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The x-y plane is not a charge—free boundary separating two dielectric media
with permittivity &; and & as shown in Figure Q1 (a).

@) Ilustrate that the boundary condition for the tangential component of
the electric field is continuous across the boundary between any two
media.

(5 marks)

(i)  If the py is the surface charge density at the boundary, show that the
normal component of electric field changes by py across the boundary.
(5 marks)

(iii) Calculate E, if E, =2%~39+3%(V/m), &, =2¢,, £, =85, and the

surface charge density, p, = 3.54x10™"! (C/md).
(5 marks)

Consider a conducting block which is placed in a uniform electric field E,.

The media above and below the block have permittivity £,. Describe and

explain the electric field components at the dielectric-conductor boundary.
(6 marks)

If a metallic sphere is placed in a uniform electric field £,, sketch the field

lines due to the presence of the metallic sphere.
(4 marks)

List THREE (3) conditions whereby an electromotive force (emf) can be

generated in a closed conducting loop.
(3 marks)

A boy carries a metal rod PQ horizontally on a pickup truck travelling on a
straight horizontal road. Anemfis induced in the rod due to the earth's
magnetic field, making the end P positive (+) and the end Q negative (-) as
shown in Figure Q2 (b). The ends of the rod are now connected by a wire.
Show and explain in which direction will the induced current, if any, flow in
the rod?

(5 marks)

Consider an inductor which is formed by winding, N = 20 turns of a thin
conducting wire into a square loop centered at the origin and having 10 cm
sides oriented parallel to the x-y plane. It is connected to a resistor, R as shown
in Figure Q2 (c). In the presence of a magnetic field, B= B, x*cos 10°¢ 2

and B, =100 T . Calculate;

@) The magnetic flux, ¢ linking a single turn of the inductor,
(4 marks)
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(i)  The transformer emf, ¥ "oy,
(2 marks)

(iti)  The polarity of ¥ 7omr att=0,
(2 marks)

(iv)  The induced current in the circuit for R = 1 kQ (assume the wire
resistance to be negligibly small).
(2 marks)

A perfectly conducting filament containing a small 500 € resistor is formed
into a square, as illustrated by Figure Q2 (d). Calculate the current, It) if

magnetic field intensity, B= 0.3 cos(1207t-30°)Z Tesla.
(7 marks)

Parallel wires carrying currents will exert forces on each other. With the aid of
suitable diagrams and rule, illustrate the field and the force experience on each
wire,

@) if the current goes the same way in the two wires, and
(i)  if the currents go opposite ways.
(6 marks)

A rectangular loop as shown in Figure Q3 (b)(i) lies in the x-y plane at z = 0.
Calculate the total force exerted on the rectangular loop located in free space:

(i) if the magnetic flux density, B is given by B= 3 z uT.
x
(5 marks)

(iii)  if the magnetic flux density, B is due to an infinitely long filamentary
wire carrying current of 5 mA as shown in Figure Q3 (b) (iii).
(10 marks)

Without doing any calculation, identify the net magnetic forces acting on the

loop, if the second infinitely long filamentary wire carrying current of 5SmAis

introduced and located at the right side of the loop as shown in Figure Q3 ().
(4 marks)
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A hollow cylindrical conductor has inner radius a and outer radius b and
carries current — I along the positive — Z -direction. Calculate

@) magnetic field intensity, H at r<a, a<r<b andr > b.
(12 marks)

(i)  Plot the magnitude of H against . Give your comments.
(3 marks)

Calculate the value of iﬁ dl for the current and closed paths of the Figure Q

(a).
(10 marks)

A conducting filament carries current / = 6 m4 from point 4(a,0,0) to
point B(0,5,0).

(1) Sketch the magnetic field intensity H at point C(0,0,0).
(4 marks)

(i)  Find the direction of the magnetic field intensity H .
(6 marks)

A circular loop located on plane z =5cm with radius Scm carries a direct

current of SmA along ¢3

(i) Sketch the magnetic flux due to the current loop,
(2 marks)

(ii)  Calculate magnetic field intensity, H at the origin.
(10 marks)

(iiiy  Without calculation, define the new position if magnetic field intensity
H is equal to Q5(b) ii.
(3 marks)
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x-y plane

FIGURE O1 (a)

FIGURE Q2 (b)
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2 mA

FIGURE O3 (¢c)
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Formula
Gradient
vr=25.95.%;
ox oy° oz
v, 196, %,;
or ro¢ 0z
v T a1, 1 ¥,
OR R36  Rsind 0¢
Divergence
- 04
VoA=aA* + y+6Az
ox oy 0oz
- 04
V.A=l a(rAr) _I__l ¢+6Az
ri or rop Oz
V.g:%a(RZAR)+ 1 [o(4,sing)], 1 o4,
R* OR Rsind 06 Rsin8 o4

