Exercises

Exercice 11 :

Particles with spin 0, charge g, and mass m are approaching from (—oo) towards (+o0) a potential
barrier of height V and width a.
Given that the energy of these particles is determined by E = gV /2, where gV > 2mc?,

1. Recover the general form of the wave function outside the potential barrier.

2. Calculate the current density |, outside the potential barrier when the wave function is

provided
plx) = ém
3. Demonstrate the expression for the transmission coefficient T

!

T 4pp
(p+p') er=r) — (p—p') eirr+r)

when the momentum p of particles outside the potential barrier is different from the mo-
mentum p of particles inside the potential barrier.
We give: p = VEZ —mZet p = \/(E —qV)* —m? avec ¢ = h = 1. Indication: Work in one

dimension

Exercice 12 :

1. Reconstruct the general form of the free Klein-Gordon equation from the Schrédinger equa-

tion.

2. Derive the general form of the Klein-Gordon equation in the presence of an external electro-

magnetic field by employing the method of minimal coupling.

3. Find the solutions of the free Klein-Gordon equation.
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Exercice 13 :

The Klein-Gordon equation (Adjoint), in the presence of an external electromagnetic-magnetic
— —
field A, (A, ?), is provided by

[(a}l + iqA}l)(aV + iqu) - mz} ‘;b*(xy) =0
1. Demonstrate the invariance of this equation under the following gauge transformation:

¢*(x) — ¢*(x) = e 1R (x) a(xy) est un réel arbitraire

Exercice 14 :

1. Obtain the quadri-current density vector expression from the continuity equation.

2. Derive the expression for the quadri-current potential from the Lorentz gauge equation.



