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1. Write down Maxwell’s equations in free space and use them to show that both E and
B travel as transverse waves with E perpendicular to B.
An electromagnetic wave has an electric field given by

E = Ey cos(2mwvt) sin(—zl;:f)i

where A and v are constants. Use Maxwell’s equations to calculate its associated electric
field B; hence calculate its associated Poynting vector S.

2. Write down Maxwell’s equations in the presence of a current density J. If u is the
energy density given by ] 4
u= o (B +¢*B?)

use these equations to show that u satisfies

ou
Bt +V.S=-EJ,

where S is Poynting’s vector: S = eoc’E x B.

3'
Derive the Maxwell-Boltzmann distribution function in the form

f(v?) = Aexp[-Bv?]
where A and B are constants. Given that A = N(m/27kT)3/2 calculate the constant B.
Note: [&_exp[—az?} dz = (r/a)'/2.

4. Define the term mean free path; hence derive a formula for the mean free path A of a
molecule in a perfect gas.
Use this formula and the pair equations

J=cE
= Nev

to obtain a formula for the conductivity ¢ of wire carrying a current density J (e is the
electric charge, v the drift velocity and N the number of charges/unit vol.).



