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(A) Multiple Choice (5% each)

1. A capacitor consists of two parallel conducting circular discs of areas A; and A;. The discs are separated by a
distance d, with A; < A;, and d <« /A7, v/Az (see Fig.1). A potential difference V; is maintained across the
capacitor. The attractive force between the discs is

(a) eaV§ A1/(2d%), (b) eoViPd?/(242), (c) eoViAL/d?, (d) eoViAz/d?, (e) oV VAL Az/d?.
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2. The principle of conservation of electric charge must be satisfied at all times and under any circumstances. It
is represented mathematically by the equation of continuity that can be derived from

(a) Gauss’s Laws for both the electric field and the magnetism,
(b) Faraday’s Law and the Ampere’s Law,

(¢) Ampere’s Law and the Gauss’s Law for the electric field,
(d) Gauss’s Law for the magnetism and the Faraday’s Law,

(e) Faraday’s Law and the Gauss’s Law for the electric field.

3. An empty cubic box is made up of conducting walls. The length of the sides is a (see Fig.2). All of the walls
except the one at 2 = 0 are grounded. The electric potential inside the box might have a form represented by

(a) cos (mx/a)sin (7y/a) sinh (v2r(a +z)/a),
(b) sin (27 x/a) sin (7 y/a) sinh (v27(a — 2)/a),
(c) cos (7 #/a) sin (7 x/a) sinh (v2n(a + y)/a),
(d) sin (7 x/a) sin (27 y/a) sinh (vB7(a — 2)/a),
(e) sin (27 x/a) sin (7 y/a) sinh (v3n(z — a)/a).
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4, A particle having a magnetic; moment I experien_ges a magnetic force due to an external magnetic field B. The
force is given by F = V(- B). If i = po& and B = —(Ao/y) Z, the magnetic force will be

(a) zero, (b) (Aoo/y)&, () (Aomo/¥?)d, (d) —(Aopo/y?)&, (e) —(2A0po0/v*) ¥,

5. The electric field of an electromagnetic wave is given by E(Z,t) = Focos(ax + bt) %, where a, b are positive
constants. Which staternent is correct?

(a) The magnetic field is B = (Ey a/b) cos(ax + bt) 3.

(b) The velocity of the wave is (b/a)z.

(c) The Poynting vector § = E3 a/(uo b) sin(ax + bt) cos(ax + bt) %, where o is the permeability of free space.
(d) The wavelength of the wave is 27 /b.

(e) The polarization of the wave is along .
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6. A conducting rod of length I = 0.60 m rotates with a constant angular speed w = 3.0 rad/s about a pivot at
one end. A uniform magnetic field (magnitude B = 1.27) is directed perpendicular to the plane of rotation (see
Fig. 3). The potential of the moving end relative to the pivoting end of the rod, Vyy — Vp, is
(a) +1.3V, (b)-1.1V, (c) +065V, (d)-1.9V, (e) +0.43 V.
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7. A point charge g is at a distance d away from a semi-infinite dielectric & (see Fig.4). The attractive force acting
2

upon the charge g is (a) (%};—%)2 m%,, (b) (:T_I) d:jy, (c) (:_.L“_i) ﬁ:vzn (d) (:—_‘Fi‘-) o
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8. Which statement is correct about the desciption of static £ and 5 fields just outside a good conductor?
(a) The component of the electric field that is parallel with the conductor surface can be finite.
(b) The component of the electric field that is normal to the conductor surface must always be zero.
(c) The component of the magnetic field that is parallel to the conductor surface can be finite.
(d) The component of the magnetic field that is normal to the conductor must be zero.
(e) None of the above.

Section (B) in the following page
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(B) Problems (15% each)

L. A slab of insulating material (infinite in both = and y directions) has a charge density p. The thickness (along

z direction) of the slab is d (see Fig.4) . Find the electric field F in both the exterior and the interior regions
of the slab for the following two cases:

(a) p = po is a constant throughout the slab, and

(b) p = Coz, where C} is a constant,.
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2. (a) Calculate the magnetic field at a point P on the symmetry axis of a circular current loop with a radius r
and a current I. The point P is at a distance z away from the center of the loop.
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(b) An insulating circular disc of radius R has a uniform surface charge density o. The disc is rotating about
its symmetry axis with a constant angular speed w. Calculate the magnetic field at a point P on the
symmetry axis. The point P is at a distance x away from the center of the disc.

3. Two conducting plates are parallel to each other. The plates have the same area A and are separated by small
distance d such that d < v/A. The left plate has a net charge ¢J; and the right plate has a net charge Q5.
Calculate the total charge on each of the four surfaces of the two plates.

4. A resistor is constructed by shaping a material of resistivity p into a hollow spherical shell of inner and outer
radii 7y and 72, respectively. Calculate the expression for the resistance between the inner and the outer shell.
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