PHYS2170 Mathematical Methods 4

Problems Class 4: Solutions

1. The electric field in a propagating electromagnetic wave (e.g. light!) is given by
E=Eqcos (k-r —wt), (1)

where k is a constant “wavevector”. This revisits the example we considered in lecture.

(a)
V-E=V.(Ejcos(k-r—wt)) =E- Vcos(k r — wt)
=Eq-(—sin(k-r—wt))V(k-r) =Ey - (—sin(k - r —wt))k
= —k-Epsin(k - r — wt).
Maxwell’s equation V - E = 0 in free space thus implies k - Eq = 0 (since it must

be true for all time and space). Hence, the polarization of the elecric field is
perpendicular to the direction of propagation.

(b) VXE =[Vcos (k-r—wt)|]xEg = [~ksin (k- r —wt)|xEq = —kxEgsin (k - r — wt).
(c) k- VXE=k-(—k x Eg)|sin(k-r—wt) =0.

2. (a) In polar coordinates,
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(c) Since F and p are orthogonal (because p L $), the sin of the angle between the
two vectors is 1 and you don’t have to calculate it. Hence the vector product
F x p is the product of the magmtudes of the two vectors, oriented in the third
dimension (conventionally, p x qb k)

Fxp=(")(—g) = -k (6)
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