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o Answer all the questions. 4 20

o Write the solutions explicitly and clearly.

Use the physical terminology. 5 20

¢ You are allowed to use Formulae Sheet.

¢ Calculator is allowed. TOTAL 100
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1. A) A non-uniform positive line charge of length L = 1.0 m is put
along the z-axis as shown in the figure, where ¢y = 2.0 m. The
linear charge density is given by \(z) = 423 C'/m?.

y i Find the total charge on the rod.
A=ax3

ii Find the magnitude and direction of the
x  total electric field, E, created by the line
charge at the origin by using integration.
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B) A parallel plate capacitor has the surface area A and the plate to
plate distance d and air filled between the plates (see the Figure
(a)). It has the capacitance Cy and it is initially charged to go.
Then the region under the area A/4 and the area 3A /4 are filled
with dielectrics k1 = 8 and ko = 4 respectively as seen in the

Figure (b).

i Find the new capacitance in terms of Cj.

A | % Al4 | 30y N .
- ii Find the the new electrostatic energy, U,

5“ ar |’) |K|| K, |ia‘ . . . .
of the dielectric capacitor in terms of Uy
{!, “!, if Uy is the energy stored in the air filled
capacitor.
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2. In Figure, four particles form a square. The particles have charges
g1 = 100 nC, ¢ = —100 nC, q3 = 200 nC, g4 = —200 nC, and
distance a = 5.0 cm.

1 & |9 i What are the x and y com-
ponents of the net electrostatic
force on particle 37

ii If the charges were ¢ = ¢4 = Q)
and ¢ = g3 = q. What is Q/q
if the net electrostatic force on

Ty o7 I particles 1 and 4 is zero?
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3. A proton moves at 4.5 X 10° m/s in the horizontal direction. It enters
a uniform vertical electric field with a magnitude of 9.6 x 10* N/C.

Ignoring any gravitational effects, find

i the time required for the proton to travel
5 cm horizontally,

E
ii the vertical displacement during that >
time,
iii the horizontal and vertical components
of the velocity after the proton has trav-
eled 5 cm horizontally.
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4. Consider a closed triangular box resting within a horizontal electric
field of magnitude F = 7.80 x 10* N/C as shown in figure given below.

Calculate the electric flux
B through

i the inclined surface.

ii the entire surface of the
box.
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5. Two non-conductive rods are located on z-axis. The first rod has a
length of 10 ¢m and the second one has a length 20 ¢m. A charge of
g = —5x 107 O is uniformly distributed along the each length. The
distance between the centres of the rods is 40 cm. Find the magnitude
of the electric potential at the middle of the distance between the
centres of the rods. (Hints: [dz/(A —z) = —In|]A — z| + C and
[dx/(x —A)=In|— A+ z|+C)
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