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Compare the differences between electrostatic fields and magnetostatic
fields. Your answer should include all important laws and expressions
or equations that relate to each of them.

(9 marks)

A current distribution in free space gives rise to the magnetic potential
A and is given by;

A =(2x2y+yz)x+(xy2 -xz’ )y—(6xyz—2x2y2 )z Wb/m

(i) Calculate magnetic flux density B

(3 marks)
(i)  Find the magnetic flux through a loop given by
x=Im,0<v<2m,and 0<z<2m
(4 marks)
(iii)  Showthat Ve 4 =0and Ve B =0
(4 marks)

Two extensive homogeneous isotropic dielectrics meet on plane z = 0.
For z>0, ¢,=25and z<0, ¢, =3.2. A uniform electric

field E, =2x+4y+3z kV/m exists for z> 0. Determine,

(i) E, for z <0,
(ii)  The angles E; and E; make with the interface.
(10 marks)

If the electric flux density D, =10x~123+6z nC/m” is applied, find

(i) The flux density D, in dielectric 2.
(if)  The angle 0, between E; and normal.
(10 marks)

Consider an infinitely long line charge with charge density 4 nC/m
existsaty = -3 m, x=0.

(i) Determine the direction of electric field intensity at the origin
due to the line charge. Sketch your diagram.

(1 mark)

(i)  Calculate electric field intensity due to the line charge
measured at the origin.

(3 marks)
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(iii) A charge Q = 10 nC exist somewhere along the y-axis. Where
must you locate Q so that the total electric field is zero at the
origin?

(3 marks)

(iv)  Suppose instead of the 10 nC charge of part (iii), a charge Q is
located at (0, 5 m, 0), what value of Q will result in a total
electric field intensity of zero at the origin?

(3 marks)

A vector field D = #*r C/m’exist in the region of a cylindrical
surface defined by » = 2m with height extending between z = 0 and
z=>5m. Verify divergence theorem by evaluating the following:

()
(5 marks)

(i)  [(veD)av
(5 marks)

An inductor is formed by winding N turns of a thin conducting wire into a
circular loop of radius a. The inductor loop is in the x-y plane with its center at
the origin, and it is connected to a resistor R as shown in Figure Q4. In the

presence of a magnetic field given by B — B,(3y + 4z)sin ot Wb/m?* where o
is the angular frequency, find;

(a) the magnetic flux linking a single turn of the inductor

(4 marks)
(b) the transformer V., giventhat N =15,B, =0.15T, a=12cmand

 =10"rad/s

(7 marks)
(c) the polarity of V,, -at t =0

(5 marks)
(d) the induced current in the circuit for R =1.2kQ.

(4 marks)
(a) Show that the magnetic field intensity for semi-infinite line carrying
current / along the z-axis is given by H = 4—¢ (Am‘I )

r

(12 marks)
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A thin ring of radius 6 cm is placed on plane z = 2 cm so that its center
is (0, 0, 2 cm). If the ring carries 55 mA along a,, find the magnetic
field intensity at,

(i) (0,0, -2 cm)
(i)  (0,0,15cm)
(8 marks)

Polarization occurs when electric field is applied on a dielectric.
[llustrate the polarization process and show quantitatively the impact
of polarization on the electric flux density inside the dielectric.

(5 marks)

A parallel plate capacitor is made of two similar rectangular thin
conductive sheets of area 6 mm?. The plates are separated by a distance
of 2 mm and filled with a dielectric of relative permittivity 2.5.

A 5 volt dry cell battery is connected between the terminals of the
capacitor.

(1) Calculate the capacitance of the capacitor

(ii) What is the electric field intensity in the capacitor?

(iii)  Determine the amount of charge on each plate.

(iv)  Calculate the electric energy density stored in the
capacitor.

v) Calculate the electric energy stored in the capacitor.

(10 marks)

A student requires an inductor which has a self inductance of 5 mH for
his final year project. He uses a solenoid made of insulated copper
which has 100 turns. What is the length required for the solenoid if the
wire is wound on a cylindrical dowel of radius 2 ¢cm? Propose a
method to reduce the number of turns if all other parameters remain
unchanged.

(5 marks)

List and explain the Maxwell’s equations for time varying electric and
magnetic fields. Illustrate an experiment that can describe the
significance of ONE (1) of the Maxwell’s equations.

