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1.a) Give the rectangular coordinates of the point C(4.4, -115°, 2). co1r L3
Give the spherical coordinates of the poi . [06]
(™
col L3

into cylindrical coordinates.

[04]

[05] Ccol L1
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2.3) State and explain Coulomb’s law in vector form.

Coulomb stated that the force between two very small objects separated in a vacuum
or free space by a distance, which is large compared to their size, is proportional to
the charge on each and inversely proportional to the square of the distance between
them, or
0,10;

R2
where (1 and O, are the positive or negative quantities of charge, R is the separation,
and k is a proportionality constant. If the International System of Units' (SI) is used,
() is measured in coulombs (C), R is in meters (m), and the force should be newtons
(N). This will be achieved if the constant of proportionality k is written as

1

 dme

The new constant &, is called the permittivity of free space and has magnitude, mea-
sured in farads per meter (F/m),

F=k

1
€0 =8854x 10712 = T 10~ F/m (1)

T

The quantity €, is not dimensionless, for Coulomb’s law shows that it has the
label C%/N - m”. We will later define the farad and show that it has the dimensions
C?/N . m; we have anticipated this definition by using the unit F/m in equation (1).

Coulomb’s law is now

010,

- 4megR?

(2)

Origin

Page 2 of 13



2.b) Let a point charge Q1 = 25 nC be located at A(4,-2,7) and a charge Q2 =60nC [05] CO1 L3
be located at B(-3,4,-2). Find E at C(1,2,3).

3. Define line charge density. Obtain an expression for electric field intensity due to cor L2
an infinitely long uniform line charge distribution. [10]
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4. a) State and explaln the mathematical form of Gauss’s law. [0
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4.b) Derive the expression for electric field intensity at a point due to N number of point [05]
charges.
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Define surface charge density. Obtain an expression of electric field intensity due  [10] CO1 L2

to an infinite sheet of charge with uniform surface charge distribution ps C/m?,
Assume the charge is placed over x — y plane.
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6.a) Define electric flux density. Derive the relation between electric flux density and [02] CO2 L1
electric field intensity.
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6.b) Find electric field intensity at P(1,1,1) caused by 4 identical 3 nC charges located [08]
at P1(1,1,0), P2(-1,1,0), P3(-1,-1,0), Pa(1,-1,0).

Co1
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7. Four 10 nC positive charges are located on z = 0 plane at the corners of asquare  [10] CO1 L3
8 cm. on a side. A fifth 10 nC charge is located at a point 8 cm. distant from other
charges. Calculate the magnitude of the total force on this fifth charge in free space.

Arrange the charges in the xy plane at locations (4.4). (4.-4). (-4.4). and (-4.-4). Then the fifth
charge will be on the = axis at location = = 42, which puts it at 8cm distance from the other
four. By symmetry. the force on the fifth charge will be z-directed. and will be four times the
= component of force produced by each of the four other charges.

4 g 4 (10—%)2 e
F=— = ( = 4.0x107* N
/2 " dmeod® ~ /2 4m(8.85 x 10-12)(0.08)2 .
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