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Instructions:

1. Answer question 1 (Compulsory) in Section A and ANY other 2 questions in
Section B.

2. Candidates are advised not to write on the question paper.

3. Candidates must hand in their answer booklets to the invigilator while in the
examination room.

QUESTION ONE (30 MARKYS) COMPULSORY

1. (a) Explain the importance of the use of vector and scalar potentials with respect to
Maxwell’s equations (2 mks)
(b) Suppose the functions v, =r =xi + yj + zk,v, =Kk,v_ = zk calculate their divergences
(4 mks)

(c) The basic laws of electricity and magnetism can be summarized in differential form
by four maxwell’s equations
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divB =0

curlﬁz—ﬁ
o

curlH =17, 2
o

Explain briefly the significance of the equations (4 mks)

(d) (i) The radially dependent volume charge density p, = 50rc/m?>exists within a sphere of
radius r =0.05m. Find the total charge q contained by the sphere (2 mks)

(i) The same sphere of (i) is now covered with the angularly dependent surface charge density

o =2x107 cos® @ c/m2. Find the total charge q contained by that sphere (2 mks)
(e) (i) What is meant by Gauge transformations ? (2 mks)
(ii) Give a mathematical expression of Lorentz condition and its advantage (3 mks)

(F) (i) Explain what is meant by a transmission line. Describe briefly the classification of
transmission lines (3mks)

(ii) Draw a flow chart showing the steps to develop a method for transmission of transverse
electric waves in a hollow rectangular waveguide (3mks)

(g) Suppose v = (2xz+3y?)] + (4yz?)k .Check Stokes’ theorem for the square surface
shown in the figure below (5 mks)
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QUESTION TWO

(a) A cylindrical conducter of radius a and conductivity o carries a steady current I
which is distributed uniformly over its crossection,as shown in the figure below

a
Q) Compute the electric field E inside the conductor (1 mk)
(i)  Compute the magnetic field B just outside the conductor (3 mks)
(i)  Compute the Poynting vector S at the surface of the conductor. In which direction
does S point ? (3 mks)

(iv) By integrating S over the surface area of the conductor, show that the rate at
which electromagnetic energy enters the surface of the conductor is equal to the
rate at which energy is dissipated. ( 5mks)

(b) Suppose the electric field of an electromagnetic wave is given by the superposition of
two waves E = E_ cos(kz— at) + E, cos(kz+ at). You may find the following identities useful

cos(kz £ wt) = cos(kz) cos(wt) + sin(kz )sin(mt).

Q) What is the associated magnetic field B(x,y,z,t) ? ( 3mks)
(i) Use the the identity cos(a)sin(a)=(1/2)sin(2a) to show that the energy per unit area per
unit time (the pointing vector) transported by this wave is
S = (Eo 2 /cpo)sin(2kz)sin(2ot) (5mks)

QUESTION THREE




(@) (i) Explain what is meant by polarization (1 mk)

(ii) State the causes by which the dielectric polarization may occur in the materials
(3mks)

(b) (1) Show that a volume charge density pp and a surface charge density op arising from
bound charges of the dielectric are given by p, =-V.P andc,=P.n (8mks)

(ii) Show that the total bound charge of a polarized dielectric of finite extent is

always zero (3mks)
(c) On the basis of functional relationship between the polarization P and the electric
field E , classify dielectrics (6mks)

QUESTION FOUR
(a) (1) Using Ampere’s law in intergral form,derive the Maxwell’s equation

curlH = jf +% (4mks)

(if)Suppose a magnetic field B is applied to a cube of magnetic material ,b m on a
side such that magnetization density M is z-directed and varies linearly with x-axis

accordingto M =a,10x A/m. Find the magnetization current density Jin the

material, as well as the surface magnetization current. Sketch the bound current fields
in the cube (6mks)

(b) (i) Derive the Biot-Savart law to find the magnetic field B of a current carrying
conductor. (4 mks)

(if) Apply Biot — Savart law to determine the magnetic field B of the thin wire of
length 2L and carrying a steady current (4mks)

(iii)  Provethat V.B =0 (2mks)

QUESTION FIVE

Maxwell’s equations are four mathematical equations that relate the Electric Field (E)
and magnetic field (B) to the charge density (p) and current density (J) that specify the
fields and give rise to electromagnetic radiation.

I Derive the four Maxwell’s equations with sources in free space giving an account

of the significance of each equation (12 marks)
ii. Obtain the Maxwell’s equations with sources in macroscopic media (4 marks)
iii. Obtain the Maxwell’s equations in vacuum (4 marks)
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