(8 marks)

The electric field phasor of a uniform plane wave is given by
E=2z10¢’°* (V/m). If the phase velocity of the wave is 1.5 x 10 * m/s
and the relative permeability of the medium is p, = 2.4, find:

(i) the wavelength,
(i) the wavenumber,
(iii) the frequency f of the wave,
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(iv) the relative permittivity of the medium,
(v) the magnetic field H(y,?),
(vi) the average power density carried by the wave.

Plot the E(y,t) and H(y,t), as a function of y at t=0.
(12 marks)
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Cartesian Cylindrical Spherical
Coordinate
parameters %02 "oz R, 6,
Vector A Ax+Ay+Az Ar+Ao+Az AR+A4,0+A.¢
Magnitude A JA7+ 47+ 4] AP+ A%+ 47 A+ A 447
Position RR
vector, OP for point P(x,, y,, z;) | forpoint P(#, ¢, z,) for point P(R,, 0,, 4,)
xXex=yoy=z20z=| rer=@Qep=zez=1 ReR=0e0=¢eg=1
xey=yoz=zoex=0 | foQg=@Qoz=Zer=0 Re0=0e¢p=¢eR=0
Unit vector XXV =17 X0 =2 Rx0 —
product y | -¢
yxz =X QOxZ=r 0x¢p =R
ZXX =Y ZXr=¢@ oxR=0

Dot product
AeB

AB,+A B +A4,B,

A By + ABy+ A B

X Yy z r ¢ z R 06 o
(jlros; product 4, 4 4 4 A, 4, A,
X
B, B, B, B, B, B, B, B,
Differential
dxx+dyy+dzz drr+rdpo+dzz dRR + RdO O + Rsin 0 dpop
length, d/¢
dsx =dydzx ds. =rdgdzr dsg =R*sm@d0d¢R
Differential 4 ed 4 P 4 0 dR do®
surface, ds sy —dxdzy s¢ =drdz @ se = Rsin@ dR d¢
ds. =dxdyz ds, =rdrdgz dss —RdRdO ¢
Differential
dxdy dz rdrdgdz R*sin0dR dO d¢
volume, dv
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Transformation | Coordinate Variables Unit Vectors Vector Components
(éall'?ezia.n t;) r=x?+y? F=Xcosg+ysing A, =A cosg+A sing
ylindrica e 4w
| ¢ =tan" (y/x) @ =-Xxsing+ycos¢g Ay =-A sing+ A4 cosg
| = —
; z2=2z =17 Az - Az
Cylindrical to xX=rcos¢ X =TCcosg—@sing A, =4 cosg—A.sing
Cartesian y=rsing y =Frsing+@cos¢g A, = A, sing+4,cosp
z=z =1

AZ :AZ

! Cartesian to
Spherical

R= \/x2 +y? 4 2?
0 =tan™' (/x? +?
p=tan"'(y/x)

R =xsinfcos¢

/z)
0 =xcosfcos¢

@ =—xsing +ycos¢g

+ysin@sing +zcosé

+ycosfsing —zsinf

Ap = A, sinfcos¢
+A4,sin@sing + A, cosd

A, = A, cosfcosg
+A4,cos@sing—~A.sinf

Ay, =—A sing+ 4 cos¢

Spherical to

x=Rsinfcos¢

x =Rsinfcosg+

A, = Apsin@cos¢g

z=Rcosf—-0sinf

Cartesian y=Rsinfsing 0cosdcos g — @ sin ¢ + Ay cosfcosp— A, sing
z=Rcos¥ y = Rssin sin ¢ + A, = Aysinfsing
8.cosOsin ¢+ @ cos ¢ + Ay cosOsing + A, cos¢
z=Rcosf —Bsind A, —Agcos0 -4, sind
| CySlinh(ll:iccz:lto R_~Jrt+s? R =rsinf+zcosd AR:A,sin6+Azc?st9
\’ P O =tan"'(r/z) 0=rcosf—zsinf Ay ~ A, c0s6 - 4, sing
| ¢=¢ ?=9
Spherical to r=Rsmng r=Rsin@+0cosd A =A,sin0+A4,cosb
Cylindrical =9 0=0 A, =4,
z=Rcos@

A.=A,cosl—A4,sin0
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