Tutorial 11 Solution
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7. * A cylinder of radius R and infinite length is made of permanently polarized dielectric. The polariza- - Q
" S . . = — 5 - . G s Y =
tion vector P is proportional to radial vector 7" everywhere, P=ar where a is positive constant. The —_—

cylinder rotates around its axis with an angular speed w. This is a non-relativistic problem.

—

(a) Calculate electric field E at a radius r both inside and outside the cylinder.

(b) Calculate magnetic field B at a radius r both inside and outside the cylinder.

]

(c) What is the total electromagnetic energy stored per unit_length of the cylinder before it started
spinning and while }t is spinning? Where did the extra energy come from?
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8. Suppose,

.
L o(vt — 1)t

E(F:t) - 47’[’6() 7’2

a) Show that they satisfy Maxwell’s equations.
b) Determine p and J

Here,
O(x)=1, ifz>0
=i, ifa=0
and
d—(—? = J(x)




5. * Write down the (real) electric and magnetic fields for a monochromatic plane wave of amplitude Ejy

and frequency w and phase angle zero, that is travelling (a) in the negative x direction and polarizéd in
z direction, (b) traveling in the direction from the origin to the point (1,1,1) with polarization parallel
to the xz plane.
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6. * Consider a propagating wave in free space given by

- sin 6 sin(kr — wt
E = E()& cos(kr — wt) — sin(kr — wi)
r -

(1)
(a) Calculate the magnetic field B and the Poynting vector S. You would need to use the expansions
of V X in spherical co-ordinates.

(b) What is the total average power radiated by the source?
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3. * An infinite wire carries a current up the rotational symmetry axis of a toroidal solenoid with N tightly
wound turns and a circular cross section. The inner radius of the toroid is a and the outer radius is b.
Find the mutual inductance M between the wire and the solenoid
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1. * A very long solenoid of n turns per unit length carries a current which increases uniformly with time,
§= K%

(a) Calculate the electric field and magnetic field inside the solenoid at time t (neglect retardation).
—— s

(b) Consider a cylinder of length [ and radius equal to that of the solenoid, and coaxial with the

solenoid. Find the rate at which energy flows into the volume enclosed by this cylinder and show
that it is equal to <

4 (11Li?), where L is the self-inductance per unit length of the solenoid.
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