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Describe two fundamentai laws of electrostatic fields.
{4 marks)

Two finite uniform line charges of 4 nC/m and -2 nC/m lic along the 3 and y
axis in free space as shown in Figure QL(b).

(i)  Determine electric field intensity, £ at point P (2, 3, -4).
(10 marks)

{ii) [f two identical point charges, O are placed a1 (8, 0, 0y and (0, 6, 0) in
addition to the two finite uniform line charges, find the value of {0 to
cause £,= 0 at point P (2. 3,-4).
{6 marks)

The Gauss’s Law for static electric field is given by tj. Deds=()_ where Dis

the electric flux density and (2w is the net charge in the closed surface, 5. Use
Gauss's law to prove that the electric field in a perfect conductor cannot exist
and this finding can be applied te build a facility to protect sensitive electronic

devices,
(6 marks)

A spherical shell consists of two concentric spheres made up of & very thin
conductor sheet. The inner redius, a= 5 m and outer radius. b= 10 m is
having surface charge density, oy =5 nC/m’ and oy = -1.25 nC/m?,
respectively. The lwo concentric spheres are separated by polystyrene with
relative permittivity, &, = 2.55, In addition, a point charge, 3 = 2 nC is located
a1 the center of the sphere. The configurations is shown in Figure Q2(b).

(i) Apply Gauss’s law Lo determine the efectric flux density, Dand electric

field intensity, £ in all regions.
(8 marks)

(i)  Find the polarization, P in all regions.
(3 marks)

(iii)  Determine the electric potential, I between the two conductors sheet.
{3 marks)
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Potential difference is defimed as work done to move a unit positive charge
from one point to another where the potential at various points in an electric
field can be desribed by equipotentiai surfaces. With an aid of a diagram,
briefiy explain the equipotential surfaces.

(4 marks}

An electric field, £ = 6x*% + 6y + 42 V/m is expressed in rectangular
coordinates by two point charges of O, = 10 pC and ;= -5 pC that are
lacated in free space at .4 (0, 4, 0) and B {0, -3, 0), respectively, Determine:

(D) The electric potential at the origin due to two point charges.
{4 marks)

(i}  The total amount of work done if Q2 is moved from 4(0, 4, 0) to
(1,2, 3).
{6 marks)

If the potential field is expressed by equation ¥ = 2%’y — 3z, caleulate the
foliowing at point 2{-4, 3, 6):

(i) Electric flux density, D,

(3 marks)
(i)  Volume charge density, o,

{3 marks)
Express Ampere’s circuital law.

(2 marks)

A bollow cylindrical conductor has inner radius, a and outer radius, 5 and
carries current,  along the positive 2 -direction. Calculate:

(i} Magnetic ficld intensity., Hatr<a, a<r<bandr> b
(7 merks}

(i}  Plot the magnitude of A against r. Give your comments.
{3 marks)

Determine the magnetic field intensity, # at point P(-3, -4, 0) in the field of a
3 A filamentary current directed inward from infinity 1o the origin in the
positive 2 -axis and the outward fo infinity along the positive £ -axis.

(% marks)
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Two paralle] infinite filamentary current are separated by a distance, & in
meter and carrying current, /;and {; in the same direction along Z -axis as
shown in Figure Q5{a).

(i} Show that the force, F exeried on wire 2 due to wire | is given as

TP N M
F=— " (- N
wd ¥y (N

{8 marks)

{i1) Ultilize the formulation of F in Q5(a)(i) to explain the patential
consequence of designing a high current power system which uses two
parallel wires located at a close distance 1o each ather.

(2 marks)

A condueting triangular foop as shown in Figure Q5(b) carrying a current of
2 A is located closely te an infinitely long straight conductor with a current of

35 A, Calculate the total force, £ on the loop due to infinite long straight

conductor,
(10 marks})

Michael Faraday developed the hypothesis below:

“If a currend con produce a mognetic fleld, then the converse should afso be
true: a magnetic field should prodice a current in a wire”.

Recommend sn experiment to detnonstrate the application of the hypothesis in

electrical engineering.
(30 marks)

A conducting bar can slide freely over two conducting rails as shown in
Figure Q6 (0). If 8=0.57 (Wb/m®}, R=20Q, £=10cmand the rod is moving
with a constant velocity of 81 (m/s), celculate:

(i} The induced emf, Fenyrin the rod.

{4 marks)
{ii}  The current,  through the resistor.

(2 marks)
(iii)  The motional force, F, on the rod.

{2 marks)
(ivy  The power dissipated, P by the resistor.

(2 marks)
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(a¥  List and explain briefly the differential form of Maxwell’s equations for
time-varying electric and magnetic fields.
{4 marks)

(b} A plane wave propagating through a medium with s, = 8, &, =2 has E=05
¥ sin (10% t — P2y 1 V/m. Determine:

{i The direction of wave propagation.

