zone ( in-line with slit) , itis 1.74 times more
probable that a particle is found in the upper zone then in mid zone and 1.57 times more probable
if it is found in the lower zone then in mid zone.

CONCLUSION:

The agreement between the exact vs FEM solution for a 2-D bar example with absorbing
boundary conditions, was good. Solutions to the incident harmonic wave upon a two slit barrier,
produced diffraction patterns showing bands of null zones due to wave destructive interference.
This illustrates the wave like diffraction behavior of particles at the atomic scale.
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Figure 1: Wave Function W vs x/A at T=t/T =1.5 for Exact vs. COMSOL FEM 2D Plane Wave
Bar Solution
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Figure 2: Wave Function W vs x/A at T=t/T =4.0 for Exact vs. COMSOL FEM 2D Plane Wave
Bar Solution
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Figure 3: Real Part W of Wave Function over the spatial field, at times : a) T=t/T =3.0, b) T=t/T
4.5, ¢) T=t/T 6.0 and d) magnitude squared IWI*2 at time : T=t/T =6.0
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Figure 4: Wave Function Section Cut, IWI*2 vs y/A at x/A=1.88 at two times T=t/T =5.5 and 6.0



