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15% 1a) For spherical coordinates, the unit base vectors that describe field components
change in different directions depending on the observation point. {f the observation points
are locatedat & =0and ¢=0,whatare 4,, 4, ,and 4,interms of Cartesian unit base
vectors? ,

1b) Explain why the divergence of a vector D in spherical coordinates can not be
evaluated by the following straight-summation of the partial derivatives of each component:
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20%
upper cone has a positive, uniform surface charge density of + p,,

#=150°  and r < 2m. The
and the lower cone has a

2) A biconical surface is defined by the regions =30° |

negative, uniform surface charge density of — p,.  Please derive an expression to calculate the
electrostatic field E for any point (x,y,0) on the xy plane due to these charge distributions.

You should simplify your expression as much as possible, but don’t try to evaluate the final
integral(s).
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25%
potential distribution ® (x=0,y)=Vysinky. Free space with no conduetivity ( o =0 )and

3) A potential sheet of infinite extent in the y and z directions is placed at x = 0 and has

permiftivity &, is present for x <, while for 0 <x <d a perfectly insulating dielectric (¢ =0)
with permittivity € is present. The region for x > d is a grounded perfect conductor at zero
potential.
a) Solve the Laplacian equation for the potential distributions ® (x,y) forx <Oand 0 <x<d?
b) What are the surface charge densities at x =0, (i.e., p, (x=0,y)),and atx=d (ie., p,
(x=d.y))?
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20% 4) Rather than view a current in a wire as a line current, it is more realistic to treat it
as a volume charge flowing over a cylindrical area with the following current density:
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section of infinite volume current density

Answer the following questions:

(a) Use Ampere's law to derive a solution for # at all points in space.

(b) If the conduclivity of the wire is ¢, write an expression for the E field inside the wire.
(c) Prove that your answer in part (a) satisfies Maxwell's curl equation.

Hint: the curl of a vector in cylindrical coordinates is
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20% 5a) Below are the solutions to a transmission line partial differential equation:

v(z,t)=80cos(20007 —10z)-1607u(4: + z/50 +14)V
i(z,t)=2mu(4t +z/50 +14) + cos(2000¢ —102)A

Answering the following questions about these solutions:
i) Write the forward-propagating voltage waveform !
ii) Write the backward-propagating current waveform !
iii)  What is the characteristic impedance for this line ?
iv) What is the velocily of propagation for this line ?

5b) 1fa lossless transmission line { with charleristic impedance Z, ) were connected to a
purely resistive load R, and hada VSWR of 2 (linear scale), what are the two possible values for
the load resistance in terms of Z,?