{ | mark}
{iiY  The loss tangent, &
{2 marks)
(iiiy  Phase constant, f.
{2 marks)
{iv) The wave impedance, 7.
{1 mark)
(v)  The wave velocity, 1
(} mark}
ivi) Eatz=2m,t=2ns.
{1 mark)
(vii) Magnetic field intensity, & .
{2 marks)
{vili} Time average power density carried by the wave.
{2 marks)

()  The wave in Q7(b) propagates perpendicularly through the medium which has
an area of 9 m” and thickness 1.5 meter. Calculate the average pawer loss in

d8.
(4 marks)
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FIGURE Q1(b)
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FIGURE Q1(b)
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Formula
Gradient _ .
. . F.
Vfi=Z1+—¥+—1
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Vfi==—r+—"—9+ -2
= 7% a
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Yed=_ dfd) 4‘
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j=_l_0[ﬂj ) 1 [a(A, sinﬁ]}_r 1 oA,
R' OR Rsind aa Rsinf o¢
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_ (1od, o4, fad, ea. 1(o(4,) a4,
“”-[:57‘3]”[@; ar [ o o8
ougo b [Hine4) ot e 1] i ﬁ-da,..ﬁ’{“a)uL[?_{ﬂ_%_)_%a
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Laplacian
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Cartesian Cylindrical Spherical
Coordinate
parameters Ly z r#z RO ¢
Vecior 4 AR+ AF+AR Af+A9+Az AR+ 4,0+ 4§

. - 1 2 2 2 H 2 2 2 2
Magnitude A J; +A"+ A, JAr +A + A, JA‘, +A + A,
Position XX+ yF4z,2 rF+z,2 RR
vecior, OP for point P(x,, ¥,,» 2,} | forpoint P(r. &, z,) for point P(R,, 8,, é,)

fek-Fef=ini=l | FeF=geag=gei=| ReR=0e=geg=]
i'i':i"i:i'i:ﬂ Fli:iii:iti‘:ﬂ R'HZB-“:".RZU
¥RZI=X gxeL=r Oxg=R
ZxEzy IXF=49 exR=b
Dotproduct | 4 p . 48 +AB | AB+AB+4B A B, +A,B,+A,B,
Ae B
i v % oG R 8 ¢
Cross product 4, A, 4, 4, A, A4, 4, 4, 4,
Ax 8 B, B B B, B, B, B, B, B,
Differcntiai L e S
Hierentia dex+dyy+dz dreirdge+ds 2 dR R + Rd& 8+ Rsin & dgep
length, 4t
ds. =dy dz & &, = rdd & ¥ dsz = R'sinf df dp R
Otfferential ds, = dedz ¥ ds, = dr dz § dse = Rsin 8 dR dg 0
— - = = 5N
surface, 45 g y Te = = )
d": z{ix@i dﬁ: :r{frdﬁi dg‘:Rfvadg’
i tiak
Differential dxdy da rdr dp dz R sin8 dR d6 d¢
volume, dv
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Trassformation | Coordinate Variabbes Unit Vectors Veotor Componests
Cnr!esia_n to N I y r = Xcos¢+¥sing A =4 cosg+ A sing
Cylindrical 4= tan" (/) §=—1sing +ycos¢ A,=-A, sing+ A4 cosé
2=z -2 4. =4
Cylindrieal to x = reosg X =roosg —gsing A=A cosg—A,sing
Cartesian y=rsing § = Fsin g+ pcosg A = A, sing+ 4, cosé
Z2=2 i = i Az — A:
C;f;ﬂ:c';:“ R=yJ+y+12° R = ksin &cos ¢ Ap = A, sindcosé
phe & sin &<i 3 + A _singsing+ A, cos
E:m"(ma’z} , +¥sindsing +Ecosd , #+ A,
-l 8 = xcosfcosg Ay = A, cosBcosé
¢=1an"(y/x) X . .
+§cos@sing—Zsing | + A4, cosPsing — 4, sind
@ = -ising + ycosg A, =-A sing+ A cosg
Spherical to x = Rsin fcosé i = RsinQcosé+ A = A, sinfeosé
Cartesian y= Rsin&sing ﬁcosﬁcusﬁ—ésiné + A, cosfcosg - A, sin g
z= Rcosd § = RsinOsing + A, = A, sinfsing
dcosOsiné+ pcosg + A, cosfsing + A, cosgd
3= Rcosg—sing A, = A, 0088~ Ay sind
Cylindrical to R=risz? B - fsind + icos@ A, =4,5in8+ A cosd
Spherical . - —d e
phe 0 =tan(r/2) 8 = Fcosf - zsind dg = A, cos8 - A, sin@
¢=9 p=# A=A
Spherical to r=Rsind 7= Rsing+0cosd A = A sing + A;cosd
ipddrical < - . —
Cylindrica $=¢ r=e A; = 4,
z=Rcosf ;= Reosd -Bsing A = A, cos8- A, sin@
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E=-{-22a - g
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anr_{. . T:F}{_F'=EXB atr
p.=Vel) m = ISa I — ,1=br(1+~.‘xz:|:c=]
] " o (x? e
= W L, _ ow
Vg =—[E0di= o dx 1 fx
A Q o I 3 3 = — KIN —
8B - (v +c%) ¢ ¢
2 Vg == [0S b
4 H I 7 5 :Ein(x2+c2)
p,dt Vo, = I(Ex Bledt (x +;x)
Cimy _ an J-I—E: = +ct
JEedt=0 Lam [dSidy = (et vef
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