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Gradient, Divergence, Curl, and Laplaciém Operations
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Cylindrical Coordinate (p, @, z)
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Problem 1:

Consider a coaxial line shown in the figure where the conductors (assumed to be perfect
conductors) are at p=a and p=5. Assuming a TEM wave propagating in the +z-
direction, find the appropriate expressions for the E(p,z) and H(p,z) inside the guide,
as p<b.[35Pts]

Hint 1: Due to azimuthal symmetry you can assume that there is no ¢ -variation,
ic.0/0g=0.

Hint 2: If there are any additive or multiplicative constants in your expressions for E and
H you do not need to evaluate them.
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Problem 2:
Consider an unbounded simple medium (linear, homogeneous and isotropic) which is

source free ( 2,, = Ppw = 0,1&?, =J, =0) but lossy (o # 0). For such a medium
a) Derive the instantaneous wave equation for the electric field Z(7,). [8 pts]

b) Now, assuming no conduction losses, give the wave equation for £(F) in time

harmonic form.[7 pts]
c) We suggest that the solution to the wave equation in part (b) is a plane wave of the

form E(7)=E, exp(—j E-F), where E, isa constant and k=ka, + ka,+ka,.
Derive the condition that the components of the vector k must satisfy. [15 pts]
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Problem 3:
A dielectric slab of polystyrene (£ =2.56 ¢,, i = y,, o =0) of height 24 is bounded

above and below by free space, as shown in the figure. Assuming the electric field within
the slab is given by

&(F,1)= (&yS +&210)cos(w!-ﬁ x)

where = w,/y, &, determine

a) The corresponding instantaneous magnetic field [ (7,¢)] within the slab. [12 Pts]

b) The instantaneous electric [ £(7,7)] and magnetic fields [ #(7,7)] in free space just
above the slab. [18 Pts]

c) The instantaneous electric [ £(7,¢)] and magnetic fields [ #7(7,7)] in free space just
below the slab. [S Pts]
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