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1. A TEM wave propagates w1thm d.l coaamal str;ucture shown in Fig. 1

with the fields given by

E
E = pE,= = p2ei
p
A ~H .
H = ¢Hy=¢ poe"ﬁz ’

Perfect conductors and losslessTi dlum i between are assumed. De-

rive in details the time-harmonic transz;;;s_;oﬂ—hne equations for V
and I and the expressions for the assocratlad hnie capacitance (C) and
line inductance (L) of this cotxml structure fhrough the two Curl
equations of the time-harmonic Maxwell’s equatlons The Curl oper-

ation in general orthogonal coordinates is given below
t1hy  dghe  dshs

1 +—4 8 | 8
VxA= t ’
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hids hpds \hads
Vo
where hy, hg, and h3z are the mety‘ic/crffﬁciég,fs of the coordinates
e
(‘U,l,’LLQ,’U,g). (20%)

2. An element shown in Fig. 2 is defined by the following surfaces:

er =17y and r =1,
«6="2andf=p, I .
e p=0and ¢ =q. ,,..,mj

Putinthugihubo: }
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(a) the resistance of this elemeﬁt if‘the émface atr=r hasV =20
and the surface at r = r has V V " Then, determine the

inductance of this element if the matenal is characterized by a
permeability of u. Neglect frlmglng (10%)

(b) the resistance of this element if the surface at 0 = 5 has V=0
and the surface at @ = 8 has V = V. Neglect fringing. (5%)

(¢) the resistance of this element if the surface at ¢ = 0 has V =0

and the surface at ¢ = has V= i Vo. Neglect fringing. (5%)

§
. For two quarter circular line charges of densxtj%/ 2pp and —py, respec-

tively, located on the z — y plane, as,,;ihown in| Fig. 3, determine the
following quantities at any point (O 072) | !on the z—axis,

!
i

(a) the electric potential V/, (5 %}’“"“’“ B
(b) the electric field intensity E. (10%)

e

. The electromagnetic fields in a rectangular waveguide shown in Fig.

4 are given by
wuoa

E =20C s'n( x)smc"u“f“—ﬁz x[
T a HASE.
H = »C%ﬁ sin ( ) sin( wt’—ﬁz)x C’cos (7:::) cos(wt — Bz)%

where C is a constant and w = 21r f, Wlth f the frequency of exci-

tation. The walls of the waveguide are™: assugéd to be perfect con-
-t

ductors. Determine the surface cha.rge densities and surface current

densities on those walls. (15%)

. Determine the following fields at a remote location P(r,0, ¢):

(a) the electric field intensity E-eaused- by -an- lelectric dipole defined
by its dlpole moment p = §dZ; as shxown 1;(1 Fig. 5( ) (5%)

(10%) /T ,
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6. Consider an electromagnetic W_E_Ll/e at’ fg_l;pliqgg incidence on a dielectric
interface, as shown in Fig. 6. _Qm;vefr_kjge ffbllovjving conditions:

dove 4 ‘
® ¢ = 4eg and €2 = €9, e { !

i ,:’ i
I j

® [ = M2 = Mo,
determine the following:

(a) the critical angles, 8, for both polarizations (5%)

tions under the condition qf»&, >_n9¢,. 45%.) }
(c) and the Brewster angles, 91'3, formbg_th polanzations. (5%)

i

i JR—— i

. i
You may express your answers!in terms of the linverse trigonometric

| —

functions.

Laplace’s equation in cylindrical coordinates:

10 8V w.l._BzV 82V
VY =08 Pap [ T 5 -0
. . : — \
and in spherical coordinates: o
J— E’ \ )
10 ov 1 t 0 Vo1 9V
V= () 5 (057 * 775 5 =
v 2o \" ) 269 SIPQ + Z‘f’jsmz 6 ¢ 0
I

Some useful integrals:

/sin:cdx=—cosa:+C’ /cosxd:c=sinx+C
/tan:vdx = —In(cosz) + G5 |

i

/ secxdx = In [tan (Z )] —|—G’-—--—E/ csé—auc"(ia:(-— In (tan 2) + C,

-0t a;d%— In (sinz) + C,

B —
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Figure 3: Flgure for Problem 3.
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