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Electromagnetics

1. A TEM wave propagates withifi ai coaxial structure shown in Fig. 1

with the fields given by
E = 5B, = jse
£

H = &Hm:é&e'fﬁz_.

A -

Perfert conductors and losslessmedium if between are assumed. De-

rive in details the time-harmonic trapsmission-line equations for V
and J and the expressions for the associated ].in:e capacitance (C) and
line inductance (L) of this co@ﬁ_@uct-m through the two Curl
equations of the time-harmonic Maxwell's equations. The Curl oper-
ation in general orthogonal coordinates is given below
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where Ay, ha. and hg are the metr!ic—cti'eﬁicieqis of the coordinates
(g, ug, ug). (20%) 1 )

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

er=7 and r=rs. |
° 6= and =45 )
e op=0and ¢=a. T

—nd

Compute the following if the material nf@ -_element is characterized
by a conductivity of o { =
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\a) the resistance of this element if'the surface at 7 = r; has V = 0
and the surface at r = rp has V' = 1) Then. determine the
inductance of this element if the material is characterized by a
permeability of u. Neglect fringing. (10%)

{b) the resistance of this element if the surfa& at f = — hd.a V=20
and the surface at # = § has V' = Vj. Neglect frmgmg. (5%)

(¢) the resistance of this element if the surface at ¢ = () has V = 0
and the surface at ¢ = a has V = W, . Neglect fringing. (5%)

. For two quarter circular line charges of density 2p, and —p;. respec-

tively, located on the 2 — y pian.e as shown in Fi ig. 3. determine the
following quantities at any point (0:07z) on the z—axis,
(a) the electric potential V. (5% _
(b) the electric field intensity E. (10%)
The electromagnetic fields in a rectangular waveguide shown in Fig,
4 are given by

. e Y

¥ = &% in (—I) sin(@t— Bz)y
™ a

H = —C’a—ﬂ mn( 2 )sm{m‘ﬁz}r +.C'cos ( ) cos(wt — G2)2

b

where C is a constant and w = 2rf, Wlth f the frequency of exci-
tation. The walls of the ﬁiwegmde Aare mumﬁd to be perfect con-
ductors. Determine the surface c charge dtnsmes and surface current
densities on those walls. (15%)

Determine the following fields at a remote location P(r.8, ¢):

(a) the electric field intensity E-eaused by an-electric dipole defined
by its dipole moment p = §dz. as shown in Fig. 5(a). (5%)

(b) the magnetic field intensity B eauaed_?_w__a magnetic dipole defined
by its dipole moment m = IS = [rg?%, as shown in Fig. 5(b).
(10%) e = =
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6. Consider an electromagnetic wave at oblique incidence on & dielectric
: . v A | i P, .ul's
interface. as shown in Fig. 6. Given the following conditions:

'

e ¢; = dej and €9 = &.
® i = Hy = Ma.
determine the following:

(4) the eritical angles, 8., for both polarizations, (5%)

(b) the angles of refraction of the reﬁ&ct@wwes for both polariza-
tions under the condition of-8; >.0.-{5%)

(¢} and the Brewster angles, 8 5. for both polarizations. (5%)
You may express your answers|in terms of the linverse trigonometric

funcrions.

Laplace's equation in evlindrical coordinates:

7Y

_iZ ( avj PV Y
" pdp pc’»‘p phfgt G221
el

and in spherical coordinates:

)

v = = 2 (r"ﬂj - —a:(s:n ﬁﬁ)--t--ﬂ—l i
TrZar\ dr)  rising@dd\ | —08) r¥sin” 6 0¢?
_]__._ -

Some useful integrals:

,u’t sinzdr = —cosx + C. jcosmd:s = sz + C,
ftan zdr = — In (cosx) + 65— J-@&t.ﬂ}dﬁ.: In (sinz) + C,

f seczdz = In [t-an (% o %)] TLGL_—J cs_gd:ri: in (ta,n %) + (.
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Figure 1: Figura% Ewbiem 11
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P(0,0,z)

Figure 3: Figure for Problem 3.

Figure 4: Figur¢ for Problem 4.
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P(r,8,9)

P(r,0,¢)
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Figure 6: Figure for Problem 6.




