Particle in a Box

Dear Bruce,

With a view to understand the “why” of the Quantum Mechanics I am starting with the most simple case conceptually, that of a particle traveling linearly in a ‘box’ and getting repeatedly reflected at the boundaries x=0 and at x=L, the so-called “particle in a one-dimensional box.”

The potential energy in this case is given by

U = ∞ at x=0 and x=L, and U = 0 at 0<x<L                              <1>

Thus if E is the total energy of the particle (whose mass is m and momentum p), it will be identical to the kinetic energy (no potential energy).

T = (E – U) = ½ mv2 = p2/2m                                           <2>

Further the following relations between the particle properties and the associated wave properties hold good

Rotational Frequency of the wave, ω = E/ħ                                  <3>

and the Wave Number, k = p/ħ = [(2m(E – U)]/ħ                            <4>

with ħ being Planck’s Constant, h, divided by 2π.
The possible types of wavefunctions are determined by what they call the “Superposition Principle,” which states that if  (1 is a solution of the wave equation and (2 another solution, then (1 + (2 must also be a solution.  This condition eliminates the simple sine and the cosine waves.  Only ‘complex waves,’ defined as below satisfy the Principle

e(iα = cos α ( i sin α                                                     <5>

The theorists conventionally chose the ‘-’ version

e-iα = cos α - i sin α                                                     <6>

The angle α being composed of

α = ωt ( kx                                                            <7>

with the ‘+’ sign for the particle traveling in the X-direction (from x=0 to x=L), and the ‘‑’ sign for the particle traveling in –X-direction, t being the time.

The time-dependent part of the wavefunction turns out to be

e-iωt = cos ωt - i sin ωt                                                     <8>

and the space-dependent part is

e-i(( kx) = cos kx ( i sin kx                                                   <9>

Imagine in the last equation that we plot kx on the X-axis, cos kx on the Y-axis and sin kx on the Z-axis.  The displacement in the Y-Z plane could be seen to constitute the ROTATION of a vector.  This, coupled with the displacement in the X-axis, forms a helix.  Now is this the genesis of the rotational depth?  What about the time-dependent part of the wavefunction, Eq. <8>?  Isn’t it another helix?

Nehru

