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1. (a) A positive electric charge, q, is placed at the origin (0, 0, 0).
√
√
Also, a negative charge, −2 2q = − 8q, is placed at the point
(L, 0, 0) on the x-axis.
Find the electric field created at the point (0, L, 0) on the y axis.
Here L and q are positive constants.
[9 marks]

(b) An electromagnetic field is described by the scalar potential V and
vector potential A, given by

V = αc2 xt ,
A = α c2 t2 − y 2 î
√
where α is a positive constant, and c = 1/ µ0 0 is the speed of light.
Find the electric and magnetic fields.

[8 marks]

(c) See figure below. The shaded region supports a uniform magnetic field
of strength B0 , pointing perpendicularly into the plane of the paper.
The magnetic field is zero outside this
region.
A square-shaped loop moves
rightward with speed v.
Each side of the loop has length L0 ,
When the loop is completely inside the shaded region, what is the
magnitude of the EMF induced in the loop?
When the loop is partially inside and partially outside the shaded
region (as shown), what is the magnitude of the induced EMF?
[8 marks]
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2. Consider the static electric field:
E = 2λy î − 3λy ĵ + 4λy k̂ = λy(2î − 3ĵ + 4k̂) .
Here λ is a positive constant.
(a) Find the electric potential difference VQP between the point Q at
(0, 3L, 0) and the point P at (0, L, 0).
Find the electric potential difference VRP between the point R at
(4L, L, 0) and the point P at (0, L, 0).
Here L is a positive constant.
[14 marks]

(b) Consider the rectangular surface Σ1 lying in the x-y plane, with
three corners at points P , Q, R, and the fourth corner at point S
at (4L, 3L, 0). Find the magnitude of the electric flux through this
surface.
[11 marks]
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3. (a) A charged sphere has radius a0 . The charge density is

 
ρ 1 − r
for r < a0
0
a0
ρ=

0
for r > a0

where r is the distance from the center of the sphere.
Consider the closed surface Σ2 , completely enclosing the sphere. Find
the electric flux through this surface.
Find the electric field inside the sphere as a function of r. If you use a
Gaussian surface, describe it clearly. If you use any arguments/results
based on symmetry, state them clearly.
[19 marks]

(b) The magnetic field in some region is uniform: B = B0 k̂. At time
t = 0, a charged particle (mass m, charge q) is at the origin and has
velocity
v = αî + wk̂
What is the magnitude and direction of the force exerted at t = 0 on
the particle ?
Explain how the x, y and z components of the velocity change with
time.
[6 marks]
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4. Steady current I flows through an infinitely long straight wire placed
parallel to the z axis, from z = −∞ to z = +∞. The wire runs through
the point (b, 0, 0). Here b is a positive constant.
Reminder: An infinitely long straight wire produces a magnetic field of
strength µ0 I/(2πd) at a point at distance d from the wire.
(a) Find the magnitude of the magnetic field created at the origin due to
the current-carrying wire. Find also the x-, y-, and z- components of
the magnetic field created at the origin.
[5 marks]

(b) At the point M (4b, 4b, 0) in the x-y plane, find the magnitude of the
magnetic field created by the current. Find also the x-, y-, and zcomponents of the magnetic field at this point.
[13 marks]

(c) Now consider the point N (4b, 4b, −7b), not in the x-y plane. Find the
x-, y-, and z- components of the magnetic field at this point.
[3 marks]

(d) Consider the circular surface Σ3 lying in the x-y plane, having radius
b and centered at (0, −b, 0). What is the magnetic flux through this
surface? Explain, or show your calculations.
[4 marks]
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Posssibly useful Equations
• Electrostatics:

E = −∇V

;

VP Q = −

Z

P

Q

E · dl

Electric potential at r due to a point charge q1 at r1 :
I
Qenclosed
Gauss’ law:
E · dS =
0
Σ
• Magnetostatics:

V =

q1
1
4π0 |r − r1 |

Z

B · dl = µ0 Ienclosed



 dl0 × r\
0
−
r
µ0 I
dB =
4π
|r − r0 |2
Ampere’s law:

C

Biot-Savart law:

• Force on a charge: F = qE + qv × B

Magnetic force on a current element: dF = Idl × B

• Fields from potentials:

E = −∇V −

• The continuity equation: ∇ · J +
dΦB
• Faraday’s law: E = −
dt

or

∂A
∂t

Maxwell’s Equations:

• Poynting vector: S =

B=∇×A

∂ρ
=0
∂t
I

d
d
E · dl = − ΦB = −
dt
dt
C

1 ∇·E =
○
•

,

ρ
0

Z

Σ

B · dS

2 ∇·B = 0
○

∂B
∂t
∂E
4 ∇ × B = µ0 J + µ0 0
○
= µ0 (J + JD )
∂t
3 ∇×E = −
○

1
E×B
µ0

√
Speed of light: c = 1/ µ0 0

1
1 2
Energy density of electromagnetic fields: u = 0 E 2 +
B
2
2µ0

Electromagnetism is one of the fundamental forces of nature. Early on, electricity and magnetism were studied separately and regarded
as separate phenomena. Hans Christian Ã˜rsted discovered that the two were related â€“ electric currents give rise to magnetism.
Michael Faraday discovered the converse, that magnetism could induce electric currents, and James Clerk Maxwell put the whole thing
together in a unified theory of electromagnetism. Maxwell's equations further indicated that electromagnetic waves... Electricity and
Magnetism are regarded as the two interrelated terminologies giving rise to the study of electromagnetism. The major factor of difference
between electricity and magnetism is that electricity is the outcome of the presence and motion of charges thus associated with static or
moving charges. On the contrary, magnetism is specifically associated with the charges in motion. Due to this reason, it is said that
current electricity gives rise to a magnetic field. While a changing magnetic field gives rise to electricity. Originally, electricity and
magnetism were considered to be two separate forces. This view changed with the publication of James Clerk Maxwell's 1873 A
Treatise on Electricity and Magnetism in which the interactions of positive and negative charges were shown to be mediated by one
force. There are four main effects resulting from these interactions, all of which have been clearly demonstrated by experimentsÂ The
link between lightning and electricity was not confirmed until Benjamin Franklin's proposed experiments in 1752. Purcell, Edward M.
Electricity and magnetism / Edward M. Purcell, David J. Morin, Harvard University, Massachusetts. â€“ Third edition. pages cm ISBN
978-1-107-01402-2 (Hardback) 1. Electricity. 2. Magnetism. I. Title. QC522.P85 2012 537â€“dc23.

