Physics 235B — Simplified Quantum Electrodynamics

1. Begin with a classical harmonic oscillator of mass m and natural frequency w. Show that
the Hamiltonian is given by,
=L p’+imw’x®
where the momentum and position are related by,
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2. Write down the energy eigenvalues, the expressions for the raising and lowering operators,
and the number operator for the quantum solution to the harmonic oscillator.

3. Use Maxwell’s Equations for free space to find the wave equation for the electric field and
magnetic fields.

4. For a box of volume V, show that the one-dimensional standing waves below satisfy the
wave equation.
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where 1 is an arbitrary factor determining the size of the field. Find the conditions on E(t)
and B(t).

5. Use Maxwell’s Equations to show that,
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dt dt n

and show that the conditions from problem 4 are satisfied.

6. Write the total energy contained in the fields in terms of € and . Note that the integration
is over an integer number of wavelengths required by the boundary condition in the box.

7. Comparing the results of problems 5 and 6 with problems 1 and 2, write down the energy
eigenvalues, the expressions for the raising and lowering operators, and the number
operator for the quantized electromagnetic field.



1. The Hamiltonian is the sum of the kinetic and potential energies,

2 2.2
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Using the Second Law, F =-kx = @ =-mw’x.
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The condition on €(t) is, @ =-w’E.
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The condition on p(t) is, T —w’B.
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Taking the time derivative of the first equation and substituting from the second equation,
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. Write the total energy contained in the fields in terms of ¢ and (3. Note that the
integration is over an integer number of wavelengths required by the boundary condition
in the box.

The energy density must be integrated over the box,
H= [ (B +4e,E)dxdydz
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Since the length of the box is an integral number of wavelengths, L =nA = o<,
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The remaining integrals along with the L from the x integration cancel with the volume
of the box,
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Comparing the results of problems 4 and 5 with problems 1 and 2, write down the energy
eigenvalues, the expressions for the raising and lowering operators, and the number
operator for the quantized electromagnetic field.

Harmonic Oscillator Electromagnetic Field
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Most books choose dimensionless raising and lowering operators (Sakuri for example).