- (o4, 04,3, (o4, o4,). (o4, o4 B
VxAd=|—%- X+| ——-—21|y+ =
oy Oz 0z x ox oy

. o,
Vo (laA Jr+(%_%)¢+l(6(rA,) aA)

r 0p Oz 0z Or r{ or o¢
yuio— L _[bin04) atlo 1T 1 on, ARANS 1roR)) o4,
Rsin@ 00 0¢ R|sin@ 0¢ OR R| OR 06
Laplacian
f_af >’f ,Of
axZ ay 622
2
Ve ( 6fJ o°f 01
roror) rrog’ oz’

i of 1 a(. of 1 (8%
v? R? )+ —| sin =
=% aR( oR) R'sin020\"" " 56)" R sin’ 0| g
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Cartesian Cylindrical Spherical
Coordinate
parameters X, ),z r. ¢,z R, 6, ¢
Vector 4 AX+AF+ A2 AF+A,0+4,2 AR+ 4,0+ 4,6
Magnitude A VA +4,7 + 4. VA7 +47+ 4] VA + 4,7+ 4,
Position xX+yy+z2z nr+z,z RR
vector, OP for point P(x,, y,, z,) for point P(r,, ¢,, z,) for point P(R,, 6,, ¢,)
Rei=Jej=2ei=1 | fef=Gef=ses=1 ReR=0e0=¢e¢=1
i‘?:y.i:i.i:o f'.(i):(i).i:i.f'zo R.9=0.¢=¢.R=O
Unit vector ixv =3 PYOPRP A
product R Y_A X *= Rx0=9¢
YXZ=X PxZ=r Oxp=R
sy Pr=e oxR =6
Dot product AB +AB +AB
i B.+A4,B,+A.B, | AB +A4,B,+AB, AyBy + A4,B, + 4,B,
c duct Xy i Ie 7 R 8 ¢
ross produc
ngp u 4, A, 4, A, 4, 4, Ay 4, 4,
B, B, B, B, B, B, B, B, B,
Differential o St de s . n n ~ A . A
length, 47 X+dyy+dzz drt+rdg+dzz dRR + RdO O + Rsin 0 dpép
o dsx =dydz % ds, = rdg dz ¢ dsz = R?sin0 do dg R
Differential — . — A — ) n
surface, ds i‘fy =dxdzy isat =drdz ¢ fivo =Rsin@dR dp 0
ds: =dxdyi ds:=rdrdgz dss =RdRdO ¢
Differential
— dxdy dz rdrdgd:z R*sin6 dR d6 dg
volume, dv
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Transformation | Coordinate Variables Unit Vectors Vector Components
(éa:;es(:a.n t;) r=x+y° r=Xcosg+ysing A4, =A,cosg+4,sing
ylindrica 4= tan" (y/) ?:risin¢+§'cos¢ A, =4 sing+ 4, cosg
zZ=2 z=17 Az =Az
Cylindrical to x=rcosg X =rcosg—@sing A, =4, cosg~A4,sing
Cartesian - o A a n .
y=rsing y=rsing+@cosg A, =4, sing+ 4,cosg
z=2Zz i =i Az =Az
Cartesian to Y FEJRNE S R = xsinfcos¢ A, = A, sinfcosg¢
Spherical A . . - : .
A
0=m~1(m/z) ) +ysin@sing +zZcosé +4,sinf@sing + A4, cos¢
é=tan™(y/x) Ozfuiosecos.¢ - Ay =4, COSQ.COS(I’ .
+ycos@sing —Zsind | +A4,cosfsing -4, sind
¢ = —Xsing + ycos¢g A, =-A sing+ 4, cosg
Spherical to x=Rsinfcos¢ %= ﬁsin0c05¢+ A, = A, sinBcos¢g
Cartesian y=Rsinfsing BcosOcosg—psing +4,cosOcosg— 4, sing
z=Reosf § = Rsin@sin g + A, = Apsinfsing
6cos6’sin¢+é;cos¢ + 4, cosfsing + 4, cos¢
z=Rcosd—Bsind A, = Agcosf—4,sinf
Cylindri.cal to R=-Jrls 22 R =Fsinf@+2cosd Ap = A, sin@+ 4, cosb
Spherical . A A = A 0— A sind
@=tan"(r/z) O=rcosf—-zsinf 9 =4, C0SC— 4, SIn
4=¢ ¢=9 4 =4
Spherical to r=Rsind f=Rsin@+0cosd A, =A4,sinf+ 4,cosd
Cylindrical - A n
y o=¢ =0 4, =4,
z =Rcosd Z=Rcosd—0sind 4, = Ay c0s60 - 4,5in 6
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Q=Ip£d£’ dI_{= IdngR E — /‘1112 §§d£1 x(d£22xaRzl)
sz'p ds _ _47[R _ 4z 5iih Ry,
s Id¢=JdS = Jdv //
0=[p,av Hedl=1,, =[Jds In| = £
—12= 0.9 A VxH=7 . 2 |4
4ng,R* ™ _ 1+ —
i w =IBOdS wE
E=— s
0’ _ T _ tan26 = —
v, —§B odS =0 " we
F__ 9 . _ _
E_47rg R? g l//m=§A0d€ tanf = — =23
) N we J,
E = pal . VeB=0 1
Ame R " B =uH 5=;
E- 4psdi2a'R B=Vx4 £, =8.854x10™ Fm™
"o =] Hold? 41, = 4 %107 Hm™
o p,av . 47R
4nme, R’ * VA =-u,J & x
D =¢gE f=Q(E+ﬁx§)=m§E I(xz +c2)3/2 - cz(xz +cz)l/2
.- [Deds SR a e
0 ”§50d§ e j(x2+c2)’/2 =(xz+c2)]/2
enc T=rxF=mxB
p,=VeD m = ISa, J.——-—iix—]/zzln(x+ xzicz)
B (x2 ic2)
= - W _ Oy
e K T ey - (2]
A = — —
0 J,aB i x’+c?) ¢ c
V=—— emf =)
dmer _at_ ~ j zxdxz =%ln(x2+c2)
y_ [Pet Vew = [(@xB)edl (7 +¢?)
4_”6r I.=1J.dS.J -65 I__{d%z Vx* +c*
§E0d1=0 d—j @@, =757 (x2+c )'
VxE =0 y=a+jp
o = ———
E=-v a=0 2| 1+ 2] -1
V¥ =0 2 os |
- =0 £+ 2| +1
I=IJOdS 2 WE |




