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Question 1:  This question contains two parts; Write only the final answers of them in the
corresponding space provided.

(a) Find the values of = where the Dirac-delta function d(sinz) is non-vanishing. |1]

Answer. o = g, ith n=o, ¥, ¥F2 13 -~

0(x — x;
( "), where z; is the i root of y(x) = 0, evaluate

(b) Using the formula d(y(z)) = Z .@—
do |1 T=%5

)

400
/ dz §(sinz) e .

—00

12|

Answer: -

= Coth ("Tp__)

Question 2: Consider an electric displacement vector D = zscos?$ units in cylindrical
coordinates in some region of space. Determine the following:

(a) The free volume charge density at any point. |1]
Answer: f :

3

= S Cosl4>

(b) The total free volume charge enclosed within the cylinder of radius 1 unit with —-2<z<L2
units. (2]

Answer:

an
3

unsts
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Question 3: This question consists of three parts. Write only the final answers at the respective
spaces.

a) Consider a uniformly charged sphere of radius R with total charge @. Find the electric field at
a point 7 inside the sphere. |1

Answer:
— \ .
E ATE, R>

b) Determine the z-component of the force on a volume element dr at any position 7 in the
northern hemisphere. |2]

Answer:

/ yil
(é)é?—ﬂ;) rlosp . dT
4

c) Using the above results find the net force that the southern hemisphere exerts on the northern

hemisphere. 12]
Answer: 5
3 &
64 MeoR™
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Question 4: This question consists of two parts. Write only the final answers at the respective
spaces.

a) Find the potential in the vicinity of an infinite straight line charge with uniform line charge
density A. 1]
Answer:

A Q < . @here S, L Bome \e,njﬂa scal
¥ T 2né, e (/s°>) of the /’?jy*m and red. P*‘
ehoanw w Swih @ @ Haal

S/so’: | 0\}' Te}, P‘{» )

1

b) The above infinite straight line charge is placed at a distance d above an infinite grounded
conducting plane. Let’s say that the wire runs parallel to z-axis, directly above the grounded
conducting plane situated at z = 0.

(i) What is/are the boundary surface/s for the region z > 0?7 Also specify the boundary conditions
necessary for solving the Poisson’s equation. [0.5+ 0.5

Answer: Bowwima 5u(§aeu ok E=0 pond ,a"»+ Zl >> A%

¥ (?)owno(ma condishomw . V=0 ot Z-0
Vo0 a»n ?]q'+?l'>>d27

(i) Find the potential in the region above the plane. |2]

Answer: " QM al'l* CZ & d)z

.

e

Anéo Zl_\, [?—C’)‘L

(iii) Find the charge density o induced at any point on the conducting plane. 12]

Answer:
N d
i - .

€ aq@ )
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Question 5: This question consists of three parts. Write only the final answers at the respective
spaces.

Consider an uncharged polarized dielectric sphere of radius R with “frozen in” polarization

where py is a positive constant. Find the following:

a) Surface and volume bound charge densities. |1+ 1]
Answer:
T = e LB

|9
o= & (i-2)

b) Magnitude of the electric fields as a function of distance from the center, both inside and outside

the polarized sphere. =2t (Zi- \—J
Answer: = (-" P Ar \ S ¢ '
, 'p) o S |- =058
E in 3 g 5 ( 4 R ) T

¢) The maximum value of the electric field Eray and the corresponding distance 7,,., from the

center. [1+1]
Answer: Ewax % R
A€o
TE
: ot S22
N C
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Question 6: This question consists of four parts. Write only the final answers at ther

spaces.

Consider a vector field F =
2z % 1.

vector on the curved surface of the paraboloid corresponding to tr
) direction.

a) Find the unit
contour at z = 1 in the positive (counter clockwise

espective

zi+ ]+ yl%, and the part of the paraboloid, z = If + %, such that

aversing 1ts

1]

Answer:
A
A =0 s _Ays P
n = TP T 94T k
JE+ 2
4 " g1 ”
b) Determine the curl of the vector field F. 10.5]
Answer:
A A

—
—

UxF

J

¢) The positive flux of F through the above part of the paraboloid may

o= [[ s ar.

integral
where R is the projection of the paraboloid on the zy-plane.

be expressed as the double

Determine (i) the equation of the region R, (ii)

the limits of the above flux integral, and (iii) the

function g(z,y).

|1 +1+1]

Answer: (.l) P 2 _
b x e [-X2]
(i) LAY

Gu'vw in —the 'nex.'t

’ S,Sl-fj

d) Determine the flux @.

Answer:
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