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Answer SIX (06) Questions only

All symbols have their usual meaning.

A specified charge density 6(6) = 200(10529'{- %00(2056 is glued over the surface of a
spherical shell of radius R. o, is a constant.

(a)
{b)

[ind the potential both inside and outside of the spherical shell.

Compute the eleetric field inside the spherical shell.

2. (a) Point charges arc located at the corners of a cube of sides | m* with one corner placed at the
origin and three edges coinciding with the coordinate axes. Values of the point charges in
Coulombs 1.-1.2.-1. 1. 4. -2 and -1 are at the locations (0. 0, 0). (1.0,0). (0. 1, 0). (0, 0,
DL (1 0). (010 1) (1 00Ty and (1.1, 1) respectively. Determine the dipole moment of
this collection of charges.

(b) A thick spherical shell (inner radius a. outer radius b) is made of diclectric material with o
- k
Irozen-in polarization. P(r) = ;?"’. where k is a constant and r is the distance lrom the
center.
(1) Determine the bound charge densities and bound charges evervwhere,
(i1) Usc the results in part (i) 1o find the electric field at all points in the space.

-~
(iti) Find the clectric displacement. D everywhere.

3. Acircular loop of wirce, with radius R, lies in the XY plane. centered at the origin, and carries a
steady current Zrunning counter clockwise as viewed from the positive Z-axis.
(a) Determine the magnetic ux density at an axial point at a distance z from the origin,
(b) Hence. find the magnetic Tux density at the center of the loop.
(c) Find the approximate vector potential and the magnetic flux density at points far from the
origin.
(d)  Show that. for points on the Z-axis. your answer in part (¢) is consistent with the exact field

as calculated in part (a).
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Anair-filled rectangular wavepuide with o cross section 4 em x 7 em is exeited at 3000 Milz.
(@ How many TE modes can the wavegude transmt?

(0 How many TM modes can the w avegunde transmit?

(¢} Caleulate the cutof frequency of the modes,

() Determine all the modes and their cutofT [requeney that can be transmitted along the

wavepuide, ifitis excited at 6000 Mz,

[ a lossless transmission line ol characteristic mpedance Zo= Ry = 50 Q is terminated in an
impedance 2= (50425)) Q. find

(@) the voltage reflection coeflicient

(b)  the voltage standing wave ratio and

(¢)  the mput impedance at 0.35A from the load.,

Write down any formula you may use and define each term clearly.
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PHY4044 - Equation Sheet

Vector Operations
In Spherical Coordinates
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The Legendre polynomials

Py(cas8) =1
P\ (cos#) = cos 8
Jcos?h -1

Py(cos8) = P

i
[ B, (cos 8)Pp(cosf) sind dd =0 if n#m
a
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Orthogonality Prope
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Second Derivatives

Ux(VxA)= V(V.A) - V4
Product Rules

V.(AXB)=B.(VxA) = A (VxB)
V.(FA) = f(V.4) + A.(Vf)

VX (fA) = f(VX 4) ~ A x (Vf)



